https://doi.org/10.26898/0370-8799-2023-11-4 Twrr cTaTeu: OpUTHHATBHAS
YIK: 631.524.01 Type of article: original

HACJIEJOBAHUE HEHHBIX ITPU3HAKOB ITPOAYKTUBHOCTH
T'UBPUIHBIX KOMBUHAIIM MECTHBIX 1 THOCTPAHHBIX COPTOB OBCA
B YCJIOBUSX 3AYPAJIbA

) JIrwoumona A.B.', Epémuna /1.B.?

'Hayuno-uccnedosamensbckuii uncmumym cenvckozo xoszstcmea Cegeprnoeo 3aypanvs — gunuan
Deodepanvrozo uccnedosamenvbckozo yenmpa « Tromenckuu nayunvii yenmp Cubupcko2o omoeneHus
Poccuiickoii akaoemuu nayky»

Tromenckas o0aacts, 1. MockoBckuii, Poccus

*Tocyoapcmeennotii acpapuviil yhusepcumem Ceeeproco 3aypaivsi

Tromensn, Poccus

()e-mail: ostapenkoav88@yandex.ru

IIpencraBneHsl pe3yabTaThl H3yUEHUsI XapaKTepa HAacJIel0BaHNsI LIEHHBIX [IPU3HAKOB THOPUIOB I1ep-
BOT'O ITOKOJIEHUS], TIOJIydEHHbBIX OT CKPELIMBAHNS MHOCTPAHHBIX M OTEYECTBEHHBIX COPTOB OBCA B yCJIO-
Busix CeBepHoro 3aypabs. DKCIIEPUMEHT MPOBOJMIIN Ha OMBITHOM Tose Hay4uHo-mccnenoBaTenbeko-
T0 UHCTUTYTa ceNbckoro xo3stiictBa CeBepHoro 3aypanbs B 2019 u 2020 rr. O0beKTOM HCCIeIOBAHUS
aBysich 18 ruOpuanbix nonyasiuuii F1 u mects ponurensckux copros: Tamucman, Otpana, @oma,
Sang, Solidor u Ensiler. OrieHKy 351eMeHTOB IPOLYKTUBHOCTH OCYILECTBIISIM COINIacHO MeTotuke Bee-
POCCHUICKOTO MHCTUTYTA FeHETUYECKUX pecypcoB pactenuil um. H.W. Bapunosa. s ctarucTuueckoit
00pabOTKM TaHHBIX UCTIONB30BaIN MeTomuKy b.A. JlocmexoBa. Xapakrep HaclenoBaHMs (CHOTHITHYC-
ckux npusHakoB onpenenstiu o G.M. Beil, R.E. Atkins. AHanu3 3JeMEHTOB CTPYKTYpPhI YpOKasi TIpo-
JIEMOHCTPHPOBAJI OTCYTCTBHE NPEUMYIIIECTBA COPTOB HHOCTPAHHOM CENEKIIMH Mepel TeHOTUIIaMHU, TI0-
nmy4eHHbIMU B CeBepHOM 3aypalibe. YCTaHOBJIEHO, UYTO IO 03epHEHHOCTH MeTenku 1 Macce 1000 3epen
copt Otpana He yctymnaet copram Sang, Solidor u Ensiler, a @oma — npeBocxomut ux. OnpeneneHo, 4ro
CKPELIMBAHUS MEKAY COPTAaMHM MECTHOM M MHOCTPAHHOW CEJIEKLIMH MMEIOT BBICOKMH MPOLEHT ylauH
(42—-68%), uTO OOYCIOBIHMBAET UX TIEPCIIEKTHBHOCTD B CEIEKIIMOHHOM Tiporiecce. BersiBieno, ato 50%
THOPHTHBIX KOMOMHAIMN XapaKTepU3yloTCsl ISpecChell Mo MPU3HAKY «BBICOTA PACTCHUI» — CTEIICHb
(PEeHOTUMUYECKOTO JOMHUHUPOBAHUS B TAHHOM cliy4ae BapsupyeT oT —22,2 no —3,1 en. CkpemiBaHue
®DOMBI C THOCTPaHHBIMU COPTAMH 00ECIIEUMIIO CBEPXIOMHUHUPOBAHHKE IO BEICOTE METEIIKH, €€ 03epHEH-
HoctH ¥ Macce 1000 3epen. Ilo crenenn GpeHOTHITMYECKOTO JOMUHUPOBAHUS AIEMEHTOB POAYKTUBHO-
CTH BBIZICTICHBI CIIEYOIINE TIepCIIeKTUBHBIE THOpUAHBIe komOnHaIwn: Ensiler x Orpama, Sang % Ot-
pana, @oma x Sang. ¥V nepeurcieHHbIX KOMOMHALNI 0TOOpP BBICOKOIPOAYKTUBHBIX T€HOTUIIOB MOXKHO
MPOBOJIMTH CO BTOPOTO TMOKOJNEHHsI. OCYIIECTBIATh OTOOP MEPCIIEKTUBHBIX JTMHUHN Cped THOPUIHBIX
KOMOMHAIHUH, TIIe OAHOU U3 POIUTENBCKUX (hopM sBIsIIcs copT Doma, peKoMeHayeTcst B Ooliee MO3THUX
NoKoJIeHHsIX. [ MOpUIbI IepBOTO MOKOJIEHHMS, IOJTyYEHHBIE OT CKpEeIMBaHK copTa TamrcMaH ¢ copTaMu
Ensiler, Sang u Solidor, He UMEIOT TpenMyIIECTB Nepe]] POIUTEILCKIMHU (POPMaMH U HEEPCIIECKTUBHEI
IUISL CENIEKLIMOHHOTO IpoLecca.

