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INHERITANCE OF FODDER AND SEED PRODUCTIVITY CHARACTERISTICS BY F;
WINTER TRITICALE HYBRIDS

Tromsiuk V.D., Buhaiov V.D., Bondarenko O.V.
Institute of Fodder and Agriculture of Podillia of NAAS, Ukraine

Heterosis and inheritance of fodder and seed productivity characteristics by F; winter
triticale hybrids in 20 combinations from crossing 9 parents were determined. Noticeable
differences were observed in the studied productivity parameters between reciprocal hybrids,
indicating the female form’s cytoplasm’s role. Complete, partial and intermediate inheritance of
the traits was noted. Hybrid combinations with a strong heterosis effect were identified.
Directions of selections for certain combinations were outlined.
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Introduction. Economic realities, climatic changes and deterioration of the natural
environment force us to develop new ways of the agricultural production development in
Ukraine. In the coming years, scientific institutions plan to create state-of-art high-yielding
varieties and hybrids of field crops that would resist climatic changes and realize 70-75% of their
genetic potentials under industrial conditions [1]. Genetic-breeding improvement of varieties is
an effective method to increase yield, resistance to abiotic and biotic factors of the environment,
and energy efficiency of agricultural crops [2, 3]. Several studies established associations
between expression of traits in early hybrid generations and frequency of emergence of valuable
breeding forms in later generations, that is, it is an opportunity to predict further breeding results
[4].

Literature Review and Objectives Setting. The need to create new starting materials
with a set of valuable traits determines the annual need for a large number of crossings
combinations. Hybrids are usually of unequal breeding value, which means great work with
hybrids of subsequent generations. Therefore, it is necessary to develop methodical approaches to
assessment and prediction of hybrids’ breeding value in early generations [5]. Knowing the
inheritance of traits by F;, breeders can obtain the most complete information about genetic
characteristics of varieties and prospects of their use in breeding [6, 7]. Phenotypic dominance is
studied in many crops, including triticale. Studies of this indicator confirm that it is possible to
use it for selection of crossing pairs and for express assessments of hybrid offspring [8].

Over the past decade, triticale has become a promising high-yielding cereal. Its areas are
growing; the search for effective breeding methods and technologies for growing and processing
triticale grain for various industries has intensified [9, 10]. Currently, hexaploid triticale breeding
is developing rapidly; it is primarily aimed at increasing the stability of grain production,
improving grain quality, enhancing winter hardiness and preserving adaptability of varieties [11].

A lot of breeders think that solving the current challenges of triticale breeding in the near
future requires a wider use of heterosis [12]. It was proven that heterosis could be successfully
used to increase yield and some indicators of grain quality [13]. Basing on recent experimental
data from biology, one can assert that heterosis should be considered as a result of a complex
action of genetic and physiological factors in a hybrid organism. This became the basis of our
research.

Purpose and Objectives. To characterize the inheritance of fodder and seed productivity
characteristics by F; winter triticale hybrids from reciprocal crossings. To select promising F;
combinations that show strong heterosis in three or more performance traits.
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Material and Methods. The study was carried out at the Department of Fodder, Grain
and Technical Crops Breeding of the Institute of Fodder and Agriculture of Podillia of NAAS in
2021 and 2022. Winter triticale (7riticosecale Witt.) was sown in a seven-field breeding crop
rotation, with white mustard as a forecrop. The farming techniques were traditional for the forest-
steppe.

Parents and F; were sown in a hybrid nursery using a manual marker; the interrow distance was
was 30 cm; the interplant distance in the rows was 10 cm [14].

Nine winter triticale varieties of different eco-geographical origins served as the starting
material for direct and reverse crossings: Bozhych, Buzhanske, and Pavlodarskyi originating
from Ukraine; Tornado, Khleborob, Soyuz, Sergiy, and Sibirskiy from Russia; and NTH 1933
from China.

The heterosis degree was determined according to Matzinger et al. [15] and S. Fonseca, F.
Patterson [16].

Ht (%) = (F, — MP) / MP x 100,

Hbt (%) = (F1 — BP) / BP x 100,

where: F; - mean trait value in the hybrid;
MP - mean trait value in both parents;

BP - mean trait value in the better parent.

Average heterosis (Ht) it is the heterosis where F, is superior to the mean of two parents
[17]. Heterobeltiosis (Hbt) shows superiority of F; over the better parent and allows for
assessment of the hybrid’s breeding value [18].

To study the inheritance and interaction of genes, we determined the degree of phenotypic
dominance (hp), using B. Griffing’s formula [19]:
hp = (F, — MP) / (BP — MP),
where: F; - mean trait value in the hybrid;

MP - mean trait value in both parents;
BP - mean trait value in the better parent.

Data was grouped according to G. M. Beil and R. E. Atkins’s classification [20]: positive
overdominance (hp > +1), positive dominance (+0.5 < hp <+ 1), intermediate inheritance (-0.5 <
hp <0, 5), negative dominance (-1 < hp <-0.5), negative overdominance (hp <-1).

For better characterization of the weather, Selyaninov's hydrothermal coefficient (HTC) was
calculated as follows [21]:

HTC=Xp-10/xt,

where Xp - precipitation sum for the period with an air temperature of above 10°C;
>t - sum of above 10°C temperatures for the same period.

The lower the HTC is, the drier the period is.

HTC < 0.4 — very severe drought;

HTC = 0.4 - 0.5 — severe drought;

HTC = 0.5 - 0.6 — moderate drought;

HTC = 0.7 - 0.9 — mild drought;

HTC = 1.0 - 1.5 — sufficiently wet;

HTC > 1.6 — waterlogged.

For a more detailed description of the vegetation period of winter triticale plants (2022),
the hydrothermal coefficient was calculated by month (Table 1).

The weather during the spring-summer periods differed between the study years. The HTC
fluctuated from 0.49 (severe drought) in June to 1.3 (sufficiently wet) in July.

For the winter triticale plant development in spring, the hydrothermal profile in April and
the average temperature in May are of great importance, because it is during this period
vegetative mass intensively grows and plants transit from vegetative to reproductive development
[22]. In our study, the April HTC was 0.73 (mild drought) and the average air temperature in May
was 14.2°C. These conditions slowed down the growth and development of triticale plants.
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Table 1
Average air temperature, precipitation amount, active temperature sum and hydrothermal
coefficient in April-July, 2022

Indicator April  May June July
Average air temperature, °C 7.6 14.2 19.9 19.6
Precipitation amount, mm 10.5 34.3 29.5 81
Active (> 10°C) temperature sum 142.9 435.6 596.2 621.3
Selyaninov's hydrothermal coefficient 0.73 0.79 0.49 1.30

Water deficit (HTC = 0.79) during the earing-anthesis (May) of winter triticale plants
directly affected the kernel number per spike, and high temperature negatively affected the
performance due to decreased growth intensity and early death of lower leaves. During kernel
filling (June), a small amount of precipitation (HTC = 0.49) and high temperature led to a
decrease in the thousand kernel weight. During the first 10 days of July, winter triticale was
harvested under fairly favorable weather conditions. The high HTC in July (1.3) was caused by
abundant precipitation from July 10 to July 31.

