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A b s t r a c t  
 

Poor grain quality, mostly low proteins and gluten content, together with worse gluten 
quality, are the main obstacle to the widespread practical use of triticale. Hybridization of hexaploid 
triticale with certain Triticum species significantly expands the crop gene pool diversity and facilitates 
production of new forms with improved quality indicators. Spelt wheat is much suitable for crossing 
due to high protein content in grain (up to 25 %). The first Ukrainian study on hybridization be-
tween hexaploid triticale and spelt wheat was carried out in the Uman National University of Horti-
culture. The aim of the research was to improve triticale grain by intergeneric hybridization with 
spelt wheat and characterization of the hybrids for grain quality. The crosses resulted in a collection 
of more than 500 breeding samples of triticale which were grouped by plant height as medium, dwarf 
and short-stem forms. The best samples were analyzed for grain quality, i.e. content of proteins and 
gluten, the gluten quality, the 1000-seed weight and grain unite. Winter triticale Rarytet cultivar was 
the standard for medium height samples, and Alkid cultivar for low and short stem samples. Our 
research shows the improvement of triticale grain quality by intergeneric hybridization with spelt. 
Genotypes No. 455, 468 and 475 of medium height group, together with all dwarf and short-stem 
samples significantly exceeded the standards in grain protein and gluten content. The samples Nos. 
455 (13.9 % protein, 30.2% gluten), 468 (13.0 % protein, 27.1 % gluten) and 473 (12.8 % protein, 
28.0 % gluten) outstood for grain protein and gluten concentration. By the set of gluten quality indi-
cators, the samples Nos. 455, 458, 451, 466, 488, 471 and 473 were assigned to group I, the rest of the 
samples belonged to group II. The samples Nos. 455 (56.0 g), 471 (55.3 g) and 473 (54.7 g) significant-
ly surpass the standard in 1000-seed weight. No significant differences were found between the samples 
within each group for grain unit values. The highest values have Nos. 455 (700 g/l), 471 (690 g/l), 469 
and 473 (685 g/l), 484 (682 g/l). As a result, two genotypes with high indicators of grain quality were 
selected, i.e. medium height sample No. 455 with protein content 13.9 %, group I gluten 30.2 %, 1000-
seed weight 56.0 g, grain unit 700 g/l, and short-stem sample No. 471 with protein content 13.6 %, 
group I gluten 29.5 %, 1000-seed weight 55.3 g, and grain unit value 690 g/l). 
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Hexaploid triticale (Triticosecale Wittmack) is grown as a forage, food, 
and technical crop. Its planting acreage reaches 4 million ha [1, 2]. The priority 
directions of triticale selection are the increase in productivity, stability, and the 
improvement of grain quality indicators [2-5]. Low quality indicators of triticale 
grain, in particular, low content of protein and gluten in the grain, as well as low 
quality of gluten, are the main obstacles to the widespread introduction of the 
crop into production [6, 7]. Therefore, the efforts of many breeders are aimed at 
improving the quality of grain crops [8-10]. The insufficiently high plasticity of 
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cultivars and selective forms of triticale is associated with a limited genetic diver-
sity of the parental material; it is required to expand the gene pool and increase 
the effectiveness of its selection with various methods, in particular, hybridiza-
tion of hexaploid triticale with the genus Triticum L. species [11, 12]. As is noted 
by Hills et al. [13], it is an efficient way to increase the genetic diversity of the 
crop significantly. It is advisable to use spelt wheat (Triticum spelta L.), a hexa-
ploid species (2n = 6½ = 42) with a genomic composition, homologous to the 
soft wheat (AuBD) for hybridization. Spelt wheat grain contains up to 25% pro-
tein [14, 15]. It has been shown [16, 17] that spelt wheat grain contains essential 
amino acids, which are not synthesized in soft wheat grain and cannot be ob-
tained from foodstuff of animal origin.  

The idea of combining the genetic material of hexaploid triticale with 
spelt wheat belongs to Parii [11, 18]. As a result of experiments on transfer of 
the spelt wheat genetic material during hybridization of hexaploid triticale with 
spelt, a genetic pool of the Uman National University of Horticulture was creat-
ed which includes more than 500 samples. It consists of recombinant forms that 
differ in economically valuable and morpho-biological characteristics. 

