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BvBYanu BNnuB KOHTPaCTHUX YMOB TpodpidHOro 3abe3neyeHHs ApoBu3aLii (BepHanisawii) Ha pocToBy peakLito i
OvHaMiky BMICTY Pi3HUX (ppakLili pO34YMHHMX BYrMeBOZAiB B MPOPOCTKax ABOX COPTIB 03vMoi nwweHuui CTtaTHa i
[opigHa. B ekcneprmeHTax MogentoBanu pisHi ymoBu TpodhiuHOro 3abesneyeHHs SpoBu3aLii LWSIXOM Jo4aBaHHS
3%-ro po34MHy caxaposu, a TaKOX i30MBaHHA eHAoCnepMy — MpPUPOAHOro 3anacy ByrnesogiB i GionoriyHo
aKTMBHUX pe4voBMH. B xodi npoBegeHMX eKCNepuMEHTIB MoKasaHo, Lo ONTUMarbHi YMOBM TPOMIYHOro
3abe3neyeHHs (BapiaHT 3epHiBKX + BOAA) AETEPMiHYHOTb MaKCUMarnbHWUIA NiHIMHWIA PIiCT i HakonuyeHHs1 Giomacu
NPOPOCTKIB NPOTArOM BCbOroO Nepioay ApoBU3aLiiHOro BNnvBY, HAAMULLOK EK30TE€HHUX, LIYKPIB (BapiaHT 3epHIBKU +
3% caxaposa) ranbMy€e pOCTOBi mpouecu, AediunT TpodivHnx dakTopiB (BapiaHT i3onboBaHi 3apogkn + 3%
caxapo3a) TakoX ranbMye picT, a BiACYTHICTb TpodiyHOro 3abesneyeHHs (BapiaHT i30NbOBaHi 3apodku + Boaa)
MOBHICTIO MPUrHiYye picT i HakonuyeHHs Giomacy npopocTkamu NpoTarom 45-0060BOro APOBU3ALAHOIO BNMBY.
BcTaHoBneHo, Wo AnHamika 3MiHM BMICTY PO3YMHHWX BYrfIeBOAIB B MPOPOCTKAX 03MMOI NLLEHWLL TaKoX 3anexuTb
Bifl piBHA TPOgivHOro 3abesneveHHs npoLecy ApoBu3aLlii i Kopentoe 3i 3MiHamy pocToBOi peakuii. MNokasaHo, Lo
y BCiX BapiaHTax JOCnigiB NpoTAroM ycbOoro nepiogy BepHanisadii BMiCT OnirouyKkpiB iCTOTHO NepeBuLLye BMICT
MOHOLIYKpIB B npopocTkax 060x copTiB. OCKiNbkM MOHOLYKPU SIBMAOTECA Hanbinbw MeTabomniyHo aKTUBHUMMN
Byrnesogamu, BiporigHO, BOHW B MakCMMarbHii KiNbKOCTi BUTpayaloTbCa Ha nepLlumx etanax sposu3adii (15-30
fi6). OBroBoploETLCA, WO Pi3HUIA piBEHb TPOMIYHOIO 3abesneyeHHs Moxe OyTv OOHUM 3 BaroMUX YMHHUKIB
reHeTn4HOi Ta/abo enireHeTMYHOI perynsuii npouecy apoBum3adii Triticum aestivum L. 3miHn y meTabonivyHmx
npotiecax, 30kpema BYrneBogHOMY OOMiHi, MOXYTb BNMBATK Ha 3HMKEHHS ekcripecii reHiB VRN, siki € MilleHHIo
enireHeTMYHOI perynsuii, i B pesynbTaTi UbOro Ha HabyTTs 34aTHOCTI POCMMH MIEHULi M'SKOI NepexoauT 4o
KomnociHHs1. IMpunyckaeTbes, WO perynaropHa porb BYrfeBoAiB B SpOBU3aLinHOMY NpoLeci MoXe 3AiMCHIoBaThCA
TiMbKV NpY ONTUManbHOMY PiBHI TPOMiYHOrO 3abe3neyeHHs.

KnrouoBi cnoBa: Triticum aestivum L., sposu3sauisi, mpogiyHe 3abe3rniedeHHs, pocmosa peakuisi, PO34YUHHI
8yar1egolu.

