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INFLUENCE OF WHEAT-RYE TRANSLOCATIONS ON GRAIN QUALITY INDICES DURING
BREAD WINTER WHEAT BREEDING IN THE SOUTH OF UKRAINE

M. A. Lytvynenko, Ye. A. Holub, Ya. S. Fanin
Plant Breeding and Genetic Institute — National Center for Seed Breeding and Variety Research,
3 Ovidiopilska St., Odesa, 65036, Ukraine

Topicality. The use of introgressive material developed due to the involvement of wheat-rye transloca-
tions 1AL.1RS, 1BL.1RS in the modern gene pool of bread winter wheat is quite relevant at this stage of
breeding development. This makes it possible to expand the genetic diversity of breeding material to identify
new genetic sources of valuable traits and obtain genotypes based on introgressive material with wheat-rye
translocations 1AL.1RS, 1BL.1RS with a sufficiently high grain quality in breeding programs in the southern
Ukraine. Purpose. To establish the role of genetic environment as a factor of directional influence of wheat-
rye translocations on bread-making properties, and to develop breeding techniques for neutralizing the
negative effects of translocations to produce genotypes with high grain quality indices of valuable and strong
wheat. Materials and Methods. Field experiments were carried out in the fields of the Plant Breeding and
Genetic Institute - National Center for Seed Breeding and Variety Research in the 2010-2020. Meteorologi-
cal conditions over the years of research were generally typical arid for the Steppe zone. The lines developed
by crossing local varieties-carriers of translocations and the best varieties of the Plant Breeding and Genetic
Institute breeding were studied that to identify the influence of wheat-rye translocations 1AL.1RS, 1BL.1RS
on the quality of winter wheat grain in the process of breeding. Results. It was established that the winter
wheat grain quality indices were changed (protein content increased, rheological properties decreased) by
the introduction of wheat-rye translocations 1AL.1RS, 1BL.1RS into the local gene pool. These changes
depend on the genetic environment, hybrid combination and the influence of genetic factors that reduce the
negative effect of wheat-rye translocations on bread-making properties of the lines. It was proved that
deve-lopment of recombinant lines combining high yield and increased bread-making properties increases
when using introgressive lines with wheat-rye translocations 1AL.1RS. Conclusions. It is possible to reduce
the negative impact of wheat-rye translocations on the bread winter wheat grain quality and develop varie-
ties with quality parameters of valuable and strong wheat by combining wheat-rye translocations with
alleles in genotype positively influencing bread-making properties, and also by creating heterogeneity in
genotypes with and without wheat-rye translocations in a certain ratio. An example is the highly heat-
resistant variety of strong wheat Oktava Odeska, which is included in the State Register for dissemination in
all agroclimatic zones of Ukraine.

Key words: bread winter wheat, recombinant lines, bread-making quality, wheat-rye translocations
1AL.1RS and 1BL.1RS

Introduction. Global trends in the food
market indicate that the role of wheat as the
main grain food crop is growing [1]. In Ukraine,
the leading position is occupied by bread winter
wheat, which provides high and stable yields of
high quality grain due to its economic and bio-
logical properties [2]. Breeding new varieties
plays an important role in increasing yield and
improving the quality of wheat grain. Since
1972, the Wheat Breeding and Seed Production
Department of the Plant Breeding and Genetics

Author information:

Institute — National Centre for Seed Breeding
and Variety Research (PBGI — NCSBVR) has
been conducting a long-term experiment "Histo-
ry of Variety Changes". According to its data, in
the process of crop breeding in the south of
Ukraine, not only a phenomenal increase in the
genetic potential of yields by 2.5 times (from 3—
4 t/ha to 10-12 t/ha), preservation or increase of
resistance to biotic and abiotic factors, but also a
significant improvement in bread-making prop-
erties were achieved [3-4].
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Today, the best varieties bred by PBGI-
NCSBVR reach the level of the world's best
achievements of Canadian spring strong wheat
varieties in terms of grain quality.

