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PHENOTYPIC MANIFESTATION OF ASSOCIATIVE MORPHOGENETIC TRAITS
IN SINGLE-CROSS STERILE HYBRIDS OF WINTER RYE (SECALE CEREALE 1.)
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Topicality. The study of phenotypic parameters of quantitative morphological traits that associatively
affect the productivity of winter rye plants allowed developing theoretical predictions on the effectiveness of
their breeding improvement. Purpose. To determine the level of phenotypic manifestation, variability and
type of phenotypic dominance of morphogenetic traits of winter rye in single-cross sterile hybrids as
a maternal component and to select the best breeding samples. Material and Methods. Six cytoplasmic
male-sterile (CMS) and six self-fertile sterility maintainer (SM) lines of short-stemmed winter rye determined
by dominant gene hl (except for SM line 4) were studied. The study was carried out according to quantitative
morphogenetic characteristics, using the methods of the State Testing of Plant Varieties for Suitability for
Distribution in Ukraine. The level of phenotypic manifestation of traits of single-cross sterile hybrids in rela-
tion to the parental forms was estimated as a percentage of the pollen-sterile (CMS) line and unrelated ste-
rility maintainer (SM), and by the assessment of the dominance of hp calculated according to the formula of
G.M. Bale and R.E. Atkins. Results. The coefficient of variation in plant height was increased in 54.5 % of
hybrid combinations in comparison with parental forms, in the vast majority of CMS lines and SMs this trait
was classified as low-variable, 63.6 % of single-cross sterile hybrids inherited plant height by intermediate
type and negative dominance and depression, resulting in short-stemmed plants, and increased lodging re-
sistance. The number of productive shoots is a medium and highly variable trait (depending on the geno-
type), and depression was detected in 72.7 % of the combinations (hp ranged from -1.1 to -5.2). Spike length,
as a trait, was characterised by low variability, and 45.4 % of the single-cross sterile hybrids inherited the
trait by intermediate type and heterosis. In terms of the number of florets in the spike of single-cross sterile
hybrids, 36.3 % of combinations showed heterosis for this trait. Spike density was a relatively stable trait in
terms of variation of phenotypic values, and 45.4 % of single-cross sterile hybrids inherited the trait by in-
termediate type and heterosis. According to the fertility trait, 54.5 % of hybrid combinations showed hetero-
sis (the degree of phenotypic dominance hp was in the range of 1.0-17.0). Conclusions. It was found that the
manifestation of heterosis and positive dominance in single-cross sterile hybrids in relation to parental forms
expand the combinative variability of quantitative traits, which allows more efficient selection of the best
pairs as components of crossing. In many cases, the inbred depression of the pollen-sterile form is elimina-
ted, as a result of which an increase in the number of heterotic combinations in the final hybrids of winter rye
is predicted.
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Introduction. In the current wartime con-
ditions, when significant areas of agricultural
land have been withdrawn from use, the prob-
lem of improving the yield of agricultural crops,
and especially grain crops, is extremely relevant
[1]. It is known that the winter rye yield can be
increased in various ways, and the breeding im-
provement of the crop is of great importance in
this regard [2, 3].

Modern breeding increases the productivi-
ty of winter rye not only through different types

Author information:

of selection and crosses, but also through heter-
osis, which involves cytoplasmic male sterility.
For this purpose, cytoplasmic pollen-sterile
(CMS) lines with sterility maintainers (SM) are
developed. Given that CMS of rye lines are of-
ten depressed due to enrichment with the ge-
nome of the SM (closely related crosses), an
improved maternal component like single-cross
sterile hybrids obtained from hybridisation of
CMS line with an unrelated sterility maintainer
is used to relieve inbred depression [4, 5].
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Thus, in many combinations, a pollen-
sterile maternal form with improved anatomical
and morphological characteristics is obtained,
which affects the crop yield [6]. Improved
maternal and paternal components [7] are nec-
essary to obtain heterosis in the final (commer-
cial) hybrid as an excess of the quantitative trait
of not only the best parental form, but also
standard varieties (competitive heterosis). Ac-
cording to scientists P. P. Litun, H. K. Adamchuk,
A. F. Zdrylko, V. P. Derevianko and others, the
heterotic effect in grain crops is considered eco-
nomically significant when its level exceeds 20 %,
although some scientists consider the heterotic
effect at 15 % and 10 % to be economically sig-
nificant [8, 9].

The effect of heterosis depends on the ac-
tion and interaction of the genes (the components
of hybridisation) [10]. However, certain require-
ments are imposed on the crossing components:
high pollen formation and fixation ability for the
fertility maintainer, short-stemmed plants to pre-
vent lodging, resistance to abiotic stress factors,
combining ability, high values of morphogenetic
traits that are associative, i.e., affect the overall
productivity of winter rye plants [11-14]. The
study of the patterns of inheritance of these traits
and their variability will allow for the purposeful
selection of pairs for the formation of heterotic
winter rye hybrids [15].

