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Background. Partial suppression of the proline dehydrogenase (ProDH) gene in
transgenic winter wheat plants leads to an increase in the level of free proline accumula-
tion. However, the effect of increasing the content of this amino acid on the physiological
and biochemical characteristics of this crop is still not fully understood. In this regard,
the aim of the work was a comparative analysis of the influence of the free proline
accumulation on the activity of the photosynthetic apparatus parameters of transgenic
wheat plants at reproductive period under variable weather conditions, as well as on
their productivity.

Materials and Methods. The study involved non-transformed winter bread wheat
plants of genotype UK 997/19 and transgenic lines of seed generation T, obtained on
their basis. The content of free proline, photosynthetic pigments and parameters of the
photosynthetic apparatus activity were determined. The analysis of the elements of the
crop structure was carried out at full ripeness.

Results. Under conditions of increased air temperature or lack of moisture in the
soil, it was established that the total chlorophyll content in the leaves of plants of the
transgenic lines at milk-wax maturity exceeded its level in the wild-type plants by 15.9—
32.5 %. At this phase, they had a higher effective quantum yield (¢.g,) by 16-28 %,
the coefficient of photochemical quenching (qP) by 23-26 % and the fraction of open
reaction centers (qL) by 28-61 % of photosystem Il (PSll). No specific regularities were
found in the changes in the non-photochemical quenching parameter (NPQ) in the
antenna complexes of PS Il leaves of the transgenic plants relative to the wild-type
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ones. The grain yield of plants of the modified lines was higher than that of the wild
type. A significant positive correlation was found between the grain productivity of the
transgenic plants with the fraction of open reaction centers of PSlI, the effective quan-
tum yield and photochemical quenching of fluorescence parameter (the coefficient of
determination of the relationship varied from 0.762 to 0.966).

Conclusions. The study results indicate that the elongation of the functioning of
the flag leaf during the reproductive period and the higher activity of the photosynthetic
apparatus in the transgenic wheat lines with an increased proline content under the
conditions of increased air temperature or lack of moisture in the soil contributed to an
increase of their grain productivity.

Keywords: wheat, transgenic plants, proline, chlorophyll a fluorescence, grain yield

INTRODUCTION

The frequency of periods with increased air temperature and drought during the
growing season of an important food crop — winter wheat — necessitates the creation of
varieties tolerant to their effects. The creation of such genotypes by both classical selec-
tion and biotechnological methods requires the identification of features that distinguish
them from less resistant ones. The study of physiological and biochemical characteris-
tics of resistant genotypes contributes to the identification of selection criteria that can
be used to assess the tolerance of plants to stresses (Monirul et al., 2015; Ahmed et al.,
2019; Yasir et al., 2019; Uhr et al., 2022). This will allow breeders and biotechnologists
to direct their programs to identify specific genes and edit them to achieve increased
plant adaptability (Adel & Carels, 2023).

Since the growth, development and generative processes of plants largely depend
on their ability to absorb, transform and use light energy to ensure metabolic processes,
important physiological characteristics can be parameters of the photosynthetic appa-
ratus itself. In particular, the photosynthetic pigment content and chlorophyll a fluores-
cence indices are used to detect stress in plants (Noor et al., 2018; Yasir et al., 2019).
Notably, a smaller decrease in the maximum quantum efficiency of PSIl (F /F,) was
found in the group of spring wheat varieties that had high F /F,, values under the effects
of heat stress (1 week at 36/30°C day/night) than in the group of varieties with low val-
ues (Sharma et al., 2015). At the same time, the total chlorophyll content of the varieties
of the former group exceeded the value of the latter group (Sharma et al., 2015).