Results and Discussion. Breeding for performance cannot be based on one indicator;
thus, it is important to know optimal parameters for all features and traits. Correct evaluation of
contributions of individual constituents of the performance to yield helps breeders achieve the set
goal [23].

Productive tillering capacity is one of the most important elements of the yield: it is
determined both by heredity and environmental factors [24-26]. In our study, parental varieties
differed in the number of productive stems. The maximum number was recorded for Khleborob
(8.1£1.1), and the minimum — for Sibirskiy (6.1£1.1). In F; winter triticale hybrids, the maximum
value of the "productive tillering capacity" trait was noted in two combinations: NTH 1933 /
Khleborob (8.40+1.9) derived from backcrossing of its parents and Khleborob / Pavlodarskyi
(8.40=% 1.8) derived from direct crossing. The minimum value of this trait was seen in Buzhanske
/ Pavlodarskyi hybrid (5.50+1.5) derived from direct crossing; in the female form had fewer
productive stems than the male form (Table 2).

Analysis of inheritance in F; hybrids showed that the productive tillering capacity was
inherited by different types (Table 2), with negative overdominance (55%) and heterosis (20%)
prevailing. Our results disagreed with M.V. Lozinska’s results on productive tillering in winter
bread wheat. According to her data, positive overdominance, which was observed in 95.1% of
hybrids, was the most common type of inheritance. At the same time, the phenotypic dominance
of this trait in the study years was determined by hybridization components and year’s conditions
[27]. This may be caused by differences in the productive tillering between cereal species as well
as by genetic differences between the studied materials and development rates of the selected
varieties in autumn and spring.

We noted high coefficients of average heterosis and heterobeltiosis in the following
combinations: Khleborob / Pavlodarskyi (hp = 4.0; Ht = 5.0; Hbt = 3.7), Bozhych / NTH 1933
(hp = 7.0; Ht = 14 ,9; Hbt = 12.5), NTH 1933 / Khleborob (hp = 1.7; Ht = 9.8; Hbt = 3.7), and
NTH 1933 / Bozhych (hp = 5.7; Ht = 12.1 ; Hbt = 9.7), which, together with considerable
productive tillering in F; hybrids, corresponds to overdominance caused by interactions of allelic
and non-allelic genes. Due to intra-allelic interactions of genes functioning in a heterozygous
state only, selection of genotypes in early hybrid generations may be ineffective. However, there
is a high probability of identification of transgressions of increased tillering in later hybrid
generations.

A combination with positive dominance, Khleborob / NTH 1933 (hp = 0.6; Ht = 3.3%;
Hbt = -2.5%), is worth of special attention for selection of genotypes that would have increased
tillering capacity. Combinations with negative overdominance (depression) are of little value in
breeding for enhanced tillering.
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Spike length is an important constituent of its performance. Spike length can be changed
under the influence of environmental factors and farming techniques, but relative differences in
this characteristic remain in the same under identical agro-ecological conditions. Therefore, it can
be used for genotype identification [28].

Table 2
Expression and variability of the “productive tillering capacity" train in F; winter triticale
hybrids, 2022
Productive tillering capacity
Hybrid combination Ht,% Hbt,% hp
P, F P,

Khleborob / NTH 1933 8.1+1.1 7.9+1.7 7.2+1.0 3.3 -2.5 0.6
NTH 1933 / Khleborob 7.2+1.0 8.4+1.9 8.1£1.1 9.8 3.7 1.7
NTH 1933 / Pavlodarskyi 7.2+1.0 5.9+1.1 7.9+1.3 219 253 4.7
Pavlodarskyi / NTH 1933 7.9+1.3 7.0+1.3 7.2+1.0 -7.3  -114 -1.6
Khleborob / Pavlodarskyi 8.1+1.1 8.4+1.8 7.9+1.3 5.0 3.7 4.0
Pavlodarskyi / Khleborob 7.9+1.3 7.3+2.3 8.1+1.1 -8.8 -99  -7.0
Bozhych / NTH 1933 6.9+1.1 8.1£2.4 7.241.0 14.9 12.5 7.0
NTH 1933 / Bozhych 7.2+1.0 7.942.0 6.9+1.1 12.1 9.7 5.7
Sergiy / Pavlodarskyi 7.3+1.1 6.4+1.0 7.9+1.3 -15.8  -19.0 -4.0
Pavlodarskyi / Sergiy 7.9£1.3 6.9+£2.1 7.3%1.1 92 -12.7 23
Pavlodarskyi / Bozhych 7.9£1.3 6.3+0.8 6.9+1.1 -149 -203 2.2
Bozhych / Pavlodarskyi 6.9+1.1 7.4£1.6 7.9+1.3 0.0 -6.3 0.0
Pavlodarskyi / Sibirskiy 7.9£1.3 6.6t£1.3 6.1£1.1 -5.7  -16.5 -04
Sibirskiy / Pavlodarskyi 6.1+1.1 6.9+1.4 7.9+1.3 -4 -12.7  -0.1
Pavlodarskyi / Tornado 7.9+1.3 5.6%+0.7 7.5+0.8 -27.3  -29.1 -10.5
Tornado / Pavlodarskyi 7.5+0.8 5.8+0.5 7.9+1.3 -24.7  -26.6  -9.5
Soyuz / Pavlodarskyi 6.9+0.8 5.6+0.7 7.9+1.3 243 -29.1 3.6
Pavlodarskyi / Soyuz 7.9£1.3 6.9£1.9 6.9+0.8 -6.8 -12.7  -1.0
Buzhanske / Pavlodarskyi 6.7£1.3 5.5¢1.5 7.9£1.3 -2477  -304  -3.0
Pavlodarskyi / Buzhanske 7.9£1.3 6.6£1.8 6.7£1.3 96 -16.5 -1.2

Note: P, — female form, P, — male form, F; — hybrid, Ht — average heterosis,
Hbt — heterobeltiosis, hp — phenotypic dominance

Serhiy (12.5 cm), Tornado (12.2 cm), and Buzhanske (11.9 cm) varieties as well as
Pavlodarskyi / Tornado (12.4 cm), Tornado / Pavlodarskyi (12.1 cm), and NTH 1933 / Bozhych
(12.1 cm) combinations had the longest spikes. Bozhich / NTH 1933 hybrid had the shortest
spikes (9.85+0.6 cm) (Table 3).

A 2016-2021 study at the Institute of Irrigated Agriculture of NAAS showed that irrigated
F, winter wheat hybrids inherited the “spike length” trait mainly by intermediate type and
dominance of shorter length [29]. N.S. Dubovyk investigated the inheritance of the primary spike
length by 30 F; Triticum aestivum L. hybrids originated from varieties — carriers of wheat-rye
translocations 1AL.1RS and 1BL.1IRS. They reported that this trait was inherited by
overdominance in eight hybrids (26.7%), by partial positive dominance in three hybrids (10.0%),
by intermediate inheritance in seven hybrids (23.3%), by partially negative inheritance in one
hybrid (3.3%), and by depression in 11 hybrids (36.7%) [30]. Analyzing F;, winter wheat
reciprocal hybrids, M.V. Lozinskyi discovered a complex nature of genetic determination of the
primary spike length. The dominance degree (hp) ranged from -0.6 (negative dominance) to 6.0
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(positive overdominance) [31]. R.V. Kryvoruchenko also found a significant differentiation
between F; hybrids for the "spike length" trait. Inheritance of this trait in combinations was
characterized by strong dominance of the worse parent and weak heterobeltiosis (-20%).
Depression was observed in five combinations, which may indicate close relatedness of the
original parental forms for this trait [5]. Our data on winter triticale demonstrated that the spike
length inheritance by F; hybrids had a wide spectrum: 10% of hybrid combinations showed
positive overdominance (heterosis), 25% — positive dominance, 35% — intermediate inheritance,
15% — negative dominance, and 20% — negative overdominance (depression). This is attributed to
different geographical and genetic origins of varieties selected for crossing.