KonroueBble cioBa: ruOpuanzanys, Xapakrep HacaeI0BaHUs, JEMEHThI IPOIYKTUBHOCTH, TeTepo-
31C, TeHeTHYecKas JACTPeccusi, MOAEIb CopTa
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The results of studying the character of inheritance of valuable traits of the first-generation hy-
brids obtained from crossing foreign and domestic varieties of oats in the conditions of the Northern
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Trans-Urals are presented. The experiment was conducted on the experimental field of the Scientific
Research Institute of Agriculture for Northern Trans-Ural Region in 2019 and 2020. The object of the
study were 18 F1 hybrid populations and 6 parent varieties: Talisman, Otrada, Foma, Sang, Solidor
and Ensiler. Productivity elements were evaluated according to the methodology of the N.I. Vavilov
All-Russian Institute of Plant Genetic Resources. B.A. Dospekhov's methodology was used for sta-
tistical data processing. Inheritance of phenotypic traits was determined according to G.M. Beil and
R.E. Atkins. Analysis of the yield structure elements demonstrated the lack of advantage of foreign
selection varieties over the genotypes obtained in the Northern Trans-Urals. It has been established
that the Otrada variety is not inferior to Sang, Solidor and Ensiler varieties in terms of panicle ear
grain content and the thousand-kernel weight, and Foma is superior to them. It has been determined
that crosses between the varieties of local and foreign selection have a high percentage of success
(42—68%), which makes them promising in the breeding process. It has been revealed that 50% of
hybrid combinations are characterized by depression in the trait "plant height" — the degree of pheno-
typic dominance in this case varies from —22.2 to —3.1 units. Crossing of Foma with foreign varieties
ensured overdominance in the panicle height, its grain content and the thousand-kernel weight. Ac-
cording to the degree of phenotypic dominance of the productivity elements, the following promising
hybrid combinations have been identified: Ensiler x Otrada, Sang x Otrada, Foma % Sang. In the
above combinations, selection of high-yielding genotypes can be carried out from the second genera-
tion onwards. It is recommended to select promising lines among hybrid combinations, where one of
the parental forms is the Foma variety, in the later generations. Hybrids of the first generation obtained
from crossing the Talisman variety with Ensiler, Sang and Solidor varieties have no advantages over

the parental forms and are unpromising for the breeding process.
Keywords: hybridization, nature of inheritance, elements of productivity, heterosis, genetic de-

pression, variety model
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INTRODUCTION

The foundation of any country's food securi-
ty lies in the adequate provision of agricultural
produce, including feed for livestock and poul-
try farming. Therefore, grain forage crops are
currently as significant as wheat, rice, soy, and
corn. In the last 70 years, the yield of agricultural
crops has increased more than threefold thanks
to the implementation of a scientifically based
system of agriculture. Such significant achieve-

ments in the agro-industrial complex were only
possible with the transition to modern intensive
varieties, whose genetic potential for productiv-
ity is incomparably higher.