An improved adaptability of plants to abiotic stresses is associated with an increase
in the proline content, which acts as an osmoprotectant (Anjum et al., 2017; Renu et al.,
2019). Accumulation of this amino acid actively or passively helps plants retain water in
cells and protects cell organelles from dehydration-induced damage or maintains turgor
pressure during water stress. In particular, it was shown that exogenous foliar treatment
of wheat plants with proline increased the chlorophyll content, antioxidant enzymes
activity, and water-holding capacity, ultimately alleviating the impact of stress on wheat
yield, which in treated plants increased by 3—11 % under mild drought and 34-53 %
under severe drought, compared to the control variant (Li et al., 2024).

Free proline is one of the most multifunctional stress metabolites in plants. In addi-
tion to its well-known function as an inert compatible osmolyte, proline under the influ-
ence of stressors performs a number of other interconnected functions, namely mem-
brane protective, chaperone, and antioxidant. It also participates in the regulation of the
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expression of some genes (Meena et al., 2019; Ghosh et al., 2022), and is a source of
energy, nitrogen and carbon depot (Sarker & Oba, 2020). Therefore, proline accumula-
tion is a widespread response not only to water stress but also to other abiotic stresses
(Jogawat, 2019). An increase in plant tolerance may be due to osmotic regulation and
chaperone-like activity in the stabilization of membranes and proteins and detoxification
by absorption of reactive oxygen species.

Currently, genetic engineering methods allow the transfer of various genes, but
their influence on physiological and biochemical processes in plant cells is still not fully
understood. Metabolic differences between transgenic and wild-type plants are widely
discussed in the current scientific literature (Gao et al., 2018; Noor et al., 2018; Anwar et
al., 2020; Dubrovna et al., 2022). At the same time, there is often no information about
specific changes that occur in transgenic plants and the exact effects of transferred
genes and their products on cells.

It was shown that transgenic wheat plants with overexpressing proline synthesis
genes had relatively higher proline content, a higher number of cells with an intact
membrane (De Lima et al., 2019), and increased tolerance to water deficit and salinity
(Anwar et al., 2020, 2021). Partial suppression of the proline dehydrogenase (ProDH)
gene in transgenic plants of winter and spring wheat led to an increase in the level of
accumulation of this amino acid, and the plants were characterized by a higher activity
of antioxidant enzymes (Dubrovna et al., 2020), as well as increased tolerance to soil
drought (Dubrovna et al., 2022).

Considering the fact that intensive intercellular transport of proline occurs between
the cytosol, chloroplasts and mitochondria (Kaur & Asthir, 2015), an increase in the con-
tent of free proline can be expected to have a positive effect on the photosynthetic appa-
ratus of plants. This hypothesis can be confirmed by data on an increase in the chlorophyll
content after their exogenous treatment with this amino acid (Li et al., 2024), a positive
correlation of the content of proline with photosynthesis rate (Bekka et al., 2018).

The aim of this work was a comparative analysis of the influence of the accumula-
tion of free proline on the parameters of the photosynthetic apparatus activity at repro-
ductive period under variable weather conditions, as well as the productivity of original
and transgenic plants of bread wheat.

MATERIALS AND METHODS

The research material included non-transformed winter bread wheat plants of
genotype UK 997/19 and transgenic lines of seed generation T, obtained on the basis
of wild type (WT) by the method of Agrobacterium-mediated transformation in planta
(Dubrovna & Slivka, 2021). The transformation was carried out using the AGLO strain,
which contains the binary vector construct pBi2E, which includes a double-stranded
RNA suppressor of the Arabidopsis proline dehydrogenase gene and a selective neo-
mycin phosphotransferase Il gene of Escherichia coli. From the obtained T, transgenic
plants, T, seed generation plants were obtained by self-pollination. The integration of
the vector construct elements was established by the PCR based on the presence of
fragments of the exon and intron of the Arabidopsis ProDH1 gene and the selective
neomycin phosphotransferase gene — nptil.

The seeds of wild type and transgenic lines were all sown in autumn in open ground
in a fenced area. Measurements of the photosynthetic apparatus activity parameters,
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as well as photosynthetic pigments content, of WT and seed generation T, were carried
out for the following year at anthesis (GS 60-63) and milk-wax maturity (GS 83-85).

