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The mechanisms of adaptation performance of the tribe Triticeae L. representatives were studied
according to biochemical markers. It is shown that drought-tolerant tribe representatives are at the
subcellular level characterized by presence of alleles of Dreb 1 genes of drought resistance, Glu-D1 of
glutenin, Gli-1B1, Gli-6D2, Gli-6D3, Gli-6B2 of gliadin, and high protein content in grain (14.2—-18.0%).
Plants with low drought resistance exhibit heightened superoxide dismutase, peroxidase and catalase
activity in leaves.

It is established that the criteria of frost and winter hardiness of plants are: accumulation of high
total sugar content in the tillering node (26—38 mg/g) as cryoprotectants and energy sources, and
economical consumption of them during the autumn-winter period. Exogenously, high levels of plant
organism’s adaptability to various stress conditions in winter are expressed as high photoperiodic
sensitivity manifesting as weak differentiation of growth points in the fall and late spring vegetation
restoration. Adaptive changes at the subcellular level are consistent with drought resistance indices (high
leaf index, glossy cover, lingering green color of the leaf, presence of awns, significant growth in dry
weight in dry conditions).
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Among the major Ukrainian food and
industrial crops there are Triticum aestivum
L. (common wheat), Secale cereale L.
(winter rye), Triticum trispecies Shulind
(winter triticale) of the tribe Triticeae.
Increasing the genetic potential of the new
varieties’ productivity reduced the scope
of their adaptation to certain conditions,
tapering heterogeneity [1, 2]. Therefore
creating varieties of winter crops that are
able to overcome the negative correlation
between yield and adaptive potential is a
key issue today. Various kinds of stressors
cause structural and metabolic changes in
plants [3]. Knowledge of the mechanisms
that underlie their reactions to prolonged
abiotic stress factors, and condition the crop
stability is important in understanding the
fundamentals of adaptation, developing
approaches for obtaining resistant varieties
and forms of plants, especially in present
global warming and arid climate, long spring

and summer and autumn drought, adverse
winter conditions, significant fluctuations in
winter temperatures, thaws alternating with
ice crust formations and damping-out, etc.
[83—6]. Topical questions are adaptation of
cultural species to current environmental
conditions to which the plants are able to
produce protective mechanisms signalizing not
only the stress, but also before and after stress
periods [7-9].

The aim was to investigate the
mechanisms of adaptation performance of the
representatives of tribe Triticeae L. according
to biochemical markers.

Materials and Methods

The objects of research were new varieties
and lines of tribe Triticeae, namely common
wheat Triticum aestivum L. (Yuvivata 60 Zo-
riana Nosivska, Nosshpa 100, Daushka, KC 1,
KC 5, KC 7, KC 14, KC 16, KC 17, KC 21,
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L -41, L-59, L-34-95; winter rye Secale cereale
L. (Borotba) and winter triticale Triticum
trispecies Shulind (Chaian, Vivate Nosivske,
Pshenychne, Slavetne) of the Forest-Steppe
and Polissia-Forest-Steppe biotypes (Nosivska
selection and research station of Remeslo
Myronivka Institute of Wheat of NAAS
of Ukraine). The study was conducted in
2008-2015 in Forest-Steppe ecotope conditions
(central part of Ukrainian northern Right-
Bank Forest-Steppe zone with periodically
erratic humidification) at the research field
NSRC of Bila Tserkva NAU. Climate and
weather conditions ecotope are temperate
continental. The average air temperature is
6.9 °C with significant monthly fluctuations,
and average annual rainfall which is unevenly
distributed during the vegetation period
is 538 mm: in summer the precipitation is
much more intense than in spring and fall.
Probability of the years with rainfall less than
350 mm is about 35%.