Effect of trophic support on the dynamics of growth processes and

carbohydrate content of winter wheat sprouts under vernalization
V.V.Chumakova, O.A.Avksentieva

The influence of contrasting conditions of trophic support of vernalization on the growth reaction and dynamics
of the content of various fractions of soluble carbohydrates of sprouts of two winter wheat varieties Statna and
Doridna were studied. In experiments, the contrasting trophic conditions of vernalization were created by adding
3% sucrose solution, as well as isolation of endosperm, a natural reserve of carbohydrates and biologically
active substances. It was shown that optimal conditions of trophic support (integral seeds + water) determined
the maximum linear growth and accumulation of sprouts biomass during vernalization. The excess of exogenous
sugars (integral seeds + 3% sucrose solution) inhibited growth processes. However, the deficit of trophic factors
(isolated buds + 3% sucrose solution) also inhibited growth and the lack of trophic support (isolated buds +
water) completely inhibited growth and accumulation of sprouts biomass during 45 days of vernalization. It was
established that the dynamics of changes in soluble carbohydrates content in winter wheat sprouts also
depended on the trophic support level of vernalization and correlated with changes of growth reaction. It was
shown the oligosaccharide content was significantly higher than monosaccharide content of sprouts of all the
variants of both varieties during the entire period of vernalization. In view of the fact that monosaccharides are
the most metabolically active carbohydrates, they are probably spent as much as possible at the first stages of
vernalization (15-30 days). It is discussed that different level of trophic support is able to be one of the important
factors of genetic and/or epigenetic regulation of Triticum aestivum L. Thus, changes in metabolic processes,
in particular carbohydrate metabolism, can effect on the reduction of VRN genes expression, which are the
target of epigenetic regulation, and as a result, on the ability of soft wheat plants to flower. It is assumed that
the regulatory role of carbohydrates in vernalization process can be realized only at the optimal level of trophic
support.

Key words: Triticum aestivum L., vernalization, trophic support, growth reaction, soluble carbohydrates.
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BnusaHue TpOd)VI‘-IeCKOFO obecneyeHus Ha AVHaMUKY POCTOBbIX NMpoueccoB n

cofiepXXaHuA yrneBoaoB B MPOPOCTKaX O3UMOM NWEeHULUbI NPy ApOBU3aLn
B.B.YymakoBa, O.A.ABKCeHTbEBA

N3yyann BnusHWE KOHTPACTHbIX YCNOBUW Tpodmyeckoro obecneveHus spoBusaumv (BepHanu3auuun) Ha
POCTOBYIO peakLmio U AVHAMUKY COAEpPXaHWSA PasnunyHbIX pakuniA pacTBOPUMBIX YIeBOAOB B NMPOPOCTKaXx
ABYX COpTOB 03uMoN nweHuubl CtatHa u [JopugHa. B akcnepumeHTax mogenvpoBanu pasnuyHble YCroBus
Tpodhmyeckoro obecneyeHns sposusaumm nytem pobasneHns 3%-ro pacTtBopa caxaposbl, a Takke
M30MMPOBaHUS 3HAOCNEpMa — MPUPOAHOro 3anaca yrneBogoB U GMONorM4eckyn akTMBHbIX BelecTB. bbino
rokasaHo, 4TO oOnTMManbHble YycrnoBus Tpoduyeckoro obecnedeHuss (BapuaHT 3epHOBKM + BoAa)
AETEPMUHMPYIOT MaKCUMarbHbIA IMHEVHBIN POCT U HaKonneHne Gruomacchkl MPOPOCTKOB, U3BLITOK 3K30reHHbIX
caxapoB (BapuaHT 3epHoBkM + 3% caxapos3a) TOPMO3MT POCTOBblE MPOLECChl, He4OCTaTOK TPOUYECKUX
aKkTopoB (BapuaHT M30nMpoBaHHble 3apodbiwn + 3% caxaposa) Takke TOPMO3UT POCT, a OTCyTCTBME
Tpodhmyeckoro obecrneveHunss (BapuaHT U30NMPOBaHHbIE 3apoAbIlun + BoAa) MOMHOCTLIO MOAABMSET POCT U
HaKonneHwe Gnomacchbl MPOPOCTKaMU B Te4eHNN 45-CyTOYHOTO SPOBM3aLMOHHOIO BO34ENCTBUSA. YCTaHOBEHO,
4YTO AMHaMUKa W3MEHEHWsI COAEpXXaHWUsA PacTBOPMMbIX YINEBOAOB B MPOPOCTKaX O3MMOW MLUEHWULbl Takke
3aBUCUT OT YPOBHS Tpodhuyeckoro obecneveHus npouecca ApoBU3aLMM U KOPPenupyeT C U3MEHEHUAMU
pocToBon peakuuun. [okasaHo, YTO BO BCEX BapuaHTax B TEUYEHNE BCEro nepvoga BepHanvsaumm cogepxaHue
ONnMrocaxapoB CyLLECTBEHHO MPeBbILLAET CoAepXaHne MOHOCaxapoB B MPopocTkax obonx copTo.. [ockonbky
MOHOCaxapa SBnaloTcA Hambonee meTabonnyecky akTMBHLIMUW YrNeBoA4aMun, BEPOSATHO, OHW B MakCMMaribHOM
KONMM4YecTBe pacxoaytTcsi Ha nepBbix aTanax sposusauun (15-30 cyTtok). O6cyxaaeTcs, YTO pasHbll ypOBEHb
Tpoduyeckoro obecneyeHnss MoxeT ObITb OAHUM U3 BECOMbIX (DAKTOPOB FreHEeTUYECKON /UM SNUreHeTUYECKON
perynsauum npouecca sposm3aummu Triticum aestivum L. M3ameHeHns B meTabonuyeckux npoueccax, B
YacCTHOCTM yrneBogHOM obMeHe, MOryT BMWATb Ha CHWXeHue akcrnpeccun reHoB VRN, KoTopble ABASOTCA
MULLEHbIO SNUreHEeTUYECKOW perynsumnm, n B pesynbTaTe 3TOro Ha npuobpeTeHne cnocobHOCTU pacTeHui
nweHULbI MATKOW NepexoanTb K konoweHuto. NpegnonaraeTcs, YTo perynaTopHas porb yrineBoAoB B npouecce
APOBMU3aLMMN MOXET OCYLLECTBNSATLCH TOMBKO NPU ONTUManbHOM ypoBHe Tpodunyeckoro obecneveHms.