Table 3
Expression and variability of the "spike length” trait in F; winter triticale hybrids, 2022

Spike length, cm

Hybrid combination Ht, % Hbt,% hp
P; F; P,
Khleborob / NTH 1933 10.0+0.5 10.0+0.8  10.4+1.4 -2.0 3.8 -1.0
NTH 1933 / Khleborob 10.4£1.4  10.4+0.8  10.0+0.5 2.0 0.0 1.0
NTH 1933 / Pavlodarskyi 10.4+1.4 11.0£0.8 11.3+0.8 1.4 -2.7 0.3
Pavlodarskyi / NTH 1933 11.320.8  11.0£1.2  10.4+1.4 1.4 -2.7 0.3
Khleborob / Pavlodarskyi 10.0+0.5 11.0£1.2  11.3+0.8 3.3 -2.7 0.5
Pavlodarskyi / Khleborob 11.320.8  10.5£0.9  10.0+0.5 -1.4 -7.1 -0.2
Bozhych / NTH 1933 11.0+£0.4  9.840.6 10.4+1.4 -7.5  -10.0 -2.7
NTH 1933 / Bozhych 10.4£1.4  12.1409 11.0+0.4 13.1 10.0 4.7
Sergiy / Pavlodarskyi 12.5+0.6  11.50.9  11.3+0.8 -3.4 -8.0 -0.7
Pavlodarskyi / Sergiy 11.3+0.8  11.6+1.2  12.5+0.6 -2.5 -7.2 -0.5
Pavlodarskyi / Bozhych 11.3+0.8  11.140.6  11.0+£0.4 -0.4 -1.8 -03
Bozhych / Pavlodarskyi 11.0+0.4 11.3£0.7  11.3+0.8 1.3 0.0 1.0
Pavlodarskyi / Sibirskiy 11.3+0.8  11.240.8  11.4+0.7 -1.3 -1.8 -3.0
Sibirskiy / Pavlodarskyi 11.4£0.7 11.4+£0.5 11.3+0.8 0.4 0.0 1.0
Pavlodarskyi / Tornado 11.320.8  12.4+1.1  12.2£1.0 5.5 1.6 1.4
Tornado / Pavlodarskyi 12.2+1.0  12.1£0.9  11.3+0.8 3.0 -0.8 0.8
Soyuz / Pavlodarskyi 10.2+0.9  10.3£0.8  11.3+0.8 -4.2 -8.8  -0.8
Pavlodarskyi / Soyuz 11.3+0.8  11.2+1.2  10.2+0.9 4.2 -0.9 0.8
Buzhanske / Pavlodarskyi 11.9+0.8  10.9+0.8  11.3+0.8 -6.0 -84 23
Pavlodarskyi / Buzhanske 11.320.8  11.0£0.9  11.9+0.8 -5.2 -7.6 2.0

Note: P, — female form, P, — male form, F, — hybrid, Ht — average heterosis,
Hbt — heterobeltiosis, hp — phenotypic dominance

Positive overdominance (heterosis) of the spike length was highly manifested in a direct
hybrid combination (Pavlodarskyi / Tornado (hp = 1.4; Ht = 5.5%; Hbt = 1.6%)) and in a
reciprocal one (NTH 1933 / Bozhych (hp =4 .7, Ht = 13.1%, Hbt = 10.0%)). Positive dominance
was noted in five reciprocal combinations: NTH 1933 / Khleborob (hp = 1.0; Ht = 2.0%; Hbt =
0.0%), Bozhych / Pavlodarskyi (hp = 1.0; Ht = 1, 3 %; Hbt = 0.0 %), Sibirskiy / Pavlodarskyi (hp
= 1.0; Ht = 0.4 %; Hbt = 0.0 %), Tornado / Pavlodarskyi (hp = 0.8; Ht = 3, 0%; Hbt = -0.8%),
and Pavlodarskyi / Soyuz (hp = 0.8; Ht = 4.2%; Hbt = -0.9%). The female cytoplasm’s
contribution to this trait was apparent in the following combinations: NTH 1933 / Khleborob,
Sibirskiy / Pavlodarskyi, Tornado / Pavlodarskyi, and Pavlodarskyi / Soyuz. The selected hybrid
combinations are valuable to generate winter triticale plants with long spikes, especially in those
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cases where the spike elongation is associated with an increased number of spikelets per spike, as
a result, kernel number per spike.

The kernel number per spike is an important element yield in spiked cereals, significantly
affecting the grain productivity. This trait is controlled by many genes, the action and interaction
of which are considerably modified by environmental conditions [32].

The maximum number of kernels per spike was noted for Soyuz (80), Bozhych (78), and
Sibirskiy (75). Among the hybrid combinations, the maximum number of kernels per spike was
recorded for Pavlodarskyi / Sergiy (56+8.4) derived from backcrossing of its parents; the
minimum — for Khleborob / NTH 1933 (45+5.6) (direct crossing) (Table 4).

Table 4
Expression and variability of the "kernel number per spike" trait in F; winter triticale
hybrids, 2022
Hybrid combination Kernel number per spike Ht, % Hbt, % hp
P; F; P,

Khleborob / NTH 1933 62+7.8 45+5.6 68+13.7  -30.8 -33.8 -6.7
NTH 1933 / Khleborob 68+13.7 49+6.4 62+7.8 246 279 53
NTH 1933 / Pavlodarskyi 68+13.7 49+6.1 56+8.4 -21.0 -279 22
Pavlodarskyi / NTH 1933 56+8.4 55+10.9 68+13.7  -11.3  -19.1 -1.2
Khleborob / Pavlodarskyi 62+7.8 45+7.1 56+8.4 -23.7 274 -47
Pavlodarskyi / Khleborob 56+8.4 46+7.9 62+7.8 -22.0 -258 -43
Bozhych / NTH 1933 78+6.4 46+9.9 68+13.7  -37.0 -41.0 -5.4
NTH 1933 / Bozhych 68+13.7 62+9.2 78+6.4 -15.1 205 2.2
Sergiy / Pavlodarskyi 65+13.9 56+6.5 56+8.4 -74  -13.8  -1.0
Pavlodarskyi / Sergiy 56+8.4 66+4.1 65+13.9 9.1 1.5 1.2
Pavlodarskyi / Bozhych 56+8.4 51+4.4 78+6.4 -239  -346 -15
Bozhych / Pavlodarskyi 78+6.4 56£5.1 56+8.4 -16.4  -282 -1.0
Pavlodarskyi / Sibirskiy 56+8.4 59+6.8 75£5.5 99 213 -07
Sibirskiy / Pavlodarskyi 75+5.5 64+7.3 56+8.4 23 -147 -0.2
Pavlodarskyi / Tornado 56+8.4 59+£5.3 66+12.3 -33  -10.6 -04
Tornado / Pavlodarskyi 66+12.3 62+7.0 56+8.4 1.6 -6.1 0.2
Soyuz / Pavlodarskyi 80+8.6 60+13.1 56+8.4 -11.8  -25.0 -0.7
Pavlodarskyi / Soyuz 56+8.4 68+3.5 80+8.6 0.0 -15.0 0.0
Buzhanske / Pavlodarskyi 66+7.3 66+15.6 56+8.4 8.2 0.0 1.0
Pavlodarskyi / Buzhanske 56+8.4 61+18.5 66+7.3 0.0 -7.6 0.0

