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INFLUENCE OF GLOBAL WARMING ON HYDROTHERMAL INDICATORS AND OVERWINTERING
OF WINTER CEREALS IN THE CONDITIONS OF PRYSYVASHSHA

. V.Kostyria *, M. A. Ostapenko’, M. K.Bondarenko?

'Henichesk Experimental Station of State Enterprise Institute of Grain Crops of NAAS, Novooleksiivka
village, Henichesk district, Kherson region, 75560, Ukraine

“State Enterprise Institute of Grain Crops of NAAS, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

Topicality. Climate change due to global warming determines important and relevant areas of
research activities at the current stage of agricultural development. Climate change affects the potential
of natural resources therefore the limits of these changes are taken into account when determining the ways
of agricultural production development. Purpose. To determine the impact of global warming as a result
of changing climatic conditions on the overwintering of winter cereals in Prysyvashsha. Materials and
Methods. The research materials were long-term observations of the basic climatic indicators at the Henich-
esk Experimental Station of the SE Institute of Grain Crops of NAAS. Results. Changes of the main climatic
indicators against the background of global warming in Prysyvashsha for the 2004-2020 were analyzed.
During 2015-2018, the soil freezing depth and the minimum temperature at the depth of the tillering node of
winter cereals during the winter period were investigated. An increase in the average annual air temperature
was recorded, which caused a decrease in the soil freezing depth and an increase in its temperature at the
depth of the tillering node and shortening of the winter period. Conclusions. According to the results of the
study, there is an essential need to find more optimal dates for sowing winter wheat and barley as one of the
key segments of agrotechnical measures, which provides better adaptation of winter crops and increase their

productivity when grown in new environmental conditions in the arid Steppe zone of Ukraine.
Key words: global warming, climate change, air temperature, soil temperature, precipitation, winter
wheat, winter barley, sowing dates, depth of soil freezing

Introduction. Currently, one of the most
important and urgent areas of research and de-
velopment at the present stage of agricultural
development is the problem of climate change
in general and global warming in particular.

Climate change also leads to changes in
natural resources, and therefore defining their
boundaries has always been of great importance
in agriculture and other industries closely relat-
ed to weather and climate [1-3]. In the agricul-
tural sector, the yield of agricultural products is
largely determined by the climate. Thus, natural
resources not only determine the average level
of crop yields, but also have a significant impact
on the production cost [4].

In the Dry Steppe zone, which is a risky
agriculture zone, the main limiting factor for
yields is the moisture supply of crops [2, 4, 5].

Global climate change depends on many
factors. First of all, it is the solar activity cycles
and human activity. The first factor is uncon-

Author information:

trollable, while the second factor, we have a di-
rect impact and can regulate it.

As we know, water is one of the main vi-
tal factors for all organisms, including plants.
Optimal water supply to plants in development
stages is the essential condition for high yield of
field crops. Water is not only a nutrient sub-
strate for plants, but also a chain that ensures
their connection with the environment [6, 7].
Most nutrients are supplied to plants through the
root system in the form of soil ion solution. The
moisture deficit in the soil leads not only to a
lack of water supply to the organism, but also
reduces the absorption of nutrients by plants
[7,8]. Therefore, the study of the predicted
moisture supply of field crops at different de-
velopment stages has great economic im-
portance, and research in this area is relevant.

These factors necessitate revision of the
regulatory parameters of agrotechnical practices
for growing crops in the Prysyvashshia area.
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First of all, the sowing dates of winter soft
wheat (Triticum aestivum L.) and winter barley
(Hordeum vulgare L.) need to be revised, since
these crops are occupying up to 55 % of the
sown area and are the main crops for grain pro-
duction in the region. In this regard, the expan-
sion of pea (Pisum sativum L.) crops in the Pry-
syvashshia as one of the best non-fallow prede-
cessors for winter cereals, which in some years
provides grain productivity equal to black fal-
low, should also be considered.

Purpose. To determine the impact of
global warming on climate change in the Pry-
syvashshia, to consider their dynamics and to
identify the issues that arise for winter grain
crop production, especially during the overwin-
tering period.

Materials and Methods. The research
was carried out at the Henichesk Experimental
Station (HES) of the State Enterprise of the In-

stitute of Cereals of NAAS. Meteorological ob-
servations were carried out on the meteorologi-
cal post of the HES and the Henichesk Hydro-
meteorological ~Station. The precipitation
amount was determined by using a precipitation
gauge. Temperature measurements were made
according to the methodology [9]. For the com-
parative analysis of hydrothermal parameters,
the results of the studies conducted at the HES
were used.