KnioueBble cnoBa: Triticum aestivum L., ssposu3ayusi, mpogpuyeckoe obecrniedeHue (¢hakmopsl), pocmosasi
peakyusi, pacmeopumbie y21e800kbl.

Introduction

One of the important and key stages of the development of winter wheat plants is the process of
vernalization, which requires the complex of factors — temperature, water, oxygen and trophic support
(Henderson et al., 2003). Vernalization has a metabolic nature, associated with physiological and
biochemical processes occurring in a plant as an integral organism. Investigation of physiological processes
during vernalization has led to the idea that a number of changes of plant metabolism occur. There is an
accumulation of carbohydrates and soluble nitrogen-containing substances, increase of some enzyme
activity and intensification of nucleic acids metabolism (Avksentieva, Zhmurko, 2011). A significant factor
of the regulation of vernalization process is the genetic control. In wheat, the VRN genes system has been
identified. It controls the need of vernalization and determines the type of plant development (spring or
winter) (Dennis, Peacock, 2009). The VRN genes system includes several genes, among which the main
ones are Vrn 1, Vrn 2, Vrn 3 (Song et al., 2012; Sung, Amasino, 2005). These genes are one of the well-
defined examples of epigenetic regulation, whose target in cereals is the Vrn 2 gene (Shcherban, Salina,
2013). The expression of Vrn 2 decreases under influence of a positive temperature due to the
posttranscriptional mechanism (the processing of non-coding anti-sense RNA), which causes the
modification of histone proteins and leads to an appropriate physiological response. Thus, plants can
"memorize" the changes that occur in meristem cells caused by environmental conditions and stress. Those
cells that get into germinal line are adaptive (Song et al., 2012; Sung, Amasino, 2005).