Note: P, — female form, P, — male form, F, — hybrid, Ht — average heterosis,
Hbt — heterobeltiosis, hp — phenotypic dominance

The "kernel number per spike" trait was inherited mainly by depression (45%) and
intermediate type (25%). R.V. Kryvoruchenko showed that the kernel number per spike was
directly related to the kernel number per spikelet and spikelet number per spike. Since weak
heterosis was observed for these traits, depression for the "kernel number per spike" trait was
noted in almost all crossing combinations — 78.6% [5].

Heterosis was manifested in the Pavlodarskyi / Serhiy hybrid (hp = 1.1; Ht = 8.3%; Hbt =
0.8%) derived from backcrossing of its parents. Positive dominance was detected in a direct
combination, Buzhanske / Pavlodarskyi (hp = 1.0; Ht = 8.2%; Hbt = 0.0%). Buzhanske /
Pavlodarskyi hybrid had a greater number of kernels per spike in the case when the female form
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had more kernels per spike than the male form, which indicating the female cytoplasm’s
influence on this characteristic.

It should be noted that the Pavlodarskyi / Serhiy and Buzhanske / Pavlodarskyi hybrid
combinations inherited spike length by depression. That is, it is possible to select winter triticale
plants with relatively short spikes but with increased numbers of kernels among the distinguished
hybrid combinations.

Kernel weight per spike, an important element of yield and a complex indicator
characterizing both the weight of a single kernel and the total number of kernels in a spike, is of
great interest to every breeder [33, 34].

In our study, the maximum weight of kernels per spike was recorded for NTH 1933 (4.40
g), Bozhych (4.15 g), and Sibirskiy (4.06 g) varieties. The maximum weight of kernels per spike
was noted in a reverse combination, Pavlodarskyi / Soyuz (4.44+0.7); the minimum — in
Khleborob / NTH 1933 (2.88+0.4), a combination derived from direct crossing of its parents
(Table 5).

Table 5
Expression and variability of the '"kernel weight per spike' trait in F; winter triticale
hybrids, 2022
Hybrid combination Kernel weight per spike, g Ht,% Hbt,% hp
P; F; P,

Khleborob / NTH 1933 3.75£0.5 2.88+0.4 4.40+1.1 -29.3 -345 -3.7
NTH 1933 / Khleborob 4.40+1.1  3.25+0.6 3.75+0.5 -20.2 -26.1 -2.5
NTH 1933 / Pavlodarskyi 4.40+1.1  3.22+0.5 3.84+0.7 -21.8 -26.8 -3.2
Pavlodarskyi / NTH 1933 3.84+0.7 3.8140.6  4.40+1.1 -7.5  -134 -1.1
Khleborob / Pavlodarskyi 3.75£0.5 3.52+0.6  3.84+0.7 -7.2 -8.3 -6.1
Pavlodarskyi / Khleborob 3.84+0.7 3.28+0.7 3.75+0.5 -13.6 -146 -11.4
Bozhych / NTH 1933 4.15£0.5 3.22+0.7 4.40+1.1 -247 -268 -8.4
NTH 1933 / Bozhych 4.40+1.1 4.42£1.0 4.15+£0.5 3.4 0.5 1.2
Sergiy / Pavlodarskyi 3.5720.9  3.94+0.7  3.84+0.7 6.3 2.6 1.7
Pavlodarskyi / Sergiy 3.84+0.7 4.54+1.2 3.57+0.9 225 18.2 6.2
Pavlodarskyi / Bozhych 3.84+0.7 3.66+0.5 4.15+0.5 -84  -11.8 2.2
Bozhych / Pavlodarskyi 4.1540.5 3.72+0.6  3.84+0.7 -69 -104 -1.8
Pavlodarskyi / Sibirskiy 3.84+0.7 3.7140.4  4.06+0.3 -6.1 8.6 2.2
Sibirskiy / Pavlodarskyi 4.06+0.3 4.26+0.6  3.84+0.7 7.8 4.9 2.8
Pavlodarskyi / Tornado 3.84+0.7 3.71+0.4  3.60+0.8 -0.3 3.4 -0.1
Tornado / Pavlodarskyi 3.60+0.8  3.86+0.6  3.84+0.7 3.8 0.5 1.2
Soyuz / Pavlodarskyi 4.28+0.5 3.64+0.9 3.84+0.7 -10.3 -15.0 -1.9
Pavlodarskyi / Soyuz 3.84+0.7 4.44+0.7 4.28+0.5 9.4 3.7 1.7
Buzhanske / Pavlodarskyi 3.67£0.6  3.68+0.9  3.84+0.7 -2.0 42  -09
Pavlodarskyi / Buzhanske 3.84+0.7 3.60t1.4 3.67+0.6 -4.1 -6.2  -1.8

Note: P, — female form, P, — male form, F; — hybrid, Ht — average heterosis,
Hbt — heterobeltiosis, hp — phenotypic dominance

The “kernel weight per spike” trait was inherited mainly by negative overdominance
(60%) and heterosis (30%). According to M.V. Lozinskyi data, the prevailing type of inheritance
of the “kernel weight from the primary spike” trait by F;, winter bread wheat was positive
overdominance (in 82.5% of hybrids) [35]. A. K. Niniieva indicated that spring spelt
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(T. spelta L..) / spring bread wheat hybrids more often inherited spike performance traits by
hybrid depression, less often — by incomplete dominance [4]. R.V. Kryvoruchenko revealed that
35.7% of hybrids inherited the “kernel weight per spike” trait by complete dominance of the
worse parent; 21.4% — by intermediate inheritance, and 21.4% - by depression. The author
thought that paucity of heterotic hybrids might be associated with strong dominance of the worse
parent form and a low percentage of heterobeltiosis for the "spikelete number per spike" trait [5].

Positive overdominance and prominent heterosis for the “kernel weight per spike” trait
was noted in one direct combination (Serhiy / Pavlodarskyi (hp = 1.7; Ht = 6.3%; Hbt = 2.6%))),
and in five reverse combinations (NTH 1933 / Bozhych (hp = 1.2; Ht = 3.4%; Hbt = 0.5%),
Pavlodarskyi / Sergiy (hp = 6.2; Ht = 22.5%; Hbt = 18.2 %), Sibirskiy / Pavlodarskyi (hp = 2.8;
Ht = 7.8 %; Hbt = 4.9 %), Tornado / Pavlodarskyi (hp = 1.2; Ht = 3.8 %; Hbt = 0.5%), and
Pavlodarskyi / Soyuz (hp = 1.7; Ht = 9.4%; Hbt = 3.7%)). The female cytoplasm’s effect on this
trait was noted in two combinations: NTH 1933 / Bozhych and Sibirskiy / Pavlodarskyi.

