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INTRODUCTION

The yield potential combines the importance of the bio-
logical properties of plants in the formation of the pos-
sible maximum yield due to the variability of weather
conditions and their adjustment by organizational and
technological measures. The introduction into agricul-
tural production of ecologically plastic varieties with
different rhythms of development contributes to an in-
crease in the yield of grain crops and stabilization of the
production of grain and seeds [1-6].

According to some authors, V.P. Dmitrenko was
the first to work on the concept, meaning, and content
of the climatic potential of yield (potential, actual) as
a prognostic and calculated indicator when calculating
the yield of winter wheat. The growing season of soft
winter wheat covers almost the entire calendar year, which
makes it possible to determine the influence of weather
factors on the growth and development of plants, the
state of dormancy, and ultimately on the productivity
of plants [7; 8].

Agrometeorological resources, which are deter-
mined by such environmental factors as heat, moisture
and air, and nutrient minerals in production conditions
for the formation of sustainable yields of winter wheat
are used no more than 60%, therefore, considering the
climate change in Ukraine, it is necessary to introduce
varieties adapted to the ecological regions which are
significantly influenced by unfavorable biotic and abiotic
factors [9; 10].

One of the most important indicators of biological
control in the technology of growing any crop is the field
germination of seeds [11]. The period from sowing to
germination is critical, since the seedling doesn't have
nutritional organs. Therefore, it is very sensitive to all
kinds of factors, and metabolic processes are provided
by those resources that are accumulated by the seeds
due to the productivity of the mother plant. The lower
the field germination of seeds, the less evenly the place-
ment of the plant on the area is, as a result of which the
differentiation of individual development, overwintering
and the state of crops as a whole will increase [12].

Research results show that under production con-
ditions, due to sowing high-quality base seeds, careful
soil preparation and the presence of optimum environ-
mental factors,high field germination rates are provided,
but reaching the level of 95-98% is a difficult task [13; 14].

A sufficient level of productive soil moisture, which
protects young shoots from possible deficiency after
germination and is a long-term source of moisture at the
next stages of organogenesis, has a great influence on
obtaining friendly and timely shoots [15].

Often wintering conditions are the causes of freez-
ing, loss, and ultimately a decrease in yield and seed
quality [16; 17]. It is because plants suffer from low
temperatures, ground ice crust, resumption of vegetation
at the beginning and at the end of the winter period.
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Scientists around the world are unanimous that
the variety plays a large positive role in increasing the
adaptive properties of crops, but the percentage of its
influence is different, therefore, the need for adaptation
of winter wheat varieties to stress factors associated
with global climate change is of strategic importance.
Breeding must respond to this challenge of nature by
creating frost and winter-hardy varieties with a high
potential for productivity and product quality [18; 19].

The purpose of this study was to identify the influ-
ence of weather factors on the field germination of soft
winter wheat seeds, the growth, and development of plants
in the autumn period and wintering in the zone of the
Western Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The object of research was the varieties of soft winter
wheat from various originator institutions, included in
the Register of plants varieties suitable for distribution
in Ukraine - Trudivnytsa myronivska, MIP Vyshyvanka,
Gratsia belotserkivska, Kvitka poliv, Vodograi belotserkivs-
kiy, Spivanka poleska. Field experiments in the crop ro-
tation were carried out in the laboratory of the Institute
of Agriculture of the Carpathian Region of the National
Academy of Agrarian Sciences, during 2018-2021.The
total area of the experimental site was 60 m?, the account-
ing area was 50 m2. Placement of variants - systematic,
repetition - threefold.

The soil of the research plots was gray forest, su-
perficially gleyed, light loamy, which was characterized
by the following indicators: humus content (according
to the Tyurins) - 1.7%, the amount of absorbed bases -
13.7 mg-eq per 100 g of soil, puddle-hydrolyzed nitro-
gen (according to Cornfield) - 89.6 mg/kg, mobile phos-
phorus and exchangeable potassium (according to the
Kirsanovs) - 69.5 and 68.0 mg/kg, respectively. As for
gradation, such a soil has a very low nitrogen supply,
medium phosphorus supply, and low potassium supply.
The reaction of the soil solution (pH sol - 5.4) is weakly
acidic.

