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Abstract. Having the ability to organise a programme of their individual development
depending on the prevailing cultivation conditions, the adaptive response of plants to
stress includes changes in regulatory and metabolic structures, the level of interconnections
of which combines different types of adaptive reactions. Recently, the development of bi-
otechnological methods has made it possible to determine which characteristics change in
response to a particular stress and has shown that genetic control of adaptation mechani-
sms to various types of adverse effects is a complex system of signal transduction pathways
and regulatory factors.

Recently, the development of plant forms with an increased level of osmotolerance
to osmotic stresses has been associated with the use of biotechnological methods. An
important role in maintaining plant osmotolerance belongs to free proline, which is one
of the most multifunctional stress metabolites in plants.

The germination of seeds under simulated water stress was studied. Stress was created
by 0.5 M and 0.8 M mannitol solution. In the presence of mannitol, a decrease in the
number of seedlings was observed in all tested variants. At the same time, genotypic
differences were observed. To study the salt tolerance, the seeds were germinated for 10
days in a 0.5 diluted Murashige-Skoog solution with the addition of 20.0 and 25.0 g/1
of seawater salts. On day 10, the content of free proline in the leaves of young plants
was analysed. An increase in the level of proline was observed in response to salt stress.
Genotypic differences were observed in the degree of the reaction. The nature of the
accumulation of free proline under normal and stressful conditions provides evidence in
favour of the functioning of the plant gene. Under osmotic stress, the level of free proline
increases as a result of synthesis. These genotypic features may indicate an indirect effect
on the endogenous genes of the plant. At the initial stages of research, the stress-response
relationship can be established by changing the conditions of stress and recovery.

The fundamental role of proline in osmotic regulation and increasing the ability of
plants to withstand cell dehydration caused by salinity, drought or extreme temperatures
is well understood.
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EKOJIOTTYHUII IIAXIZ 10 3BEPEXKEHHHI
CIJIbCHBKOT'OCIIOJJAPChKUX POCJINH HA IIPUKJIAJI TRITICUM
AESTIVUM L.: MOP®OMETPUYHI, ®I3I0JIOTTYHI TA BIOXIMIYHI

PEAKIIII

JI.I. Bponnikosa!?, JI.O. XoMeHKO?

U Ininposcokuti navyionaavruts ynisepcumem imeni Oneca Tonuapa
2 Inemumym gisionoeii pocaun i eenemuxu HAH Yipainu

Amnoranisg. Matoun 3/1aTHICTD OPraHi30ByBaTH IIPOrPaMy CBOTO iHIUBIIYAILHOTO PO3-
BUTKY B 3aJI€?KHOCTI BiJ TlepeBayKHUX yMOB KYJbTUBYBaHHS, NPHUCTOCYBaJIbHA DPEAKITis
POCJIMH JIO CTPECY BKJIIOYAE 3MiHU B PErYJATOPHUX 1 METaDOJIYIHUX CTPYKTYpPax, pPiBeHb
B3a€MO3B’sI3KIB KX IOEIHY€E Pi3HI BUIW aJalTUBHUX peakiiit. OcTaHHIM 9acoM PO3BU-
TOK OI0TEXHOJIONIYHIX METOJIB JaB MOXKJIMBICTh BCTAHOBUTH, EKCIIPECis AKMX XapaKTepu-
CTUK 3MIHIOETHCA y BIJIIIOBIJIb HA JIII0 TOT'O YU IHIIIOIO CTPECY Ta MOKa3aB, 1o TeHeTUIHUMN
KOHTPOJIb MEXaHI3MiB aJlallTallil JI0 pi3HUX BUJIB HECIIPUATINBUX BILJIUBIB IPEJICTABIISE
CKJIQJIHY CHCTEMY TIJIAXiB TepeJiadi CUTHAJIB Ta PEryaaTOpHUX (PaKTOPIB.

Orpumanns (GopM pOCIHH i3 MABUIEHHNM PIBHEM OCMOCTIMKOCTI JI0 OCMOTHYIHHUX
CTPECIB 3a OCTaHHIi Yac OB A3YIOTh 13 3aCTOCYBAHHAM OIOTEXHOJIOTIYHUX METO/IiB. Ba-
JKJIMBa POJIb y TIJITPUMIIL OCMOTOJIEPAHTOCT] POCIUH HaJIEKUTh BIIBHOMY IIPOJIIHY, SKU
€ OJTHUM 13 HaOL/IbIT O0araToyHKIIIOHATLHIX CTPECOBUX META0OJITIB Y POCJIMH.