According to Rosstat (Russian Federal State
Statistics Service), in 2022, the sown area of
oats in the Russian Federation was 2.16 million
hectares, including 235.5 thousand hectares in
the Ural Federal District. To meet the growing
needs of livestock and poultry farming, it is
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necessary to significantly increase the gross oat
harvest. Consequently, an increase in sown ar-
eas and enhancement of agricultural crop yields
will be required. However, the most fertile fields
are currently occupied by strategic or marginal
crops, and reducing their sown areas is imprac-
tical. Therefore, the expansion of oat sowing ar-
eas or other grain forage crops is possible only
through the plowing of less fertile lands. In-
creasing yields through the use of agrochemicals
(including mineral fertilizers) is the most prom-
i1sing approach in the modern world. The solu-
tion to increasing grain harvest lies in creating
new varieties capable of forming high yields and
utilizing the bioclimatic potential of the region.

In the State Register of Breeding Achieve-
ments, foreign oat varieties account for 10%.
These varieties are characterized by high yield
and grain quality. Modern domestic oat vari-
eties also possess high potential productivity,
almost equal to that of foreign varieties. How-
ever, the actual yield in different regions of the
country remains quite low, not to mention the
quality of the harvested grain. There are many
reasons for this, but overall they boil down to
non-compliance with cultivation technology and
the lack of variety plasticity to a wide range of
soil and climatic conditions. According to G.A.
Batalova et al.!, the reason for the low produc-
tivity of modern oat varieties also lies in their
incorrect zoning by admission regions. One way
to solve the problem of low oat yields is to use
local breeding varieties as parental forms, which
are characterized by good resistance to unfavor-
able soil and climatic conditions, high ecolog-
ical plasticity, as well as high-yielding foreign
varieties possessing the necessary economically
valuable properties (high ear grain content of the
panicle and grain size, short-stemmedness, etc.).

A modern variety should effectively realize
its genetic potential under various natural and
anthropogenic environmental factors, possess-
ing significant resistance to stress of both abiotic
and biotic nature [1].

The purpose of the research is to create prom-
ising hybrid populations by crossing oats of for-
eign and domestic breeding, followed by their
evaluation for key economically valuable prop-
erties.

MATERIAL AND METHODS

The study was conducted at the Research In-
stitute of Agriculture for Northern Trans-Ural
Region, in the forest-steppe zone of the Trans-
Urals, according to the methodology of state
varietal testing®>. The soil of the experimental
site was dark gray forest podzolized, with typ-
ical regional morphological characteristics and
primary physical-chemical properties [2, 3]. The
soil and climatic conditions of the site closely
resemble the agricultural zone of the Ural Fed-
eral District, allowing for an assessment of the
potential of hybrid combinations and oat variet-
ies involved in the breeding work.

Six varieties of local and foreign breeding
were used in the experiment (see Table 1). The
combinations for crossings were selected based
on the principle of eco-geographical remoteness
of the parent forms.

Hybridization was conducted in field condi-
tions. During the beginning of the panicle emer-
gence phase (when two to three spikelets appear
from the leaf sheath), mechanical castration was
performed. The upper and lower spikelets were
removed from the panicle, leaving four to six of
the most developed spikelets in the middle part.
Castration was done in the morning, from 5 to
8 a.m. local time. On the 4th to 5th day, forced
pollination was carried out according to the hy-
bridization scheme. Pollen was collected on the
day of pollination, from 9 a.m. to 12 p.m. Three
mature anthers were placed in each flower. The
panicle was then enclosed in a paper isolator.
Crossing was carried out on ten panicles of each
variety. The seeds of hybrid combinations were
sown the following year according to the scheme
Q — F1 — & in three replications. Ten seeds of
parent varieties and hybrids were placed on each

'Batalova G.A., Lisitsyn E.M., Changzhong Ren, Andreev N.P,, Tuliakova M.V., Shevchenko S.N., Malco A.M. Breeding oats in the European
North-East of Russia // Achievements of science and technology of AIC, 2016, vol. 30, N 1, pp. 21-24.

2Methodology of state variety testing of agricultural crops. Moscow, 1985, Issue 1, 270 p.
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Ta6a. 1. Copra oBca OTE€UECTBCHHON U HHOCTPAHHOM CEIIEKIIUH, HCIIONIb3yEeMbIe B THOPUIN3AIINN

Table 1. Oat varieties of domestic and foreign selection used in hybridization

Ngg‘:ﬂgg;{le Variety Sort Country of origin Source of description
1 Ensiler mutica USA 4
2 Sang » Sweden 4
3 Solidor » Germany 4
4 Otrada » Russia 5
5 Talisman » » 6
6 Foma » » 7

row. The distance between the rows was 20 cm,
and the sowing depth was 5—6 cm. The sowing
period was the second ten-day period of May.
Agronomic practices in the experiments were
standard for the northern forest-steppe of the
Trans-Urals [8].