Further improvement of wheat varieties is
possible by introducing new genetic sources of
valuable traits and properties into the gene pool
of breeding material and developing methods
for targeted increase of genetic diversity, identi-
fication and selection of desirable genotypes.
PBGI-NCSBVR focuses on the creation and
use of introgressive materials [5-6]. In particu-
lar, during 2010-2020, studies were conducted
on the efficiency of using the most common
wheat-rye translocations (WRTS) in the world's
breeding: 1AL.1RS and 1BL.1RS. The results
of the impact of these translocations on the yield
of recombinant lines and elements of plant
productivity in the arid conditions of the South
of Ukraine are described in our previous paper
[7]. This article analyses the results of studying
the impact of WRT on grain quality. This issue
IS no less important, as the scientific literature
indicates a negative impact of translocation on
bread-making properties of bread wheat due to
the control of specific rye proteins — secalins
(Sec locus), and the possibility of obtaining
genotypes with a sufficiently high level of grain
quality remains a matter of debate [8-9]. This
problem is especially relevant for breeding pro-
gramme in the South of Ukraine, where bread
wheat varieties with only high grain quality are
traditionally developed, and the soil and climatic
conditions of the region are favorable for this [10].

Purpose of this study is to investigate the
role of genetic environment as a factor of aimed
influence of WRT on bread-making properties
and to develop breeding methods to neutralise
the negative effect of translocation with the aim
of obtaining genotypes with high grain quality
of valuable and strong wheat.

Materials and Methods. The research
was carried out as part of the research pro-
gramme of the Wheat Breeding and Seed Pro-
duction Department of the Breeding and Genetics
Institute — National Centre for Seed Science and
Variety Research (PBGI — NCSBVR) to devel-
op universal winter wheat varieties. Field trials
were conducted during the breeding process in
the period 2010-2020. The annual predecessor
was black fallow to ensure an optimal agricul-
tural background for the breeding work.
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The meteorological conditions during the
years of research and the field experiments
methodology are presented in our previous pub-
lication [7]. It should be noted here that 7 out of
11 years of the research were arid to varying
degrees, and only 4 of them were relatively wet,
which was taken into account when analyzing
the experimental data.

Identification of recombinant lines by the
presence of WRT in the genotype began in the
control nursery and was carried out by electro-
phoresis of reserve proteins partially (9.2 %) in
the Department of Genetic Basis of Breeding by
PBGI-NCSBVR (Rybalka O. 1.), and the main
volume (90.8 %) in the Institute of Plant Protec-
tion of NAAS (Kozub N. A., Sozinov I. O.).

The breeding lines of the competitive va-
riety trials for the presence of translocations and
their state using DNA markers were examined
in the Department of General and Molecular
Genetics of PBGI — NCSBVR (Fait V. 1.).

The Department of Genetic Bases of
Breeding of PBGI-NCSBVR (M. H. Parfentiev,
L. S. Lyfenko) defined the grain quality indica-
tors of recombinant lines on the material of the
control nursery by the SDS-30 sedimentation
method, in competitive variety trials according
to the scheme of full technological analysis [11].

Mathematical processing and analysis of
the research results were carried out according
to the methods of B. O. Dospiekhov (1985) and
P. F. Rokitsky (1973) using Microsoft Excel 2007.

Results. Based on the study of the collec-
tion material (2012-2014), we have identified
samples that are carriers of wheat-rye transloca-
tions 1AL.1RS; 1BL.1 RS. Their characteristics
according to the results of field studies and la-
boratory analyses of some biochemical (in the
Biochemistry Laboratory, O. O. Molodchenko-
va) and technological parameters (in the Depart-
ment of Genetic Basis of Breeding, M. H. Par-
fientiev, L. S. Lyfenko) are presented in Table 1.