Regionally conventional technology for
cultivating grain and winter crops was used in
the study. The soil is deep common chernozem
with medium humus concentration, humic
clay-loam soil with humus content of 3.5%;
easy hydrolyzed nitrogen (by Kornfield) —
140 mg/kg; mobile phosphorus and
exchangeable potassium (by Chirikov) are
respectively 120 and 90 mg/kg in soil. The
soil is characterized by average nitrifiable
ability of 2 3.5 mg/100 g of totally dry soil,
and the average gross balance of P,0; and
K,0 compounds. Sowing was carried out in
the optimal for this zone dates: September
15%-25% by string method of seeding norm
of 5.0 million of similar seeds per ha.

Years of research have varied by
hydrothermal regime: 2011-2013 and 2015
were marked by decreased rainfall and
increased temperatures above average long-
term norms during tillering, stem elongation,
anthesis, and ear formation compared with
the favorable enough wet spring periods of
2008-2010 and 2014, which allowed us to
comprehensively evaluate the adaptability
of the studied genotypes tribe to climate of
Forest-Steppe ecotope, and their ability to
realize their biological performance potential.

According to the coefficient of significance
of precipitation variation, the vegetation
periods of 2009, 2010, 2011, 2012, 2013
and 2014 were arid (coefficient of variation
significance < 1); by the coefficient of variation
significance of the temperature regime these
years were close to the average long-term
exponent (£0.2-0.8). However coefficient of
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variation significance for hydrothermal index
(HTT) during the research approached the value
of this index in conditions close to extreme.

The most extreme months of atypical
weather conditions were in May 2010 (—4.71),
July 2010 (—2.45), May 2011 (—4.71), May
2012 (—4.75) and July 2012 (-2.48). Thus, in
all the years of research May was the period
of active plant growth and development,
characterized by the most extreme weather
conditions which significantly delayed
intensity of dry vegetative mass accumulation.
Generalized analysis of meteorological
conditions suggests that deviation of a number
of parameters, including temperature, an
amount of precipitation from the average
per years did not approach the critical
values, except for some months of vegetation
throughout the years.

The identification of low-molecular
weight gliadin proteins was performed using
polyacrylamide gel electrophoresis [10] in
collaboration with the Plant Production
Institute nd. a. V. Ya. Yuryev of NAAS of
Ukraine using the catalog and nomenclature of
Payne [11]. Identification of genes of drought
resistance was conducted in collaboration
with the Institute of Cell Biology and Genetic
Engineering of NAS of Ukraine using uniplex
and multiplex PCR. The study used gene
primers Dreb 1: P21F/P21R, R25F/PR,
P22F/PR, R18F/R18R, R20F/P20R
according to Wei et al. [12], gene primers
Glu-D1: UMN25F/UMN25R by Liu et al.
[13]. Statistical data processing carried out
according to Dospyehov [14].

Enzymatic activity was determined
in flag leaf of plants in the most critical
period of their growth (flowering and ear
formation). Catalase activity (EC 1.11.1.6)
was established gasometrically using 5
ml 3% H,0, as substrate with incubation
time 1 min, incubation temperature — 25
°C; polyphenol oxidase (EC 1.14.18.1) and
peroxidase (EC 1.11.1.7) activity were
determined by photocalorimetry using 1%
solution of pyrogallol, based on the ability of
enzymes to oxidise the latter to purpurgalin
(Nakano modification), superoxide dismutase
(SOD, EC 1.15.1.1) — using the enzyme’s
ability to inhibit photochemical reduction
of Nitrotetrazolium blue to Hydrazine
tetrazolium [15—-17]. The total content of
sugars in the tillering nodes was determined
according to Pochynok (1978)[16, 17].

Leaf area was calculated according to
Lavrynenko and Nychyporovych, parameters
of root system and the above-ground plant
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part at the early stages of ontogeny were
determined by Danylchuk, winter hardiness
was evaluated according to the fall and spring
surveys of plants in each iteration.

Results and Discussion

Since most of the features and properties
of the organism are genetically determined,
initial stage of our research was to study the
representatives of the tribe Triticeae at the
subcellular level, including the identification
and expression of drought resistance Dreb 1
genes, Glu-D1 glutenins, and spectra of Gli
gliadins. Plant varieties are carriers of unique
gene associations created in the process of
selection and collected in one genome ensuring
their adaptation to the environment [7, 12].