Phenological observations, assessment of
crop condition, and recording of yield structure
elements were conducted according to method-
ological instructions for studying the world col-
lection of barley and oats>.

The inheritance of traits was calculated using
the formula by G.M. Beil, R.E. Atkins:

hp =(F1 — MP)/(HP — MP),

where /p is the degree of phenotypic domi-
nance; F1 is the trait expression in F1 plants; MP
is the average trait expression of both parental
forms; HP is the most expressed trait of the pa-
rental form.

Hybrid grouping according to the degree of
phenotypic trait expression was done using the
classification by G.M. Beil, R.E. Atkins*, ac-
cording to which the following types of gene in-
teractions are possible: #p > 1 — heterosis (posi-
tive over-dominance); 0.5 < Ap < 1.0 — positive
dominance; -0.5 < hp < 0.5 — intermediate in-
heritance; -1 < hp <-0.5 — negative dominance;
hp <-1—depression (negative over-dominance).

For statistical analysis of the research results,
the method of variance analysis was used in ac-

cordance with the methodology of B.A. Dos-
pekhov?.

RESULTS AND DISCUSSION

The hybridization of domestic and foreign
oat varieties was conducted in 2019, a year
characterized by favorable weather conditions
throughout the entire vegetation period. As a re-
sult, 18 hybrid combinations were obtained (see
Table 2). The success rate was quite high for
oats, varying from 42% (Solidor x Talisman) to
68% (Otrada x Solidor).

It was noted that when using the Ensiler va-
riety as the maternal plant in crossing with lo-
cal varieties, the formation of hybrid seeds was
maximal (61-68%), while using the same vari-
ety as the paternal plant resulted in a significant-
ly lower outcome of 51-57% (F, > F, ). The
lowest success rate (42-48%) was recorded in
the combinations where the Solidor variety was
used as the maternal plant. However, when used
in combinations with Talisman and Otrada as
the paternal plant, the seed setting increased to
60 and 68%, respectively. In the Foma X Solidor
combination, the success rate remained low.

The highest seed set (55-68%) was observed
in the combinations where local varieties served
as maternal plants. However, varietal character-
istics were evident: Foma (9) when pollinated
by foreign varieties had a lower seed set (47—
51%), while Otrada's rate varied from 55 to 68%.

3Methodological guidelines for the study of the world collection of barley and oats. St. Petersburg, 2012, 64 p.

*Beil G.M., Atkins R.E. Inheritance of guantitative characters in grain sorghum // lowa State Journal Science, 1965, vol. 39, N 6, pp. 165-179.

*Dospekhov B.A. Methods of field experiment (with the basics of statistical processing of research results). 5th ed., supplemented and revised.

Moscow: Agropromizdat, 1985, 351 p.
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Ta6a. 2. [ubpuaasie KOMOMHAIIUU
Table 2. Hybrid combinations

Crossbreeding Hybrid combination Percentage
catalog @x3) of luck
1x4 Ensiler x Otrada 65
1 x5 Ensiler x Talisman 68
1x6 Ensiler x Foma 61
2 x4 Sang x Otrada 54
2x5 Sang x Talisman 51
2%x6 Sang x Foma 60
3x4 Solidor x Otrada 45
3x5 Solidor x Talisman 42
3x6 Solidor x Foma 48
4x1 Otrada x Ensiler 57
4 x2 Otrada x Sang 55
4x3 Otrada x Solidor 68
5x1 Talisman X Ensiler 56
5x2 Talisman x Sang 52
5x3 Talisman x Solidor 60
6x1 Foma x Ensiler 51
6x2 Foma x Sang 47
6x3 Foma x Solidor 50

There are many reasons for the reduction in hy-
brid seed set. Primarily, this includes unsuitable
weather conditions: during the flowering period
of oats in Siberia, the weather is usually hot and
dry, leading to premature pollen sterilization. In
our case, hybridization occurred within short
periods, neutralizing the weather differences.
According to G.L. Petrov and E.Y. Petrova®, the
success of oat hybridization also depends on the
anatomical features of the flower structure.

Plant height is an important phenotypic trait
used in the breeding of cereal crops. For oats, this
trait is significant, as it affects the plants' resis-
tance to lodging [9]. Modern research has shown
a direct correlation between short-stemmedness
and grain productivity [10]. Therefore, breeders
need to balance between resistance to lodging
and oat yield.