The varieties with WRT of a different
origin did not show any yield advantages com-
pared to the varieties without WRT that were
used as controls. At the same time, the locally
bred varieties Kniahynia Olha (WRT 1AL.1RS)
and Shchedrirat Odeska (WRT 1BL.1RS) were
significantly more productive. According to the
average data, there is a tendency for higher pro-
tein content in WRT varieties and changes in
the protein fractional composition towards an
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Table 1. Yield and grain quality of bread winter wheat varieties with WRT 1 AL/1RS and 1BL/1RS
(collection of PBGI — NCSBVR, 2012-2014)

Indicators of grain quality

Yield Protein Fractions of reserve Flour Volume | Bread

Varieties t/ha ’ content, proteins, % strength, of evalua-
% gliadin glutenin (W) a.u. bread, tion,

cm® points

Control
Syrena 5.78 12.2 23.7 32.2 322 1540 45
Kuialnyk 5.64 12.7 24.5 29.0 385 1527 4.7
X control varieties 5.71 12.4 24.1 30.6 354 1534 4.6
Varieties with WRT 1AL/1RS
Kniahynia Olha 5.94 12.3 24.2 26.5 255 1320 3.4
Vykhovanka Odeska 5.78 12.6 23.3 27.9 196 1334 3.7
Kolumbiia 5.43 12.9 26.3 25.6 211 1167 2.8
Zolotovolosa 5.38 13.4 26.1 26.1 236 1205 3.1
Smila 5.08 13.8 - - 224 1224 2.9
X varieties with WRT 5.52 13.0 25.0 26.5 226 1250 3.2
1 AL/1RS
Varieties with WRT 1 BL /1RS
Shchedrist Odeska 6.38 12.7 26.2" 24.7" 156 1260 3.0
Kalynova 5.02 13.3 275 23.2" 185 1420 3.7
Kolos Myronivshchiny 5.36 13.0 27.4° 24.4 158 1120 2.7
Snizhana 5.04 13.6 57.4° 26.5 124 780 1.7
X varieties with WRT 5.46 13.2 34.6 24.8 151 1145 2.8
1 BL /1IRS

*average for 2012-2013

increase in the alcohol-soluble fraction — glia-
dins and a decrease in the alkali-soluble fraction —
glutenins. This is especially noticeable in varie-
ties with the 1BL.1RS translocation.

These differences with the control varie-
ties are most significant in bread-making pa-
rameters. In particular, in the WRT 1AL.1RS
varieties, the indicators of flour strength (W, a.u.)
and bread volume from 100 g of flour (V, cm®)
were on average 36.2 % and 18.5 % lower than
the standards, and in the varieties with WRT
I1BL.1RS — by 57.4 % and 25.4 %, respectively.

Taking into account these data, two local
varieties Kniahynia Olha and Shchedrist
Odeska, which were bred at the Department of
Wheat Breeding and Seed Production of PBGI —
NCSBVR in 2001-2010, were used for further
research [7]. Each of these two varieties was
used in topcross hybridization with the best local
varieties, but differing in grain quality and elec-
trophoretic spectra of reserve proteins (Table 2).

The genetic effects of WRT on grain qual-
ity should be considered in conjunction with the
grain productivity of the breeding material. The
genetic effects of WRT on grain quality traits
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should be considered together with the grain
productivity of the breeding material. Most of
the few published studies on the WRT effect on
wheat grain quality do not take this feature into
account [14-15]. In this study, one of the objec-
tives was to identify the effects of translocation
on the relationship between vyield and grain
quality indicators.

First of all, it should be noted that the
presence of 1AL.1RS and 1BL.1RS transloca-
tions in the line genotypes significantly reduces
the average level of SDS-30 sedimentation in
the respective groups (Table 3), while the varia-
bility of sedimentation in these groups signifi-
cantly increases. In terms of reduction of the
average level of sedimentation and increase of
the coefficient of variation and dispersion, the
effect of translocation 1BL.1RS on this indica-
tor is significantly higher than that of WRT
1AL.1RS.