Research is aimed at determining the level
of phenotypic manifestation, variability and type
of phenotypic dominance of morphogenetic traits
of winter rye in single-cross sterile hybrids as a
maternal component and selecting the best bree-
ding samples.

Materials and Methods. The research
was conducted in 2015-2020 at the laboratory
of Grain Crops Breeding and Seed Production
of the Verkhniachka Experimental Breeding
Station as part of breeding programmes for de-
velopment of the maternal component of winter
rye hybrids based on CMS. The object of the
study was six male sterile (MS) and six self-
fertile sterility maintainer (SM) lines of winter
rye with genetically determined (hl) short-
stemmed plants (except for SM line 4). The vast
majority of the involved lines were from the
Yuriev Plant Production Institute, lines CMS 21
and SM 3 from the collection of local forms,
and line SM 4 was obtained from the Nosivka
Breeding and Research Station. The study was

Grain Crops. Vol. 7. No. 2. 2023. P. 254-264

carried out according to quantitative morphoge-
netic traits: plant height (cm), productive tille-
ring (pcs.), spike length (cm), number of florets
per spike (pcs.), fertility of the spike (%), spike
density (pcs.), using the method [16]. The level
of phenotypic manifestation of traits of single-
cross sterile hybrids in relation to parental forms
was evaluated as a percentage of pollen-sterile
(CMS line) and unrelated sterility maintainer
(SM), as well as by the estimation of dominance
hp (degree of phenotypic dominance), calculated
by the formula of G. M. Beil and R. E. Atkins [17].

The climatic and weather conditions in the
area of the experimental station were character-
rised by a moderate continental climate, corres-
ponding to the zone of unstable moistening.
According to the Khrystynivka weather station,
the average long-term precipitation is 472 mm,
the average daily air temperature (long-term
average) is 7.0 °C.

Winter rye cultivation was carried out ac-
cording to the generally accepted practice [18],
which is used in the Forest-Steppe zone of Ukraine.

Results and Discussion. Experimental as-
sessment of the combining ability of a large
number of source material of crops with a low
reproduction factor, such as winter rye, leads to
an increase in the volume of breeding work and
labour costs, so practical verification of the ef-
fectiveness of the theoretical prediction of the
suitability of winter rye lines for heterotic
breeding is of some scientific and practical in-
terest.

For practical breeding, the combinations
with a high level of competitive heterosis are
the most valuable. Based on the variety testing
of the maternal component with a linear struc-
ture (CMS lines) with their sterility maintainers
(SM) and single-cross sterile hybrids, only 11
samples were selected from the crossing of line-
ar components, which showed a reliable level of
heterotic effect. Therefore, to clarify the mor-
phogenetic features of heterosis and determine
its level, a comparative characterisation of the
genetic and statistical parameters of single-cross
sterile hybrids and their parental forms was per-
formed on the basis of independent sampling
(32 plants from each) by the Student's method
(Fisher's criterion).

Based on the values of plant height of the
source lines and hybrid samples of winter rye,
the type of phenotypic inheritance and coeffi-
cients of variation in these samples were deter-
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mined. Compared to the parental forms, the tall-
est hybrid combinations were CMS-20 / SM-6,
CMS-20 / SM-8, CMS-13 / SM-8, but no signif-
icant heterotic effect was found for them, since
the vast majority of lines were short-stemmed
with the recessive genes (hl) control. The coef-
ficient of variation of plant height in breeding
materials ranged from 1.9 to 12.8 % (Table 1).
In CMS lines, 27.0 % were characterised by
relative stability of the trait manifestation (coef-
ficient of variation V was up to 10.0 %), plant
height of 96.9 % of sterility maintainers was

classified as a low variable trait. The coefficient
of variation in 54.5 % of single-cross sterile
hybrids was in the range of 10.0-20.0 %, which
indicates an increase in plant height variability
in single-cross sterile hybrids of winter rye. The
degree of phenotypic manifestation for plant
height trait (dominance score or degree of phe-
notypic dominance hp) in different combina-
tions ranged from -8.0 to 1.4, i.e. the trait was
inherited by type from depression and negative
dominance to intermediate type, positive domi-
nance and heterosis.

Table 1. Phenotypic manifestation of the plant height trait in single-cross sterile hybrids
of winter rye and their parental components, 2017-2020