When passing through vernalization at sprouts stage, the need of metabolites is supported by the
stock of plastic and biologically active substances (BAS) of an endosperm (Aoki et al., 2006).
Carbohydrates play a central role in plant metabolism at the level of single cells and the whole organism.
They are involved in reactions-responses to a number of stressors and act as signaling molecules that
activate specific pathways of transduction of the stress or hormonal signal, resulting in important
modifications of gene expression (Rosa et al., 2009; Baena et al., 2007; Baier et al., 2004). Sugars affect
the expression of many genes involved in photosynthesis, glycolysis (Cho et al., 2006), nitric and sucrose
metabolism, regulate the cell cycle (Riou-Khamlichi et al., 2000) and others. Sugar signaling can also
intersect with other signaling pathways (O’Hara et al., 2013). In particular, reducing the trehalose-6-
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phosphate synthase expression causes down-regulation of the FT gene (Flowering Locus T — MADS-box),
which is responsible for a process of vernalization and very late flowering of Arabidopsis thaliana plants
(Gol et al., 2017). In addition, the role of sugars in the transmission of a low-temperature signal has been
confirmed and also as low molecular weight antioxidants (Rolland et al., 2002). It has been found that
sugars can inhibit the mobilization of nutrients, thereby inhibit the development and growth in length of the
plant aboveground part (Rolland et al., 2002). An exogenous sucrose can compensate the activity of
regulators of shoots and roots meristem development (Eveland, Jackson, 2011). Sucrose is one of the main
transport metabolites of a plant that supplies energy, plastic, signaling and other functions (Yuanyuan et
al., 2009; Koch, 2004). Sucrose is the dominant transport form of sugars in the phloem, but it cannot directly
be used for metabolic processes (Deryabin, Trunova, 2014). According to the literature, endogenous
sucrose and glucose either act as substrates for cellular respiration or as osmolytes to support cellular
homeostasis, whereas fructose is not associated with the osmolytic protection and synthesis of secondary
metabolites (Rosa et al., 2009).

Thus, soluble carbohydrates play an important multifunctional role in the plant organism throughout
the ontogenesis. In the period of vernalization, the long-term effect of positive temperatures, sugars can
act as trophic substrates or transport forms of carbohydrates, or osmolytes — protectors from the low-
temperature stress and signaling molecules that can indirectly regulate a plant development through the
genes’ expression or their epigenetic control.

The successful passing of vernalization process, probably, can be due to the optimal supply of trophic
factors, which can determine the genetic and epigenetic control of vernalization gene expression.

Therefore, the aim of our work was to study the growth reactions and dynamics of the content of
soluble carbohydrates of winter wheat sprouts under contrasting trophic conditions of vernalization.

Materials and methods

Seeds of two varieties of soft winter wheat Triticum aestivum L., Doridna and Statna (Plant
Production Institute nd. a. V.Ya.Yuryev of NAAS) were used as a plant material. These varieties are of
universal type of use, unpretentious to the cultivation conditions, tolerant to the main field diseases of winter
wheat and have high winter resistance. Physiological and biochemical experiments were carried out at the
Department of Plants and Microorganisms’ Physiology and Biochemistry of V.N.Karazin Kharkiv National
University during 2016-2017.

Since sugars as signaling molecules are involved in expression/repression of genes that determine
plant development, we have used 3% sucrose solution in our experiments, simulating different levels of
trophic support of vernalization. The vernalization of winter wheat sprouts with endosperm, which is a
source of trophic and biologically active substances, causes the transition of plants to generative
development. Such a variant of vernalization is optimal for the level of trophic support; its disorder can be
excess, deficit or lack of trophic substances, in particular sugars. Based on the foregoing, the vernalization
variants were grains + water (optimal trophic support), grains + 3% sucrose solution (excess of trophic
support), isolated buds + water (without trophic support), 4) isolated buds + 3% sucrose solution (deficit of
trophic support).

Wheat grains were sterilized by 5% sodium hypochlorite solution, sprouted in the dark at t=22+2°C
during two days. To simulate the contrasting conditions of trophic support, the endosperm was removed in
some grains, leaving isolated buds. The vernalization was carried out in Petri dishes during 45 days at a
fixed temperature +4°C. Sampling (10 sprouts of each variant) was carried out at different stages — 15, 30
and 45 days — for biochemical and morphometric analysis. The total length of sprouts, the aboveground
part and root, as well as total biomass, were determined.

A method, based on the reducing of potassium ferrocyanide in alkaline medium to ferrocyanide by
reductive sugars, was used for a quantitative determination of soluble sugars content — monosaccharides,
oligosaccharides and total soluble sugars in plant material. Ferrocyanide forms a steady blue color with
sulfuric acid in the presence of gelatin. Based on the intensity of solution color, the amount of reducing
sugars was determined by the photocolorimetric method (Yermakov et al., 1987).