A highly reliable negative correlation bet-
ween line yields and the SDS-30 sedimentation
index was established due to a large sample of
recombinant lines in the control nursery (Table 3).
At the same time, there is a clear pattern of
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Table 2. Characteristics of the original winter wheat varieties used in hybridisation
with WRT donors — Kniahynia Olha (1AL.1RS) and Shchedrist Odeska (1BL.1RS)

Grain quality (indicators) Formula for reserve proteins
Pro- iadi -
Variety Yield| o |sDs. " Volumef,;?ﬁg_ Gliadins Glutenins
t/ha | con- | 30, ' of bread| .. 2.
tent, | ml | &Y [ cm® | UM | 1A 11B | 1D |6A (6B | 6D |, [1A| 1B| 1D
% point
Kuialnyk 723 |11.0/586|364 | 1165|138 | 10 |1 |5 |4 |3|1|3]|]1]|5]|1
Antonivka | 7.44 |108|413|263 1003 | 31| 2 |1 |5 |4 ]2 |3|1]|]2]|1]1
MudristOd. | 7.82 [11.2/61.3|380| 1287 | 41| 10 |15|5 |1 |4 |1 |3 |2 |5]|1
SyrenaOd. | 654 [116(548 1312|1105 (36| 2 |1 |1 |4 |2 |3 |3|2]|2]|1
Misiia Od. 758 |11.1|564 (3241274 | 37| 4 |1 |4 |3 |2|4]1]|2|1]|1
EpokhaOd. | 7.38 [11.4/603|343| 1218 | 40| 4 | 1|54 |3 |1 |3 |1|5]|1
ZahravaOd. | 7.88 | 122544228 | 990 | 35| 2 |1 |4 |3 |2 |1]1]|]2]|1]1
TradytsiiaOd.| 7.45 | 125|68.7(398 | 1355 |44 | 10 |1 |5 |14 |1 |3|2|5]|1
Harantiia 765 [118|587(328 1284 |40 | 4 |1 |4 |4 |23 |3 |1|2]|1

Table 3. Statistical characteristic of the variability of SDS-30 sedimentation index in recombinant
lines F5, grouped according to the principle of presence or absence and state of wheat-rye
ranslocations (Control nursery, 2017)

; Coefficient of

" Lln_es . Coe:\ff._ of Variance correlation (r)

Group of lines” | examined, | x+m, mm | lim+, mm| variation 2 b ield/
% g etv_veen yie

pcs V., % sedimentation

Control 1 280 684223 | 54-68 | 227 216 0.32

WRT IALIRS 111 63+4.11 | 48-62 | 26.4 322 -0.38%*
WRTIALIRS 199 574539 | 42-51 | 318 364 -0.45%*
WRTIALIRS 148 | 46:585 | 40-51 | 365 388 0.51%*
Control 2 195 66+2.64 | 53-70 | 257 238 -0.34%
X\_’?T IBL.IRS 159 5444.16 | 4466 25.9 355 -0.47%*
Xi'::r IBL.IRS 289 484428 | 40-58 38.9 402 -0.51%
WRT IBL.IRS 299 43£513 | 40-48 | 445 456 -0.58%*

* «-» - translocation is absent, «+» - heterogeneity, «+» - translocation is present,

** - reliability at r = > - 0.32

a significant increase in the correlation coeffi-
cient in groups of lines having WRT in their
genotypes in the homo- or heterozygous state.
And in this case, the effect of increasing the
negative relationship between yield and sedi-
mentation index significantly exceeds the same
effect on lines with WRT 1AL.1RS.