The average samples for biochemical and spectrophotometric research were
formed from flag leaves of 5 individuals main shoots. Three replicates for each lines
were used to measure the pigments and free proline content. The free proline con-
tent was determined at booting (GS 45-47) by the method based on the formation of
a colored product of the interaction between L-proline and ninhydrin (Bates et al., 1973).
Determination of the photosynthetic pigments content (chlorophylls a and b and total
carotenoids) was carried out by the maceration-free method by extracting pigments
from green flag leaves with dimethylsulfoxide according to the A. P. Wellburn method
(Wellburn, 1994). The optical density of the solutions was determined on a Specord
200 spectrophotometer (Analytic Jena, Germany) at wavelengths of 480, 649, and
665 nm. Recalculation of pigment content per g of dry weight was carried out taking into
account all dilutions and leaf weight.

The parameters of the pulse amplitude-modulated induction of chlorophyll a fluo-
rescence were determined using a Junior-PAM Fluorometer (WALZ, Germany) on the
flag leaves of the main shoot. Parameters were calculated according to standard formu-
las (Murchie & Lawson, 2013). The maximum quantum efficiency of photochemistry of
PS Il (F/F,,) was measured after 30 minutes of leaf adaptation in the dark, and effective
quantum yield of PSII (¢,g,) was measured in light-adapted leaves. Four replicates for
each line were used to measure the chlorophyll fluorescence parameters.

The analysis of the elements of the crop structure was carried out at full ripeness
(GS 89-90).

Weather conditions of the spring-summer wheat vegetation period of 2023-2024
according to the data of the weather station closest to the research area (http://cgo-
sreznevskyi.kyiv.ua/en/activity/klimatolohichna/climate-data-for-kyiv).

The obtained data were processed by conventional methods of variation statis-
tics using Microsoft Excel software. According to the experimental design, data anal-
ysis was performed using two-way ANOVA with post-hoc analysis using the Turkey
test. Results in the text and tables are presented as mean values and standard error
(m £ SE). The significance of the difference between indicators was assessed at the
p <0.05 and p <0.01.

RESULTS AND DISSCUTION

The period of wheat generative organs formation and the beginning of the repro-
ductive period in both years was characterized by very dry conditions: in 2023, only
1 mm fell, and in 2024 — 15 mm, which is significantly below the long-term climatic norm
(Table 1). The amount of precipitation in June was less than the norm in 2023, and in
July in 2024. Temperature conditions during June—July 2023, on average, were close
to the climatic norm; in 2024 they exceeded it by 2-3 °C. A significant and long-term
increase in air temperature in 2024, which caused the increase in its average monthly
values, was observed after the phase of waxy grain ripeness.

The higher air temperature in 2024 accelerated the development of plants and led
to a shortening of the period from anthesis — milk-wax maturity to 16 days, compared to
21 days in 2023. Therefore, in both years the plants were affected by adverse conditions.
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Table 1. Weather conditions of the spring-summer wheat vegetation period of 2023-2024

Month Average monthly air temperature, °C Precipitation, mm
Climatic norm 2023 2024 Climatic norm 2023 2024
April 10.0 9.6 12.8 42 102 78
May 15.8 16.0 16.3 65 1 15
June 19.5 19.6 21.5 74 87 135
July 21.3 21.5 24.3 68 136 52

Analysis of the free L-proline content in the leaves at booting (in May) showed an
increase in the amino acid content in the transgenic plants by 1.7-1.9 times compared
to WT. In the wild type its concentration was 2.77+0.15 mg/kg fresh weight in 2023
and 3.031+0.11 mg/kg fresh weight in 2024, while in the modified ones, respectively,
4.71+0.21 and 5.7310.19 (see Figure).
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A comparative analysis of the content of photosynthetic pigments and parame-
ters of photosynthetic processes activity in flag leaves of the plants of wild type winter
wheat with the transgenic plants of the T, generation was carried out at anthesis and at
milk-wax maturity. At anthesis in 2023, total chlorophyll content (a+b) in the flag leaf of
the transgenic plants was higher than in WT (by 12.8 %), while in 2024 the difference
between them was insignificant (Table 2).