Agricultural technology for growing varieties of
winter wheat is common for the crop in this area. The
predecessor is winter rapeseed. Sowing time - 09.25-01.10.
Seeding rate - 5.5 million viable seeds/ha, application
of mineral fertilizers (basic) - N, P, K ,.S,,. Seed treat-
ment - dressing agent Vitavax 200FF, 34% (water sus-
pension concentrate, 3.0 l/t). Plant protection against
weeds and diseases - herbicides: roundup,48% (4.0 l/ha);
Granstar, 75% (water-soluble granules, 0.025 g/ha); fun-
gicide: Falcon (emulsion concentrate, 0.6 l/ha).

According to the Lviv hydrogeological reclama-
tion station, the sum of the temperature regime and the
amount of precipitation in the autumn and winter pe-
riods and the duration of the autumn vegetation and
dormancy of plants were determined. Using the method
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of counting sites, the dates were established, based on
calculations: the beginning of seedlings (at least 15%
of seedlings appeared), mass seedlings (at least 50%),
full seedlings - 75% or more, the end of the phase - the
appearance of the last seedlings and the field germina-
tion as the ratio of the number of seedlings to the total
number of sown germinating seeds [20; 21].

Using the method [22], phenological observa-
tions of the growth and development of plants in the
autumn were carried out. Linear measurements such as
the height of plants and the length of the root system,
and quantitative measurements such as the presence of
shoots and leaves on the plant were taken into account.
The total content of mono-and disugars was determined
with the method of photometry using picric acid [23].
With a weighed portion of the samples pounded in
a mortar and dried in a drying oven (105°C each), the
sugars were extracted with water in a water bath (10 min.
100°C). The concentration of total sugars after acid hy-
drolysis (3.3% HCl) was determined colorimetrically at
490 nm using a calibration curve constructed using a scale
of standard solutions of glucose or hydrolyzed sucrose.

The dry matter content in the plant material was calcu-
lated by the gravimetric method.

The wintering of plants of varieties was carried
out based on the data from autumn and spring records
of the state of crops in each repetition concerning to
plants that restored spring vegetation to field germina-
tion of seeds [24]. The range of variability (R) of cultivar
traits and weather conditions was determined by the
difference between the maximum and minimum values.
The statistical reliability of the experimental data, vari-
ance, and correlation between the sugar content in the
tillering nodes of soft winter wheat varieties and the
duration of the autumn growing season and overwin-
tering were established [25] using programs Microsoft
Excel and “Statistica 6.0"

RESULTS AND DISCUSSION

Over the years of our research, the weather conditions
were contrasting, which made it possible to give an ob-
jective assessment of their effect on the field germination
of seeds of soft winter wheat (Table 1).

Table 1. Field germination of soft winter wheat seeds depending on the productive
soil moisture (average for varieties, 2018-2020), %

Indicators of the sowing-germination period

Year Field germination of seeds
Air temperature Precipitation amount Productive soil moisture®

Average % * mm * mm * % *

long-term

indicator 11.2 - 19.0 - 34.6 - 94.5 -
2018 10.7 -0.5 21.6 2.6 31.6 -3.0 924 -2.1
2019 123 11 32.8 13.8 33.8 0.8 93.8 0.7
2020 144 2.2 721 531 38.4 3.8 97.2 2.7

Note: *Productive soil moisture up to 20 mm - sufficient, 20-40 mm - satisfactory

In 2018, during the sowing period, germination
was characterized by 0.5°C lower air temperature and
2.6 mm higher precipitation compared to the long-term
average. Under such conditions and according to the
predecessor of winter rapeseed, the productive soil mois-
ture was 31.6 mm. The highest temperature regimes by
1.1 and 2.2°C and a large amount of precipitation by
13.8 and 53.8 mm were recorded in 2019 and 2020.
That provided the productive soil moisture at the level
of 33.8 and 38.4 mm. With sufficient moisture supply,
the field germination rate was higher than the previous
year by 0.7-2.7%, that is, the weather conditions con-
tributed to the intensive germination of seeds and the
receipt of friendly seedlings.

In close connection with controlled and uncon-
trolled environmental factors, the structure of plants and
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the entire crop as a whole was formed in the autumn.
The termination of the autumn vegetation of plants
in 2018 occurred at the beginning of the third decade of
November, which corresponds to the average long-term
periods, therefore the sum of active temperatures was
567°C (Table 2). The growing season of winter wheat
plants between 2019 and 2020 was longer (before the
beginning of December) and warmer, which is due to
the sums - 664 and 614°C. Over the years of research,
in comparison with the long-term average sum of tem-
peratures of 320°C, the increase was 247-344°C, which
confirms a significantly warmer temperature regime and
a longer autumn period of growth and development of
plants of varieties — 56-65 days. During this period, the
plants accumulated the optimal sugar content in the
tillering nodes (28.5-30.7%).
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Table 2. Influence of the autumn temperature regime and the age of soft winter wheat plants on the carbohydrate
content in the tillering nodes (2018-2020), %