Analysis in the Pavlodarskyi / Sergiy hybrid population proved that it was possible to
select genotypes that would combine a relatively increased number of kernels per spike with an
increased weight of kernels per spike. In the Sibirskiy / Pavlodarskyi, Tornado / Pavlodarskyi and
Pavlodarskyi / Soyuz hybrid combinations with intermediate inheritance of the “kernel number
per spike” trait (Table 4), it was possible to select genotypes with small numbers of kernels, but
kernels were heavier compared to those in the parental forms.

Kernel weight per plant reflects the individual performance of a plant. The maximum
kernel weight per plant was recorded for Tornado (20.91 g), Sergiy (20.64 g), and NTH 1933
(20.57 g) varieties (Table 6). The maximum expression of this trait was noted in a reverse
combination, Pavlodarskyi / Soyuz (21.4 £+ 4.1, g); the minimum — in the Pavlodarskyi / Bozhych
(11.01 £ 2.6, g) combination derived from direct crossing of its parents (Table 6).

Analyzing the inheritance of grain productivity by F; hybrids, we found depression in
most combinations (60%).

Prominent heterosis and positive overdominance for the "kernel weight per plant" was
noted in four reverse combinations: NTH 1933 / Bozhych (hp = 1.7; Ht = 8.6%; Hbt = 3.2%);
Bozhych / Pavlodarskyi (hp = 4.6; Ht = 15.9%; Hbt = 12.0%); Sibirskiy / Pavlodarskyi (hp = 2.5;
Ht = 5.8%; Hbt = 3.4%), and Pavlodarskyi / Soyuz (hp = 2.7; Ht = 16.3%; Hbt = 9.7%). The
NTH 1933 / Bozhych and Bozhych / Pavlodarskyi combinations showed higher grain
productivity in the case when the female form had a stronger expression of this trait compared to
the male one, indicating the female cytoplasm’s effect on this trait.

Plant performance is a multicomponent and compensatory trait. That is, in cereals, it
depends on contributions of its individual constituents and their abilities to be realized under
certain conditions. Thus, performance of plants with small productive tillering can be due to
increased seed productivity, etc. Our data demonstrated that, in the NTH 1933 / Bozhych hybrid
combination with positive predominance of the “kernel weight per plant” trait, there was positive
overdominance of the “productive stem number” trait, the “kernel weight per spike” trait and the
“spike length” trait, but the “kernel number per spike” trait was inherited by depression. It is
possible to predict that, in this hybrid combination, it is possible to select genotypes that would
perform due to increased numbers of productive stems, kernel weight per spike, but have looser
spikes compared to the parents.

The Bozhych / Pavlodarskyi and Sibirskiy / Pavlodarskyi hybrid combinations with
positive dominance of the “kernel weight per plant” trait had intermediate inheritance of the
“productive stem number” trait, the “spike length” trait and the “kernel number per spike” trait.
Selection for increased weight of thousand kernels and, consequently, for increased weight of
kernels per plant will be more effective in these combinations. It should be said that it is possible
to generate genotypes with elongated spikes from these hybrid combinations.
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Negative dominance of the “productive stem number” trait, intermediate dominance of the
“spike length” and “kernel number” traits, but little positive overdominance of the “kernel weight
per spike” and the “kernel weight per plant” traits were intrinsic to the Pavlodarskyi / Soyuz
hybrid combination. It is possible to identify genotypes with small numbers of productive stems
and kernel numbers similar to those in a parent, but with an increased weight of thousand kernels.

Dry matter weight per winter triticale plant can vary significantly depending on many
factors, such as growing conditions, varieties and harvest time. This indicator is important for
fodder production, as it allows assessing the potential productivity and quality of fodder.

Expression and variability of the "kernel weight per plant" trait in F; winter triticl;ﬁzle °
hybrids, 2022
Hybrid combination Kemnel weight per plant, g Ht,% Hbt,% hp
P, F, P,

Khleborob / NTH 1933 15.54+£3.7 13.7242.0 20.57+5.6 -24.0 -33.3  -1.7
NTH 1933 / Khleborob 20.57+£5.6  17.58+4.5 15.54+£3.7  -2.6 -145  -0.2
NTH 1933 / Pavlodarskyi 20.57+£5.6  12.41+2.7 17.29+2.6 -344 -397 4.0
Pavlodarskyi / NTH 1933 17.2942.6  12.54+2.6 20.57+5.6 -33.8 -39.0 -39
Khleborob / Pavlodarskyi 15.54+3.7 15.18+5.5 17.29+2.6  -7.5 -122 -14
Pavlodarskyi / Khleborob 17.2942.6  13.92+7.2 15.54+£3.7 -152 -195 -29
Bozhych / NTH 1933 18.54+6.1 12.46+3.2 20.57+5.6 -363 -394 -7.0
NTH 1933 / Bozhych 20.57+£5.6  21.23+4.5  18.5446.1 8.6 3.2 1.7
Sergiy / Pavlodarskyi 20.64+£5.9 15.88+5.0 17.29+2.6 -163 -23.1  -1.8
Pavlodarskyi / Sergiy 17.29£2.6 17.78£3.4 20.64+5.9 -6.2 -13.9  -0.7
Pavlodarskyi / Bozhych 17.29£2.6 11.01£2.6 18.54+6.1 -38.5 -40.6 -11.0
Bozhych / Pavlodarskyi 18.54+6.1 20.77+4.3 17.29+2.6 15.9 12.0 4.6
Pavlodarskyi / Sibirskiy 17.29£2.6 16.53+4.6  16.52+5.8 2.2 -4.4 -1.0
Sibirskiy / Pavlodarskyi 16.52+£5.8 17.88+£7.2 17.29+2.6 5.8 34 2.5
Pavlodarskyi / Tornado 17.29+42.6  15.31+£2.0 2091+74 -19.8 -26.8 -2.1
Tornado / Pavlodarskyi 2091£7.4 15.16¢4.3 17.29+2.6 -206 -27.5 -22
Soyuz / Pavlodarskyi 19.50+6.4 12.73+£5.0 17.29+2.6 -30.8 -34.7 -5.1
Pavlodarskyi / Soyuz 17.29+2.6  21.40+4.1 19.50+6.4 16.3 9.7 2.7
Buzhanske / Pavlodarskyi 20.54+6.2 11.8244.8 17.29+2.6 -37.5 -425 44
Pavlodarskyi / Buzhanske 17.29£2.6 17.88%£5.9 20.54+6.2 -5.5 -13.0  -0.6

Note: P, — female form, P, — male form, F; — hybrid, Ht — average heterosis,
Hbt — heterobeltiosis, hp — phenotypic dominance

The maximum weight of dry matter per plant was recorded for a reverse combination
(NTH 1933 / Bozhych (65.16 + 7.1, g)); the minimum — for the NTH 1933 / Pavlodarskyi (29.65
+ 5.2 g) derived from direct crossing (Table 7).

