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Background. Morphometric indicators are crucial for evaluating the development
and productivity of soybeans. They are influenced by genetic and environmental fac-
tors. The use of nearly isogenic soybean lines is a convenient model for determining
the impact of early maturity genes and daylength on growth indicators. The aim of this
study was to determine the influence of different daylengths and early maturity genes
on soybean morphometric indicators under conditions of the temperate zone (at the
latitude of Kharkiv — 50° N).

Materials and Methods. The study involved nearly isogenic soybean lines of the
“Clark” cultivar with varying sensitivity to daylength. The research covers the results of
field experiments over three seasons using different soybean lines. After reaching the
V3 stage, some plants were subjected to short-day conditions for 14 days. Morphological
indicators of ten plants per experimental variant were determined: plant height, dry
weight, leaf number, and leaf surface area of soybean plants.

Morphometric measurements were taken on the day of the beginning of different
daylength treatments and on days 7, 14 and 21. The study results are presented as the
mean values of the investigated parameters (plant height, dry weight, number of leaves
and leaf surface area of soybean plants).

Results. It was shown that under long-day conditions, dominant alleles of the
E1 and E3 genes increased the dry weight of plants, while the dominant allele E2
increased plant height. The dominant allele E4 had no significant effect on plant height
and weight indicators of soybean plants. Plants with dominant alleles of genes E71-E4
under long-day conditions had smaller leaf area compared to lines with recessive
alleles of these genes.
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Conclusions. The obtained results on the relationships between genetic and envi-
ronmental factors in influencing soybean plant height, weight, and leaf area can be
useful in improving soybean yield and selecting cultivars that will be productive in high
latitude conditions.

Keywords: Glycine max (L.) Merr., nearly isogenic lines, photoperiod duration,
morphometric parameters, crop adaptation

INTRODUCTION

Soybean is the most valuable leguminous crop due to its high nutrient content. In
recent decades, soybean production has experienced significant growth and gained
importance in agriculture (Zhou et al., 2022). Several factors affect the growth and
development of soybeans, including photoperiod, temperature, soil moisture, and sowing
dates. These factors impact the plant’s stress responses, rates of transition to flowering,
seed maturation and morphological parameters, such as plant height, leaf area, and
grain yield (Xu et al., 2013; Zhang et al., 2020). The photosynthetic productivity of soy-
bean plants is determined by the size of the photosynthetic apparatus and the efficient
use of the products of photosynthesis (Wu et al., 2022). Soybean is a short-day crop,
and its genotypes are adapted to specific latitude ranges due to their sensitivity to pho-
toperiod (Ort et al., 2020). Soybean’s wide adaptability to different latitudes is due to
genetic variation in major genes and quantitative trait loci (QTL) that control flowering
and maturity. These loci have been subject to human selection, which has resulted in
soybeans’ flexibility to adapt to different zones and photoperiodic conditions (Staniak
et al., 2023).

The regulatory loci E1, E2, E3, and E4 have the greatest influence on adaptation
to latitude. Mutations in these loci resulted in variation in flowering and ripening time,
which was associated with the adaptation of soybean cultivars to diverse geographic
regions and farming systems. It was found that E7 and E2, especially E2, significantly
affect the flowering time and maturity of soybeans (Liu et al., 2020). Soybeans with
dominant E genes grown in regions with a light period of more than 15-16 hours experi-
ence significantly slowed-down plant development, resulting in late seed formation and
ripening, or sometimes they do not reach full maturity. This significantly reduces the
production efficiency of soybean (Yukhno & Zhmurko, 2021; Staniak et al., 2023).

MATERIALS AND METHODS

The study focused on soybean (Glycine max (L.) Merr.) of the cultivar “Clark”, nearly
isogenic concerning E genes, which were sourced from the National Center for Plant
Genetic Resources of Ukraine. Various lines with distinct photoperiodic sensitivities
were employed in the study (Table 1).

Since the E5 and E7 genes in the studied lines share the same conditions, they will
not be explicitly mentioned in the subsequent text.