At milk-wax maturity in both years, the content of this pigment in modified plants
exceeded the corresponding values of WT by 15.9-32.5 %. The patterns of changes in
the content of total carotenoids in the transgenic lines compared to WT were similar to
the changes in the chlorophyll content (Table 2).

No unequivocal regularities were found in the chlorophyll forms ratio in the flag
leaves of the transgenic plants in both phases comparatively to WT: the ratio of chlo-
rophyll a/b in the lines was both higher and lower than in the line UK 997/19 (Table 2).
The difference between them in terms of the ratio of carotenoid content to chlorophyll
was significant in both phases and in both years (Table 2). Thus, the photosynthetic pig-
ments content in the flag leaf of the transgenic winter wheat plants exceeded its value
in WT during the grain-filling period.
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Table 2. The content of total chlorophyll and carotenoids, mg/g of dry matter, in the flag
leaf of winter wheat plants of the line UK 997/19 (WT) and the transgenic lines of
generation T, at anthesis and milk-wax maturity (n = 3, x*SE)

Phase Year Genotype Chlorophyll (a+b) Carotenoids Ratio a/b Car/ Chl

2023 WT 7.4310.43° 1.47+0.10° 3.69+0.06° 0.20+0.01°
) iR 8.38+0.312 1.73+£0.06° 3.90+0.06® 0.21+0.01°
Anthesis
i WT 9.27+0.282 1.55+0.05° 3.35+0.01® 0.17+0.01°
T 9.21+0.132 1.57+0.02®  3.204+0.01®* 0.17+0.01°
o WT 4.92+0.25° 1.15+£0.05* 3.884+0.03* 0.23+0.01°
Milk-wax T 5.70+0.132 1.28+0.04® 3.65+0.07° 0.22+0.01°
maturity 2024 WT 6.67+0.12° 1.21+£0.04* 2.87+0.06* 0.18+0.01°
T 8.84+0.35° 1.50+£0.06° 3.00£0.03* 0.17+0.01°
Analysis of variance
G ns ns ns *
Anthesis Y > ns > >
GxY ns ns ns ns
G o ok ns o
Milk-wax maturity Year > * > >
GxY * ns > ns

Note: different letters indicate significant differences (p <0.05) within each growth stage, as well as each year.
Here and in the Tables 3 and 4 in twovariante variance analysis, G and Y represent the lines and year,
respectively, * — indicates significant differences at p <0.05, ** — p <0.01, ns — non-significance

The fluorescence parameter of chlorophyll a F /F_, which characterizes the maxi-
mum quantum efficiency of PS I, in the flag leaf of the modified plants at anthesis
was significantly (by 3 %) higher than in WT in 2023, while in 2024 the difference was
insignificant (Table 3). At milk-wax maturity in both years, F /F in the transgenic plants
and the original line were close. A number of researchers use this parameter to assess
the impact of stress on plants. In particular, it was established that there is a close cor-
relation between F /F  and wheat yield under conditions of drought of varying degrees
of severity during the grain filling period (Paknejad et al., 2007), with the percentage of
yield loss due to severe drought during flowering (Sommer et al., 2023), as well as with
a mass of 1000 grains under at high-temperature stress (Jain et al., 2018). However, in
our experiments, no significant difference was found between the WT and the modified
plants. This, could probably be due to insufficiently severe stress conditions.

Quantum efficiency of PSII photochemistry characterizes the real activity of photo-
chemical processes in PSII reaction centers in chloroplasts of light-adapted flag leaves
(Baker & Rosenqvist, 2004). At anthesis, the transgenic plants exhibited significantly
higher ¢pg, values (by 12 %) than the WT only in 2023, while at milk-wax maturity these
values were higher in both years (by 16—28 %).