Analysis of electrophoretic spectra of
Glu-D1 gene amplification products made it
possible to identify products of high glutenin
subunits, in particular Glu-D1 5 + 10 allele,
which was presented by two components of
397 and 281 p.n., and Glu-D1 2 + 12 allele,
presented by amplicons of 415 and 299 p.
n., respectively (Fig. 1). Tishchenko et al.
[18] found that varieties containing “2 + 12”
subunit can generate high-quality grain in the
conditions of soil and atmospheric drought due
to higher adaptability compared with varieties
with the “5 + 10” subunit. Simultaneously,
the authors note the connection between
the subunits and strong and average winter
hardiness, which is confirmed by our research
on the manifestation of high adaptability to
adverse abiotic factors (drought, unfavorable
winter conditions, low temperatures, etc.). Of
particular value are Yuvivata 60 and KC 21,
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Fig. 1. Electrophoregram of Glu-D1 gene

amplification products, line Triticum aestivum:
1 — KC 1; 2 — Yuvivata 60; 3 — KC 5; 4 —
L41;5 —KC14;6 —KC17; 7 — KC16; 8 — L 59;
9 — Zoriana Nosivska; 10 — KC 21; 11 — Daushka;
12 — KC 7; 13 — L 34-95; 14 — Dvorianka; 15 —
Trizo; 16 — Kuialnyk; 17 — Smuhlianka; 18 —
Aegilops cylindrica; — K — negative control (without
DNA); M — molecular weight marker GeneRuler™
DNA Ladder Mix

identified to carry amplicons of both types
which indicates their heterogeneity.

Adaptability mechanisms are also
determined by many other biochemical
markers, particularly informative low
molecular weight, highly polymorphous
gliadin proteins [19]. The composition of
wheat gliadin is studied better than that of
rye and triticale. Its six major controlling
gene loci are Gli Al, Gli Bl, Gli D1, Gli A2,
Gli B2, Gli D2, which are located in short
arms of chromosomes 1 and 6 of homeologous
groups [20]. Some authors [21, 22] found an
association of frost resistance alleles 1 D4,
1 D5, 1 D7, 1 D10 loci Gli-1 D and 6 A4 loci
Gli-6A. Electrophoresis of T. aestivum and
T. trispecies by the gliadin protein spectra
(30-50 kDa) allowed us to identify allelic
variants that determine high winter hardiness:
Gli-1 D5 (Gli-1 B 5), Gli-1 A 4, Gli-6 A 3, Gli-
6 A 4 (Fig. 2).

According to Popereli [20] and Tishchenko
[22], wheats containing alleles Gli-6 D 2 or
Gli-D 3 and Gli-6 B 2 are highly adaptive and
productive biotypes with excellent quality
grain. It can be seen at Fig. 2 that the sorts
and lines NeNe 2—6, 8, 10—13 have components
of gliadin Gli-6 A 3 allele spectrum, which is
responsible for tolerance of winter conditions.
Along with spectra of gliadin alleles of winter
conditions tolerance in Zoriana Nosivska,
Noshpa 100, KC 5, KC 7, KC 16, KC 21, Chaian,
products of expression of Gli-1 B 1 allele, a
marker of high performance and adaptability
to drought were identified. The most valuable
group of biotypes constitutes of wheat strains
KC 7, KC 21 and KC 22 that contain not only
the two aforementioned components of gliadin
spectrum but also expression products of Gli-
1 D4 allele, a marker of frost-resistanse which,
however, is somewhat suppressed by the Gli-
1 D 1 allele of spring wheat strains, confirming
the phenological observations data.

Drought resistance in plants corresponds
to the dehydration responsive element binding
factors 1 (Dreb 1), that are located in the
chromosomes 3B, 3D and 3A. According to the
results of electrophoretic analysis of spectra of
amplification products [23], in all investigated
samples of wheat were the expected amplicons
of 717, 789, 596, 1113, 1193 p.n. Exceptions
are Daushka, KC 1, and KC 17 strains,
which turned out to be heterogeneous, in
particular lacking amplicons 1113 p. n. (in the
chromosome 3D) and 1193 p. n. (in 34).