Determination of Morphometric Indicators. To investigate the influence of early
maturity genes on soybean morphometric parameters under varying daylight conditions,
we performed measurements including soybean plant height (cm), dry weight (g) of the
soybean plant, as well as the leaf count and surface area (cm?) of the second, third, and
fourth fully formed leaves on each plant.
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Table 1. Plant material used in the study

Soybean Lines Genotype Photoperiodic sensitivity

Cultivar “Clark” e1E2E3E4e5E7 SD line*
L63-3016 e1E2E3e4e5E7 SD line*
L80-5879 E1e2e3E4e5E7 SD line*
L63-3117 e1e2E3E4e5E7 ND line*
L71-920 ele2e3E4e5E7 ND line*

Note: * — SD line — short-day line, ND line — photoperiodically neutral line

Plants were excavated and examined in the laboratory on the initial day of exposure
to varying photoperiod durations, with subsequent evaluations performed every 7 days
over a three-week period.

The height of ten plants was precisely measured using a ruler (in centimeters). Dry
mass determination involved the desiccation of leaves, stems, and roots from ten plants
in a drying chamber, followed by meticulous weighing and calculation of the mean value
(in grams). Leaf enumeration involved accurate counting of fully developed leaves
across ten plants. Additionally, the leaf surface area (measured in square centimeters)
was assessed in ten specimens using the second, third, and fourth fully matured leaves.
Subsequently, photographic documentation of the leaves was conducted, and their
respective areas were calculated using the PhotoM program.

Morphometric indicators were recorded at specific time points throughout the
experiment: “0” — before the study began, “7” — after 7 days of exposure to a short
photoperiod (I period), “14” — following 14 days of exposure to a short photoperiod
(Il period), and “21” — 7 days after the conclusion of exposure to a short photoperiod
(I period).

Statistical analysis. The data were statistically analysed using Statistica 7.0
software (StatSoft Inc., USA). We calculated standard mean values (x) and standard
deviation (Sd). Differences between groups were determined using Tukey’s test, where
the differences were considered reliable at P <0.05 (taking into account Bonferroni
correction).

RESULTS AND DISCUSSION

Plant height, a crucial characteristic linked to soybean’s main morphological and
biological traits, significantly impacts soybean productivity (Cao et al., 2017; Bilyavska
& Rybalchenko, 2019). In both long (natural) and short photoperiod conditions, the ND
line e1e2E3E4 exhibited the highest plant height values (Table 2).

SD lines consistently demonstrated lower linear indicators compared to ND lines
under both long and short photoperiod conditions. The impact of photoperiod length
varied across different soybean lines, influencing plant height to different extent. In
general, a long day increased plant height for all lines, with differences ranging from
3.34 % to 12.46 % compared to a short photoperiod. Notably, the SD line E1e2e3E4
exhibited the most significant response, with a 12.46 % difference from the short
photoperiod.
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Throughout the experimental period, stem height growth indicators for soybean
plants under long daylight conditions varied between 6.8 % and 26.2 % (Table 4).
The most substantial increases were observed in the SD line E7e2e3E4 and ND line
e1e2E3E4, at 26.6% and 17.9%, respectively. The smallest increase was recorded in
the cultivar “Clark”, at 6.8% (Table 4). In summary, a natural long day contributed to an
increased linear stem growth across all soybean lines compared to a short day.

The study results demonstrate differential responses in structural biomass indicators
among soybean lines exposed to natural (long) and short photoperiods (Table 2). The
SD line E1e2e3E4 consistently exhibited the highest structural biomass indicators
under both long and short photoperiods, while the SD lines e 1TE2E3E4 and e 1E2E3e4
consistently showed the lowest indicators.

The analysis of the number of leaves in soybean lines isogenic for E genes revealed
that the impact of photoperiod duration was prominent during the Il period of the study
across all lines (Table 3). Specifically, it was found that under long day conditions, the
number of leaves in the experimental lines increased, irrespective of the genotype. The
most substantial effect was observed in the SD line e 1E2E3e4, with a 16.7% difference
compared to the short day. Conversely, ND line e 1e2e3E4 exhibited the smallest response
to photoperiod duration, with a difference of 2.63 %. The SD line E1e2e3E4 and the
ND line e1e2E3E4 demonstrated similar values, with differences of 5.26 % and 5.41 %,
respectively, while SD line e 1E2E3E4 exhibited a slightly lower difference at 4.62 %.

The impact of a long day resulted in a more pronounced increase in the number of
leaves across all studied lines compared to a short photoperiod (Table 4). This effect
was especially notable in SD line e 1E2E3e4, where the difference with a short day was
32.3%. Conversely, the ND line e1e2e3E4 exhibited the smallest increase.

