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Formation of productive elements in winter wheat by seed
dressing application with slow-release complex fertilisers

Abstract. Optimisation of plant nutrition in the initial stages of development is important for
the formation of productive elements of the main and additional shoots and grain yield. The
study presents the results of examining the effect of slow-release chlorine-free fertilisers in seed
dressing application at the rate of 100 kg/ha on the formation of productive elements in winter
wheat compared with the zone control — azophoska 16:16:16 and a variant without fertilisers. Field
studies were conducted in 2019-2021 on winter bread wheat varieties Bohdana and Samurai. The
fertilisers produced by FertinAgro were examined: DuraSOP with the content of NPK(S) - 9:20:12:(15),
10:10:17(20), and 4:26:12:(10). It is established that the influence of weather conditions on the
variability of grain weight per shoot, grain number per shoot, thousand seed weight substantially
exceeded the factors under study in both varieties. The formation of productivity elements under the
impact of the examined fertilisers depended on the varieties and manifested themselves in different
ways in different weather conditions. DuraSOP fertilisers did not have a substantial difference in
the effect on grain number and weight per shoot in the Bohdana variety compared to the control
in arid conditions, but grain weight from shoot increased to 174-178 g compared to the application
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of azophoska, and grain number per shoot varied insubstantially under favourable conditions.
Application of DuraSOP fertilisers in the Samurai variety allowed to form 1.17-1.21 g of grain per
shoot under the arid conditions and 147-149 g - in the favourable conditions, which did not differ
substantially from the control. The DuraSOP ActiBION increased the number of productive shoots
by 8.4% and DuraSOP Phos - by 7.7% in the Bohdana variety, while only DuraSOP Phos substantially
affected the productive shoots in the Samurai variety (an increase of 3.8%). Application of slow-
release fertilisers allows for obtaining grain yield of 6.58 to 7.03 t/ha in the Bohdana variety and 6.61-
6.80 t/ha in the Samurai variety. Fertilisers have higher efficiency in the Bohdana variety, while there
was a substantial increase in the Samurai variety only when DuraSOP Phos was applied (0.31 t/ha or
4.8%). The application of slow-release fertilisers also increases the protein content in the grain by
0.3-0.5%. The sensitivity of varieties to different ratios of macronutrients in pre-sowing fertilisers is
one of the elements of technology that have a high impact on wheat cultivation, so the use of effective

forms can increase yields up to 11.4% compared with typical fertilisers

Keywords: yield, protein content, standing density, variety, thousand seed weight

INTRODUCTION

Growing high and sustainable yields and obtain-
ing quality grain are the basis of profitable grain
production in Ukraine. The productivity of cere-
als has already reached a plateau and its growth
rate has slowed substantially compared to the
second half of the 20th century. Improving the
elements of technology adapted to the variety is
the key to increasing wheat productivity in the
last decade in Ukraine (Popov et al., 2014). Opti-
misation of the fertiliser system and some most
sensitive elements are the basis for increas-
ing the productivity of cereals at low additional
costs (Barabolia et al., 2018).

World experimental data shows that the
productivity potential of winter wheat can be
extremely high (Hatfield & Beres, 2020). The
biological potential of productivity of modern
winter wheat varieties reaches 24.6 t/ha, but
Ukraine’s record for yield in cultivation tech-
nology was 13.2 t/ha. Grain yields in the coun-
tries with the highest average yields (the United
Kingdom, Germany, and France) are only half of
the officially registered world records, so the op-
timisation of cultivation technologies remains
the main tool for productivity management
(Asseng et al., 2020).

It is necessary to optimise the interaction of
the two main components to obtain a high wheat
yield: a high genetic productive potential and

\U)

growing conditions that can ensure its full reali-
sation (Ghane et al., 2009). The main problems of
conventional nitrogen fertilisers include unpro-
ductive losses (ammonia weathering for amide
fertilisers, leaching for nitrate, denitrification
and immobilisation of nitrogen), the discrepan-
cy between the rate of nitrogen consumption by
plants and its release from fertilisers, and impos-
sibility (or limited possibility) to implement the
differential application of nitrogen (Vozhehova &
Serhieiev, 2018; Shiwakoti et al., 2020).

ANALYSIS OF RECENT STUDIES AND
PAPERS
The cost of mineral fertilisers is already ap-
proaching half the cost of cultivation technology
for high-yielding wheat varieties. Fertiliser rates
should be determined according to soil condi-
tions, the ability of crops to absorb the elements,
and, most importantly, the presence of available
moisture (Mazurenko et al., 2020). According to
a study by J. Lemon (2007), the dominant group
of factors influencing the yield, quality, and pro-
tein harvest of winter wheat are soil and climat-
ic conditions, nitrogen fertilisers, crop rotation,
and varietal characteristics of plants, which
in total causes more than 50% of the variation
in this indicator (Behdi et al., 2015). The quali-
ty and form of nutrients are less important for

Plant and Soil Science, (12) 4
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the plant than the total amount, but the product
quality can be improved by optimising this ele-
ment of technology, which will affect the selling
price (Karabach, 2020). Common wheat (Triti-
cum aestivum L.) forms enough protein in grain
with high baking quality at high rates of nitro-
gen fertilisers with a sufficient number of other
macro- and micronutrients in an accessible
form (Morgun et al., 2010; Rybalka, 2011).

The grain yield of winter wheat and the for-
mation of its productivity during the growing
season largely depend on the gross supply of ni-
trogen, phosphorus, and potassium (Hartmann
et al., 2015). Methods of applying various fertil-
iser forms and rates are aimed at optimal and
most effective use during the growing season
to obtain a high yield with appropriate quality
by placing them in the adequate depth of soil
(Kalenska et al., 2012). The main methods of fer-
tiliser application are scattering before basic
tillage with their subsequent earning, locally in
rows, or by scattering under pre-sowing cultiva-
tion, in rows during sowing and foliar fertilisa-
tion (Shyrynian et al., 2006).