One of the first adaptive responses of
plant organisms to extreme stressors is the
protective activation of increasing redox
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Fig. 2. Electrophoretic spectra of spare gliadin controlled by Gli genes in T'. aestivum and T'. trispecies:
1,11, 20 — Bezosta 1 (control); 2 — Daushka; 3 — Prydesnianska napivkarlykova; 4 — Zoriana Nosivska;
5 —KC14;6,14 — Noshpa 100; 7 — Yuvivata60; 8 —KC16; 9 —KC7; 10 —KC5; 12 —KC17; 13 — KC 22;
15, 18 — Pshenychne; 16 — Chaian; 17 — Slavetne; 19 — KC 21

processes, resulting in accumulation of
adverse products of free radical oxidation
of biomembrane lipids. It causes increased
synthesis of antioxidant enzymes [9, 24, 25].
The difference in redox reactions, including
antioxidant enzymes, in the plants with
varying degrees of drought resistance is
important. Enzymes involved in plant response
to the stress are superoxide dismutase,
catalase, polyphenol oxidase, peroxidase,
etc. [1, 15, 29]. New representatives of the
tribe Triticeae differ by level of prooxidant-
antioxidant balance, including oxidoreductase
enzymatic activity (Table 1).

The protective mechanisms of less
drought-resistant plants exhibit higher
catalase and peroxidase activity compared
to highly drought-resistant wheat forms.
Some authors [24, 25] found that inhibition
of catalase increases the activity of hydrogen
peroxide, which, according to them, induces
the activation of protein kinases and
phosphorylation proteins, expression of
«protective» genes and protein synthesis.
Superoxide dismutase is the primary element
of the protection of cells and tissues from
oxidative degradation which converts the
harmful to cells superoxide radical anion to the
less active product, H,0,[15].

Water deficit stress (2009, 2011-2013)
allowed us to find that in some plants, SOD
activity in leaves was higher by 18-22% to
13.7-15.2 c.u. than in other plants (Table 1).
Sorts with high SOD activity (KC 1, KC 17,
Daushka) are less drought-resistant. However,
according to Mamenko [25], SOD does not
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completely protect cells from oxidative stress,
as the formed H,0, inhibits the enzyme.
So the abovementioned activity is largely
influenced by other components, particularly
those that utilize H,0, (catalase, peroxidase)
and enzymes of glutathione ascorbate cycle
[9]. Synergist of SOD in cell is catalase (CAT).
We found a high correlation coefficient (r =
0.78, P < 0.05) between the abovementioned
activity in leaves of average drought-
resistant and drought-resistant biotypes of
tribe Triticeae. High levels of peroxidase
and catalase activity denote the intense need
of protective reactions in leaf tissue of less
drought-resistant representatives of the tribe
Triticeae because of insufficient adaptive
metabolic processes. As for the polyphenol
oxidase activity, no significant difference
between the studied varieties was found. The
regularities of oxidoreductase activity were
observed for these biotypes of tribe Triticeae
both in the moisty, favorable for plant growth
and development conditions of 2014, and in the
rainfall deficit of 2013 (HTI < 1).
Consequently, changes which are caused
by increased catalase, peroxidase and
superoxide dismutase activity in flag leaf of
varieties and lines of tribe Triticeae, can be
considered a criterion of less drought-resistant
plants (Daushka, KC 1, KC 17) adaptation to
prolonged drought conditions. The data are
consistent with data on changes in intracellular
plant caused by moisture deficit, important for
adapting to the abiotic and biotic stressors.
The study of morphological parameters
of Triticeae plants made it possible to detect
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Table 1. Evaluation of xeromorphic representatives of tribe Triticeae by enzymatic redox activity
(during flowering and ear formation), mean in 2013—2014