Coefficient of

: F.in% to
hLy'tEreia Av&iz S| Vartion % var?a""ti‘i4i‘%y‘?fcm 2 i o domi:
CM5-16 758 +45 18.931 42 60-94 187
CMS-16 / SM-6 814 +3.7 145+32 6699 7gﬁ*
SM-6 107124 70+16 95-118
CMS-20 106.1 2.7 79+18 98-120 104
CMS-20 7 SM-6 109.8+25 72+16 100-118 '110-3
SM-6 100.6 £ 3.1 98+21 90117
CMS-20 1083+2.3 66+15 94117 104
CMS-20/ SM-8 113£29 79+1.8 93-128 '110-8
SM-8 103.9+2.9 88+10 90-115
CMS-21 1062 +3.6 107+24 90120 98
CMS-217SM-7 104.6+3.7 11325 88-124 s%a'f*
SM-7 11729 78+1.7 105-133
CMS-13 114.6£0.9 25+06 110 1185 101
CMS-13/SM-8 115.8 + 3.3 91+21 110-142 -120-g
SM-8 [12+1.9 53+1.2 100-120
CMS-13 823+06 25+06 7985 102
CMS-13 7 SM-1 83.6+29 10924 69-99 %-gf
SM-1 914+ 0.6 19+04 89-94
CMS-16 88.8 1.7 61+1.4 80100 89
CMS-16/ SM-3 792+2.1 82+1.8 70-88 %g
SM-3 812+2.7 105424 70-90
CMS-14 985+35 11325 85120 83
CMS-147 SM-4 81.6+3.1 119+23 62-94 fc')%
SM-4 769+ 1.7 69+15 70-85
CMS-18 §0£2.1 84+10 7088 101
CMS-18 7 SM-7 80.7£3.3 12829 68-96 o
SM-7 105.4+0.9 28+06 100-108
CMS-13 71.6+1.3 56+1.3 6476 107%*
CMS-13/SM-3 76.7£1.2 51+11 69-80 168;3*
SM-3 70209 41£09 6674
CMS-13 1043+2.2 66+15 9251125 102
CMS-137 SM-4 1059+ 3.8 112425 85-124 '120-2
SM-4 1042 2.9 88+19 90-122
Note: * - significantly at P<05; ** - significantly at P<01,; *** - significantly at P<001;

F, - single-cross sterile hybrid.
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Thus, short-stemmed single-cross sterile
hybrids of winter rye, which inherited plant
height by the type of depression, negative dom-
inance or intermediate type (63.6 % in this ex-
periment), did not reduce the plant resistance to
lodging. Thus, they can be used in the develop-
ment of final heterotic hybrids suitable for eco-
nomic use.

The number of productive shoots of win-
ter rye is a morphogenetic trait that affects the
overall productivity of this crop. Comparative

arithmetic averages of productive tillering of
single-cross sterile hybrids and their parental
components are given in Table 2. Number of
productive shoots trait in breeding samples of
winter rye was characterised by high (20.8—
60.0 %) and medium (15.6-20.1 %) coefficients
of variation. The type of phenotypic dominance
in 72.7 % of combinations is depression and
negative dominance, which requires more care-
ful selection of pairs for crossing in the devel-
opment of single-cross sterile hybrids of winter rye.

Table 2. Phenotypic manifestation of the trait for number of productive shoots in single-cross
sterile hybrids and their parental components of winter rye, 2017-2020

Coefficient of

hLian' Average, cm variation, % Range of Q iFol”lquof) (1tc())mi—
ybrid (X+Sx) (V+SV) variability, cm nance score for F;
1 2 3 4 5
CMS-16 74104 159:35 69 103
CMS-167SM-6 76507 297566 5-10 &
SM-6 7105 2165438 59
CMS-20 892023 98122 810 107
CMS-207SM6 9507 223549 5-12 1'3,14-,?*
SM-6 7108 3B5L7.9 310
CMS-20 1413 3491738 5-18 132%
CMS-207SM-8 5107 15334 1117 21'6‘;51*
SM-8 72500 39087 311
CMS21 85206 217438 611 130%*
CMS-217SM-7 11829 600X 17.9 334 oo
SM-7 98 1.0 26173 615
CMS-13 8007 283163 511 145%
CMS-137SM 1616 437598 724 1_862*
SM-8 70205 24755 5-10
CMS-13 7905 20245 59 114
CMS-137SM-1 90T 11 385586 414 o
SM-1 96203 92521 811
CMS-16 9302 5212 9-10 115
CMS-16 7 SM-3 107506 169238 813 1‘%41*
SM-3 8605 176239 5-10
CMS-14 10005 156535 7-13 90
CMS-14 7 SM4 90:12 427595 413 ildg
SM-2 8305 208146 611
CMS-18 1161038 AT W/ 915 104
CMS-18 7 SM-7 2015 402 £80 622 '112-8
SM-7 10005 173139 813
CMS-13 8106 22149 5-10 112
CMS-137SM-3 9109 2TE73 414 18222*
SM-3 5004 224350 37
CMS-13 82207 28.0%6.3 512 107
CMS-137SM-4 88E07 7655359 31T 8421
SM-2 3712 766359 9-18
Note: * - significantly at P<05; ** - significantly at P<01; *** - significantly at P<001.
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The average values of the trait varied
within 6-10 stems per plant. The lowest ex-
treme values (from 3) of the number of produc-
tive shoots were found in hybrid combinations
CMS-21 / SM-7, CMS-13 / SM-4. The highest
average of the trait was in hybrid combinations
CMS-20/ SM-8, CMS-13 / SM-8 and CMS-21 /
SM-7 and was 17, 24 and 34 pcs, respectively.