JocmimkyBaam MpopoCcTaHHS 3ePHIBOK 3a YMOB MOJIETHOBAHOTO BOIHOTO cTpecy. CTpec
creoproBasn 0,0M Ta 0,8 M pozumnom MaHITy. ¥ TPUCYTHOCTI MaHITy CHOCTEPIraan 3HU-
JKEHHsl 9HCjIa IMPOPOCTKIB y BCIX TECTOBAHUX BapiaHTIB. Y TOIl Ke 4dac crocrepiraiu re-
HOTUIIOBI BimmiHHOCTI. JIj1s1 mOC/izKeHHsT cosiecTiiikocTi 3epHiBKU BIpPoaoBxK 10-Tu 110
npoporrysain Ha 0,5 possemgenomy pozunui Mypacire — Ckyra i3 gogaBannam 20,0 Ta
25,0 r/n coseit Mmopcbkoi Boju. Ha 10-ty 100y aHasisyBajau BMICT BIJIBHOIO HPOJIHY Y
JINCTKAX MOJIOJUX poc/iiH. BinMidam miBuieHHs piBHS NPOJIIHY V BiIIOBI/Ib Ha IO CO-
JILOBOT'O CTpPecy. 3a CTYIIeHeM IPOsiBY PeaklIlil crocTepirajii TeHOTHIIOBI BiMiHHOCTI. Xa-
paKkTep aKyMYJIdIlil BIIBHOTO IPOJIHY 3a HOPMaJbHUX Ta CTPECOBUX YMOB Jla€ J0Ka3 Ha
KOPHCTH (DYHKIIIOHYyBaHHs (DYHKIIIOHAJIHLHOCTI pOOOTH MeHa POCIMHHU. 3a il OCMOTHIHIX
CTpecCiB piBEeHb BLILHOTO IMPOJIIHY 3POCTaE€ B Pe3y/bTarTi cuHTe3y. Bijg3HadueHi reHoTHIIOBi
0CODJIMBOCTI MOYKYTh BKa3yBaTH Ha OITOCEPEIKOBAHUI BILIUB HA €HJIOT€HHI MeHU POC/IMHH.
Ha movarkoBux eTamnax J0CJI2KEHHS MOXKYTh OyTH BCTAHOBJICHI IPHU 3MiHI YMOB CTpec —
BiTHOBJICHHSI.

OynmamMenTagbHa poJib MPOJIHY B OCMOTHUYHINA PETyJdIil Ta IiABUINEHH] 3JaTHOCTI
POCJIMH IIPOTUCTOATU 3HEBOIHEHHIO KJIITHH BUKJIMKAHOMY 3aCOJIEHHSAM, ITOCYXOI0 ab0 eKC-
TpeMaJbHIUMHU TeMIIepaTypaMu, JOCUThH JToOpe BUBUYEHA.

Kuro4oBi ciioBa: IpoJiiH, IMIIEHAI O3UMa, POCTOBI IapaMeTpH, IPYHTOBa IOCYXa,
OCMOCTIHfKICTb.

Introduction. In recent years, the dramatic change/deterioration of the environment
has required the scientific community to create and disseminate advanced biological
technologies aimed at accelerating the process of sustainable plant breeding. Advanced
biological technologies cover a growing number of agriculturally valuable crops [4, 11].

Wheat is one of the main food crops in the world, as manipulations with the crop
are aimed at accelerating the breeding process when creating new high-yielding varieties
resistant to biotic and abiotic stresses [3, 7, 14].
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Modern climate change stimulates the emergence of new anthropogenic factors that
combine with unfavourable environmental factors to increase the stress load, resulting in
the problem of combined stresses and the need for plants with high adaptive potential.
Obtaining plant forms with an increased level of resistance to abiotic stresses using the
latest biotechnological methods is becoming increasingly important. However, along with
the undeniable achievements, there are problematic issues that require special attention.

In this regard, the task of establishing a reliable marker(s) for monitoring the vital
activity of the organism, a parameter that could respond to external influences, comes to
the fore. In this way, the difference/contrast in the reaction of sensitive and resistant forms,
varieties, and genotypes of plants can be revealed. Molecular markers, which are a special
statistical characteristic of a variety, form or genotype, are not subject to environmental
influences [5, 11, 13|. In addition, they are quite expensive and require special training
from the user or a specialist. In view of this, the search for a systemic indicator that
coordinates and interacts with all areas of metabolism is constantly underway. One of
the most promising endogenous substances from this point of view is the amino acid L -
proline (proline, pro) [15, 16, 17].