Enzymatic activity (M = m)
5 | ot | porontase | PRI | i, mg0y | Spperxie it ms
min/g sample
mg purpurgaline/g sample sample
1 Noshpa 100 2.0+0.14 1.6 =£0.29 1.9 +0.40 7.8+0.21
2 | Zoriana Nosivska 1.9+0.29 1.4 +0.20 2.0+0.35 8.3 +0.23
3 Yuvivata 60 1.7+0.21 1.8+0.23 2.3+0.28 8.6 =£0.38
4 KC1 2.6 =£0.26 1.7+0.21 2.8=+0.25 13.7 =0.42
5 KC 17 2.8+0.33 2.0+0.25 3.0=0.20 15.2 +0.25
6 KC21 1.9+0.23 1.6 £0.22 2.0+0.30 8.0 +0.48
7 Daushka 2.5+0.25 1.6 =0.27 2.8+0.27 14.4 =0.33
8 Borotba 1.4 £0.40 1.8 +0.32 2.1+0.20 6.9 =0.41
9 Chaian 1.3+0.21 1.4 +0.28 2.2+0.24 7.4 +0.26
10 | Vivate Nosivske 1.3+0.36 1.4+0.23 1.9+0.30 8.3 +0.45

certain xeromorphic characteristics (Table 2),
and their subsequent cultivation allowed us
to evaluate them according to other criteria
and identify correlations. The precipitation
in the central Forest-Steppe of Ukraine is
characterized by autumn moisture deficit
in the soil that often makes the prospective
harvest unatteinable, so the study of drought
in the germination phase is not only theoretical
but also practical. Germination and growth
of seeds in osmotic solutions of sucrose
simulates the deficit of moisture and allows
to establish the overall level of physiological
and biochemical processes in the germinated
seeds under stress, which determines the
resistance of adult plants. The research
results of drought resistance in new genotypes
of Triticeae plants on the juvenile stage of
development by germination of caryopsides
in sucrose solutions with different osmotic
pressure indicate a high level of polymorphism
in initial samples. It was established that
in average 84% of seeds germinated in the
solution of osmotic pressure of 14 atm, 75% at
16 atm osmotic pressure, 52% at 18 atm, 26%
at 20 atm, 12% at 22 atm, and 5% of seeds
germinated at 24 atm osmotic pressure. The
high drought tolerance in this phase at 14—-18
atm osmotic pressure of sucrose solutions was
found for Chaian, Fighting, Vivate Nosivske,
Zoriana Nosivska, Yuvivata 60, KC 21, and KC
5 strains. The lowest ability to grow in sucrose
solutions was exhibited by Daushka, KC 1,
KC 17. All other strains formed the group of
“medium resistance” [23].

Given the fact that drought-resistant forms
usually have low crop yield, it is important
for them to have stable performance under
different hydrothermal conditions. These
criteria during 2008-2014 were met by
Zoriana Nosivska and Noshpa 100, which are
characterized by well-filled grain, vitreousness
of 60-70%, and grain unit of 760-815 g/1,
which are important features of productivity
and drought resistance.

The studied plants that accumulated dry
matter most intensely from the beginning of
stem elongation to ear formation plants were
characterized by intense stem growth and
the growth of leaf surface of cultures. Pre-
ear formation plants accumulated in average
38.4-66.9% of maximum dry matter in the
arid 2008, and 49.1-70.7% of maximum dry
matter in relatively moist years. The high
leaf index (> 14.2), glossy coating, long-term
assimilation ability of the flag leaf during
milky-wax and wax ripeness, the presence
of awns shoud be added to the morpho-
physiological drought resistance criteria.