Some authors point out that the indicator
of productive tillering is extremely variable and
depends mainly on environmental factors. In
crosses of winter rye, higher tillering dominates
in the progeny, and the influence of maternal
cytoplasm on this trait is also noted [20]. In ad-
dition, hybrids show greater homeostasis, i.e.
increased stability of traits in comparison with
parental forms, which is one of the advantages
of using single-cross sterile hybrids as a mater-
nal component, and the reasons for increasing
the overall tillering in hybrids. It has been de-
termined that the number of productive shoots
in breeding samples of winter rye depended on
the genotype, and phenotypically this trait was
highly and moderately variable. It was noted
that single-cross sterile hybrids in the vast ma-
jority (72.7 %) inherited the number of produc-
tive shoots with a lower value of the trait com-
pared to sterile lines, evidencing the importance
of selecting parental pairs, considering their com-

bining ability.

In winter rye, a high negative correlation
was found between spike length and spike den-
sity [19]. When crossing varieties with different
spike length and density, it is possible to in-
crease the number of florets per spike, and thus
potentially increase the productivity of the
spike. The average spike length in the original
lines and in single-cross sterile hybrids ranges
from 8.3 to 11 cm, and the coefficient of varia-
tion is low and varies within 1.9 to 10.3 % (Ta-
ble 3).

According to the spike length, 45.4 % of
single-cross sterile hybrids inherited the trait by
intermediate type and heterosis (hp in the range
of 0.4-13.0), and this trait was characterised as
low-variable. In hybrid combinations CMS-20 /
SM-6, CMS-20 / SM-8, CMS-13 / SM-8, CMS-
16 / SM-3, CMS-18 / SM-7, CMS-13 / SM-3,
inheritance of such trait as spike length was
characterised as complete dominance, since the
average value of the trait in the hybrid was
higher than in both original lines. In the studied
samples of winter rye of single-cross sterile F;
hybrids, the effect of heterosis or dominance of
longer spikelets can be obtained with the correct
selection of pairs for crossing. When crossing
lines with different spike length and density, the
number of flowers per spike can be increased.

Table 3. Phenotypic manifestation of the spike length trait in single-cross sterile hybrids
and their parental forms of winter rye, 2017-2020

. Coefficient of F,in % to
aybrid AR variation, % | ROEOT | 072 hp domi
(V+Sv) : nance score for F;

CMS-16 9.6+1.2 59+ 1.3 8.5-10 98

CMS-16 / SM-6 9.4+0.2 79+1.8 8.2-10.5 -0.4
SM-6 89+05 64+37 711 106
CMS-20 92+0.2 69+15 8-10 120
CMS-20 / SM-6 11.0+£0.3 9.0+0.2 9.9-12.3 -11.0
SM-6 8.9+0.2 6.4+ 1.4 310 124
CMS-20 104 +0.3 10.1+2.3 9-12.1 113
CMS-20/ SM-8 11.8+£0.2 6.0+ 1.3 10.8-12.7 -2.9
SM-8 93+0.3 103 +2.3 75-10.9 127
CMS-21 10.3+0.2 57+1.3 95-11 83*
CMS-21/ SM-7 8.5+0.5 58+4.1 5.7-10.7 13.0
SM-7 10605 141+32 813 80**
CMS-13 10.5+0.3 82+1.8 95-12 101
CMS-13/SM-8 10.6 +£0.2 6.7+1.5 9.3-11.5 -11
SM-8 9.0+0.3 101+23 73103 118
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Table 3 continuation

CMS-13 96+0.1 43+10 9-10 95*
CMS-13/ SM-1 9.1+0.2 70+16 8-10 1.0
SM-1 91+0.1 3107 8997 100
CMS-16 10+0.1 19+04 9.8-105 104
CMS-16/ SM-3 104+0.2 52+1.2 9.6-11.4 -2.6
SM-3 95+0.1 3.9+0.9 8.9-10 1097**
CMS-14 11+0.1 38+0.8 10.3-11.7 go*xx
CMS-14 / SM-4 9.3+0.3 8.9+2.0 8-10 6.5
SM-4 104+0.2 6.8+ 15 911 89**
CMS-18 9.0+02 57+1.3 895 104
CMS-18 / SM-7 94+03 89+2.0 8.3-11 -3.0
SM-7 92+01 32+07 8.8 9.6 102
CMS-13 93+02 71+1.6 8.5 10 101
CMS-13/SM-3 94+0.1 52+1.2 8.7-10 -1.0
SM-3 57+0.2 9.1+20 4963 165
CMS-13 97+02 70+1.6 8.3-10.3 105
CMS-13/ SM-4 102+08 26+59 6.3-15.5 0.4
SM-4 116403 80+18 1013 88

Note: * - significantly at P<05,; ** - significantly at P<01; *** - significantly at P<001.

Increasing the number of florets per spike
with a simultaneous increase in grain content,
which is determined by genotype, is one of the
ways to increase the productivity of winter rye
spike. The data of Table 4 shows heterosis of
single-cross sterile hybrids and their parental
forms for the trait of number of florets per
spike. Such heterotic combinations accounted
for 36.3 % of all hybrid samples studied. The

trait was not very variable (V was in the range
of 1.3-10.1 %).