The present paper represents the analysis of the hexaploid triticale forms 
obtained after hybridization with spelt wheat (according to protein and gluten con-
tent, gluten quality, 1000 seed weight and grain unit) and proves that it is possible 
to improve the quality of triticale grain in this way. 

The aim of the research was to improve triticale grain characteristics by 
intergeneric hybridization with spelt wheat and characterization of the hybrids for 
the main indicators of grain quality.  

Techniques. The hybridization of two types of grain crops and stabiliza-
tion of the received samples were carried out during 2006-2012 (Central forest-
steppe of Ukraine, the experimental field of the Uman National University of 
Horticulture, the Cherkasy Region). In hybridization, hexaploid triticale (Triti-
cosecale Wittmack) Rozovskaya 6, Rozovskaya 7, or Ladnaya cultivars were a 
female parent, and the winter spelt wheat (Triticum spelta L.) Zarya Ukrainy cul-
tivar was a pollinator. Hybridization was carried out by castration of flowers of 
the female parent, followed by controlled pollination with the seed parent. 
Glutenin proteins were electrophoretically separated in PAAG according to the 
description [19]. 

Grain quality indicators of the obtained breeding samples were analyzed 
(F5-10, 2012-2017). All phenological observations and tests were conducted in 
accordance with the State Methodology for Qualifying Examination of Plant 
Varieties with the Definition of the Suitability Indicators for Proliferation in 
Ukraine (Ukrainian Institute for Plant Variety Examination, Kiev, 2012, vol. 2). 
Samples of triticale were grouped according to plant height based on the classifi-
cation by Shchipak [20]. The productivity of the samples was evaluated in 5-fold 
repetition on 10 m2 plots placed systematically. Winter triticale Rarytet cultivar 
was a medium-height standard, and winter triticale Alkid cultivar was dwarf and 
short-stem standard.  

Experimental data were analyzed statistically with Microsoft Excel 2010 
software. The mean values (M) and standard errors of means (±SEM) were cal-
culated. The least significant difference (LSD05) and the coefficient of variation 
(Cv) were calculated according to Ehrmantrout [21]. 

Results. The obtained F1 hybrids were characterized by uniformity in 
spike morphology and general habitus of plants. Plants have dominative charac-
teristics of spelt wheat (a long loose spike, rough glume, awnlessness, and wors-
ened threshability).  

By hybridization of hexaploid triticale and spelt wheat, mainly sterile F1 
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plants appeared. Only a few samples formed fertile pollen grains. The sterility of 
plants obtained as a result of remote hybridization is highlighted by many au-
thors [22, 23]. Thus, the F1 hybrids from hybridization of three-species triticale 
and soft wheat are sterile, as in the case of hybridization of triticale and spelt 
wheat. The reason is the fact that between the AB triticale and wheat genomes, 
normal bivalent conjugation takes place because these genomes are homologous. 
Chromosomes of triticale R and spelt wheat D genomes do not have pairs for 
conjugation in meiosis. The process of meiosis among them is accompanied by 
significant anomalies, chromosomes form univalents that do not conjugate with 
each other. This leads to the formation of aneuploid gametes resulting in aneu-
ploid plants. The fertility of such plants is reduced sharply.  

The studies by Pershina and Trubacheva [23] show that it is possible to 
increase the pollen fertility of sterile F1 hybrids by re-hybridizations with one of 
the parents. We also used this technique in this work and back-crossed the F1 
hybrids with hexaploid triticale. The spelt wheat-associated traits were less no-
ticeable among the back-crossed descendants. Plant variability on the phenotype 
varied in F1BC1 hybrids and went beyond that of the parents.  

Self-pollination of F1BC1 hybrids for several generations was used to sta-
bilize the samples. After each subsequent self-pollination, the percentage of sta-
ble and well-grained forms of triticale increased. After the fifth self-pollination, 
1137 plants with spike grain content equal to the original form were identified, 
316 of them were grained for more than 80%, 471 – for 71-80% and 350 – for 
61-70%.  