The analysis of leaf surface area indicators highlighted the impact of photoperiod
duration on the assimilation apparatus of the studied soybean lines, with a more
pronounced effect of the long photoperiod on SD lines, showing an average difference
of 16.4% compared to the short day (Table 3).

Throughout the experiment, plants across all lines increased their leaf surface area,
with a more significant manifestation observed in neutral lines and the SD line E1e2e3E4.
Specifically, at the conclusion of the experiment, the leaf surface area indicators for SD
lines E1e2e3E4 and e 1E2E3e4 were 37.5 % and 29.1 % higher, respectively, compared
to the short photoperiod.

The study revealed consistent trends across all examined soybean lines, show-
casing an increase in plant height, weight, number of leaves, and leaf area under long
photoperiod conditions compared to short photoperiods. Table 4 provides a comprehen-
sive overview of the growth indicators, highlighting the significant impact of extended
daylight on soybean morphometrics.

Notably, SD soybean lines, specifically E1e2e3E4 and e 1E2E3e4, exhibited a more
pronounced surge in plant height, dry mass, and leaf area under the influence of a long
photoperiod (Table 4).

This heightened response is attributed to the extension of the vegetative phase in
SD lines when exposed to unfavorable day length conditions. Conversely, the cultivar
e1E2E3E4 demonstrated growth rates closer to neutral lines, which displayed compara-
tively lower growth rates. The findings underscore the differential sensitivity of soybean
lines to varying day lengths, with short-day lines exhibiting more vigorous growth and sub-
stantial accumulation of structural biomass in response to prolonged daylight (Table 4).
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Table 2. Plant height dynamics of soybean lines isogenic for E genes under different photoperiod durations, average values in 2018,

2019, 2021, field experiment

Plant height, (mean + Sd) cm

Dry mass of the plant, (mean + Sd) g

Lines Light, h
| period Il period 11l period | period Il period Il period

16 26.1+0.5% 33.1+1.429 40.2+1.1%9 2.46+0.08 3.15+0.14bced 5.68+0.12bed
e1E2E3E4

9 25.5+0.4% 30.8+0.6°% 38.9+1.200 1.79+0.112 2.79+0.053M 5.03+0.153M

16 27.7+0.5%% 33.5+1.2¢ 41.041.2¢%%d 2.54+0.13¢9 3.63+0.06%¢9 5.65+0.05%¢
e1E2E3e4

9 25.3+0.690M 31.1+£1.6¢ 37.8+1.24cN 2.63+0.06°M 3.37+0.08%" 4.29+0.11 M

16 26.9+0.3°%9 34.3+0.8° 43.3+0.8¢facan 2.54+0.12% 4.39+0.11%cd 7.54+0.08 9
E1e2e3E4

9 24.7+0.4¢ 31.4+1.5% 38.5%1.4% 2.30+0.07¢9 3.57+0.18¢% 6.61+0.05¢09n

16 29.2+(0.59naec 37.4+1 . 19hace 48.0+£0.79nace 3.08+0.09"acei 4.81+0.19hace 6.13+0.14hacei
e1e2E3E4

9 27.5+0.5" 32.3+0.9 44.2+1 4hgpce 2.09+0.17% 3.71+0.05%9 5.84+0.089

16 27.5+0.7"¢e 36.3+0.5ace 43.8+0.71c9 2.84+0.09iaces 3.98+0.08/aces 6.57+0.06/ace9
ele2e3E4

9 26.4+0.6’ 33.7+1.2ib 41.610.47bde 1.96+0.12 3.27+0.02°™M 5.92+0.19d

Note: firstly, comparisons were made within the isogenic line of soybean between long (16 h) and short (9 h) photoperiods; secondly, comparisons were made
between the isogenic lines of soybean within long (16 h) and short (9 h) photoperiods, means in each column followed by different letters are signifi-
cantly different one from another based on the results of comparison using the Tukey test (P <0.05) with Bonferroni correction: a — SD line e 1E2E3E4
under long (16 h) photoperiod, b — SD line e1E2E3E4 under short (9 h) photoperiod, ¢ — SD line e1E2E3e4 under long (16 h) photoperiod, d — SD line
e1E2E3e4 under short (9 h) photoperiod, e — SD line E1e2e3E4 under long (16 h) photoperiod, f — SD line E1e2e3E4 under short (9 h) photoperiod,
g — ND line e1e2E3E4under long (16 h) photoperiod, h — ND line e7e2E3E4 under short (9 h) photoperiod, i — ND line e7e2e3E4 under long (16 h)
photoperiod, j — ND line e71e2e3E4 under short (9 h) photoperiod
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Table 3. Dynamics of the number of leaves and leaf surface area in plants of soybean lines isogenic for E genes under different