Similar patterns of changes in transgenic lines compared to WT were noted for
other parameters of the activity of photochemical processes: coefficient of photoche-
mical quenching of fluorescence (by 23-26 %) and the fraction of open PSII reaction
centers (by 28-61 %) (Table 3).
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Table 3. Parameters of photochemical activity of FS Il in chloroplasts of flag leaves of the original wheat genotype UK 997/19 (WT)
and the transgenic lines of generation T, at anthesis and milk-wax maturity (n = 4, xtSE)

Maximum
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Fraction of open Non-photochemical

Effective quantum
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Year Genotype quantum yield of yield of PSII, ¢, photochemical reaction centres, quenching parameter,
PSII, F JF quenching, gP gL NPQ
Anthesis
WT 0.799+0.002° 0.251+0.012° 0.397+0.0282 0.196+0.0262 1.306+0.1812
2023 T 0.824+0.0082 0.281+0.0022 0.402+0.010° 0.16940.017¢° 0.964+0.177°
WT 0.771+0.0282 0.493+0.0672 0.818+0.0722 0.647+0.1032 1.242+0.1182
2024 T 0.790+0.0287 0.543+0.0422 0.775+0.0222 0.596+0.0822 0.617+0.162°
Milk-wax maturity
WT 0.767+0.0152 0.279+0.004° 0.474+0.031° 0.271+0.0392 1.293+0.1122
2023 T 0.770+0.0222 0.358+0.0232 0.582+0.043¢ 0.348+0.0522 1.085+0.029°
WT 0.796+0.0432 0.377+0.032° 0.548+0.024° 0.27440.025° 0.478+0.232°
2024 T 0.777+0.0262 0.436+0.056° 0.688+0.047° 0.440+0.071° 1.13940.252°
Analysis of variance
G * ns ns * >
Anthesis Y ** ** ** ** *
GxY ns ns ns ns ns
G G o o ox *
Milk-wax maturity Y ns > > ns *
GxY ns ns ns ns **
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The parameter of non-photochemical quenching of chlorophyll fluorescence, i.e.,
a loss of absorbed light energy in the form of thermal dissipation, in the antenna comp-
lexes of PSII of leaves of the transgenic plants and the WT at anthesis did not differ
significantly in 2023, while in 2024, in the modified lines, NPQ was twice as low as in
the wild-type (WT) plants (Table 3). At milk-wax maturity in 2023, NPQ was 16 % lower
in transformants than in line UK 977/19, and in 2024, on the contrary, it was more than
2 times higher. Therefore, at the late stages of ontogenesis, the loss of absorbed light
energy due to thermal dissipation in the antenna complexes of PSIl in the transgenic
plants depended on the conditions of the year. The greater non-photochemical quen-
ching of chlorophyll fluorescence in modified plants, which had almost a third higher
chlorophyll content in 2024, was probably due to a greater need to protect the photo-
synthetic apparatus from excess absorbed solar radiation.

The grain productivity of both the main shoot and the whole plant of the transgenic
lines exceeded the corresponding values of line UK 997/19 in both years (Table 4).
A greater number and weight of grains were also characteristic of the transgenic lines,
with the exception of 2023, when the difference between them was insignificant.

Effective quantum yield of PSII in light-adapted leaves determines the share of
light absorbed by chlorophyll, associated with the second photosystem, and used for
photochemical processes (Baker & Rosenqvist, 2004). It is known that this parame-
ter of chlorophyll a fluorescence changes under stress. Thus, heat stress significantly
(by 14—63 %) reduced the quantum yield of PSII in two heat-resistant and two heat-
sensitive wheat cultivars subjected to heat stress (40 °C for two to three days at different
stages) (Haque et al., 2014).