Electrophoretic analysis of grain gluten proteins in PAAG revealed sam-
ples with genetic material from spelt wheat that carry spelt-specific gliadin- and 
glutenin-coding loci in chromosomes of the first homeological group, the Gli-
B1, Gli-D1, Gli-B5, Gli-A3, Glu-A1, Glu-B1, and Glu-D1.  

The resulting triticale forms were divided into three groups by plant 
height based according to the Shchipak’s classification [20]: medium-height 
(100-120 cm), dwarf (80-100 cm) and short-stem (60-80 cm). The best geno-
types were selected in each group for further analysis of economically valuable 
indicators. 

The main purpose of hybridization of hexaploid triticale with spelt wheat 
was the genetic improvement of triticale, the increase in grain protein and gluten 
content which would improve its baking and technological properties. 
Lukaszewski [7] and Ukalska et al. [24] showed that triticale grain contains 10-
12% protein, 20-25% gluten and is significantly inferior to soft wheat grain. Oth-
er researchers came to the same conclusions [8, 10, 17]. At the same time, it is 
admitted that the crop improvement potential in terms of productivity and quali-
ty is quite high, and the possibilities of its application are diverse [25].  

In this experiment, a weak variation in the protein content (Cv = 8.9%) 
and average in the gluten content (Cv = 11.4%) occurred in the medium-height 
group. Sample No. 455 exceeded the standard (Table) in the protein content 
significantly (by 2.2% at LSD05 = 0.4). The same sample had gluten content 
(30.2%) significantly higher (by 5.7% at LSD05 = 1.1) than that of the standard. 
Other analysed samples exceeded the standard by 0.5 to 9.8% (LSD05 = 1.1). 
Samples No. 468 (13.0%), No. 475 (12.5%), and No. 458 (12.3%) of this group 
had high grain protein content. They also exceeded the standard cultivar in the 
gluten content (0.7-1.8% at LSD05 = 1.1). Gluten quality similar to that in 
group I was in samples Nos. 455 and 458. Other medium-height forms as per 
the indicators of gluten quality belonged to group II, which is mainly due to the 
low gluten deformation index (GDI), the main indicator characterizing its quali-
ty. The 1000 seed weight had the largest variation range (Cv = 18.7%). Sample 
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No. 455 (56.0 g) (LSD05 = 2.1) exceeded the standard in this indicator signifi-
cantly. It is necessary to note that sample No. 455 has the highest indicators of 
the protein and gluten content, 1000 seed weight, and test weight (see Table) in 
the experiment. 

Quality indicators of grain among selection samples of Triticosecale Wittmack/Tri-
ticum spelta L. (M±SEM, Ukraine, the Cherkasy Region, 2012-2017) 

Selection sample Protein, % 
Gluten 1000-grain 

weight, g 
Test 
weight, g/l content, % GDI quality group 

M e d i u m  s t e m  (100-120 cm) 
Raritet (St) 11.7±0.04 25.5±0.11 75 I 50.4±0.24 670±12 
455 13.9±0.02 30.2±0.06 75 I 56.0±0.32 700±8 
458 12.3±0.03 26.2±0.07 70 I 48.9±0.20 660±14 
461 11.5±0.04 24.1±0.05 60 II 48.4±0.21 662±11 
465 11.5±0.05 24.6±0.07 60 II 49.3±0.23 665±9 
468 13.0±0.03 27.1±0.08 55 II 50.2±0.25 670±5 
475 12.5±0.03 27.3±0.09 60 II 51.4±0.27 678±8 

LSD05 0.4 1.1   2.1 28 
Min 11.5 24.1   48.4 665 
Max 13.9 30.2   56.0 700 
Сv, % 8.9 11.4   18.7 10 
Sх, % 4.6 3.5   3.3 4.3 