The average height of the local varieties was
77-80 cm, with significant variation: Otrada
ranged from 72 to 98 cm, Talisman from 75 to
85 cm (see Fig. 1). The Foma variety had the
smallest height range, from 74 to 80 cm.

Foreign varieties did not significantly differ
in height from local genotypes. Average heights
were as follows: Ensiler — 82 c¢cm, Solidor — 85
cm, and Sang — 87 cm. However, the range of
height variation in the experiment was signifi-
cantly smaller, being + 5% of the average values.

The first-generation hybrid populations (F1)
exhibited varying heights relative to each other
and to the parent forms. The tallest were hybrid
combinations 6 X 3; 4 x 1;4x3;6x1;3x6;2
X 6; 5 x 3; 1 x 6, where the inheritance of this
trait followed the pattern of over-dominance (4
> 1.0). The height of such hybrids ranged from
88 cm (Otrada x Solidor) to 105 cm (Talisman
x Solidor), with the degree of phenotypic domi-
nance being 3.4 and 7.8 units, respectively.

Depression, caused by the effect of negative
over-dominance (2 <-1), was noted in F1 of the
following hybrid combinations: 1 X 5; 2 x 5; 3
X5;5x2;4x2;6x2;5x 1, which could in-
dicate the expression of the short-stemmedness
gene. In the crosses of Ensiler X Talisman and
Sang x Talisman, the highest degree of depres-
sion was observed: 2, was equal to -5.0 and -3.5
units, respectively. The height of these hybrids
was 70 and 78 cm, respectively.

Hybrids obtained by crossing local varieties
(Q) with the Sang variety (3') maintained height
at the level of the maternal forms, making them
promising for further breeding in the conditions
of Western Siberia [11]. A similar effect was
noted in combinations 1 x 4 and 2 x 4, where
Otrada served as the male parent. The height of

Petrov G.L., Petrova E.Yu. Study of flowering biology and pollination methods of oats in the conditions of the Northern Trans-Urals // Natural

and Technical Sciences, 2017, N 2 (104), pp. 13-14.
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Fig. 1. Plant height of the parent varieties and hybrids of the first generation of oats at a 5% error limit

these hybrids was 77 and 82 cm, respectively.
The degree of phenotypic dominance was —0.4
and —0.2 units, which corresponds to interme-
diate inheritance and makes these combinations
promising for the breeding process.

The panicle length of the Talisman variety
varied from 23 to 27 cm (average in the exper-
iment — 25 cm), which was the maximum re-
sult among the studied local varieties (see Fig.
2). The Otrada and Foma varieties had shorter
panicle lengths — from 17 to 20 cm (average in
the experiment — 19 cm). The Ensiler variety, in
terms of the phenotypic trait "panicle length,"
was close to Talisman: the indicator ranged from
20 to 25 cm, with an average panicle length in
the experiment of 22 cm. The Sang variety re-
corded the maximum average panicle length of
25 cm, varying from 23 to 27 cm, identical to the
local variety Talisman. Solidor differed signifi-
cantly in panicle length variation — from 18 to 24
cm, which is undesirable for modern intensive
varieties. The average panicle length was 21 cm.

The first-generation hybrids obtained in the
study exhibited a wide range of panicle lengths.
The minimum length (16 cm) was observed in
the hybrids of Solidor x Talisman, where the ef-
fect of negative over-dominance was manifest-
ed. A similar expression of depression (hp <-1)
was noted in the hybrid combinations 3 X 5; 5 x
1;5x2;5x%3; 6 x 3. Hybrids with a heterosis ef-

fect (hp > 1), whose panicle length significantly
exceeded that of the parent varieties (F, > F,
.»)» included combinations 1 x 4; 3 x 4;2 x 4; 4
x1;3%x6;6x2;6x%1;2x6;1 % 6. The greatest
phenotypic over-dominance effect was observed
in hybrid combinations where Foma was one of
the parents — 6 x 1; 2 x 6 and 1 x 6, with panicle
lengths ranging from 24 to 28 cm.

Intermediate inheritance of panicle length
was identified in hybrids resulting from crosses
of Ensiler x Talisman, Sang % Talisman, Otra-
da x Solidor, and Otrada % Sang. The panicle
length of these hybrids varied from 21 to 25 cm,
which was comparable to the Talisman variety.