It was found that high temperatures (up to 38 °C at midday and above 20 °C at
night) reduced by 40-50 % in comparison to the control the quantum efficiency of PSII
in 8 wheat genotypes both during and after stress (Chovancek et al., 2019). A decrease
in g, — the effective quantum yield of PS Il —in light-adapted leaves of common wheat
and six cultivars of spelt from different European countries (by 19-45 %) was also shown
under the effects of drought caused by withholding water in the soil for 10 days during
the flowering phase (Radzikowska et al., 2022). The influence of source-sink strength
on the quantum efficiency of PSII photochemistry under conditions of an increased
CO, content was also revealed. In the variety with a large ear-type, ¢.o, was higher
by 16.3 % than in the control, while in the variety with a small multiple ear-type, on the
contrary, it decreased by 9.9 % (Li et al., 2021).

In our experiments, the effective quantum yield of PSII in the chloroplasts of light-
adapted flag leaves of the transgenic plants with an increased proline content differed
significantly from WT at milk-wax maturity in both years: by 28 % in 2023 and by 16 % in
2024. Photochemical quenching of fluorescence and the fraction of open PSII reaction
centers in transformants leaves were also higher, compared to WT.

Literature data show that genetically modified wheat plants with a higher free proline
content than the wild type, due to the presence of other heterologous genes, differ in cer-
tain physiological and biochemical indicators (Yu et al., 2017; Noor et al., 2018; Gao et al.,
2018; Bai et al., 2022). In particular, T, transgenic (At-DREB1A) and non-transgenic line
of cv lasani-08 exposed to a 15-day drought, which differed in proline content by almost
1.5 times, had significant differences in the content of chlorophyll in the flag leaf: respec-
tively, 5.75 and 12.47 mg/g of fresh weight (Noor et al., 2018). It was also established that
higher a proline content (by 17-22 % compared to the non-transformed wheat plants)
in the transgenic lines of wheat T, and T, with overexpression of exogenous SeCspA
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contributed to an increase of chlorophyll content by almost 40 % under the conditions of
a 7-day drought (Yu et al., 2017). Under drought stress at the seedling stage, in 2 modified
GmDREB3-OE wheat lines with a higher proline content (445 and 464 mg/g) compared
to the wild type (359 mg/g), the chlorophyll content on average for 2 years was smaller
compared to the control plants, respectively by 49-52 % and by 61 % (Bai et al., 2022).
However, no significant differences of the maximum quantum efficiency of FS Il were
shown (Bai et al., 2022).

Table 4. Grain productivity of the main shoot and whole plant of winter wheat of the original
line UK 997/19 (WT) and its transgenic lines of the T, generation (n = 8, x*SE)

Year Genotype Num L2l Grain weight, g Weightl 2l AU
grains, pcs. 1000 grains, g  of stems, pcs.
Main shoot
2023 WT 53.4+10.4° 2.05+0.36° 38.68+3.33°
T, 59.0+4.7° 2.7540,34° 46.58+4.63°
2024 WT 47.5+£9.9° 2.37+0,48° 50.02+3.05°
T, 59.3+7.22 3.58+0,58° 60.31+4.412
Whole plant
2023 WT 131.44£23.32 4.66+0.65° 35.73+3.202 3.340.5°
T, 154.4+11.72 6.55+0.31° 42.61+3.78°2 3.410.5°
2024 WT 126.8+20.2° 5.47+0.86° 43.28+3.21° 3.84+0.5°
T, 180.8+14.82 9.44+1.09° 52.09+2.262 3.8+0.5°
Analysis of variance
G o . o
Main shoot Y ns > >
GxY ns ns ns
G ns > > ns
Plant Y > > > ns
GxY * > ns ns