With the general negative effect of WRT
on sedimentation, it is important to establish the
possibility of the desired combination of high-
yielding lines and a sufficient sedimentation

22
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value of SDS-30. According to the data of
grouping lines by yield and sedimentation (Ta-
ble 4), the highest frequency of the desired
combination is observed in the control variants,
where high sedimentation is combined with
high yield with a frequency of 9.5-19.5 %, and
with average yield — 31.3-54.3 %. The low per-
centage of positive combinations in lines without
WRT, but with genetic sources of translocation
in their pedigree, was unexpected, which may
indicate the presence of other factors of negative
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impact on sedimentation in their genotypes.

The presence of introgressive lines with
WRT 1AL.1RS in the homozygous state, which
combine high and medium yields with a suffi-
ciently high level of sedimentation, even in
small numbers (2.0-8.1 %), may be evidence of
the possibility of such a positive combination. A
significantly higher frequency of desired com-
binations (3.0-14.1%) was observed in lines
with WRT 1AL.1RS in the heterozygous (heter-
ogeneous) state. In the groups of lines with
WRT 1BL.1RS in the homozygous state, no re-
combinations with high sedimentation values
were found at all, although the heterozygous
(heterogeneous) state for this translocation pro-
vides a small frequency of such lines (3.8-7.3 %).

These patterns, which were revealed in the
analysis of the average frequencies of combin-
ing yield and sedimentation in separate groups
of lines according to the principle of presence or
absence of WRT, are more clearly observed in
lines grouped by their origin. Thus, among 24
introgressive  homogeneous lines for WRT
1AL.1RS obtained using Kuialnyk x Kniahynia
Olha combination, 5 lines (20.8 %) had positive
combination of traits, and among 32 lines ob-
tained using Zahrava x Kniahynia Olha combi-
nation, only 2 lines (6.2 %) had positive combi-
nation of traits.

The influence of the genetic environment
on the nature of the combination of yield and
sedimentation in lines with the 1BL.1RS trans-
location is manifested at an average level of
sedimentation and high yield. Lines produced
by direct and backcrosses of Mudrist Odeska x
Shchedrist Odeska showed positive combination
in 16 lines (12 %) out of 133 introgressive lines,
and only 2 lines (1.4 %) out of 143 lines pro-
duced by the combination of Harantiia Odeska x
Shchedrist Odeska.

Of course, the SDS-30 sedimentation value
IS not a direct criterion for assessing grain quali-
ty, but in field experiments of solid sowing at
the control nursery and variety testing in our
studies, this indicator has a fairly close correla-
tion with bread-making properties [16]. There-
fore, the selection of lines in the control nursery
was carried out both by yield and sedimentation
index.

An analysis of the efficiency for selection
in different groups of lines in terms of yield and
plant productivity elements is presented in our
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previous publication [7]. In this paper, we de-
scribe the characteristics of individual lines that
were selected based on the results of a two-year
variety trial (2018-2019) for the optimal com-
bination of high yield and relatively high values
of the SDS-30 sedimentation index (Table 4).

In the pedigree of these lines, in addition
to the WRT source, the second parental compo-
nent is the Kuialnyk variety of extra strong
wheat with several alleles that have a positive
effect on flour bread-making properties (Table
2). In addition, the recombinant lines were
grouped according to the presence/absence of
genetic factors that could reduce the negative
impact of WRT on the bread-making properties
of the lines: homogeneous or heterogeneous
state of WRT; presence or absence (or lack) of
alleles with a positive impact on flour bread-
making properties in the genotypes of these
lines.

As shown in Table 4, all selected intro-
gressive lines, regardless of the WRT state, sig-
nificantly exceeded the Antonivka standard va-
riety in terms of yield.