The "dry matter weight per plant" trait was inherited by negative overdominance (55%)
and heterosis (20%).
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Table 7
Expression and variability of the "dry matter weight per plant" trait in F; winter triticale
hybrids, 2022

Dry matter weight per plant, g

Hybrid combination Ht, % Hbt, % hp
P; F; P,

Khleborob / NTH 1933 44.30+9.2 38.34+11.4 52.53+16.2 -20.8 -27.0 -2.4
NTH 1933 / Khleborob 52.53+16.2 57.04+5.4 44.30+9.2 17.8 8.6 2.1
NTH 1933 / Pavlodarskyi 52.53+16.2 29.65+5.2 50.17¢17.1 -423 -43.6 -18.4
Pavlodarskyi / NTH 1933 50.17£17.1 40.43+5.1 52.53+16.2 -21.3 -23.0 -9.3
Khleborob / Pavlodarskyi 44.30+9.2 51.17+£10.0 50.17+17.1 8.3 2.0 1.3
Pavlodarskyi / Khleborob 50.17¢17.1 49.75+10.9  44.3049.2 53 -0.8 0.9
Bozhych / NTH 1933 57.65£21.9 43.04+11.3 52.53+16.2 -21.9 -253 -4.7
NTH 1933 / Bozhych 52.53+16.2 65.16+7.1 57.65+21.9 18.3 13.0 3.9
Sergiy / Pavlodarskyi 63.81+16.9 43.67+x12.4 50.17¢17.1 -234 -31.6 -2.0
Pavlodarskyi / Sergiy 50.17£17.1 48.36+10.2 63.81+16.9 -15.1 -242 -1.3
Pavlodarskyi / Bozhych 50.17£17.1 40.11£10.1 57.65+£21.9 -25.6 -304 -3.7
Bozhych / Pavlodarskyi 57.65£21.9 56.00+15.1 50.17+#17.1 3.9 -2.9 0.6
Pavlodarskyi / Sibirskiy 50.17¢17.1 53.02+12.0 53.08+15.8 2.7 -0.1 1.0
Sibirskiy / Pavlodarskyi 53.08+15.8 57.34+17.0 50.17+17.1 11.1 8.0 3.9
Pavlodarskyi / Tornado 50.17£17.1 43.42+10.4 73.82+433.3 -30.0 -41.2 -1.6
Tornado / Pavlodarskyi 73.82+33.3 49.34+9.1 50.17+17.1 -204 -33.2 -1.1
Soyuz / Pavlodarskyi 70.75+18.6 43.53+15.2 50.17¢17.1 -28.0 -385 -1.6
Pavlodarskyi / Soyuz 50.17¢17.1 54.20+15.5 70.75¢18.6 -104 -23.4 -0.6
Buzhanske / Pavlodarskyi 68.78+29.3 35.67£9.2 50.17+17.1 -40.0 -48.1 -2.6
Pavlodarskyi / Buzhanske 50.17¢17.1 54.37+18.6 68.78¢29.3 -8.6  -21.0 -0.5

Note: P, — female form, P, — male form, F; — hybrid, Ht — average heterosis,

Hbt — heterobeltiosis, hp — phenotypic dominance

We distinguished a direct hybrid combination with prominent heterosis and positive
overdominance (Khleborob / Pavlodarskyi (hp = 1.3; Ht = 8.3%; Hbt = 2.0%)) and reverse
hybrids with similar indicators (NTH 1933 / Khleborob (hp = 2.1; Ht = 17.8 %; Hbt = 8.6 %),
NTH 1933 / Bozhych (hp = 3.9; Ht = 18.3 %; Hbt = 13, 0%) and Sibirskiy / Pavlodarskyi (hp =
3.9; Ht = 11.1%; Hbt = 8.0%)). Positive dominance was noted in a direct combination
(Pavlodarskyi / Sibirskiy (hp = 1.0; Ht = 2.7%; Hbt =-0.1%)) and two reverse ones (Pavlodarskyi
/ Khleborob (hp = 0.9; Ht = 5.3 %; Hbt = -0.8%) and Bozhych / Pavlodarskyi (hp = 0.6; Ht =
3.9%; Hbt = -2.9%)). The female cytoplasm’s contribution to the formation of the “dry matter
weight per plant” trait was noted in three combinations: NTH 1933 / Khleborob, Bozhych /
Pavlodarskyi and Sibirskiy / Pavlodarskyi.

Differences in the inheritance of fodder and seed productivity traits in reciprocal crossings
of winter triticale accessions depended not only on nuclear inheritance, but also on cytoplasmic
one.

Conclusions. Analysis of the variability of the fodder and seed productivity traits in F,
winter triticale hybrids established that hybrid combinations differed significantly in terms of
heterosis level and inheritance type. All possible variants of phenotypic dominance, from positive
to negative overdominance, were identified. For such traits as the productive tillering, kernel
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weight per spike, kernel weight per plant, and dry matter weight per plant, depression was noted
in most combinations (55-60%).

Analysis of heterosis and inheritance in reciprocal F; hybrids showed unequal
contributions of female and male forms to their offspring genotypes for the investigated traits.

Reciprocal crossings of nine winter triticale parents yielded 20 combinations; of them,
three F; hybrids showed prominent heterosis and positive overdominance for three or four traits:
NTH 1933 / Khleborob, NTH 1933 / Bozhych and Sibirskiy / Pavlodarskyi. From the NTH 1933
/ Bozhych, Bozhych / Pavlodarskyi, and Sibirskiy / Pavlodarskyi hybrid combinations, it is
possible to select genotypes that combine both high performance and high dry matter weight.

Hybrid combinations with prominent heterosis and positive overdominance for the main
characteristics of fodder and grain productivity were identified: productive tillering — NTH 1933 /
Khleborob, Khleborob / Pavlodarskyi, Bozhych / NTH 1933 and NTH 1933 / Bozhych; spike
length — NTH 1933 / Bozhych and Pavlodarskyi / Tornado; kernel number per spike —
Pavlodarskyi / Sergiy; kernel weight per spike — NTH 1933 / Bozhych, Sergiy / Pavlodarskyi,
Pavlodarskyi / Seghiy, Sibirskiy / Pavlodarskyi, Tornado / Pavlodarskyi, and Pavlodarskyi /
Soyuz; kernel weight per plant — NTH 1933 / Bozhych, Bozhych / Pavlodarskyi, Sibirskiy /
Pavlodarskyi, and Pavlodarskyi / Soyuz; dry matter weight per plant — NTH 1933 / Khleborob,
Khleborob / Pavlodarskyi, NTH 1933 / Bozhych and Sibirskiy / Pavlodarskyi.

Hybrid combinations derived from such varieties as NTH 1933, Khleborob, Pavlodarskyi,
Bozhych, Sergiy, Soyuz and Sibirskiy showed increased values of performance traits and
potentials to increase yields.