The peculiarities of this compound are based on its molecular structure, namely the
presence of an a-nitrogen atom in the perelidine ring. As a result, proline (pro) is not a
substrate for the action of amino acid metabolism enzymes, such as racemases, ami-
notransferases, and decarboxylases. Instead, pro metabolism is controlled by its own
synthesis/degradation/transport systems. The level of free proline is a highly dynamic
indicator, sensitive to external factors. Plant species with different degrees of natural resi-
stance can accumulate different amounts of proline even under normal conditions [14]. At
the same time, the accumulation of this compound under the influence of various biotic
and abiotic stresses is an indisputable fact. That is, the physiological multifunctionality
of free proline is simultaneously realised: detoxifying, osmoregulatory, and stabilising [12].

Goal. The aim of our work was to determine and analyse the level of proline in winter
wheat at the early stages of grain germination, morphometric parameters without and
after exposure to stress in winter wheat plants.

Materials and Methods. The object was seedlings of winter wheat genotypes. The
genotypes were obtained at the plots of the Institute of Plant Physiology and Genetics of
the National Academy of Sciences of Ukraine. The free proline content was determined
according to the method [14] on day 10 of the experiment. The whole seedling (ground and
root parts) was analysed. To provide the required biomass, tissues from 15-20 plants were
ground, mixed, and a total weight was taken from the mixture. The viability of seeds
was determined on the 10th day in % germination to the total number of grains. The
experiment was conducted in triplicate. The results were statistically processed using.

Results and discussion. It is known that, in general, the level of free proline (pro) is
self-regulated by the expression /repression of genes for its synthesis/degradation enzymes:
Al-pyrroline-5-carboxylate synthetase (P5CS) |2, 14]. Under stressful conditions, the level
of pro may increase. On the other hand, the level of resistance to osmotic stress is not a
stable trait, even for one plant, but changes in ontogeny [15]. In addition, the increased
content of pro in certain plant organs may occur as a result of its movement from the
zone of its synthesis. Therefore, the study of the free pro content is a complex procedure;
it should be linked to the activity of seed germination under stressful conditions, mai-
ntenance of viability, speed of recovery from stress, and morphometry.

Osmotic stresses were created by adding mannitol (0.5M, 0.8M) or seawater salts (20.0
g/1-2mw, 25.0 g/1 - 2.5mw). The TO grain obtained after transformation and the original
genotypes were tested. The control was the grain that was (germinated) in water (Table

1).
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Table 1: Germination of wheat grains under stress conditions (from planted)

Genotipe 7 days 10 days
HyO | 2mw | 2,5mw 0,5M| 0.8M| H,O | 2mw | 2,5mw 0,5M| 0,8M

UK - 065 98,30 | 90,0 | 70,0 | 95,5 | 5,0 | 98,30 | 90,0 | 70,0 | 95,5 | 50,0
+1,25 +1,25

UK -107h | 93,74 | 80,0 | 94,4 | 90,0 | He 93,74 | 80,0 | 94,4 | 90,0 | 97,9
+2,15 pic +2,15

During germination, the linear dimensions of the roots and aerial parts were monitored,
and the number of roots was counted. The experiment was stopped on day 16 due to the
onset of seedling death.

Morphometry data, which was performed on day 10, are presented in Table 2.

Table 2: Dimensions of wheat seedlings obtained under stress conditions

Germination UK - 065 UK - 107 h
conditions

Above ground | Root Above ground | Root

part part
H,O 4,01 + 0,73 5,28 + 1,76 3,78 + 2,50 3,68 + 2,35
2mw* 0,3 0,5 0,3 0,5
2,5mw* - K 0,75 + 0,38 - FE 1,05 + 0,13
0,5M* - K 3,00 + 0,25 - Bk 3,50 + 0,28
0,8M* kX 11 _ kX _kkK

Note: * - grains were counted; ** - the aerial part was not released (under the skin); *** -
no germination was observed

The morphometric analysis carried out on day 10 showed: a) low concentrations of
salt and mannitol (2.0% of sea water salts, 0.5M mannitol) caused the same reactions
from the aerial part and root system in all wheat seedlings of genotype UK — 065; b) the
effect of increased salinity concentration caused significant variability in the length of the
control root, which could be due to different degrees of stress damage. It is known, that
it is the root system that suffers from salinity in the first place. Seedlings of UK-107 h
reacted similarly to the increase in the concentration of stress factors. This reaction rather
indicates a tendency to adaptation. The viability of the grains is indicated by a higher
percentage of germinated seeds, which was observed on the 10th day on the medium with
0.8M mannitol. Other genotypes, namely UK 322 and UK 209 h, were also tested under
stress conditions. Similar to the genotype UK — 065, the germination process stopped
after 10 days. Further exposure to osmotic stresses caused the death of young plants —
the aerial part of the seedling darkened, the root system gradually died. Table 3 shows
the germination rates for different wheat genotypes.

Table 3: Germination of wheat grains (Triticum aestivum L.)