However, while the lines with WRT
1AL.1RS (average yield of 8.28 t/ha) exceeded
the standard by 1.24 t/ha (17.6 %), the lines
with WRT 1BL.1RS (average yield of 7.32 t/ha)
showed an increase over the standard by only
0.28 t/ha (4 %). These differences were ex-
plained by the negative effect of 1BL.1RS trans-
location on the drought and heat resistance of
the lines, which in the arid conditions of the
South of Ukraine significantly reduced their
yields [7]. This fact explains the slightly higher
protein content in introgressive lines with WRT
1BL.1RS, given that a shrunken grain with a
changed endosperm structure always leads to a
certain increase in protein content [17].

In general, the low agronomic background
of field trials did not ensure the full manifesta-
tion of the genetic potential of grain quality of
the lines. However, on average, the lines with
WRT 1AL.1RS showed a slight advantage over
the lines with WRT 1BL.1RS in terms of the
main indicators of bread-making properties, and
the lines of Erythrospermum 2124/17 with a
homogeneous state under WRT 1AL.1RS and
the line of Erythrospermum 2146/17 with a hetero-
geneous state of this translocation have all grain
quality indicators significantly higher than the
standard.
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Table 4. Factors reducing the negative impact of wheat-rye translocations on flour

bread-making properties in wheat recombinant lines (average for 2018-2019)

vield Protein Flour Bread volume Bread
Variety, line, hybrid combination tha ' content, | strength, from 100 g of | evaluation,
% a.u. flour, cm® point
Antonivka (standard) 70.4 11.6 225 1100 3.8
I. Homogeneous state of the lines with WRT 1AL.1RS

Erythrospermum 2124/17

(Kuialnyk x Kniahinia Olha) 7.98 12.4 240 1400 4.0
Erythrospermum 2136/17

(Kuialnyk x Kniahinia Olha) 814 | 17 202 1010 34
Erythrospermum 2138/17

(Kuialnyk x Kniahinia Olha) 8.36 119 194 980 3.1
Average 8.16 12.0 212 1130 3.5

I1. Heterogeneous state of the lines with WRT 1AL.1RS

Erythrospermum 2146/17

(Kuialnyk x Kniahinia Olha) 8.15 128 271 1450 4.2
Erythrospermum 2157/17

(Kuialnyk x Kniahinia Olha) 8.49 113 210 1140 38
Erythrospermum 2167/17

(Kuialnyk x Kniahinia Olha) 854 | 115 203 1100 3.3
Average 8.39 11.9 228 1230 3.8

I11. Presence of alleles with a positive effect on grain quality (Gld 1A4, 1A10, 1B1, 1D4, Glt 1B5).
Lines with WRT 1BL.1RS in a homogeneous state.

Erythrospermum 2372/17 3.2
(Kuialnyk x Shchedrist ) 7.26 133 215 1020
Erythrospermum 2378/17 2.8
(Kuialnyk x Shchedrist ) 734 124 198 990
Erythrospermum 2386/17 25
(Kuialnyk x Shchedrist ) 7.36 12.8 204 970

Average 7.32 12.8 206 993 2.8

IV. Absence (insufficient number) of alleles with a positive effect on grain quality.
Lines with WRT 1BL.1RS in a heterogeneous state.

Erythrospermum 2396/17 7.18 13.1 155 890 2.0
(Kuialnyk x Shchedrist )

Erythrospermum 2418/17 7.35 12.6 148 880 2.0
(Kuialnyk x Shchedrist )

Average 7.26 12.8 152 885 2.0

Despite the limited number of lines, this
comparison reveals the effects of reducing the
negative impact of WRT on flour bread-making
properties: to a minor extent — from the hetero-
geneous state of lines with the 1AL.1RS trans-
location (probably depending on the ratio of
genotypes with and without WRT); to a major
extent — from the presence of alleles with a posi-
tive effect on grain quality in lines with WRT
1BL.1RS (probably depending on the number of
alleles and their interaction). A detailed study of
the directional impact of these factors is the sub-
ject of further research.