The average values of the trait (X+Sx) in
single-cross sterile hybrids varied within 42...88
florets per spike. The highest value was in the
combination of crosses CMS-20 / SM-6, CMS-20 /
SM-8, CMS-18 / SM-7, they were 87.6, 88.0 and
77.7 pcs., respectively, and the lowest value was
in the progeny of CMS-21 / SM-7 — 52.4 pcs.

Table 4. Phenotypic manifestation of the trait — the number of florets per spike — in single-cross
sterile hybrids and their parental forms of winter rye, 2017-2020

Line Average, cm Coefficient of Range of . Fain %t
hybrid (X+g8>’<) Va{'\‘ﬂgc;% variabigllity, cm Qi éég%(}grrn;:?ance
CMS-16 58.4+0.7 35+0.8 56-60 99
CMS-16 / SM-6 57.6 + 0.9 5.4+ 1.2 50-60 1.6
SM-6 61.6+19 101+23 54-70 94
CMS-20 57.0+0.7 41+09 52-60 154%**
CMS-20/ SM-6 87.6+1.9 6.9+1.5 82-96 16.6
SM-6 59.6 + 1.3 71+16 5466 147
CMS-20 85.4+0.7 27+0.6 82-90 103
CMS-20/ SM-8 88.0+1.9 6.9 +1.5 82-102 -1.1
SM-8 61.8+0.6 3.0+07 5864 142
CMS-21 63.6+0.8 41+09 60-64 82
CMS-21/ SM-7 52.4+0.8 46+1.0 48-56 3.0
SM-7 573+ 16 9.1+20 5264 91
CMS-13 624+ 1.4 69+15 58-70 103
CMS-13/SM-8 64.0+ 1.5 73+£12 5670 -7.0
SM-8 613 +0.7 3.6+08 58 64 104
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Table 4 continuation

CMS-13 65.6 + 0.3 13+03 6466 99
CMS-13/ SM-1 65.1 + 1.7 8.4+109 58-76 1.0
SM-1 649+ 05 22+05 6468 100
CMS-16 61.8+0.8 3.9+0.9 6068 100
CMS-16 / SM-3 61.8+0.9 44+0.9 6068 -1.0
SM-3 60.4+0.8 4009 5664 102
CMS-14 66.9+ 1.0 49+1.1 62-72 g7***
CMS-14 / SM-4 582+ 1.4 7.8+1.7 5264 2.3
SM-4 593+ 1.3 6.7+ 15 5264 98
CMS-18 742+0.9 37+08 70-78 105
CMS-18 / SM-7 77.7+1.8 72+1.6 70-88 -1.0
SM-7 760+ 1.1 46+1.0 70-80 102
CMS-13 604+ 1.2 6.4+ 1.4 5666 100
CMS-13/SM-3 60.4+ 1.2 6.4+ 1.4 5666 -1.0
SM-3 478+19 10.0 £2.9 38 54 1267+
CMS-13 50.8 + 1.4 73+16 5268 108
CMS-13/ SM-4 64.8 +3.9 94+4.3 42-86 -13
SM-4 64+ 13 63+ 1.4 6072 101

Note: * - significantly at P<05; ** - significantly at P<01; *** - significantly at P<001.

Depending on the hybrid combinations,
the coefficient of variation ranged from 1.3 to
10.1 %, indicating the relative stability of this
trait. Higher number of flowers in the spike
makes it possible to increase the spike produc-
tivity under the condition of high grain content.

According to V. V. Skoryk [20], a suffi-
ciently intensive selection for the number of
florets per spike in most varieties can contribute
to a significant genetic shift in the desired direc-

tion. Thus, the number of florets per spike in
winter rye samples can be changed both by se-
lection and by heterotic selection of hybrids,
considering specific combinations, which is
consistent with the data of other authors [21].

The spike density positively correlates
with grain yield in many grain crops. The ave-
rage values of the trait in the studied samples of
the winter rye collection varied within 5.5-
8.5 pcs./cm (Table 5).

Table 5. Phenotypic manifestation of the spike density trait in single-cross sterile hybrids

and their parental forms of winter rye, 2017-2020
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Lin Aver m Coefficient of Ran f Lt in % to

hybr?a (eXigSei)C vazl\zﬂgc,)% vari:bi?i?y? cm ®1 %é?&%ﬁ?&?ance
CMS-16 6.0=0.1 33+07 596.6 102%**
CMS-16 / SM-6 6.1+0.1 4.4+09 5.7-6.6 11
SM-6 69+02 72+16 6.47.7 88™*
CMS-20 62+0.1 32+07 6.0-6.6 127
CMS-20/ SM-6 7.9+0.1 29+0.7 7.6-8.3 5.0
SM-6 6.7+0.1 25+06 6.4-6.9 118%*>
CMS-20 83+0.2 790+1.8 7493 90*
CMS-20/ SM-8 7.5+0.2 84+1.9 7.0-9.0 0.1
SM-8 6.7+0.2 78+ 1.7 59 7.7 112*
CMS-21 6.2+0.1 56+1.2 5668 127%**
CMS-21/SM-7 79+04 158 +35 6.5-10.1 0.4
SM-7 55+02 9.1+20 4965 144>