The sum of temperatures, °C for the autumn period Average Duration Sugar content
of autumn P
Year long-term veaqetation of in tillering
September October November Sum data, °C g nodes, %
plants, days
2018 107 335 125 567 56 28.5
2019 123 326 195 664 320 65 32.3
2020 144 344 126 614 64 30.7
The average 112 248 72 432 62 30.5

An increase in the content of water-soluble car-
bohydrates in cells is one of the adaptive responses of
plants to the effects of cold. The importance of sugars
as the main protective substances in the development
of frost resistance of winter wheat is undoubted, since
they play an important role in ensuring the structural
and functional stability of cells in conditions of loss of

water. Characterizing the accumulation of sugars in the
tillering nodes of plants, we did not establish significant
differences between the varieties, they were within the
error (55D,=0.9,0.7,0.6%) (Table 3). However, the range
of variation over the years revealed a significant 2.4%
(variety Trudivnytsa myronivska) - 4.3% (Gratsia belo-
tserkivska).

Table 3. Correlation (r) between the sugar content in the tillering nodes of soft winter wheat varieties
and the duration of the autumn growing season (2018-2020)

Sugar content in tillering nodes by year, % R
Variety (range of
2018 2019 2020 The average variability)
Trudivnytsa myronivska 28.6 32.3 31.0 30.6 2.4
MIP Vyshyvanka 29.0 324 30.5 30.6 3.4
Gratsia belotserkivska 28.3 32.6 30.7 30.5 4.3
Kvitka poliv 28.7 32.2 304 30.4 3.5
Vodograi belotserkivskiy 28.2 32.3 30.5 30.3 4.1
Spivanka poleska 28.1 32.0 31.1 30.4 3.9
The average 28.5 32.3 30.7 30.5 3.8
SSD,.. 0.9 0.7 0.6 - -
pro s o @ :
Correlation (r)* 0.32 0.27 0.37 0.15 -

Note: *From 0 to 0.33 - weak, 0.33 to 0.66 - medium, 0.66 to 1.00 - strong, 1.00 - complete, both for direct (+) and

inverse () correlation (r)

At the time of the termination of the autumn
growing season, the length of the root system of plants
varied from 9.2 cm (cultivar Trudivnytsa myronivska)
to 9.7 cm (cultivar Spivanka poleska), and the number

of nodal roots was in the range of 3.0-3.4 pcs./plant
(Table 4). The difference in plant height (0.1-0.6 cm),
the number of shoots and leaves on the plant was
unreliable.

Table 4. The development of soft winter wheat plants at the time of the termination of the autumn growing season,
depending on varietal characteristics (2018-2020)

Root system length Plant height Quantity per plant
Variety Nodal roots of leaf Shoots
om tto *to pe % to pe *to pc *to
control control control control control
Trudivnytsa myronivska 9.2 - 16.1 - 3.0 - 2.5 - 6.5 -
MIP Vyshyvanka 9.6 0.4 16.7 0.6 3.3 0.3 2.8 0.3 6.8 0.3
Gratsia belotserkivska 9.0 -0.2 16.0 -0.1 3.1 0.1 2.5 0.0 6.3 0.2
Kvitka poliv 9.3 0.1 16.4 0.3 3.2 0.2 2.6 0.1 6.4 -0.1
Vodograi belotserkivskiy 9.4 0.2 16.7 0.6 3.3 0.3 2.5 0.0 6.5 0.0
Spivanka poleska 9.7 0.5 16.5 0.4 3.4 0.4 2.8 0.3 6.7 0.2
The average 9.4 - 164 - 3.2 - 2.6 - 6.5 -
SSD, 0.8 1.0 0.5 0.4 0.3

Q5
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Winter periods have been distinguished by a signif-
icant diversity in the last few years (Table 5). According
to the average long-term sum of temperatures minus
308°C, in 2018-2019 this indicator was minus 84.4°C,
in 2019-2020 - minus 36.4°C, and 2019-2020 - plus
135.0°C. The amount of precipitation in the winter period

prevailed on an average long-term indicator by 17 mm
(2018-2019),11.7 mm (2019-2020) and 147.1 mm (2020-
2021). The length of a day with temperatures below 0°C
varied from 30 - in December to 61 - in January, the
average being 46 days.