Mechanisms of frost and winter hardiness
are high accumulation of total sugars in the
tillering node serving as cryoprotectants and
energy sources, and economical consumption
of assimilates during autumn-winter-spring
period. Comparative study of winter hardiness
of new genotypes of Triticeae representatives
by determining the total sugar content in the
tillering nodes of winter genotypes after the
autumn growing season and before the spring
growing season (Table 2) made it possible
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Table 2. Evaluation of winter hardiness representatives of the tribe Triticeae by total sugar content
in the tillering node (mean, 2012—-2013, 2013—2014)

Content of total sugars in the tillering node, %
per absolutely dry matter
Sort, line . .
Ne £ tribe Triti . . Points of winter
ot iribe friticeae after termination of before A, hardiness
autumn vegetation spring vegetation %
1 Noshpa 100 29.6 =1.2 28.6 =0.9 1.0 9.0
2 Zoriana Nosivska 30.2=+1.3 27114 4.1 7.0
3 Yuvivata 60 29.9+1.0 28.4=+1.1 0.8 9.0
4 KC1 29.2+1.6 26.0=0.8 3.2 7.5
5 KC 17 29.6 1.5 25.6 1.0 4.0 8.0
6 KC 21 28.8+1.1 24.9+0.9 3.8 8.5
7 Daushka 30.2=1.0 29.6 0.9 0.8 9.0
8 Borotba 29.1+1.8 28.1+1.0 1.0 9.0
9 Chaian 28.6 1.3 27.5x1.2 1.1 9.0
10 Vivate Nosivske 28.9+1.5 27.4+1.1 1.5 8.5

to establish that winter-hardy varieties
while wintering reduce total sugar content
by only 6-8% but medium winter-hardy
(KC 1, KC 5, Daushka) reduce it respectively
by 16-18% , which is crucial for successful
overwintering of plants because of the ability
to accumulate high content of spare sugars as
cryoprotective biopolymers including proteins,
as well as reserve energy sources. Biotypes
that are depleted during wintering by wasteful
consumption of sugars and resume growth on
first warming can freeze even if insignificant
frosts return, particularly during the
«February windows» and significant (P < 0.05)
decrease in temperature after the beginning
of vegetation (mid-late March). More winter-
hardy varieties (Noshpa 100, Yuvivata 60)
slowly «wake up» in negative temperatures
intermittent with thaws and warmings, and
they begin growing later in spring compared
to the less adaptive sorts. During the winter
contrasty period, level of sugars in their
tillering nodes decreased only by 0.9-1.4%,
respectively, while they maintained high total
sugar reserve — 27.4-28.5%.

The air temperature over the period (in
particular, in December 2009, 2011, 2014)
dropped to —25-30 °C for 8—-10 days, and soil
temperature at the depth of the tillering node
lowered to —20 °C, which helped to identify
frost resistant sorts and lines of wheat, rye
and winter triticale. We found that the criteria
of winter hardiness are not only the ability
to withstand low temperatures, down to
—20 °C and less, but also the anthocyanin
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colored leaves, powerful fibrous root system,
wax cover, narrow leaf, the sugar content in
the tillering node, as confirmed by the strong
positive correlation with the index of general
winter hardiness (r = 0.82 = 0.7).

The overall assessment of hardiness in situ
(Table 2) confirms the high winter hardiness
of Noshpa 100, Yuvivata 60, Borotba, Chaian,
and Vivate Nosivske. Significant relationship
(correlation coefficients +0.72 — +0.76,
P < 0.05) is revealed between indices of frost
and winter hardiness, and total sugar content
in tillering node.

Duration of vegetation period and the pace
of the individual development are among the
most important features that determine the
level of adaptation of plants to vegetation
conditions. The pace of development cultural
cereals are dependent on the sensitivity of the
photoperiod [26]. We found that a high level
of adaptation to different stress conditions of
winter is characteristic of plants with a weak
point of differentiation of growth in autumn
and late spring vegetation restoration (LSVR).
These are plants with high photoperiod
sensitivity and long period of vernalization.

Correlation between indicators of high
drought and winter hardiness, and total
protein in wheat, rye and triticale amounted to
0.64-0.75. The relationship of these adaptive
properties with a total protein content in grain
is explained by the multifunctional action
of stress marker polymers. Adverse abiotic
factors during the growing season helped
to highlight the highly adapted and stable
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biotypes according to indices of dry matter
accumulation.