An increase in the grain yield of the transgenic wheat lines with reduced activity of
the ProDH gene, observed in our experiment, may be associated with the formation of
a greater amount of photoassimilates due to the prolongation of leaves photosyntheti-
cally activity, which subsequently improved the grain-filling process. Preservation of
functional capabilities during the reproductive period is an important feature of trans-
genic lines, since the stay-green trait is considered the basis of genetic improvement
of major grain crops, including wheat (Kamal et al., 2019). This is also confirmed by
a comparative analysis of the photosynthetic traits of flag leaves of winter wheat varie-
ties bred in the 1950s, 1970s, and 1990s. The varieties bred in 1990s, compared with
those bred in 1950s and 1970s, had a higher chlorophyll content, net photosynthetic
rate, maximum and actual photochemical efficiency of FS Il, and photochemical fluo-
rescence quenching coefficient at the grain filling stage. In addition, their flag leaf had
a longer duration of functioning and senesced slower, and the grain yield exceeded
values of varieties bred in 1950s by 26 % and in 1970s by 11 % (Wang et al., 2008).
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An increased content of this multifunctional metabolite may be associated with a
number of mechanisms of plant adaptation to stress. The accumulation of this amino
acid affects both physiological and biochemical processes in plant cells (Jogawat, 2019;
Meena et al., 2019; Ghosh et al., 2022), as well as genetic ones: it triggers the expres-
sion of stress-induced genes (Kaur & Asthir, 2015). Therefore, the accumulation of pro-
line in the leaves as a result of stress relief has a positive effect on the functional and
structural changes of the photosynthetic apparatus.

CONCLUSIONS

It was established that under natural growing conditions, the main photosynthetic
activity parameters in the chloroplasts of light-adapted flag leaves of the transgenic
wheat plants (Table 3) and the grain productivity of the main shoot and the whole plant
(Table 4) significantly exceeded the corresponding parameters of the wild type UK
997/19. The coefficient of determination of the relationship of ¢.g,, qP and gL with the
grain productivity of the whole plant ranged from 0.762 to 0.966. No dependence of
grain yield with the maximum quantum yield of PSIlI and non-photochemical quenching
of chlorophyll a fluorescence was found.

The higher capacity for photoassimilation in the transgenic wheat lines with reduced
activity of ProDH gene, revealed in our research under conditions of increased air tem-
perature or lack of moisture in the soil, may contribute to a rise in the formation of pho-
toassimilates, which are responsible for the accumulation of dry matter in the grain. The
received lines of winter wheat can serve as valuable breeding material for the creation
of new stress-resistant plants.
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AKTUBHICTb POTOCUHTETUYHOIO AMAPATY | MPOAYKTUBHICTb
TPAHCTEHHUX POCJIVH MNLUEHMLI O3UMOI 3 YACTKOBOIO CYIMNPECIEIO
FrEHA NMPONIHAENAPOrEHA3U

lanuHa lpsidkina, OkcaHa [lybpoeHa, 1t Cepeiili CumHuk, Makcum Tapacrok

IHemumym ¢bisionoeii pocnuH i eeHemuku HAH YkpaiHu
8yn. Bacunbkiscbka, 31/17, Kuie 03022, YkpaiHa

O6r'pyHTYBaHHS. YacTkoBa cynpecis reHa nponiHgerigporeHasun (ProDH) y TpaHc-
FEHHUX POCIAMH O3UMOI MLUEHUL NPUBOAUTDL A0 36inbLUEHHS PiBHS HAKOMWUYEHHST Biflb-
Horo nponiHy. OgHak BNnvB NiABULLLEHHS BMICTY L€l aMiHOKMCNOTK Ha doisionoro-6ioxi-
MiYHi XapakTePUCTMKN POCAWH L€l KynbTypW A0Ci 3anuWaeTbCs He A0 KiHUS 3’ ACOBaHNM.
Y 3B’A3Ky 3 UMM MeTo poboTu ByB NOPIBHAMBHUIA aHani3 BMAMMBY HAKOMUYEHHS Bifb-
HOro MPOriHY Ha NMOKa3HWKN aKTUBHOCTI POTOCUHTETMYHOIO anapaTy TPaHCreHHMX poc-
NH NWeHUUi B penpoayKTUBHUIA nepiog Beretadii 3a 3MiHHMX MOrogHMX YMOB, @ TakoX
Ha iXHI0 NPOAYKTUBHICTb.