The research prospect consists in further selection and evaluation of the obtained winter
triticale hybrids for the fodder and seed productivity traits in subsequent generations.
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YCIAIKYBAHHA O3HAK KOPMOBOI TA HACIHHEBOI IPOJYKTHBHOCTI
I'TbPUHJIIB F; TPUTHKAJIE O3UMOI O

Tpomciok B.JI., byraitos B. /1., bBonnapenko O.B.
IHcTuTyT KOpMIB Ta cinbebkoro rocnoaapcrsa [ogimns HAAH, Ykpaina

Merta Ta 3aBAaHHA J0CHiIzKeHb. BU3HAUNTH CTYIIHB MPOSIBY Ta XapakTep yCHaJKyBaHHS O3HAK
KOPMOBOI Ta HAaCIHHEBOI MPOYKTUBHOCTI IriOpuaiB F TpuTHKame 03UMOro npu penunpoKHUX
cxpeulyBaHHsAX. Buminutu mnepcrnektuBHi kKomOiHamii Fy, $Kki MaioThb BHCOKHMH TpPOSB
reTepo3ucy 3a TpboMa i OLIbIlIe O3HAKAMHU MPOLYKTHBHOCTI.

Martepiaan Tta Meroau. [ocmimpkenHs npoBogunau B 2021, 2022 pp. y Bigmum cenexii
KOPMOBHX, 3€pHOBHUX KOJIOCOBUX Ta TEXHIYHUX KYIbTYp IHCTUTYTY KOPMIB Ta CLIbCHKOTO
rocnogapctBa [loximns HAAH. TexHousoris BUpOILIYyBaHHS 3arajbHONpPUHHATA U 30HU
Jlicocteny. barbkiBcbki KOMMOHeHTH Ta F; BHciBanm y TiOpHUIHOMY pO3CaJHUKY 3
BUKOPUCTAaHHSAM PYYHOTO Mapkepa, mupuHa MibKpsap 30 cMm, BiACTaHb MDK POCIMHAMH B
psaaky — 10 cm. Buxigaum matepiajgoM Ajs MPOBEAEHHS NMPSMHUX 1 3BOPOTHUX CXPEIIYBaHb
CIIYTYBAJIO JIEB’SITh COPTIB TPUTHKAJIE O3UMOTO PI3HOTO €KOJIOr0-reorpadigHOro moXoHKCHHS:
boxwuu, byxanceke, [laBnogapcekuii moxomkeHHsM 3 Ykpaiau;, TopHamo, Xnebopoob, Coros,
Cepruii, Cubupcekuii — Pocii Ta NTH 1933 — Kurato. Ctyninp rerepo3ucy BHU3HA4Yalu 3a
Matzinger et al. Ta S. Fonseca, F. Patterson.

Pe3yabTaT i 00roBopeHHsi. AHaniz ycnaakyBaHHs y riopuzaiB F; mokaszas, 1o mpoayKTHBHA
KYIIMCTICTh Mayla pi3HI THNM YyCHajAKyBaHHS (Tabn. 2), mepeBakajlo HEraTHBHE
HaanoMinyBaHHs (55 %) Ta rereposuc (20 %). 3-3a BHYTPIIIHbOAIEIBHUX B3a€MO/IIN TEHIB,
IO [JII0Th TUIBKA B TETEPO3UTOTHOMY CTaHi, J00ip TEHOTWUIIIB Yy paHHIX TiOpUIHHX
MOKOJIHHAX MOXe OyTH Manoe(eKTUBHUM. AJie € BHCOKa BIPOTIAHICTH iAeHTH}IKaIii
TpaHCTrpecii MiABMIIEHOI KYIIUCTOCTI Yy OUIbII Mi3HIX TiOpUAHUX MOKOJIHHAX. OcoOauBY
yBary uisi A00Opy TEHOTHIIB, M0 Maid O WiABHINEHY KYIIUCTICTb, MOXHA MPUAUTHTH
KOMOiHaIIi1 3 MO3UTUBHUM JIoMiHyBaHHAM XJiebopoO / NTH 1933 (hp = 0,6; Ht = 3,3 %; Hbt =
-2,5 %). KomO0iHarii, o Maiu HeraTuBHE HAJJOMIHYBaHHS (JIeMpeciio), B CeJeKIii Ha
MIABUIICHHS KYIIUCTOCTI € MaJOliHHUMU. HammMu JaHWMH Ha TPUTHKAIE O3UMIM OyJo
BHU3HAYCHO, 110 YCHaJKyBaHHS JOBXHHHU KoJocy riopumamu Fi mae mupokuit ciekrp, 10 %
riOpuaHUX KOMOIHAII Malu TO3UTHBHE HAIAOMIHYBaHHS (TeTEpO3UC), TMO3UTHUBHE
IOMiHyBaHHS — 25 %, mpoMiKHE ycraakyBaHHS — 35 %, HeraTuBHe AOMiHYyBaHHS — 15 %,
HeraTuBHE HaJoMiHyBaHHs (nenpecis) —20 %. [IpuuuHOIO TOMY € Te, IO A CXpeUlyBaHb
Oynmu nmiOpaHi copTH pi3HOTO reorpadiyHOTO Ta TEHETUYHOrO MoXo/KeHHs. [10pumHi
kombOinanii IlaBmomapcekuii / Cepruit Ta Byxanceke / IlaBnonapcbkuif Manu Jemnpeciio B
yCHaaKyBaHHI JOBKUHU Kosiocy. ToO6To B 0OpaHuX TiOpuIHUX KOMOIHAIIIX MOXIUBUN 100Ip
POCIMH TPUTHUKAIIE 0O3UMOTO 13 TOPIBHSIHO HEBEIMKUM KOJIOCOM ajie i3 30UIBIIEHOI0 KUTBKICTIO
HaciHHA. 3a aHaJi30M HaIUX JOCHiKeHb B riOpuaniil momymsuii [laBnonapceskuii / Cepruit
MO>KJIMBHUHA TOOIp TE€HOTHIIIB, 5Ki O MO€IHYBAIN y cOO1 MOPIBHAHO MiABULICHY KUTBKICTh 3epeH
y KOJIOCI 3 TIJBUIICHOIO Barol 3epHa 3 Kojioca. B riOpuaHux KoMOiHALIAX
Cubupckuii / [laBnogapcekuii, Topaano / IlaBnonapeskuii, IlaBnonapceskuii / Coro3s, 1o Maiu
POMDKHE yCHaIKyBaHHs KUIBKOCTI 3€peH B KOJIOCI, MOXJIMBUI 100ip F€HOTUIIIB TOPIBHSAHO 13
0aThKIBCBKUMHU KOMIIOHEHTaMH 3 HEBEIMKOIO KUIBKICTIO 3epeH, ajie Outbi Baxkkoro. ['i0puaHi
koMmbOiHanii boxwuu / [TaBnomapcekuii Ta Cubupckuii / IlaBnonapcekuii Ha (OHI MO3UTUBHOTO
HQJJJIOMIHYBaHHS Bark 3€pHAa 3 POCIMHM MaJd NPOMDKHE YCHNAIKyBaHHS KUIBKOCTI
OPOAYKTHUBHHX CTeOes, JOBXKHMHM KOJIOCY Ta KUIBKOCTI 3€peH B KoJjioci. bimbmn
pe3yabTaTUBHUM 100ip B 1MX KOMOiHaIisX Oyne B Hanpsamy nigsuineHHs Macu 1000 HaciHuH
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1, IK HACJTIOK, Baru 3epHa 3 pociauHu. CHil ckazaTH, 0 y HMX TiOpUIHUX KOMOIHAIIAX €
MOJIMBUM (POPMYBaHHSI T€HOTHUIIB 13 MOJOBXEHUM KOJOCOM. XapaKTepHUM JUIi TIOpUAHOT
koMmbOiHarii [TaBnomapcekuii / Coro3 HeraTuBHE JOMIHYBaHHS O3HAKH Y ()OpMYBaHHI KUTBKOCTI
OPOAYKTHUBHHX CTeOed, MPOMDKHOTO JOMIHYBaHHS y (OpMyBaHHI JOBXKHHH KOJIOCA Ta
KUIBKOCTI 3€pEeH, ajie MaJio MO3UTHBHE HA/IJJIOMIHYBaHHS y (JOpMYyBaHHI Baru 3epeH B KOJIOCI Ta
Baru 3€pHa 3 POCIMHUA. MOXIIMBUM € ineHTH(]IKalis TeHOTUIIB 3 HEBEIHMKOIO KUIBKICTh
IPOIAYKTHUBHHUX CTEOEI 3 KOJIOCOM Ta O3€PHEHICTIO Ha PiBHI OAThKIBCHKOTO KOMIIOHEHTA, ajie 3
migsuieHor Macoro 1000 HaciHuH.