Several authors showed [6, 9, 17, 26—
30] that winter hardiness and productivity
of plants is determined primarily by two
physiological mechanisms of ontogeny:
the need for the appropriate duration of
vernalization and light regime. Differences
between sorts and lines on photoperiodic
sensitivity (PHPS) and duration of the period
of vernalization (DPV) are already identifiable
at the initial stages of development. Thus, the
plants with high PHPS and DPV needs exhibit
weak development of aboveground mass and
intensity cone differentiation in autumn,
in response to the high level of resistance to
stress in winter. Instead, weak PHPS and
short DPV plants accelerate development in
the fall, and thus lose significant amounts
of assimilates, and often subsequently
experience lethal stress. Plants of this group
are marked by rapid regrowth in spring
spending a lot of productive winter moisture,
which significantly affects the deficit during
the atmospheric and soil drought in May
leading to reduction of productive stems
and plant productivity in general. Plants of
Yuvivata 60 strain have high DPV and DPV
and are characterized by delayed development
in the beginning of fall and resuming their
vegetation in spring, avoiding the stress.

As a result of years of research of
biochemical markers and adaptive properties
of new Triticeae genotypes, biochemical and
genetical mechanisms for implementing
adaptive potential of representatives of the
tribe Triticeae L. were established. Specifically,
molecular genetic markers of xeromorphism are
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PEAJIISAIIIA AJAIITUBHOTO
IIOTEHIIIAJIY ITPEACTABHHUKIB TPUBU
Triticeae L.

T. 3. Mockaneyv'
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2KuiBcbKuil HAlliOHAIBHMIT yHiBepcurer
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Hocaim:xeno mexaHismMu peaJsisanii agamn-
Tarii npexcraBHUKiB Tpubu Triticeae L. 3a
6ioximiunumu mapkepamu. Ilokaszano, 10
HOCYXOCTiliKi mpeacTaBHUKHU TpubOu Ha cyO-
KJIITUHHOMY pPiBHI XapaKTepuUa3yOThCS iJeH-
Tudikamieo ajesliB reHiB mocyxocTiiKocCTi
Dreb 1, raworenimis Glu-D1, raiazuuis
Gli-1B1, Gli-6D2, Gli-6D3, Gli-6B2 Ta Buco-
KuM BMicToM mporeiny B 3epHi (14,2-18,0%).
C1ab0omoCcyXOCTiHKNM POCANHAM OIpUTAMaHHUI
OigBUIeHUII CTATyC CYIePOKCUAANCMYTa3Hol,
mepoKcuga3Hol Ta KaTajsa3Hol aKTUBHOCTI Ju-
cTta. BcranoBiieHO, IO KPUTEPiAMU MOPO30- i
3BUMOCTIAKOCTI POCJUH €: HarpoMaa:KeHHHA
BHUCOKOTO 3arajJbHOTO BMiCTy IYKPiB y BY3Ji
KymieHHsa (26 38 Mr/r) aK KpionpoTeKTopiB i
IsKepeJia eHeprii Ta eKOHOMHA BUTpaTa ixX yupo-
IOBYK OCIHHBO-3MMOBOTO nepiony. Exzorennum
BUABOM BMCOKOTO PiBHS aJalTUBHOCTI POCIMH-
HUX OPTraHi3MiB o piBHOMAaHITHUX CTPECOBUX
YMOB 3UMOBOTO IIepioAy € Bucoka (oromepio-
OUYHA YYTJIUBICTH, IO BUABJISAETHCA ¥ CAA0Ki
nudepeHIiiamnii TOUKY poCTy BOCEHHU i MiBHBOMY
BiHOBJIeHHIi BecHAHOI Bereralii. Aganramiiinai
3MiHU Ha CyOKJITMHHOMY PiBHI y3TOAKYIOTH-
cA 3 MOKA3HUKaMMU IMOCYXOCTifiKOCTi (BUCOKUM
iHgeKcoM JMCTKOBOI MJIACTUHKU, TIAHIIEBUM
MOKPHUTTAM, JOBIOTPUBAJUM 3eJeHUM 3abapB-
JIeHHAM JHUCTKA, HAABHICTIO OCTIOKiB, 3HAYHUM
IIPUPOCTOM CYXOi Macu 3a MOCYIILJIUBUX YMOB).