photoperiod durations, average values in 2018, 2019, 2021, field experiment

Number of leaves, (mean + Sd) pcs

Leaf surface area, (mean + Sd) cm?

Lines Light, h
| period Il period Il period | period Il period Il period

16 4.02+0.112 5.53+0.142 6.85+0.1780ed 171.7£12.6% 206.8+15.8%9 333.4114.1%¢
e1E2E3E4

9 3.91£0.15"0 5.37+0.15M 6.54+0.15PadM 164.2+15.6° 206.2+15.1% 327.2+27.7"

16 3.95+0.14cd 5.65+0.28 7.011£0.21cdd 178.8+9.6% 224.3+21.6% 349.3+12. 1%
e1E2E3e4

9 4.16+0.22¢™ 5.08+0. 1490 6.08+0.24dc0m 186.1+14.7¢ 209.9+13.44 300.1£16.7%

16 4.7340.11° 6.01+0.22¢° 8.03+0.11¢fc 156.2+15.2°9 253.2+14.2% 397.1£19.7¢
Ele2e3E4

9 4.64+0.11%dn 6.08+0.21%dn 7.68+0.15% 168.5+17.0f 259.8+15.8™ 340.9+32.91

16 4.52+0.139"=c 5.73+0.129 7.82+0.199nac 205.6£13.2%¢  268.1+21.69° 369.3+25.4¢
e1e2E3E4

9 4.13+0.16"f 5.57+0.14nbdf 7.43+0.11hsbd 171.5£12.2" 235.3+18.9" 357.5+23.9n

16 4.38+0.27' 5.85+0.17! 7.85+0.15%° 210.8+7.2%ce 236.3+13.6' 434.5+28.119
ele2e3E4

9 4.36+0.28° 5.71£0.12% 7.61£0.13P 193.1+£16.3! 238.4+17.6 429.9+8.8ibdm

c6
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Note: firstly, comparisons were made within the isogenic line of soybean between long (16 h) and short (9 h) photoperiods; secondly, comparisons were made
between the isogenic lines of soybean within long (16 h) and short (9 h) photoperiods, means in each column followed by different letters are significantly
different one from another based on the results of comparison using the Tukey test (P <0.05) with Bonferroni correction: see Table 1 for letters labels
description
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Table 4. Growth indicators in plants of soybean lines isogenic for E genes under conditions
of a long photoperiod, average values of 2018, 2019, 2021, increase, % for the
I-lll periods of the study (value of the difference between the long and short
photoperiod)

Growth under long day condition, %

Soybean Lines
Plant height Dry mass of the plant Number of leaves Leaf surface area

e1E2E3E4 6.8 431 10.0 3.8

e1E2E3e4 15.5 90.4 32.3 291

E1e2e3E4 26.2 59.3 12.1 37.5

e1e2E3E4 17.9 171 10.8 8.3

ele2e3E4 10.4 33.5 B 2.9
DISCUSSION

The timing of the transition to flowering and the subsequent phases of soybean
development are intricately regulated by the combination and state of early maturity
genes, with the E7-E4 genes playing a pivotal role in controlling developmental rates
(Xu et al., 2013; Ort et al., 2020; Staniak et al., 2023). The Kharkiv region in the east
of Ukraine, with a typical daylight length of 16 hours, poses challenges for cultivating
short-day soybean cultivars. Consequently, understanding the influence of different
maturity gene combinations on soybean growth and development becomes crucial
for expanding the cultivation areas of this crop. Our prior studies unveiled interactions
among key early maturity genes leading to the transition to the flowering phase, crop
formation, and the interplay between the genes and photoperiod duration that influence
soybean development (Raievska & Schogolev, 2023).