M.N. Fomina et al. [11] have proven that oat
yield is closely correlated with the “ear grain
content of the main panicle” indicator. There-
fore, breeders pay significant attention to this
trait in creating new varieties for Western Sibe-
ria [12].

The average ear grain content of the main
panicle of Talisman in the experiment was 33
pcs., with a variation range of 28-38 pcs. The
modern variety Otrada showed higher values:
the ear grain content of the main panicle reached
35-42 pcs., with an average value of 39 pcs. The
maximum ear grain content of the main pani-
cle among the local varieties was recorded for
Foma — 43 pcs., with a value range from 38 to 47
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Fig. 2. Panicle length of the parent varieties and hybrids of the first generation of oats at a 5% error limit

pcs., which was significantly higher than Otrada
(LSD,, = 3 pcs.).

Foreign selection varieties in the for-
est-steppe conditions of Zauralye did not have
an advantage over local genotypes in terms of
ear grain content in the panicle. The minimum
grain count was noted for Ensiler and Sang —
34 and 32 grains, respectively. These varieties
also stood out for their large range of variation
in grain count in the panicle — 8 and 12 grains,
respectively. The Solidor variety was at the level
of Otrada in terms of ear grain content, both in
average value and in the range of variation.

Regarding the “ear grain content of the main
panicle” trait, more than half of the hybrids
showed over-dominance (4, > 1). The maximum
degree of phenotypic dominance was noted in
combinations 2 x 6; 3 x 4 and 6 x 3 (see Fig. 3).
The ear grain content of the main panicle of
these hybrids varied from 44 to 57 pcs. The hy-
brid population resulting from the cross of En-
siler and Foma was particularly interesting, as
it managed to maintain the ear grain content of
the panicle at the level of the local variety. The
degree of phenotypic dominance was equal to
1.0 units.

First-generation hybrids of combinations 5 x
1; 3 x5;2x5;5x3,and 4 x 3 were charac-
terized by negative over-dominance (hp < 1.0).
The maximum effect of genetic depression was
recorded in hybrids of Talisman x Ensiler, So-

lidor x Talisman, and Sang x Talisman, with h,
values of -4.31 and -3.91, respectively. It's im-
portant to note the combination 4 x 3, where
Otrada and Solidor were used as parent forms:
in this case, the ear grain content of the panicle
remained at the level of the local variety.

First-generation hybrids obtained from cross-
ing Otrada and the foreign variety Sang (4 X 2;
2 x 4) were characterized by positive dominance
(0.5<h,<10) and intermediate inheritance of
the trait (-0.5 < &< 0.5), allowing their inclu-
sion in the breeding process from the second
generation [13].

Similarly, the combination 5 % 2, where Tal-
isman was used as the female parent, produced
hybrids that had the same ear grain content as
the parent forms.

Grain weight per panicle, a trait directly cor-
related with productivity, is always considered
in developing models for cereal and legume
varieties [14, 15]. Among the studied oat vari-
eties, Talisman had the lowest grain weight per
panicle (1.0 g) with good uniformity of values
(see Fig. 4).

The difference between the minimum and
maximum was 0.2 g. Otrada and Foma had high-
er values — 1.5 and 1.8 g, respectively (LSD, =
0.2). The average grain weights per panicle for
the foreign varieties varied slightly — from 1.4
(Sang) to 1.6 g (Ensiler). They also differed in a
larger range of values — a variation range of 0.5 g.
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Fig. 3. Grain content of the main panicle of parent varieties and hybrids of the first generation of oats at a

5% error limit

Inheritance of the “grain weight per main
panicle” trait in 11 out of 18 F1 hybrid popula-
tions followed a pattern of over-dominance — h
ranged from 1.0 (2 x 5; 3 x 4) to 7.0 (1 x 6)
It's noteworthy that true heterosis was observed
when crossing any foreign variety with Foma:
the degree of phenotypic dominance varied from
3.0 to 7.0 units.

Additionally, three hybrid combinations (4 x
3; 5 x 3; 3 x 5) with negative dominance were

Grain weight per panicle, g

)

>

identified, where hp ranged from —1.00 to —2.12
units. In these combinations, the variety Solidor
was used as one of the parental forms. Negative
dominance was also observed in hybrids from
combinations 5 X 1; 1 x 5, and 5 x 2, where the
local variety Talisman was one of the parental
forms.