Kanawuwosi cnoea: Triticum aestivum L., Secale
cereale L., Triticum trispecies Shulind,
OioximiuHi Mapkepu.

PEAJINU3AIINA AZAIITUBHOT'O .
IIOTEHITUAJIA ITPEJACTABUTEJIEU
TPUBBHBI Triticeae L.

T. 3. Mockaney'
C. I1. Bacunvkusckuii®
B. K. Puibanvuenko®

lBeJIouepKOch/Iﬁ HaIlMOHAJbHBIN arpapHbIi
YHUBEDPCUTET, Y KpauHa
?KueBCcKMil HAIMOHAIBHBIHA YHIBEPCUTET HMEHH
Tapaca IlleBuenKk0, YKpauHa

E-mail: shunyascience@ukr.net

HUccrnemoBaHbl MeXaHM3Mbl peain3alluu
amamTanuu mpencraBsuTeseir Tpubsl Triticeae L.
mo O6moxmMHUUYEeCKUM Mapkepam. Iloxasano,
YTO 3aCYXOYCTOUUUBLIE TIPEICTABUTEIN TPUOBI
Ha CYyOKJIETOUHOM YPOBHE XapaKTepU3YIOTCH
uaeHTuUKaNe ajajaejieil TeHOB 3aCyX0yCTOM-
yuoctu Dreb 1, raroresnnos Glu-D1, riaua-
nuuoB Glu-1B1, Glu-6D2, Glu-6D3, Glu-6B2
Y BBICOKWM COJep:KaHWeM IMPOTenHa B 3epHe
(14,2-18,0%). Crabo3acyx0oycTOHUYUBBIM pac-
TEeHHAM NPUCYIL IOBBIMIEHHLIA CTATYC CyHep-
OKCHUAANCMYTa3HOIi, MePOKCUAA3HON U Kara-
Ja3dHOM AKTUBHOCTH JIUCTHLEB. ¥ CTAHOBJIEHO,
YTO KPUTEPUAMU MOPO30- U 3UMOCTOUKOCTU
pacTeHU# ABAAIOTCA: HAKOIJIEHUE BBICOKOTO
00IITero comep:KaHuA caxapoB B y3Jie KYIleHua
(26—38 Mr/r) KaK KPUOIPOTEKTOPOB U MCTOU-
HUKOB SHEPIruU M SKOHOMHBIN pacxon MX Ha
MPOTAMKEHNN OCeHHe-3UMHEro nmepuoga. IK30-
TeHHBIM IIPOSABJIEHUEM BBICOKOTO YPOBHSA ajall-
Tallu¥ PaACTUTENbHBIX OPTAaHU3MOB K Pas3inu-
HBIM CTPECCOBBIM YCJOBUAM 3UMHETO IepuoIa
ABJAETCA BBICOKAd (POTOHNEPUOANUYECKAA UYB-
CTBUTEJIbHOCTD, BhIpaskaloiasacs B caaboit nud-
depeHIIMANUY TOUYKK POCTA OCEHBIO U ITO3JHEM
BOCCTAHOBJEHUU BeceHHell Bereranuu. Agamnra-
IUOHHBbIEe NU3MEeHEeHNUA HAa CYOKJIeTOUHOM YPOBHE
corJiacyloTcsA C TMOKa3aTeJsaMHU 3aCYyXOyCTOIi-
YUBOCTU (BHICOKUM HHIEKCOM JHCTOBOH Ija-
CTUHKM, I'IAHIIEBBIM IIOKPBITHEM, AJIUTEIbLHOMN
3eJIeHOl OKPacKO# JUCTKAa, HaJUUYUEeM OCTeH,
3HAUYUTENbHBIM IPUPOCTOM CYXOM MaccChl IpPHU
3aCyILINBBIX YCIOBUAX).

Knrwuesvie cnosa: Triticum aestivum L., Secale

cereale L., Triticum trispecies Shulind, 6uoxu-
MHUYEeCKUe MapKephbl.
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