Genotipe Germination cqnditions .
H,O 2,0% sea soil 0,5M manitol

UK - 322 80,75 + 3,50 60,30 73,61

UK- 209 h 89,30 + 4,17 50,40 51,20

With an increase in stress load (2.5% seawater salts or 0.8M mannitol), germination
was further inhibited or stopped altogether. Thus, the seeds obtained after transformation



43 ISSN 2664-505X ExoJsioriunnii Bicauk Kpusopixkxks. 2025. Bum. 9

of the genotype UK 322 germinated in the presence of 0.8 M mannitol only in 10% of cases.
Germination under salinity conditions was in the range of 0-10%. Although, at first glance,
the effect of salinity seemed more aggressive, in our opinion, the genotypes responded to
an increase in the osmotic pressure of the medium. First, the in situ response of plants
to short-term air drying was determined. Seeds were germinated in water for 7 days (A).
Young plants (2.0-2.5 cm in size) were kept on dry filter paper at room temperature for 12
hours (B). After drying, the seedlings were transferred to moistened filter paper for 3 days
(C). In our opinion, such rotations of cultural conditions contributed to the disclosure of
the adaptive potential of plant organisms and could also reveal the range of normality. At
each stage A, B, C, the level of free pro was measured (Table 4).

Table 4: Free proline content in wheat seedlings under changing cultivation
conditions

. Proline mg%/g crude weight
Genotipe Variant A Variant B Variant C
Zolotokolosa 23,11 34,11 66,23
Smuglyanka 10,51 41,61 57,18
M - 808 51,60 97,75 100,81
Volodarka 36,12 71,98 86,30

The data in Table 4 undeniably point to two facts. Firstly, in young wheat plants
(7-day old), the level of free pro varies widely. Such a range describes the individual
characteristics of the organism under normal conditions, namely the germination process
itself. There is evidence in the literature that moderate amounts of proline promote cell
division and plant growth (A). At the same time, large amounts of the amino acid can
have a negative effect, causing a slowdown/stoppage of growth [10, 13|. Secondly, short-
term (12 hours) drying, followed by humidification, caused sharp fluctuations in the pro
content.

At the same time, the absolute values increased significantly. Such digital values indi-
cate the development of significant water stress. The extent of the damage may be evi-
denced by the fact that even on the 3rd day after the start of rehydration, the pro level
did not yet reach normal values. At the same time, in our opinion, dehydration stress
did not cause degradation of plant structural components, since after rehydration the pro
level decreased sharply. Such events may indicate the efficiency of the proline metabolism
system, and in general, the vital activity of plants of all genotypes. Since the dehydrati-
on/rehydration processes caused significant fluctuations in the content of the amino acid,
it was considered appropriate to determine the level of free pro under prolonged exposure
to simulated water stress, since the prolongation of the stress period should affect the
activity of its metabolic enzymes.

The wheat grains were germinated under normal conditions for 7 days and then
transferred to a 0.5M mannitol solution. The pro content was determined in the aeri-
al part. Morphometric measurements were performed before the analysis.

Young plants with aerial parts of 1.5-2.0 cm in size and roots not exceeding 2.5 cm were
transferred to stressful conditions. On day 7 of the experiment, the following events were
observed: a) the size of the aerial part of seedlings of all genotypes remained practically
unchanged; b) the number of roots increased and varied widely from 2 to 6. New roots
were 0.5-3.0 cm long and thinner. On the 14th day, the following was recorded: a) all
control plants were dead. At the same time, a significant chlorophyll fading in the aerial
part was noted. The root system, on the contrary, darkened, the root tissue softened.

At the same time, a significant decrease in leaf turgor was observed in viable seedlings.
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The size of the aboveground part remained unchanged. There were changes in the root
system: parallel processes of rhizogenesis/destruction took place. Older roots were replaced
by young roots. Therefore, the average root length on the 14th day was in the range of 0.3-
0.7 cm. The experiment was stopped due to the death of the control. The stress-specific
response of roots has been reported [6, 16].

In seedling cells, the level of pro varied widely. Since the plants underwent rhizogenesis,
this event is an adequate indicator of the organism’s resistance. Thus, the accumulation of
proline can be considered a consequence of its synthesis (varying in intensity), which is a
genotypic property. At the same time, the synthesis did not necessarily occur in the aerial
part. Rather, it was carried out in the roots, which were formed de novo [1, 9, 14]|. The
synthesised proline was transferred to the aerial part with the participation of specialised
transporters. In any case, the level of pro was sufficient to maintain vital activity. The
data in Table 6 show a significant impact on proline levels.

Conclusions. Thus, in the course of the research, it was found that Free proline in
young wheat seedlings was a product of hydrolytic enzymes. The level of proline during
germination under stress can be a marker of genotype resistance.
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