Soluble sugars were determined in air-dried plant material, which was fixed by water vapor during
30 minutes at temperature 110°C and drying during 1 hour at temperature 70°C. Extracts of sugars were
obtained by extraction with 80% ethyl alcohol. A supernatant was obtained for the analysis, after 10 minutes
of centrifugation at 3000 rpm (Tymoshenko, Zhmurko, 2000; Yermakov et al., 1987). A similar method was
used to determine the total soluble sugars, but with the prior hydrolysis of the extract by 5% HCI for 10
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minutes. The content of oligosaccharides was calculated by the difference of content of total soluble sugars
and monosaccharides. For the biochemical analysis and calibration graph, the analytical grade reagents
were used.

In total, two biological and four analytical series of experiments were carried out. Statistical data
processing was performed by Microsoft Excel 2010. The significance of differences between control and
experimental variants was determined using Student's t-criterion, P<0.05 (Atramentova, Utevskaya, 2008).
The graphs show the mean values and their standard errors.

Results and discussion

Growth processes. It is known that plant growth mostly depends on the level of trophic substances
support, in particular carbohydrates. Therefore, we have determined the dynamics of linear growth of
sprouts under different conditions of trophic support during vernalization.

The results of experiments with Doridna sprouts are shown in Figure 1. They showed a gradual
increase of a linear growth of the aboveground part and roots in variants grains + water and grains + 3%
sucrose. However, in the variant of isolated buds + water, the growth processes did not occur during
vernalization.
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Fig. 1. Influence of contrasting conditions of trophic support on the growth reaction of winter
wheat sprouts of the Doridna variety during vernalization: 1 — grains + water; 2 — grains + 3% sucrose
solution; 3 — isolated buds + water; 4 — isolated buds + 3% sucrose solution

The sprouts of grains + water (optimal trophic support) were growing more intensively in about three-
four times than grains + 3% sucrose (excessive trophic support) during all the period of vernalization on
15th, 30th and 45th days. The growth of sprouts of isolated buds + 3% sucrose (limited trophic support)
was even slower and sprouts of isolated buds + water (lack of trophic support) were almost not growing.
The results of determining the growth of Statna sprouts are shown in Figure 2. They were similar to those
obtained in the experiment with Doridna. Thus, a linear growth of the aboveground part and roots was
gradually intensifying in all variants of trophic support, excepting isolated buds + water. According to the
intensity of sprouts growth, depending on the level of trophic support, variants were ranked as follows:
grains + water > grains + sucrose > isolated buds + sucrose > isolated buds + water.

At all stages of exposure, on the 15, 30 and 45 days, in the variant of grain + water of both wheat
varieties, the root system exaggerated the aboveground part of sprouts, unlike other variants (Fig. 1, 2). In
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particular, on the 15th day the underground part was twice as much as the aboveground, because the main
role of roots of winter wheat, as well as other plants, is in absorbing water and nutrients from an environment
and supplying other plant organs, especially in early stages of development (Man et al., 2016).

Thus, a linear growth of sprouts of both wheat varieties depends on the level of trophic support. Its
excess (grains + sucrose), the deficit (isolated buds + sucrose), lack of (isolated buds + water) inhibit linear
growth of sprouts, compared with optimal support (grains + water).

The integral indicator of the functioning of plant organism is biosynthetic processes, which are
characterized by the biomass accumulation. Therefore, we have determined the dynamics of biomass of
the wheat varieties sprouts during vernalization under different levels of trophic support. The results are
shown in Figure 3. They have shown that biomass of Doridna sprouts has increased in all variants of trophic
support, except the variant with its lack.
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Fig. 2. Influence of contrasting conditions of trophic support on the growth of winter wheat
sprouts of the Statna variety during vernalization: 1 — grains + water; 2 — grains + 3% sucrose solution;
3 —isolated buds + water; 4 — isolated buds + 3% sucrose solution

At the same time, the intensity of this process depended on the level of trophic support. Thus, the
most intensive biomass accumulation occurred at the optimal level (grains + water). Excessive support
(grains + sucrose) inhibited the formation of biomass in comparison with this process under optimal support.
In this case, inhibition was shown largely in the variant of isolated buds + sucrose (Fig. 3).

The dynamics of the biomass formation of Statna sprouts was generally similar to this process in
Doridna, but with some exceptions. The most intensive biomass was under optimal trophic support. Under
its excess (grains + sucrose), the biomass of Statna sprouts has increased by the 30th day, but decreased
by the 45th day. However, in this variant, the inhibition of the biomass accumulation has been occurring
during vernalization, compared with the variant with optimal trophic support. The biomass of Statna sprouts
under lack of trophic support has been increasing, but several times slower than under the optimal and
excess ones. Under lack of support (buds + water), the biomass has not been changing during the entire
period of vernalization (Fig. 3).