The terrain is levelled due to its terraced
origin. The plain has a low slope in the southern
and south-eastern directions, is characterised by
drainagelessness and presence of closed flat
lowlands — hollows and depressions of various
sizes. The soil is represented by heavy loamy,
chestnut brown, sodic soils with various degrees
of alkalinity (Table 1).

The soil is characterised by a strong phy-
sical alkalinity, structureless topsoil and strong

Table 1. Characteristics of arable soil layer

Area Mechanical Humus Arable Humus | Content, mg/100 g of soil Ph of
ha ’ composition horizon layer, content, N-NO- | P.O K.0 salt
P thickness cm % 8 "s 2 extract
2200—
1131 Heavy loams 80 cm 29 2.4 180 125.1 2500 7.78
216 Heavy loams 55cm 24 2.4 200 120 2100 7.6

compaction of the illuvial horizons with a low
content of absorbed sodium. The humus content
in the arable layer ranges from 2.5 (sodic soils)
to 4.2 % (dark chestnut soils). The carbonate
layer located at a depth of 35-46 cm in sodic
soils and 40-50 c¢cm in chestnut medium-sodic
soils. Groundwater is highly mineralised and is
located at a depth of 2.5-5 metres. The relief is
characterised by a flat surface with a general
slope towards Syvash. Chestnut heavy loamy
soils are medium and strongly alkaline in com-
bination with sodic soils on carbonate loess with
salt accumulations.

Results and Discussion. Precipitation and
temperature measurements were carried out in
2004-2020. The results of the data analysis
show that an increasing average annual tem-
perature of 1.4—-1.6 °C causes the displacement
of climatic zones from south to north, which
leads to a decrease in the hydrothermal coeffi-
cient and the expansion of the risky agriculture
zone. At the same time, there is a change in the
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life cycle and the spread of new types of weeds,
pests and diseases.

Other negative impacts of global warming
include instability in the passage of seasons,
which are characterised by large temperature
amplitude with a sharp change, both during the
day and in the seasons, which causes plant
stress.

Comparing the data for 2004-2020 and
the baseline period [12], we see large discrepan-
cies between them. First of all, the difference in
annual averages, temperature, and precipitation
draws attention (Table 2). This shows a clear
trend towards an increasing average annual
temperature. The climate average is 10.33 °C,
but it increased significantly in 2004—-2021, and
reached 11.8 °C, which is 1.47 °C higher than
the climate average.

The average annual precipitation in the
Steppe of Ukraine requires a lot of attention. We
can see that the annual precipitation has de-
creased by 22.9 mm from 398 mm according to the
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Table 2. Changes of air temperature and precipitation in the Prysyvashshia

Average monthly temperature and precipitation

Month baseline climatic period post-b as(ezlz)r(l)iilzlgnzaé;c period

t°C mm t°C mm

I -2.3 35.0 -0.9 36.6

1 -1.6 32.0 -0.2 26.8

i 2.0 32.0 4.3 23.3

\Y 9.3 30.0 10.6 25.1

V 16.1 35.0 17.7 46.4

VI 20.6 42.0 22.7 37.1

VI 22.9 39.0 24.8 30.1

VIII 22.1 27.0 23.4 24.0

IX 17.3 31.0 18.8 37.2

X 11.0 25.0 12.0 25.4

Xl 5.4 32.0 6.3 27.2

Xl 11 38.0 2.2 35.9

Average 10.33 398.0 11.8 375.1
for year

climate norm to 375.1 mm as of the current state.

In addition, changes in the distribution of
precipitation and temperature over the year are
essential, as precipitation has different assimila-
tion rates in different periods of the year, and an
average monthly temperature increase of 1 °C in
January does not equate to 1 °C increase in July.

Compared to the baseline period, the larg-
est changes in the average monthly temperature
of more than 2.0 °C were in March and June.

There are also changes in the precipitation
distribution. According to the average climatic
norm, June and July were the wettest months.
At present, this peak of precipitation has shifted
a month earlier, and the wettest months are May
and June, which is important for water supply to
winter crops in the most critical development
stages.

In addition, it should be noted that accord-
ing to the average climatic data, the distribution
of precipitation throughout the year was uni-
form, and in modern conditions, there is a sig-
nificant irregularity. Therefore, the preservation
of soil moisture by means of agrotechnical prac-
tices in the winter cereals cultivation remains
relevant.

The overwintering period of winter grain
crops usually continues for 90 to 115 days in the
Southern Steppe of Ukraine, and rarely for 120
days. In this period, the plants are influenced by
negative natural factors, namely low tempera-
tures, ice crust, strong winds, which, combined
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with the lack of snow cover, causes dust storms.
It is difficult to predict the negative impact of
various climatic phenomena, and each of them
can cause significant damage to winter crops
and even their death.