Table 5. Hydrothermal factors of the winter dormancy period of soft winter wheat plants (2018-2021)

Hydrothermal factor

Sum of temperatures, °C

Duration of the

Number of precipitation, mm winter period with

Month
Mean Mean temperatures below
2018-  2019- 2020- " 2018-  2019- 2020- € 0°C, days
2019 2020 2021 2019 2020 2021
data data
December 540 120 810  -540 499 693 499 480 30
January 124 1024 217  -1430 284 610 284 400 61
February 1260 540 750  -111.0 697 124 697 430 47
The sum of temperatures g/ 4 304 1350  -3080 1480 1427 1471 1310 46

for the winter period

Table 6. Overwintering of winter wheat plants, soft depending on the biological characteristics
of the variety (2018-2021)

Overwintering plants by years, %

R, (range of

Variety variability by
2018-2019 2019-2020 2020-2021 Average varieties)
Trudivnytsa myronivska 973 94.2 96.4 96.0 31
MIP Vyshyvanka 97.9 94.5 96.5 96.3 3.1
Gratsia belotserkivska 97.1 94.0 95.9 95.7 3.1
Kvitka poliv 98.0 94.3 96.6 96.3 3.7
Vodograi belotserkivskiy 97.0 94.0 95.6 95.5 3.0
Spivanka poleska 97.7 94.8 96.8 96.4 2.9
The average 97.5 94.3 96.3 96.0 3.2
SSD,, 0.5 0.6 0.9
R, (range of variability 09 08 12 09 B
over the years)
The sum ‘xiﬁr:rp;fi?ges -84.4 -36.4 1350 -308.0 -
Correlation (r)* 0.14 -0.72 0.40 - -

Note: *From 0 to 0.33 - weak, 0.33 to 0.66 - medium, 0.66 to 1.00 - strong, 1.00 - complete, both for direct (+) and

inverse (=) correlation (r)

The cultivation of varieties of the forest-steppe
ecological type of soft winter wheat confirmed their
high adaptability to various changes in external factors
in winter, provided by both modification and genotyp-
ic variability, which cannot be considered separately
(Table 6). The range of variability of plant overwintering
by cultivars (R,) was unreliable and varied from 2.9%
cultivar Spivanka poleska to 3.7% cultivar Kvitka poliv
(55D,,=0.5-0.9%) and reliable over the years (R,) - 0.9-
1.2% (SSD,=0.9-1.2%). A strong inverse correlation was
observed between the sum of temperatures (°C) in winter
and overwintering of plants (%) in 2019-2020 (r=-0.72),
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the average straight line - in 2020-2021 (r=0.40) and
a weak straight line - in 2018-2019 (r=0.14).

CONCLUSIONS

It has been established that when growing soft winter
wheat in the Western Forest-steppe zone of Ukraine,
the most limiting factors in the technological process
are weather factors and variety. The adaptive ability has
been confirmed, which has a deeply specific character
and is closely related to the weather conditions of the
place where the variety was created. Varieties of forest-
steppe ecological type provide insignificant phenotypic




variability of adaptive traits, so the production is not
recommended to give preference to varieties that are
not in the Register of plant varieties suitable for distri-
bution in Ukraine.

Changes in weather factors, in particular, an
increase in the temperature regime by 244-247°C in
the autumn-winter period and the optimal amount of
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precipitation, contribute to sufficient (31.6-34.6 mm) pro-
ductive soil moisture (0-20 cm), providing a high percentage
of field germination of seeds of varieties (93.8-94.5%).
In 2018-2021 the duration of the autumn vegetation
of plants was 3-12 days longer, which caused 3.5-5.7%
higher accumulation of sugars in the tillering nodes,
increasing the overwintering of plants to 95.5-96.4%.
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MoroaHi akTopMU Ta iXHIN BNJIMB Ha afanTUBHI BTAaCTUBOCTI COpPTIB
nweHuui o3MMoi B ymoBax 3axigHoro Jlicocteny YKpaiHu

Mapisa CrenaHiBHa 3anicoubka, Onekcanapa MeTtpieHa Bonowyk,
Irop CrenaHosuu Bonouyk, BanentuHa BikropisHa [nusa

IHCTUTYT cinbcbKkoro rocnogapcrea Kapnartcbkoro periony HAAH
81115, Byn. Ipywescbkoro, 5, c. O6powwmnHe, JlbBiBCbKa 061., YKpaiHa