Table 5 continuation

CMS-13 59+0.1 13+03 586.1 132
CMS-13/SM-8 78+0.1 60+14 6.9-85 -2.3
SM-8 6.9+0.2 76+1.7 6.2-7.9 113%*>
CMS-13 6.9+0.1 35+08 6.67.1 104
CMS-13/ SM-1 72+0.2 73+1.6 6.7-8.4 -1.6
SM-1 7101 11+02 6.9-7.2 101
CMS-16 62+0.1 22+05 596.5 118%**
CMS-16/ SM-3 73+02 72+16 6.7-8.1 -8.0
SM-3 6.4+0.1 17404 6.36.6 114>
CMS-14 6.1=0.1 14+03 59 6.2 125%**
CMS-14 / SM-4 7.6+0.2 87+109 6.5-8.6 -1.2
SM-4 57+0.2 9221 516.7 133%**
CMS-18 74+08 37+0.8 7888 112
CMS-18 / SM-7 83+0.2 85+1.9 7.2-9.6 -1.8
SM-7 5.9+0.1 26+06 5.6-6.0 141>
CMS-13 6.5+0.1 32+07 6.2-6.8 111
CMS-13/SM-3 72+02 82+ 1.8 6.5 8.4 0.2
SM-3 8.5+0.3 10.0+2.8 6.7-10 85***
CMS-13 6.2 +0.1 29+0.7 6.06.6 105
CMS-13/ SM-4 65+03 163+36 4480 -1.8
SM-4 5502 103423 4964 118*

Note: * - significantly at P<05; ** - significantly at P<01; *** - significantly at P<001.

The highest spike density (7.9 pcs./cm)
was characterised by the hybrid combination
CMS-20 / SM-6, and the lowest values by the hyb-
rid combinations CMS-16 / SM-6, CMS-13 / SM-
8, CMS-16 / SM-3 were 6.1, 6.0 and 5.9 pcs./cm,
respectively. The average variability in terms of
spike density in the set of samples was distin-
guished by combinations of CMS-13 / SM-4 (V
= 16.3 %) and CMS-21 / SM-74 (V = 15.8 %),
while other lines and single-cross sterile hybrids
showed relative stability of the trait (V in the
range of 1.5-10.3 %). Selection for increasing

the spike density has a negative correlation of
this trait with the spike length, because often
heterosis in the spike length leads to a decrease
in its density.

The fertility of the spike shows the degree
of realisation of the potential of the spike, i. e.
the grain percentage in relation to the number of
florets per spike. In our studies (Table 6), the
spike fertility was characterised as average (66—
90 %), because fertility of more than 90 % is
considered high in winter rye.

According to the fertility trait, 54.5 % of

Table 6. Phenotypic manifestation of the spike fertility trait in single-cross sterile
hybrids and their parental forms of winter rye, 2017-2020

Lin Aver m Coefficient of Ranae of - Fiin%to
hybr?a &igse),()c Va{'\‘%r'gC’)% vari:biglli?y? em | ¢ Czégfec}grrnf:rllance
CMS-16 93.9+0.9 33.3+0.7 89-100 97
CMS-16 / SM-6 91.4+1.9 69+15 80-98.3 0.1
SM-6 885+1.7 62+ 1.4 77.4-96.8 103
CMS-20 86.1 £2.3 8.6=19 71.2-95 76%*
CMS-20/ SM-6 65.5 + 4.9 23.6+5.3 50-96 17.0
SM-6 89.2+22 7717 75.8-95.2 3%+
CMS-20 81.6+2.1 82+18 72-91 97
CMS-20/ SM-8 79.5+3.6 14.5+3.2 60.8-97.6 1.0
SM-8 79.6 + 4.4 17.6 3.9 48452 100
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Table 6 continuation

CMS-21 80.9 +4.6 18.0 = 4.0 45595 114
CMS-21/ SM-7 91.9+2.9 103 +2.3 75.9-100 2.1
SM-7 65.7 + 2.9 13.9+3.1 51.6-80.8 140>
CMS-13 83.1+ 1.4 53=12 77.6-90 94
CMS-13/ SM-8 77.9+3.3 13.6 £ 3.0 64.1-94.9 2.0
SM-8 791+ 4.4 17.7+3.9 57.8-94.8 98
CMS-13 87.4+1.1 3.8=009 80.3-90.9 71%**
CMS-13/ SM-1 62.4 +3.3 16.5+3.7 45.6-81.6 5.4
SM-1 782+18 71+16 69.1-89.1 80>
CMS-16 912+ 1.6 56=12 82.3-98.3 105*
CMS-16 / SM-3 95.9 + 0.7 23+05 91.7-98.4 -4.3
SM-3 88.8+2.1 73+1.6 81.7-98.2 108**
CMS-14 952+ 15 48+1.1 84.7-98.5 92
CMS-14 / SM-4 87.6+3.5 12.8+2.8 65.4-98.5 0.3
SM-4 785+35 142+3.2 65 92.8 112
CMS-18 64.7+ 1.7 81=18 57.1-73.7 94
CMS-18/SM-7 61.1+1.7 86=109 53.0.67.1 0.1
SM-7 56.9 + 2.4 13.4+3.0 47.5-70 107
CMS-13 788+ 1.6 65+ 1.4 69,7-85,7 81
CMS-13/SM-3 64,0 +4.5 223+49 48,5-96,4 2,0
SM-3 80,7 £3,5 13.5+3.0 70-100 [
CMS-13 863 +26 97+22 70,6-98,4 89*
CMS-13/ SM-4 76,9 + 2.4 9,9+272 64,3-92,9 2,6
SM-4 81.2+3.8 148+33 65,6-95,8 95