D w a r f  s t e m  (80-100 cm) 
Alkid (St) 10.0±0.04 21.4±0.07 45 II 50.2±0.25 680±11 
451 12.0±0.03 26.0±0.07 65 I 45.3±0.17 650±14 
467 12.2±0.04 26.8±0.09 50 II 49.6±0.21 665±9 
484 12.4±0.04 26.9±0.04 60 II 50.3±0.24 682±11 
486 11.7±0.03 25.8±0.05 70 I 47.7±0.18 657±15 
488 12.6±0.06 27.7±0.12 65 I 47.8±0.17 660±12 

LSD05 0.4 1.1   2.0 28 
Min 10.0 21.4   45.3 650 
Max 12.6 27.7   50.3 682 
Сv, % 8.5 11.8   10.2 10 
Sх, % 4.1 3.7   3.0 4.0 

S h o r t  s t e m  (60-80 cm) 
Alkid (St) 10.0±0.04 21.4±0.07 45 II 50.2±0.25 680±8 
469 11.4±0.05 25.8±0.10 50 II 51.3±0.27 685±6 
470 12.6±0.03 26.4±0.08 70 I 49.7±0.22 660±12 
471 13.6±0.02 29.5±0.05 70 I 55.3±0.30 690±7 
473 12.8±0.03 28.0±0.06 65 I 54.7±0.29 685±6 
468 11.6±0.05 26.1±0.09 60 II 47.2±0.18 655±11 

LSD05 0.5 1.2   1.9 27 
Min 10.0 21.4   47.2 655 
Max 13.6 29.5   54.7 690 
Сv, % 10.0 15.7   17.2 10 
Sх, % 4.2 3.8   3.5 3.8 

N o t e. GDI — gluten deformation index, Sx — test error. 
 

Dwarf and short stem triticale cultivars are not used in agricultural 
production. As highlighted by Barnett et al. [26], this is due to the presence of 
a negative correlation between plant height and productivity. However, accord-
ing to Kurkiev [27], such correlations are not absolute and manifested under 
adverse environmental conditions. Therefore, triticale forms which have high 
quality and productivity indicators combined with dwarf or short stems are of 
particular interest. 

In these studies, all dwarf and short-stem forms were significantly supe-
rior to the standard in terms of the protein content (by 1.4-3.6% at LSD05 = 0.4-
0.5) and gluten content (by 4.4-8.1% at LSD05 = 1.1-1.2) (see Table). The var-
iation was average in gluten content (Cv = 11.8-15.7%), and low in grain pro-
tein content (Cv = 8.5-10.0%). The Alkyd cultivar was distinguished by high 
yield, but had low quality indicators: the protein content in the grain did not 
exceed 10.0% with 21.4% gluten. In the dwarf group, the increased protein (12.6 
and 12.4%) and gluten (27.7 and 26.9%) contents were registered in samples 
Nos. 488 and 484, respectively. Samples Nos. 451, 486, and 488 showed group I 
gluten quality indicators. Sample No. 484 exceeded the standard cultivar for 
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1000 seed weight by 0.1 g, while samples Nos. 451, 467, 486, and 488 were infe-
rior to it in this indicator. According to test weight, samples Nos. 484 (682 g/l), 
467 (665 g/l), and 488 (660 g/l) (see Table) stood out. 

Among the short stem forms, sample No. 471 was the best in the protein 
and gluten content, with 13.6% grain protein and 29.5% gluten, which was one 
of the highest indicators during the experiment. Samples No. 470 (12.6% pro-
tein, 26.4% gluten) and No. 473 (12.8% protein, 28.0% gluten) were slightly in-
ferior. These samples differed from the rest due to combination of high 1000 
seed weight, test weight, and gluten quality (group I). 

Thus, these data evidence the possibility to improve triticale grain quality 
by intergeneric hybridization involving spelt wheat in breeding. In this work we 
obtained two hybrids with high grain quality indicators, i.e. the medium-height 
sample No. 455 (13.9% grain protein, 30.2% gluten of group I, 56.0 g 1000 seed 
weight, 700 g/l test weight) and short-stem sample No. 471 (13.6% protein, 
29.5%gluten of group I, 55.3 g 1000 seed weight, 690 g/l test weight). 
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