Thus, the determination of growth processes of two winter wheat varieties has shown their
dependence on the trophic support during vernalization. Obtained results suggest that the trophic support
of vernalization, along with biologically active substances and genetic factors, can be a significant factor in
the regulation of winter wheat growth processes and development.
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Fig. 3. Influence of contrasting conditions of trophic support on the biomass accumulation of
sprouts of two winter wheat varieties during vernalization

The content of carbohydrates. The literature data presented in the review show that carbohydrates
play a significant role as signaling molecules in the regulation of the plant growth and development,
participating in the genes expression/repression. Their regulatory effect, probably, is realized when a
certain optimal concentration is achieved in cell compartments, but cannot be realized when their content
goes beyond the optimum, i.e. becomes excessive or insufficient. This fact can be confirmed by the fact
that growth processes depend on the level of trophic support during vernalization.

In our model of the experiment, we assume that changes in the level of trophic support during the
vernalization process can be achieved by changing the endogenous concentration of carbohydrates of
sprouts. Therefore, we have determined the content of soluble carbohydrates of sprouts under different
levels of trophic support.

The results of experiments with the Doridna variety are shown in Figure 4. They showed that the
level of endogenous carbohydrates varies depending on the trophic support. The total content of
carbohydrates (oligosaccharides + monosaccharides) was the highest in the variant of grains + water, a bit
lower — in grains + sucrose, even lower — isolated buds + sucrose, the lowest — isolated germs + water. In
this case, in all variants of the experiment, oligosaccharides content was substantially higher than
monosaccharides. This fact, perhaps, is explained by the intensive involving of monosaccharides in
metabolic processes.

The content of oligosaccharides in the first 15 days of vernalization was maximum in the sprouts of
the grains + water, significantly lower in the grains + sucrose and isolated buds + water and minimum in
the isolated buds + sucrose. During the next 15 days (at the 30th day) the content of oligosaccharides of
sprouts of the grains + water and grains + sucrose significantly decreased. At the same time, in the isolated
buds + water and isolated buds + sucrose there was a slight tendency to increase it. At the 45th day of
vernalization, the content of oligosaccharides of the grains + water increased. In the grains + sucrose, their
content increased. In the isolated buds + sucrose, it did not change, and in the case of isolated buds +
water significantly decreased (Fig. 4). Consequently, the dynamics of oligosaccharides content depended
on the level of trophic support of sucrose during vernalization.

As for the dynamics of the monosaccharides content during vernalization, it was another than that of
the oligosaccharides. During 30 days of vernalization, in the sprouts of grains + water and grains + sucrose
there was a tendency to monosaccharides decrease. During this period, changes of its content in the
isolated buds + water were not detected. However, in the isolates buds + sucrose its content significantly
decreased. At the 45th day of vernalization, the content of monosaccharides increased only in sprouts of
the isolated embryos + sucrose, while in others decreased, compared with the 30th day (Fig. 4).
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Fig. 4. Dynamics of soluble carbohydrates content of winter wheat sprouts of the Doridna
variety under different conditions of trophic support during vernalization: 1 — grains + water; 2 —
grains + 3% sucrose solution; 3 — isolated buds + water; 4 — isolated buds + 3% sucrose solution

The results of studying the dynamics of soluble carbohydrate content of the Statna sprouts are shown
in Figure 5. They showed that the content of oligosaccharides was higher than the one of monosaccharides
in most variants of the experiment, except isolated buds + sucrose on the 15th day of vernalization. The
total sugars content was the highest in sprouts of grains + water and grains + sucrose; it was substantially
lower in the isolated buds + sucrose and the minimum — in the isolated buds + water.

The content of oligosaccharides of the Statna sprouts at the 15th day was maximum in the grains +
sucrose, much lower in the grains + water, while minimum and same in the isolated buds + water and
isolated buds + sucrose. At the next 15 days of vernalization, the oligosaccharides content in the grains +
water and grains + sucrose significantly decreased. At the same time, in the first it was more than in the
second ones. The increase of the oligosaccharides content was identified in the isolated buds + water. This
increase was higher in the isolated buds + sucrose than in the isolated buds + water. At the 45th day of
vernalization, the content of oligosaccharides increased in all variants of trophic support, excepting the
isolated buds + water, in which its content tended to decrease (Figure 5).