Over the past 8 years, in winter, an im-
portant feature of winter crops was the one or
two temporary growth resumption for a total
period of 12-20 days. Examination of winter
wheat crops at different development stages
since autumn showed that after the spring
growth resumption, no damage from low tem-
peratures (-8...-10 °C) was detected on plants in
the stages of the pip, 3 leaves and full tillering.
The temporary growth resumption resulted in
the beginning of the stem elongation stage in
overgrown plants, and the death of primordial
spikelets was noted, mostly on the main stem.

According to our observations, in 2015-
2016, the winter period was ultra-short and last-
ed only 70 days, which is significantly less than
the long-term average. It should be noted that
the air temperature at this time exceeded the
monthly average for December by 1.9 °C; in
January by 0.1 °C and in February by 5.4 °C,
and thus significantly improved the conditions
for plants to survive the winter period.

Over the years of study, the longest winter
period was recorded in 2017-2018, which las-
ted 103 days, while the period of 2016-2017 was
slightly shorter and lasted 83 days. In terms of
temperature, the coldest period was 2016-2017,
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and the abnormally warmest was 2017-2018.
The soil freezing depth and temperature
decrease to the minimum values at the tillering
node depth during December—February were
closely related to the air temperature, snow co-
ver thickness, predecessor and sowing method.
During the research in 2015-2018, exca-
vations on winter wheat crops in the winter

months after the coldest periods to determine
the maximum depth of soil freezing showed that
in January 2017, under black fallow, it was the
deepest and amounted to 20.1-20.3 cm, while
under non-fallow predecessors (grain sorghum
and sunflower) the soil froze to a shallower
depth and amounted to 16.2-18.4 cm and 17.0—
18.6 cm, respectively (Table 3).

Table 3. Influence of air temperature on the soil freezing depth and its minimum indicators in the tillering
node zone on winter wheat crops depending on the predecessors and sowing methods, 2015-2018

Predecessor
black fallow sorghum for grain sunflower
Indicator Month -
sowing methods
traditional direct traditional direct traditional direct
sowing sowing sowing sowing sowing sowing
Average December +24 +2.4 +2.4
monthly air | January -1.6 -1.6 -1.6
tempg(r:ature, February +0.9 +0.9 +0.9
Maximum |December 5.9 5.9 5.4 4.1 5.2 4.4
freezing January 14.3 14.1 13.3 11.2 13.5 12.2
depth, cm | February 15.7 15.6 14.6 12.6 14.7 13.3
Minimum |December -2.3 -2.1 -1.8 -14 -1.9 -15
temperature | January -55 -55 -4.6 -3.0 -5.0 -4.6
at the depth | February
(3.5cm) of
the tillering -4.7 -4.6 -4.3 -3.6 -4.4 -39
node, °C

During the winter periods, on average over
three years, the deepest soil freezing was re-
corded in February.

The tillering node is the most important
part of the winter cereal plant for overwintering.

Death of the tillering node causes the
death of the entire plant. Usually, the tillering
node is affected by soil temperatures below 0 °C
at a depth of its occurrence of 3.0-3.5 cm.

According to the three-year data, the mini-
mum temperature at the depth of the tillering
node in December for black fallow was insigni-
ficant and ranged from -2.1 °C to -2.3 °C, for
grain sorghum from -1.4 °C to -1.8 °C and for
sunflower from -1.5 °C to -1.9 °C. In January, a
more significant decrease in temperature was
noted, temperatures ranged from -5.5 °C,
-3.0 °C, -4.6 °C and -4.6 °C, -5.0 °C, and slight-
ly higher temperatures were recorded in Febru-
ary, with temperatures from -4.6 °C to 4.7 °C,
from -3.6 °C to 4.0 °C and from -3.9 °C to
4.4 °C, respectively.
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Thus, in 2015-2018, overwintering of win-
ter wheat crops in the conditions of Prysyvash-
shia was satisfactory due to the low soil temper-
ature at the depth of the tillering node, which
was not critical. Our further observations found
that overwintering of winter wheat and winter
barley in 2019-2022 were similar, which is a
direct consequence of climate change, in parti-
cular, the global temperature increase.