The duration of the photoperiod emerged as a crucial factor shaping soybean
development. Notably, the E71 gene and the combination of E2E3 genes demonstrated
a significant influence on soybean morphometric parameters. This observation may
be linked to day length affecting photosynthetic activity and assimilate redistribution,
inhibiting the transition to the reproductive phase and prolonging the vegetative phase
(Weraduwage et al., 2015; Mathur et al., 2023). Shoot architecture, a critical component
of crop growth, particularly plant height, is regulated by a combination of genetic and
environmental factors (Yang et al., 2021).

Our study revealed distinct impacts of dominant alleles E2 and E3 on soybean
plant height under long-day conditions (Table 2). Specifically, the dominant allele E3
increased plant height compared to the recessive allele, while the presence of the
dominant allele E2 decreased plant height. This finding aligns with research by Zhen,
which demonstrated the influence of E2 and E3 genes on soybean plant height in
low and middle latitudes (30°N~32°N) (Zheng et al., 2023). Notably, variations in the
E1 and E4 genes did not result in significant differences in plant height under long-day
conditions, contrary to existing literature suggesting the involvement of phytochromes
E3 and E4 in height regulation through the activation of the Dt7 locus (Takeshima
et al. 2019; Miranda et al., 2020; Zhou et al., 2022). Yang’s work also supported the
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assumption that, under certain conditions, the dominant E7 allele affects soybean plant
height, with increased E71 expression contributing to an increased plant height under
long-day conditions (Yang et al., 2021).

Beyond influencing the linear growth, early maturity genes had a notable impact on
biomass indicators. Dominant alleles of the E71 and E3 genes were found to increase
the dry biomass of soybean plants under natural day conditions, compared to their
recessive alleles (Table 2). The dominant allele E7 also increased dry plant weight
under short photoperiods. Existing literature suggests that the joint influence of genes
E1 and E3 contributes to biomass accumulation, possibly through their impact on the
flowering and ripening timing of soybeans (Zheng et al., 2023).

Leaf surface area indicators, crucial for soybean productivity, were found to be
influenced by the allelic states of early maturity genes. Dominant alleles of E71-E4
reduced the leaf surface area under long-day conditions, potentially due to altered
assimilate distribution affecting shoot height (Table 3). The intricate relationship between
the predicted leaf area, total leaf area, and overall plant weight, changing between
growth phases, underscores the complexity of these interactions (Weraduwage et al.,
2015). Additionally, the E7 gene was implicated in regulating soybean leaf development,
particularly it impacted the leaf tissue structure (Li et al., 2021).

In conclusion, both photoperiod duration and the allelic states of early maturity
genes exert a profound influence on morphological indicators. Consideration of the
dominant/recessive alleles of E genes is crucial for successful soybean cultivation in
the high-latitude conditions of Ukraine.

CONCLUSION

Our research provides a comprehensive analysis of field studies conducted in high-
latitude conditions, focusing on the interplay between day length and early maturity
genes concerning the morphological parameters of the cultivar “Clark”, soybean lines,
nearly isogenic in terms of E genes. Key findings underscored that, under the extended
daylight conditions, plants exhibited increased measurements of height, mass, and leaf
area.

Early maturity genes E7-E4 emerged as pivotal influencers of soybean morphometric
parameters. In the context of extended daylight in high-latitudes, dominant alleles of
genes E1-E4 were associated with a reduction in leaf area compared to their recessive
alleles. Specifically, dominant alleles of genes E7 and E3 contributed to an increased
plant weight, while the presence of the E2 allele correlated with a reduced height and
weight of soybean plants. Intriguingly, the dominant E4 gene did not exhibit a significant
impact on the height and mass of soybean plants.

Future research should explore biochemical indicators under different photoperiods
to better understand the interaction between early maturity genes and soybean traits
improving cultivation strategies.
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FEHM ®OTOMEPIOAUYHOI YYTIIMBOCTI TA PAHHbOI CTUITNOCTI E1-E4:
OCOBMUBOCTI AUHAMIKU POCTY COI B YMOBAX PI3HOI TPUBAIIOCTI
®OTOMNEPIOOY

IpuHna Paeecbka, AHOpiIl Lljozonee

Xapkiecbkuli HayioHanbHUl yHieepcumem imeHi B. H. KapasiHa
matidaH Ceobodu, 4, Xapkie 61000, YkpaiHa