BucHoBku. Y pe3ynbTaTi MpPOBEICHOTO aHaji3y MIHJIMBOCTI O3HAK KOPMOBOi Ta HACIiHHEBOI
NPOIAYKTHUBHOCTI B ribpuniB F; TpuTHKame 03MMOro BCTAHOBJEHO, IO TiOpUAHI KOMOiHAIii
CYTTE€BO BIJPI3HAIOTBCS MDK COOOI0O 3a DPIBHEM IMPOSIBY TETEPO3UCY Ta OCOOIUBOCTAMHU
XapakTepy ycnaJKyBaHHs. BusBICHO BCi MOXKJIMBI BapiaHTH (DEHOTUIIOBOTO JOMIHYBAaHHS BiJ
MO3UTUBHOTO JI0 HETaTMBHOTO HAJJOMIHYBaHHS. 3a TakuM O3HAKaMH, SK IMPOTYKTUBHA
KYIUCTICTh, Bara 3epeH 13 KOJIOCY, Bara 3€peH i3 POCIMHM Ta Bara cyxoi peYOBHHHU OJHI€T
pOCIUHY y OUTBIIOCTI KOMOiHAIIN BimMideHO aempecito (55—60 %).

Knrouosi cnosa: ycnaokysanns, mpumukane o3ume, 2iopuo, peyunpoxkHe cxpeuyy8aHHsi.

INHERITANCE OF FODDER AND SEED PRODUCTIVITY CHARACTERISTICS BY F,
WINTER TRITICALE HYBRIDS

Tromsiuk V.D., Buhaiov V.D., Bondarenko O.V.
Institute of Fodder and Agriculture of Podillia of NAAS, Ukraine

Purpose and Objectives. To characterize the inheritance of fodder and seed productivity
characteristics by F; winter triticale hybrids from reciprocal crossings. To select promising F;
combinations that show strong heterosis in three or more performance traits.

Materials and Methods. The study was carried out at the Department of Fodder, Grain and
Technical Crops Breeding of the Institute of Fodder and Agriculture of Podillia of NAAS in
2021 and 2022. The farming techniques were traditional for the forest-steppe. Parents and F;
were sown in a hybrid nursery using a manual marker; the interrow distance was was 30 cm;
the interplant distance in the rows was 10 cm. Nine winter triticale varieties of different eco-
geographical origins served as the starting material for direct and reverse crossings: Bozhych,
Buzhanske, and Pavlodarskyi originating from Ukraine; Tornado, Khleborob, Soyuz, Sergiy,
and Sibirskiy from Russia; and NTH 1933 from China. The heterosis degree was determined
according to Matzinger et al. [15] and S. Fonseca, F. Patterson.

Results and Discussion. Analysis of inheritance in F; hybrids showed that the productive
tillering capacity was inherited by different types, with negative overdominance (55%) and
heterosis (20%) prevailing. Due to intra-allelic interactions of genes functioning in a
heterozygous state only, selection of genotypes in early hybrid generations may be ineffective.
However, there is a high probability of identification of transgressions of increased tillering in
later hybrid generations. A combination with positive dominance, Khleborob / NTH 1933 (hp
= 0.6; Ht = 3.3%; Hbt = -2.5%), is worth of special attention for selection of genotypes that
would have increased tillering capacity. Combinations with negative overdominance
(depression) are of little value in breeding for enhanced tillering. Our data on winter triticale
demonstrated that the spike length inheritance by F; hybrids had a wide spectrum: 10% of
hybrid combinations showed positive overdominance (heterosis), 25% — positive dominance,
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35% — intermediate inheritance, 15% — negative dominance, and 20% — negative
overdominance (depression). This is attributed to different geographical and genetic origins of
varieties selected for crossing. It should be noted that the Pavlodarskyi/ Serhiy and Buzhanske
/ Pavlodarskyi hybrid combinations inherited spike length by depression. That is, it is possible
to select winter triticale plants with relatively short spikes but with increased numbers of
kernels among the distinguished hybrid combinations. Analysis in the Pavlodarskyi / Sergiy
hybrid population proved that it was possible to select genotypes that would combine a
relatively increased number of kernels per spike with an increased weight of kernels per spike.
In the Sibirskiy / Pavlodarskyi, Tornado / Pavlodarskyi and Pavlodarskyi / Soyuz hybrid
combinations with intermediate inheritance of the ‘“kernel number per spike” trait, it was
possible to select genotypes with small numbers of kernels, but kernels were heavier compared
to those in the parental forms. The Bozhych / Pavlodarskyi and Sibirskiy / Pavlodarskyi hybrid
combinations with positive dominance of the “kernel weight per plant” trait had intermediate
inheritance of the “productive stem number” trait, the “spike length” trait and the “kernel
number per spike” trait. Selection for increased weight of thousand kernels and, consequently,
for increased weight of kernels per plant will be more effective in these combinations. It
should be said that it is possible to generate genotypes with elongated spikes from these hybrid
combinations. Negative dominance of the “productive stem number” trait, intermediate
dominance of the “spike length” and “kernel number” traits, but little positive overdominance
of the “kernel weight per spike” and the “kernel weight per plant” traits were intrinsic to the
Pavlodarskyi / Soyuz hybrid combination. It is possible to identify genotypes with small
numbers of productive stems and kernel numbers similar to those in a parent, but with an
increased weight of thousand kernels.

Conclusions. Analysis of the variability of the fodder and seed productivity traits in F; winter
triticale hybrids established that hybrid combinations differed significantly in terms of
heterosis level and inheritance type. All possible variants of phenotypic dominance, from
positive to negative overdominance, were identified. For such traits as the productive tillering,
kernel weight per spike, kernel weight per plant, and dry matter weight per plant, depression
was noted in most combinations (55-60%).

Key words: inheritance, winter triticale, hybrid, reciprocal crossing.
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