Conclusions

The analysis of air temperature and pre-
cipitation data for 2004-2020 revealed that the
air temperature increased by 1.47 °C, while pre-
cipitation decreased by 22.9 mm in the Pry-
syvashshia. Climate change has led to a de-
crease in the depth of soil free-zing and an in-
crease in temperature at the depth of the tillering
node. As a result, overwintering conditions for
winter crops have improved. Prolongation of
autumn growth season amid global warming
forces to revise sowing dates and structure of
winter crops.
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Kocmupa I. B.', OcmanenkoM. A. ", Bondapenxo M. K.’ Bnnue nomenninnus na ziopomepmiuni
NOKA3HUKU ma nepe3uMi(mlo O3UMUX 3€PHOBUX 68 YMO6AX Hpucueammﬂ.

3eprosi kynomypu. 2023. 6 (2). 117-121.

Tenivecvra docniona cmanyia IV 13K HAAH, ¢. Hosoonexciiska, Ienivecuiuii paiion, Xepcomcoka oGnacme, 75560, Ypaina
ZﬂepofcaeHa yemanosa Iucmumym seprosux kynomyp HAAH, eyn. Bonooumupa Beprnaocvkoeo, 14, m. [ninpo, 49009, Yipaina

AkTyajbHicTh. [Ipobrema kITiMaTHYHUX 3MiH y HACTiAOK TTI00AEHOTO MOTEIUTIHHS, O/THA 32 BaXIIH-
BUX Ta aKTyaJIbHUX HANpSMKIiB HayKOBO-JOCITITHOI JiSUTBHOCTI Ha Cy4yaCHOMY €Tarli PO3BUTKY CLIbCHKOTO
rocrojapcTsa. 3MiHa KJIIMaTy TATHE 32 COOO0 3MiHY MOTEHIially IPUPOJHUX PECYPCIB 1 TOMY BU3HAUCHHS
iX Mex 3aBkKIu OepeTbcs MO yBard NpU BU3HAYCHHI HANPSIMKY BEICHHS arpapHOro BHpoOHUITBa. MeTta
Aocaimkennsi. BU3HaunTH, SIK BIUIMHYJIO TJ00aibHE MOTEIUTIHHS Yepe3 3MiHy KJIIMaTH4HI yMOBH Ha IIPO-
XOJPKEHHS 3MMOBOTO TIEpiOly O3MMHUMH 3epHOBUMH KyjibTypamu B [IpucuBamimi. MaTepiaau Ta MeToan
pocaimkenHsa. Marepiagamu qociipkeHHS Oyiy 6araTopidHi COCTEPEKEHHS 32 OCHOBHUMH KIIIMaTHYHUMH
nokazHukamu Ha ['enivechkiit mocminHiit cranmii Y I3K HAAH Vkpaiau. Pe3yabTatu Ta 00roBOpeHHs.
Byno npoananizoBaHo 3MiHM OCHOBHUX KJIIMaTHYHHUX MOKa3HUKIB 3a nepioy 2004—-2020 poku B [Ipucusani-
i Ha (poHi TTI00aIBHOTO MOTETUTiHHS Ta JociimkeH] BrupoaoBxk 20152018 pp. rmbuHa mpomep3aHHs TPyH-
Ty 1 MiHIMQJIBHI 3HaYECHHS TEMIEpaTypH Ha INIMOWHI 3aJISITaHHS BY3J1a KYIICHHS O3MMHX 3€PHOBHX KYJIBTYD
i Yac MPOXO/UKEHHS 3MMOBOTO Tepioay. 3adikcoBaHO 3pOCTaHHS CEPEAHBOPIYHOT TEMIepaTypH MOBITPS,
10 TIPU3BEJIO JI0 3MEHIIIEHHS [NIMOWHYU MPOMEP3aHHs IPYHTY Ta MiJIBUIICHHS HOT0 TeMIeparypy Ha TTHOWHI
By3na KymieHHs. BucHoBkm. Ilocuiaiouncs Ha ojeprkaHi JaHi BHHMKIA BaromMa HEOOXIJHICTH IOLIYKY
OUIBII ONTUMAJIBHUX CTPOKIB CIBOM MIIICHHMIII, SYMEHIO O3UMHX, SIK OJHOTO 3 KJIIOYOBUX CETMEHTIB arpoTeX-
HIYHUX 3aXOJIiB, IO 3a0e3medye Kpally aJanTalilo MOCiBiB O3UMUHH 1 3pOCTAaHHS iX MPOJYKTUBHOCTI MpHU
BUPOILYBaHHI B HOBUX YMOBaX IIPHUPOAHOrO CepeoBHIIa B 30HI cyxoro Cremy YKpaiHH.

Knwuogi cnosa. I'nobanvie nomenninus, 3miHa KIiMamy, meMnepamypa noeimps, memnepamypa
IPYHMY, onaou, NueHuYs 03UMa, AUMiHb O3UMULL, CMPOK Ci6OU, 2NUOUHA NPOMEP3AHHS TPYHINY
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