Based on these results, the Erythrosper-
mum 2146/17 line (Kuialnyk x Kniahynia Olha)
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was submitted for state variety testing and, after
a successful examination, was included in the
State Register of Plant Varieties under the name
Oktava Odeska for dissemination in all agrocli-
matic zones of Ukraine [18]. During the years of
state variety testing (2017-2019), the variety
Octave Odeska is characterized by the following
indicators: yield for the Steppe — 5.75 t/ha, For-
est Steppe — 6.73 t/ha, Polissia — 6.19 t/ha, aver-
age for all zones — 6.19 t/ha, which is 0.76 t/ha
(14.0 %) higher than the conventional standard;
thousand grain weight —42.5 g, 43.2 g, 455 g,
respectively; gluten content — 28.4 %, 28.6 %,
28.4 %; flour strength — 286 a.u., 300 a.u.,
294 a.u.; bread volume from 100 g of flour —
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1160 cm®, 1100 cm?®, 1120 cm®. According to
these grain quality indicators, the Oktava
Odeska variety is classified as strong wheat.

Conclusions.

Introduction of 1AL.1RS, 1BL.1RS trans-
locations into the local gene pool of bread wheat
by hybridization changes grain quality indica-
tors. Protein content increases more significant-
ly under the influence of 1BL.1RS transloca-
tion. In addition to the genetic effects of increas-
ing grain protein content, it is evident that the
decrease in drought and heat resistance under
the influence of WRT 1BL.1RS and, as a result,
the formation of shrunken grain with altered en-
dosperm structure also modifies the increase in
protein content.

In the arid conditions of the South of
Ukraine, WRT due to the synthesis of specific
secalin, on the whole, reduce all indicators of
bread-making qualities and, above all, the rheo-
logical properties of the dough, which is reflect-
ed in a decrease in flour strength and bread vol-
ume from 100 g of flour. This negative effect is
more pronounced in recombinant wheat lines
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JTumeunenko M. A., I'onyé €. A., @anin . C. Bnaue nuwienuuno-;cumuix mpanciokauiil HA NOKA3HUKU
AKocmi 3epHa 6 npoueci cenexyii nuieHuyi m’akoi o3umoi Ha nieOHi YKpaiuu.

3epnosi kynemypu. 2022. 6 (2). 19-26.

Cenexyitno-eenemuunuti incmumym — HayionaneHuil yeHmp HaciHHE3Hascmea i copmosusyerns, 8yi. O8idioninbcoka
oop. 3, m. Odeca, 65036, Vkpaina