In oat breeding, it's important to use geno-
types with large grains. According to several
scientists’ [16, 17], grain size and its geometri-

3x4 3x53x6 4x14x2 4x35x]1 5x2 5><3 6X16X2 6x3

Hybrid combination
BYERAI

Puc. 4. Cpenusisi Macca 3epHa C METEIIKH Y POAUTEIILCKUX (POPM M THOPHIOB MIEPBOTO TTOKOJICHHS
Fig. 4. Average grain weight per panicle in parental forms and hybrids of the first generation

"Ivanova Yu.S., Fomina M.N., Loskutov I.G. Source material for the creation of high-protein varieties of oats in the zone of the Northern Trans-
Urals // Proceedings on applied botany, genetics and breeding, 2017, vol. 178, N 2, pp. 38-47.
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cal characteristics are 70-75% dependent on the
genotype. The weight of 1000 grains not only
determines the feed value of a variety but also
its food value for humans. Moreover, cultivating
large-grain oat varieties significantly reduces
harvest and sorting losses [18]. In risky farming
conditions, sowing oats with a weight of 1000
grains more than 35 g ensures uniform germi-
nation, helping to mitigate the negative impact
of abiotic factors [19, 20]. This is particularly
relevant for the Ural Federal District, where oat
acreage is gradually increasing.

The variety Talisman used in the experiment
was characterized by a low weight of 1000 grains
(see Fig. 5). On average, this indicator was
29.1 g, varying from 27.3 to 30.4 g. Although
Talisman had a consistent weight of 1000 grains,
Otrada, despite having a higher weight (35.3 g),
had a wider range between its minimum and
maximum values.

Among the local varieties, Foma was the larg-
est-grained — the average weight of 1000 grains
was 40.7 g with minor variation (39.5-42.0 g).
Such outstanding indicators characterize Foma
as an intensive type variety.

The grain of foreign varieties was larger than
that of the local genotypes. In the forest-steppe
conditions of the Trans-Urals, the Solidor vari-
ety had an average weight of 1000 grains of 36.9

=~
<

1000 grains weight, g
\-] (9%}
S [}

—
f=

g, varying from 36.9 to 38.1 g. Sang and Ensiler
belong to large-grained oat varieties: in their
case, the average weight of 1000 grains was 43.4
and 46.2 g. The identified variability of values is
considered low, so these varieties can be classi-
fied as intensive types.

First-generation hybrids, which showed clear
signs of heterosis and a high degree of phenotyp-
ic dominance (hp > 1.0), had a very large weight
of 1000 grains — ranging from 43.7 (6 x 3; 3 x
6) to 48.7 g (6 x 2; 2 x 6). These hybrid combi-
nations involved the local variety Foma and two
foreign varieties — Sang and Solidor.

During hybridization, populations (4 x 3; 3 x
4; 5 x 1; 5 x 2) were obtained, which exhibited
the effect of negative overdominance (hp <-1).
Their weight of 1000 grains was initially lower
than the values of the parent forms — from 27.4
to 33.9 g. Maximum depression was noted in the
offspring of the varieties Otrada and Solidor. In
the hybridization of Otrada (9) with Solidor and
Sang (&), hybrids with intermediate inheritance
were obtained, caused by the additive effect of
genes: hp was —0.4 and 0.18 respectively. Hybrid
combinations 1 x 5; 5 x 3; 3 x 5 were charac-
terized by negative dominance — the weight of
1000 grains of first-generation hybrids was close
to the paternal parental forms (Talisman and So-
lidor).

Hybrid combination
F C BFIAS

Puc. 5. Macca 1000 3epeH y poaUTEIbCKUX COPTOB M THOPHUAOB MEPBOTO MOKOJICHUS ITpU 5%~ MOrpetHOCTH
Fig. 5. Thousand kernel weight of the parent varieties and hybrids of the first generation of oats at a 5%

error limit
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The conducted studies showed that the most
valuable combinations in oat breeding are those
where the first-generation hybrids dominate
traits related to productivity and plant height.

According to the correlation analysis of the
degree of phenotypic dominance, the main pro-
ductivity indicators of oats (weight of 1000
grains, ear grain content per panicle, weight of
grain per panicle) do not have a close depen-
dence on plant height — » = 0.19...0.33 (see Ta-
ble 3).