Note: * - significantly at P<05; ** - significantly at P<01; *** - significantly at P<001.

hybrid combinations manifested heterosis. The
trait had high values in the parental line CMS-
16 (93.9 %) and in hybrids CMS-16 / SM-6,
CMS-16 / SM-3 developed on its basis (91.4
and 95.9 %, respectively). The fertility of the
CMS-14 line and the single-cross sterile hybrid
CMS-21 / SM-7 also exceeded 90 %. The coef-
ficients of variation of the fertility trait in the
original lines and hybrid samples were charac-
terised by low and medium variability, and in
the line CMS-16 it exceeded 33 %, i.e. was
highly variable. The spike fertility of the was
inherited as depression in only two combina-
tions, in three — by intermediate type, and
54.5 % of combinations showed heterosis.

Thus, in most cases, the overall increase
in the number of florets per spike in the hybrids
led to an increase in the number of kernels.
Spike density correlated negatively with spike
length. By breaking this relationship and com-
bining a long and dense spike, we can achieve
an increase in florets per spike and potentially
increase spike fertility.
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Conclusions

1. As a result of the analysis of morpho-
genetic traits of CMS lines, SM and single-cross
sterile hybrids of winter rye, it was found that
the manifestation of positive dominance and
heterosis in relation to the original forms elimi-
nates the inbred depression of the maternal
component in the selected samples, increases
the combinative variability of quantitative traits,
resulting in higher efficiency of breeding work.

2. Short-stemmed forms should be in-
volved in the formation of single-cross sterile
hybrids (control of the trait by recessive genes),
due to which such single-cross sterile hybrids
will have resistance to lodging. The best single-
cross sterile hybrids should be selected among
combinations that inherit the trait by the type of
depression or negative dominance.

3. The number of productive shoots in
winter rye was characterised by high (20.8—
60.0 %) and medium (15.6-20.1 %) coefficients
of variation. The type of phenotypic dominance
in 72.7 % of combinations was depression and
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negative dominance (hp < 7.0; hp < 0.5). This
indicates insufficient selection of samples for
this trait, which requires additional selections
aimed at improving it in components, and when
developing hybrids requires more careful selec-
tion of pairs for crossing.

4. The number of florets per ear was not
very variable trait. Three single-cross sterile
hybrids with the highest expression of this trait
(CMS-20 / SM-6, CMS-20 / SM-8, CMS-18 /
SM-7 —87.6, 88.0 and 77.7 pcs.) were selected).

5. The spike length trait was inherited by
45.4 % of the single-cross sterile hybrids ac-
cording to the intermediate type and heterosis
(hp was in the range of 0.4-13.0), and this trait
was described as relatively stable.
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3. 0. Masyp ', M. O. Kopueesa’, C. ][ .Opnoe’. ®enomunosuii npose acouiamugnux mopQozenemusnux
03HAK Yy RPOCMUX CHEPUTIbHUX 2iopudie ycuma o3umozo (Secale cereale L.).

3epnosi kynomypu. 2023. 7 (2). 254-264.

IBep)«CHﬂL;bKa docniono-cenexyitina cmanyis, cmm Bepxusauka, Ymancokui pation, Yepracvka obnacms, 20022, Vipaina
?[nemumym Gioenepeemuunux Kyomyp i yykposux oypsxie HAAH Vpainu, eyr. Kniniuna,25. m. Kuis, 03110, YVkpaina