Matepianu Ta metogu. Matepianom gocnigxeHb 6ynn HeTpaHcOpMOBaHi poc-
NVHW NweHndi M’sakoi o3umoi reHotuny YK 997/19 i TpaHCreHHi niHii HaciHHEBOTO MOKO-
NiHHA T,, OTPMMaHi Ha iXHi OCHOBI. Bu3Ha4anu BMIiCT BinbHOro NporiHy, OTOCUHTETWY-
HWUX NIrMEHTIB | MOKa3HMKM aKTUBHOCTI (POTOCUHTETMYHOIO anapary. AHani3 enemeHTiB
CTPYKTYpVY ypoxKato npoBoannu y a3y NoBHOI CTUMMOCTi 3epHa.

Pesynstatn. 3a yMOB nigBuLLEeHOi TemnepaTtypu noBiTpss abo HecTadi Bonoru
y I'PYHTI BCTAHOBIIEHO, L0 BMICT CyMapHOro Xriopodiny B MIMCTKaX POCIANH TPaHCTEHHMX
niHin y a3y MONMOYHO-BOCKOBOI CTUMMOCTI NepeBULLYBaB NOro PiBEHb Y BUXIOHOI NiHii
Ha 15,9-32,5 %. Y uto dhasy B HUX Takox Oynu BULLUMMM NOKA3HUKN €(PEKTUBHOIO KBaH-
ToBoro Buxogy dotocuctemu Il (Ha 16—28 %), boToximMi4HOrO raciHHs chriyopecueHLi
(Ha 23-26 %) Ta YacTku BigkpnTnx peakuinHmx ueHTpis PCll (Ha 28-61 %). He BuaBneHo
NeBHNX 3aKOHOMIPHOCTEN Y 3MiHaX NOKa3HMKa HedOTOXiMIYHOTO raciHHSA doryopecueHLii
xnopodiny B aHTeHHUX komnnekcax ®C Il nUCTKIB TPaHCTEHHUX | BUXIOHUX POCIUH.
3epHoBa NPOAYKTMBHICTE POCIMH MOANMIKOBaAHMX MiHiN Byna BULLOK, HiX Yy BUXIGHOI
NiHiT. BMABMNEHO iCTOTHY NO3UTUBHY KOPEMALIi0 MK 3€PHOBOK NMPOOYKTUBHICTIO TPaHC-
FEHHUX POCMVH i MOKa3HMKaMM YacTKN BigKpUTMX peakuiinux ueHTpis PCII, edektns-
HOro KBaHTOBOrO BMXOAY Y HUX Ta (POTOXIMIYHOrO raciHHsa dhriyopecueHLii (koedilieHT
aeTepmMiHadii 38’a3ky — Big 0,762 0o 0,966).

BucHoBKU. Pe3ynbratn gocnigkeHHs cBigyaTh Npo Te, WO NOAOBXKEHHST (OYHKLiO-
HyBaHHS NPanopLeBOro NIMCTKa NPOTAroM penpogykTMBHOMO nepiogy Ta BuLla akTuB-
HICTb (POTOCUHTETMYHOIO anapaTy B TPaHCreHHUX NiHii nweHuui 3i 36inbweHuM BMic-
TOM MpPOMiHYy 3a YMOB MiABULLIEHOT TemnepaTypu NoBiTpst abo HecTadi BOMOru B I'pyHTI
Ccnpusanm 36inbLUEHHI0 IXHbOT 3epHOBOT MPOAYKTUBHOCTI.

Knrovoei crioga: nweHvus, TpaHCreHHi  pOCnvHW, MpofiH, ryopecueHLis
xnopodiny a, 3epHoBa NPOAYKTUBHICTb
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