Therefore, the selection of hybridological
material can be guided by productivity elements,
taking into account their potential short-stemmed
shape. Hybrids of the first generation obtained
by crossing foreign and local oat varieties were
selected based on a complex of traits. The most
promising for the selection process were: Ensiler
x Otrada (1 x 6), Sang x Otrada (2 x 4), Foma

x Sang (6 x 2). These hybrid combinations had
a lower height compared to the parental forms
and predominantly showed a heterosis effect on
productivity elements. Hybrid populations from
the crossings Solidor x Foma (3 X 6), Foma x
Ensiler (6 x 1), Foma x Solidor (6 x 3), Solidor
x Foma (3 % 6) and Sang x Foma (2 X 6) were
significantly taller than the parental forms, but
also characterized by positive overdominance of
yield structure elements, making them promis-
ing for breeding in the forest-steppe conditions
of the Trans-Urals.

Other first-generation hybrids obtained during
the study can be considered as sources of indi-
vidual economically valuable traits. The least
valuable were the hybrids obtained by crossing
Otrada (Q) with the Solidor (&) variety, as well
as Talisman with all foreign varieties.

Taoxa. 3. CrencHb q)CHOTHHI/I‘leCKOFO JAOMHWHHPOBAHUS IO HEKOTOPBIM MOKA3aTCJIAM IMPOAYKTUBHOCTU Yy

FI/I6pI/I,I[OB OBCa IICPBOT'O ITOKOJICHUS

Table 3. The degree of phenotypic dominance for some indicators of productivity in the hybrids of the

first-generation oats

Crotrsin | i comiwion | P, | P sl s s |G s per | Wi 100
1x6 Ensiler x Otrada -0,4 1,0 2,3 3,0 11,0
1x5 Ensiler x Talisman -5,0 -0,3 2,7 -0,2 -0,3
1 x4 Ensiler x Foma 8,2 7,0 1,0 7,0 8,8
2 x4 Sang x Otrada -0,2 1,8 0,6 5,0 2,0
2x%x5 Sang x Talisman -3,5 -0,3 -1,9 1,0 -10,3
2x6 Sang x Foma 7,4 6,0 5,0 3,0 11,7
3 x4 Solidor x Otrada 0,6 1,3 5,0 1,0 2,5
3x5 Solidor x Talisman -2.5 -7,0 -39 -1,0 -8,7
3x6 Solidor x Foma 4.6 2.2 4.0 4,0 2.9
4 x1 Otrada x Ensiler 3,0 2,0 23 6,1 3,7
4x2 Otrada x Sang -1,4 0,2 0,0 0,3 -0,4
4 %3 Otrada x Solidor 3,4 0,1 -1,0 2.1 1,9
5x1 Talisman x Ensiler -1,3 -7,0 473 -0,6 -3,0
5x2 Talisman x Sang -1,7 -6,0 0,3 -0,1 —4.6
5x3 Talisman x Solidor 7,8 -3,7 -1,2 -1,6 -0,1
6x1 Foma x Ensiler 4.4 5,7 4.9 3,0 2,1
6x2 Foma x Sang -1,4 2,6 2,6 4,5 8,2
6x3 Foma x Solidor 2,4 -1,0 5,3 4.4 3,7
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CONCLUSION

It was established that the foreign and local
varieties used in the study cross well and pro-
duce viable seeds. The overall success rate was
45-65%. The most successful crosses occurred
when using Ensiler and Otrada as the female
parent — 65% and 60%, respectively. The lowest
success rate was noted when using Solidor and
Foma as the female parent variety — 45% and
49%, respectively. As a result, the most prom-
ising hybrid combinations for further breeding
work were identified: Ensiler x Otrada, Sang x
Otrada, Foma % Sang, where selection of high-
ly productive genotypes can be carried out from
the second generation. The degree of phenotypic
dominance of these hybrids varied in the range
0f'3.0to 5.0, corresponding to positive overdom-
inance. The number of grains per main panicle
was 40-48, with a weight of 1000 grains being
45.7-47.4 g. In combinations such as Ensiler x
Foma, Foma x Ensiler, Solidor x Foma, Sang x
Foma, selection would be more effective in lat-
er generations. The hybrids obtained exhibited a
pronounced heterosis effect only for individual
yield structure elements. The weight of grain per
main panicle in these hybrids varied from 1.9 to
2.4 g, and the number of grains from 44 to 55.
Crossbreeding Talisman with foreign varieties
(Ensiler, Sang, Solidor) is not promising, as the
F1 hybrids obtained do not demonstrate an effect
of improving economically valuable properties
in the first generation. In hybrid combinations
where Talisman was one of the parental forms,
negative overdominance was observed for the
main productivity indicators: number of grains,
weight of grain per plant, and weight of 1000
grains. Other hybrid oat combinations can be
used only in breeding for individual traits and

properties.
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