AKTYyalIbHiCTB. 32 pe3ylbTaTaMu JOCTiIKECHHS! (CHOTHIIOBHX ITapaMeTpiB MPOsBY KiJIbKICHUX MOP-
(hoIToTiyHNX 03HAK, SKi ACOIIATUBHO BIUIMBAIOTH HA MPOIYKTHBHICT POCIUH XUTA O3MMOTO, 3pOOJIEHO TeO-
PETUYHI TPOTHO3U MI0J0 €(h)eKTUBHOCTI IXHBOTO CEJCKI[ITHOrO MOKpalieHHs. MeTa q0ciKeHb. 3'scyBaTu
piBeHb (DEHOTUITOBOTO MPOSIBY, MIHJIHMBICTH Ta THIT (DEHOTHIIOBOTO JOMiHYBaHHS MOP(OT€HETHYHUX O3HAK JKUTa
03MMOTO y TIPOCTUX CTEPHIBHUX TiOPHIB SIK MATEPUHCHKOTO KOMITOHEHTA Ta BUIUTUTH KpaIlli CENeKITHHI 3pa3-
k. Marepian i metoau. [ocnimkeHo mricte gonosido-ctepuibHEX (LIUC), micTs camodepTUiIbHUX JTiHINA
3akpimnoBaviB ctepuiibHOCTI (3C) jKuTa 03UMOT0 3 TeHETHYHO JieTepMinoBanoro (hl) kopoTkocTebIoBiCTIO
(xpim minii 3C 4). BupueHHs nMpoBOAMIN 32 KIIbKICHUIMU MOP(OTCHETUYHHMH O3HAKAMH BUKOPHUCTOBYIOUH
MeTOJIMKN Jlep)kaBHOTO BHUIIPOOYBAaHHS COPTIB POCIWH Ha MPHUAATHICTH JO MOIHMPEHHS B YKpaiHi. PiBeHb
(heHOTHIIOBOTO MpOsIBY O3HAK MpocTtux crepuibHux Tiopuais (IICI) 3a BigHOIIEHHAM 10 0aTBKIBCBKHX (OpM
OLIIHIOBAJIM Y BijicoTKax J0 mutkoctepwibHoi (L[UC ninii) i HecropimHeHoro 3akpimoBaua crepuibHocTi (3C),
Ta OI[HKOI JOMiHaHTHOCTI hp BupaxoBanorw 3a (opmynoro I'. M. beiina i P. E. Atkinca. Pe3yabraTu.
Koeoiuient Bapiamii Bucotu pociiud y 54,5 % riOpumHux KoMOiHaIliH 30UIbIIYyBaBCS, MOPIBHIHO 3 0aTh-
KiBcbkuMH (opMmamu, y niepeBaxknoi Oinbmocti LHIUC miniii i 3C 1151 03Haka kiacu(ikoBaHa K MaJOMIHINBA
— 63,6 % mpocTUX CTEPWIBHUX TiOpUAIB YCHAaAKOBYBAJIM BHCOTY 3a NPOMDKHUM THIIOM Ta BiA'€MHOTO
JOMiHYBaHHS 1 Jienpecii, 110 BIITMBAE Ha KOPOTKOCTEOIOBICTh POCIHH 1 MIOCHITIOE CTAOUTBHICTh 10 BHJISTAH-
Hs. UKCIIO MPOJYKTUBHUX IMaroHIiB — 03HAKa CEPEIHLO- I BUCOKOMIHIIMBA (3aJIeKHO Bija reHotuny), y 72,7 %
KoMOiHarlii BusiBieno aenpecito (hp komusasocs Big -1,1 1o -5,2). JloBkuHa KOJI0Ca, SIK 03HAKa, XapaKTepH-
3yBaJiacsi HU3bKOIO MIHJMBICTIO, a 45,4 % IICI" ycraakoByBaiu O3HaKy 3a MIPOMDKHUM THIIOM Ta Te€TEPO3H-
cOM. 3a KUIBKICTIO KBITOK y KOJIOCI MPOCTHX CTEPUIIBHUX T1OpPHUIIB MPOSBUIINA TETEPO3KC 32 IIEI0 03HAKOIO
36,3 % womOinamiid. linpHicTh KONOCa Oyna BiIHOCHO CcTabiIbHOIO O3HAKOIO 3a Bapiallicro (GeHOTUIIOBUX
3HAYEHb, a 45,4 % MpOCTUX CTEPUIIbHUX TOPUIIB YCIIaJKOBYBAIN O3HAKY 3@ IPOMIXXHUM THIIOM 1 T€T€pPO3H-
coM. 3a 03HaKor GepTuiIbHOCTI 54,5 % TiOpuaHNX KOMOiHALINA MPOSBUIN reTepo3uc (CTYiHb (EHOTUIIOBO-
ro gominyBants hp 6yB y mexax 1,0—17,0). BucHoBku. IIposiB reTepO3UCY i MO3UTHBHOTO JOMIHYBaHHS y
MPOCTUX CTEPUIBHUX TiOPHUIiB 32 BiTHOIICHHAM 10 OaTHKIBCHKUX (POpPM po3MIHpIOE KOMOIHATUBHY MiH-
JUBICTh KiJIbKICHUX O3HAK, I1€ JI03BOJIsiE OLTBIT e()eKTUBHO TPOBOJIUTH JIOOOPH KPAIUX Map K KOMIIOHEHTIB
cxpellyBaHHs. Y 0araThbOX BHIIQJIKaX YCYBA€ThCs 1HOpeIHA JIENpecist MIKOCTEPHIBHOT (OPMH, BHACIIIOK
YOro MPOTHO3Y€ETHCS 301IbIIEHHS KITBKOCTI TeTepO3UCHIX KOMOIHALIH Y KiHIEBUX T10pUIiB KUTa O3UMOTO.

Knrouosi cnosa: sicumo ozume, nurkocmepuibti ainii, 3aKpinaio8ayi CmepulbHOCHI, 2emepo3uc
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