BcTtyn. MopdoMeTpryHi NOKa3HMKM € BaXXMBMMM O OLiHKM PO3BUTKY Ta NPOAYK-
TUBHOCTI coi. Bigomo, o BoHM nepebyBatoTb Mif BNAMBOM reHETUYHMX (DaKTOPIB | YMH-
HVKIB HABKOMNMULLIHBOMO cepenoBuLLa. BukoprcTaHHA Manxe i3oreHHUX MiHin coi € 3pyy-
HOK MOZENII0 AN BU3HAYEHHS BMMBY MEHIB paHHbOI CTUMMOCTI Ta TpuBanocTi ¢oTo-
nepiogy Ha NokasHuKM pocTy. MeTor Lpboro JocnigkKeHHs Byno BU3HAYUTM BNSIUB Pi3HOT
TpuBanocTi hoTonepiony Ta reHiB paHHbOI CTUIMMOCTI HA MOPOMETPUYHI MOKA3HUKM COI
nig Yyac BMPOLLYBaHHSA B yMOBax cepedHboi cMyru (Ha wunpoTi Xapkosa — 50° fH. w.).

MaTtepianu Ta meToaun. Y OOCNIMKEHHSAX BUKOPUCTOBYBANW MawvXe i30reHHi NiHii
coi copty “Clark” i3 pi3HOK 4YyTNUBICTIO 4O TPUBANOCTI CBITNOBOro AHA. JocnigKeHHs
OXONMIOKTb Pe3ynbTaTh NONbOBUX JOCMIAIB NPOTATOM TPbOX CE30HIB 3 BUKOPUCTAHHSAM
Pi3HMX NiHin coi. icna gocarHeHHs dasm V3 yacTuHy pocnuH nigaasanu 4ii KopoT-
koro cbotonepiogy npotsirom 14 gHiB. Y po6oTi BU3Ha4YanM MopdonoriyHi NoKasHUKK
10 pocnuH KOXHOro BapiaHTa gocnigy: BUCOTY i CyXy Macy POCIIWH, KiMbKICTb JIUCTKIB
Ta NnoLy NMCTKOBOI NOBEPXHI POCNNH COI. BU3HayeHH MOPOMETPUYHMX NOKA3HUKIB
NPOBOAMNW B AeHb NOoYaTKy Aii pi3HOT TpMBanocTi poTonepiogy Ta KOXHi 7 OHiB NpOTS-
FOM TPbOX TWXKHIB. Y poboTi npeacTaBneHo cepeHi 3Ha4eHHs NokasHukiB (BUCOTa i cyxa
Maca pOCHVH, KiNbKiCTb MMCTKIB i Nnowa NMCTKOBOI NOBEPXHI POCAVH COI).

Pesynbratn. 3'9coBaHo, WO 3a yMOB TpmBanoro dgotonepiogy AOMiHAHTHI aneni
reHiB E71 ta E3 36inbliyBany cyxy Macy pOCIWH, a AOMiHaHTHWUI anenb E2 — BUCoTy
pocnuH. JomiHaHTHUIM anenb E4 He maB CyTTEBOIO BMNAMBY Ha BUCOTY i Macy pPOCIUH
coi. BcTaHOBNEHO, WO POCNUHN 3 JOMIHAHTHUMMK anenamu reHis E71-E4 3a ymoB 4OB-
roro AHS Manu MeHLUy NIioLLy NMCTOBOI NOBEPXHIi, MOPIBHAHO 3 NiHIAMU 3 peLeCUBHUMN
anensmu UMx reHie.

BucHoBku. OTpymaHi pesynsrati BU3HAYEHHS B3aEMO3B'SA3KIB MiDK Fr€HETUYHUMMU
dakTopamu 1 YHHMKaMK HABKOSMLLHBOIO CEPEAOBULLA Y BNIIMBI HA BMCOTY, Macy poc-
NVH COI Ta NNOLLY NUCTKIB MOXYTb ByTV KOpUCHMMM Y poBOTi 3 MiABULLEHHSA BpOXan-
HOCTI COi, a Takox 3 nigbopy copTiB, WO OyayTb NPOAYKTMBHMMK B YMOBaX BUCOKMX
LUMPOT.

Knrovoei cnoea: Glycine max (L.) Merr., maike i30reHHi niHii, TpuBanictb
doTonepiogy, MOPOMETPUYHI MOKa3HMKM, aganTalis NociBiB
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