AKTyajibHiCTh TeMH. BUKOPUCTaHHS IHTPOTPECHBHOTO MaTepially BiJl 3ady4YeHHS B Cy4acHHH T€HO-
¢donnx mmrenutni m’sakoi o3umoi IDKT 1AL.1IRS, 1BL.1RSe nocuts akTyadpbHHM Ha JTaHOMY €Talli PO3BHTKY
cenekuii. Lle 1ae MOXITMBOCTI pO3IMIMPEHHS TEHETHYHOTO PI3HOMAHITTS CENEKUIHHOrO MaTepiary JJisl i1eH-
TUdiKanil HOBUX TEHETUYHUX JuKepel LiHHMX o3HakK. [locTaHoBKa mpodjemu. MOKIMBOCTI OTpUMaHHS
TeHOTHUIIB 3 JOCTaTHHO BHUCOKHM pIiBHEM SIKOCTI 3epHa Ha OCHOBI iHTporpecuBHoro matepiamy 3 IDKT
1AL.1RS, 1BL.1RS B cenekuiiiHux mporpamax MiBAHs YKpaiHH, 3QIHIIAIOTHCS AUCKYCIHHOIO MPOOIeMOIo.
Meta nocaiizkeHHs — BCTAHOBJICHHS POJIi TEHETHYHOTO CEPEIOBHINA, K (aKTOpa HAIPaBJICHOTO BIUIMBY
IDKT na xmiborekapchKi BIIaCTUBOCTI Ta pO3po0Ka CeNeKIIHHUX TPUHOMIB HEUTpastizaiii HeraTuBHUX edex-
TiB TPAHCIIOKAIIH JIJIs1 OTPHMAaHHS T€HOTHITIB 3 BUCOKUMH ITOKa3HUKAMH SIKOCTI 3€pHA MIHHOI 1 CHITFHOT Mie-
Huii. Martepiaau i meroau. [TonboBi excniepumenTs npoBoawiuck Ha noisix CIT-HI HC B mepiox 2010—
2020 pp. MeTeoposoriuHi yMOBHU 3a pOKH MPOBEIESHHS TOCIIHKEHD B IIJIOMY OYJIH THIIOBI IS CTEIIOBOI 30-
Hu — nocynoiuBumu. Brums [DKT 1AL.1RS, 1BL.1RS Ha moka3HUKH SKOCTI 3epHA MIISHUIlI M’ STKOT 03UMOi
B IIpOIIeci ceNeKIii OyJIo TOCTIIKEHO Ha JiHisfX, CTBOPEHUX BiJl CXpENIyBaHHS MICIIEBUX COPTIB—HOCIiB Tpa-
Heokaii, Ta kpanmx copTiB cenekiii CITI-HIIHC. Pe3yabTaTn gociaigkeHb. BcTaHOBICHO, 1110 BBEACHHS
B MicneBuit reHodon muernii M’ skoi o3umoi [DKT 1AL.1RS, 1BL.1RS 3miHIO€ MOKa3HUKH SKOCTI 3epHA
(BmicT OiNTKa MiZABHIYETHCS, PEOJIOTIUHI BIACTUBOCTI 3HIKYIOThCS). Lle 3aIeuTh Biji TeHETUYHOTO cepesio-
BUIIA, TiOpUaIHOI KOMOiIHAIT Ta HAasBHOCTI-BIICYTHOCTI «T€HETUYHUX (PAKTOPIB», SKi MOXKYTh 3MEHIIIYBaTH
nveratuBHuH BB [DKT Ha xmiGonekapepki BnacTuBocCTi JiHil. [lokazaHo, 1m0 9acToTa OTpUMaHHS PEKOM-
OIHAaHTHUX JTiHI{, IO MOETHYIOTh BUCOKY BPOKAWHICTh Ta MiABUIIEHUI PiBEHb XJII0OMEKapPCHKUX BIACTHBO-
CTEU, I IBULIY€ETHCS IPH BUKOpUCTaHHI iHTporpecuBHUX JiHiH 3 [DKT 1AL.1RS. BucnoBku. KomOinyBaHHs
B reHotumni [DKT 3 anensimu, 10 MO3UTUBHO BIIMBAIOTH HA XJIIOONEKapChKi BIACTUBOCTI, a TAKOXK CTBOPIO-
I04YU TeTeporeHHicTh B ckiafi renotuiB 3 [DKT i 6e3 HuX y meBHOMY CITiBBiAHOIICHHI, MOXKHA HAITPaBIEHO
3MeHInyBaty HeratuBHui BB [DKT Ha sikicTh 3epHa mmeHUIi M sKoi 03UMO1 i CTBOPIOBATH COPTH 3 Ia-
pameTpaMu SIKOCTI IIIHHKUX 1 CHJIbHUX MIICHUIb. [IPpUKIIaoM € BUCOKO-)KapOCTIHKUN COPT CHIIBHOI MIEHHUIT
OxTaBa oliecbKa, SIKuil 3aHeceHni 10 PeecTpy U1 NOMMpPEHHs Y BCIX arpoKIiMaTHYHHUX 30HaX Y KpaiHH.

Knrouoei cnosa: nuwienuysi m’ska 03uma, pexomOiHaumui AiHii, X1iOonekapHa sKicmv, NUEHUYHO-
arcumni mpancnokayii IAL.1IRS i IBL.1IRS
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