AHoTauis. [NoTeHuian ypoxanHOCTI nweHuui Makoi o3umori (Triticum aestivum L.) GOpMYETbCS B MiHAMBUX MNOTOAHMX
YMOBaX i 3aN1€XM1Tb BifJ, 3aNpONOHOBAHNX arpoOTEXHONONYHUX 3aX0A4IB Ha SKi peakLis KOHKPETHOro CopTy pi3Ha.MeToro
LbOro JOCANigKeHHS Byno BM3HAYMUTM BMAMB MOroAHMX (AKTOPIB Ha MOMbOBY CXOXICTb HACIHHA MLWEHMLi 03MMOi
MIKOI, PiCT | pO3BUTOK POC/IMH B OCiHHINM nepioa Ta nepe3nMiBo B 30HI 3axigHoro Jlicocteny YKpaiHu, 33 paxyHOK
BUCiBY IKICHOrO 6a30BOro HaCiHHSA, peTesibHOi MiArOTOBKM IPYHTY Ta HASBHOCTI OMNTMMYMY EKONIOTiYHUX (haKTopiB.
Ha oTpuMMaHHS ApYXHUX | CBOEYACHUX CXOAIB MAE BEIMKMIM BNAMB AOCTaTHIMA piBEHb MPOAYKTUBHOI BOMOIOCTi FPYHTY,
KWW 3aXMLLAE MONOAI MAriHLi Big MMOBIPHOro AediumUTy Nicns 39BEHHS CXOAIB | € TPUBANUM A)KEPENOM 3BONIOXKEHHS
Ha HaCTyMHMX eTanax opraHoreHesy. Yacto yMOBM 3UMIB/i, KO POCIMHK CTPAXAAI0Tb Bif, AiT HU3bKUX HEFAaTUBHUX
TemMnepaTyp Ha NoyaTKy i B KiHLi 3MMOBOrO Nepiofy, NPUTEPTOI KPUXKAHOI KipKW, BIAHOBNEHHS BereTaLii B 3MMOBUIA
nepiog, € NPUYMHAMU BUMEP3AHHS, BUNAAAHHS, @ B KIHLLEBOMY PE3YNbTaTi 3HUXKEHHS YPOXAMHOCTI M KOCTi HaCiHHS.
MNigTBEpOXKEHO, WO NiABULLEHHS TEMNEPATYPHOTro pexxumy Ha 244-247 °C B OCiHHbO-3MMOBWIA Nepiof Ta ONTUMaNbHa
KiNbKicTb 0NaaiB, CNpusoTb 40CTaTHIN (31,6 —34,6 MM) NPOAYKTUBHIN BonorocTi wapy rpyHTy (0—-20 cm), 1o No3nTUBHO
BM/JIMBAE Ha MPOLEC NPOPOCTAHHS MLWEHULi 03UMOI M'AKOi, 3abe3neyyoyn BUCOKMI BiCOTOK MOMbOBOI CXOXOCTI
HaciHHs copTiB (93,8-94,5 %), N0L0BXYE OCIHHIM PO3BMTOK POC/IMH Ha 3-12 A6, wo obyMoBntoe Hinblue Ha 3,5-5,7 %
HaKOMUYEHHS LLYKPiB Y By31ax KYLLiHHA Ta BUCOKMI BiACOTOK nepe3uMisni (2o 95,5-96,4 %). Coptu nicoctenoBoro
€KONOrivYHOro TUMYy NWeHULi MIKOoi 03MMOi MatoTb HE3HaYHY PEHOTMNOBY MIHAMBICTb aAaNTUBHUX O3HAK, TOMY NpU
BMPOOHULITBI 3€pHOBOI | HACIHHEBOI NPOAYKLIii peKOMEeHAYETLCA BifAaBaTM nepeBary BHeceHWUM Ao Peectpy coptam
POC/IVH, NPUAATHUM ONS nolwupeHHs B YKpaiHi ans 3oHu Jlicocteny, Monicca. BuknaneHi B Wi HaykoBin pobori
pekoMeHAALii AOMNOMOXYTb CiNbCbKOrOCMOAAPCbKMM TOBAPOBUPOOHMKAM A0CNIAKYBAHOI IPYHTOBO-KAIMaTUYHOI 30HU
30iMCHIOBaTM edeKTUBHY, BinbLl eKOMOrYHO MAACTUYHY, BUCOKONPOAYKTUBHY COPTO3MIiHY

KntouoBi cnoBa: Temnepartypa noBiTp4, KinbKiCTb ONaAis, NWEHMLS 03MMa MIKa, N0JIbOBA CXOXKICTb HACIHHS, OCIHHIN
PO3BUTOK POC/IMH, Mepe3nMiBns
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