The dynamics of monosaccharides content was manifested in its decline from the 15th to the 30th
day of vernalization in the sprouts of most variants, excepting the isolated buds + water. The content of
grains + water and grains + sucrose kept on decreasing, while the isolated buds + sucrose conversely
increased by the 45th day. The monosaccharides content in the isolated buds + water was the lowest
compared with other variants and practically did not change during the entire period of vernalization.
Comparing analysis of the dynamics of carbohydrate content of sprouts during vernalization, depending on
the trophic support, showed significant differences between Doridna and Statna. Obtained results are likely
related to genotypes and, probably, the intensity of the metabolic processes during the vernalization period.

Thus, the nature of change of the linear growth, biomass accumulation and content of endogenous
sugars of sprouts of two winter wheat varieties during vernalization depended on the level of trophic support.

According to our data, the linear growth of sprouts and biosynthetic processes (accumulation of
biomass) differed substantially from the variants of trophic support (in our case, sucrose), which can indicate
the regulatory role of carbohydrates in this process. According to the literature, sugar can inhibit a linear
growth and inhibit plant development (Rolland et al., 2002), which is exactly what we have set under excess
of trophic supplies (grains + sucrose) compared with optimal trophic support (grains + water). The inhibition
of growth under deficit (isolated buds + sucrose) of trophic support is probably related to a violation of the
regulatory function of sugars. As a result, the minimum, created by the addition of sucrose solution, was
used mainly as a plastic and energy material to ensure a minimum level of growth processes (Yuanyuan et

BicHuk XapkiBcbKoro HauioHanbHOro yHiBepcuteTty imeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University



B.B.YymakoBa, O.0.ABKCceHTbEBA 145
V.V.Chumakova, O.A.Avksentieva

al., 2009; Koch, 2004; Aoki et al., 2006). The signaling function of sugars presumably could not be fully
performed (Rosa et al., 2009; Baena et al., 2007; Baier et al., 2004), as well as their participation in the
expression and/or repression of genes (Cho et al., 2006; Riou-Khamlichi et al., 2000; Gol et al., 2017).
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Fig. 5. Dynamics of the soluble carbohydrates content of winter wheat sprouts of the Statna
variety under different conditions of trophic support during vernalization: 1 — grains + water; 2 —
grains + 3% sucrose solution; 3 — isolated buds + water; 4 — isolated buds + 3% sucrose solution

The written, in our opinion, can explain the fact that we have established — almost complete lack of
growth processes in the isolated buds + water. It is also possible that under changes of the level of trophic
support (excess, deficit and lack) the hormonal regulation of growth processes during vernalization can be
broken because sugar signaling overlaps with other signaling pathways, including hormonal (Rosa et al.,
2009; O'Hara et al., 2013).

We have shown that the dynamics of the content of soluble carbohydrates (endogenous) during
vernalization essentially depends on the level of trophic support (exogenous sucrose). It can also indicate
the regulatory function of the trophic support in vernalization process.

According to data obtained, in the variants with optimal, excessive and insufficient support, the
content of soluble carbohydrates of both varieties sprouts becomes higher on the 45th day of vernalization
than at the 30th. However, under lack of trophic support, such an increase does not occur. It is known that
45 days of vernalization is sufficient for the transition of winter soft wheat to earing (Avksentieva, Zhmurko,
2011). This suggests that in the sprouts, metabolic processes, in particular, carbohydrate metabolism, are
being activated at the end of vernalization, which is one of the important factors of reducing an expression
of the VRN 1 and VRN 2 genes (Shcherban, Salina, 2013; Sung, Amasino, 2005; Song et al., 2012). Thus,
wheat plants get the ability of transition to flowering. Consequently, according to our results, a different level
of trophic support (in our experiments with sucrose) can be one of the important factors of genetic (and/or
epigenetic) regulation of wheat vernalization. This condition can be confirmed by the data received earlier
(Avksentieva, Shulik, 2017). It was shown that the vernalization of wheat sprouts, supplemented by sucrose
solution, stimulated the cell division of root meristems, accelerated the pace of plant development. At the
same time, these processes were significantly inhibited due to the lack of trophic support.

Since we have applied a model with different levels of trophic support and found dependence on it
of growth processes, dynamics of carbohydrate content of sprouts of two winter wheat varieties, it can be
assumed that the regulatory function of carbohydrates during vernalization is carried out under a certain
level of their pool, which is optimal in plant cells.
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