Purpose of the study. Establish the influence
of sowing ultra-local application of slow-re-
lease complex fertilisers on the elements of crop
structure and winter wheat productivity.

MATERIALS AND METHODS

The field experiment was conducted during 2

growing seasons of winter crops at a Separated
subdivision of the National University of Life and
Environmental Sciences of Ukraine “Agronomic
Research Station’,

The average air temperature was +8.5°C in
the first growing season (2019-2020), but it was
+7.2°C in the second (2020-2021), which sub-
stantially exceeded the perennial values (+5.8°C).
Years were contrasting in terms of moisture be-
cause precipitations during the winter wheat
vegetation were 213.5 mm in the first year (46.7%
of the perennial value) and 504.6 mm (110% of
the perennial value) in the second year.

The soil of the experimental field is typical
low-humus (humus content is 4.04%). The pre-
decessor crop is peas. Each variant has four rep-
lications. The cultivation system is classic fallow.
The fertilising system provided the pre-sow-
ing application of 200 kg/ha of diammophos
(N, P_K_). The application of 200 kg/ha of am-

207 527752
monium nitrate (N,) in tillering stage (BBCH

31-38) was conduc?tged. The sowing rate was
450 pcs/m?, the inter-row space was 19 cm, the
depth of seed wrapping was 4-6 cm, and the
sowing period was the third decade of Septem-
ber. Seeds were treated with Kinto Duo (2.5 1/t).
Crop protection included 2 sprayings by fungi-
cide Abacus (1.5 1/ha) and a single application of
insecticide Fastak (0.11/ha).

The experimental scheme and the charac-
teristics of fertilisers are shown in Table 1.

Table 1. Scheme of the field experiment

Factor B Fertilise characteristics and nutrient content, %
Factor A 3
Variety Seed dressing, 100 kg/ha
physical weight N PO, K,0 Other
B1. Without fertilisers - - - -
B2. Azophoska (control) 16 16 16 SO,-6
Al Bohdana
B3. DuraSOP ActiBION 9 20 12 SO,-15
A2. Samurai
B4. DuraSOP Elite 10 10 17 SO, -20
B5. DuraSOP Phos 4 26 12 SO, -10
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The impact of FertinAgro fertilisers (Spain)
on wheat productivity was assessed in compar-
ison with the control of azophoska. FertinAgro
fertilisers are made by DuraSOP technology -
slow-release chlorine-free fertilisers containing
potassium sulfate.

Elements of crop yields were determined
by generally accepted methods. Thousand seed
weight, grain weight per shoot, and grain yield
are calculated based on a moisture content of
14%. The difference between the variants was de-
termined by ANOVA and post-hoc Fisher'sLSD ..

RESULTS

It was identified that the form of fertilisers af-
fects certain elements of wheat productivity
during research. The effect of fertilisation on the

40
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grain number per shoot, grain weight per shoot,
thousand seed weight, and wheat yield were
studied.

The grain number per shoot (Fig.1) is the most
variable yield element in the experiment. It was
influenced by weather conditions and varietal
characteristics, and in some cases, the fertiliser
forms. The Bohdana variety formed 26.3 grains/
shootin 2020, but this parameter increased sub-
stantially in 2021 (36 grains/shoot). The Samurai
variety had a lesser variation of this parameter
it formed 28.3 and 32.7 grains per shoot in 2020
and 2021, respectively. From this case, it can be
concluded that the Bohdana variety is better
adapted to improving growing conditions than
the Samurai variety in the “grain number per
shoot” parameter.

—
=

0 g 0 oo

B5

Bl B2(C) B3 B4 B5

Samurai

Figure 1. Grain number per shoot

On other hand, all fertilisers had a substan-
tial positive effect on grain number per shoot
compared to the variant without their appli-
cation, but a case of small amounts was better
than the control. DuraSOP Elite and DuraSOP
Phos substantially increased this parameter in
the Sumurai variety in 2020, but DuraSOP fer-
tilisers had not a substantial effect compared to
azophoska in the Bohdana variety this year.

The situation changed in 2021 with a suffi-
cient level of precipitations. DuraSOP Phos was

)

more effective in terms of grain number per
shoot than the control in the Bohdana variety,
but there was no difference between the fertil-
isersin cv Samuraiin 2021.

Grainweight pershoot (Fig. 2) alsovaried great-
ly. According to our research, it was identified that
on average over two years the application of Dura-
SOP fertilisers led to an increase in grain weight
per shoot compared to the application of azophos-
ka for seed dressing, but their effectiveness was
different in some years and certain varieties.
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Figure 2. Grain weight per shoot (g) in 2020 and 2021

Grain weight per shoot substantially depend-
ed on the weather conditions of the year in both
varieties. Notably, there was a tendency for a sub-
stantial increase in this parameter in the Bohda-
na variety with an improvement of the moisture
regime in 2021, when this figure averaged 170 g
against 112 g in 2020. The Samurai variety had a
lesser gap in grain weight per shoot, it increased
from 114 to 144 g as weather conditions improved.

Sowing without fertilisers led to a decrease
in grain weight per shoot compared to the con-
trol (azophoska) by 0.15 g (10.6%) in the Bohdana
variety and by 0.20 g (15.2%) in the Samurai va-
riety. Application of DuraSOP fertilisers result-
ed in an increase in the grain weight per shoot

52
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y
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42
40
38
36
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41.

Thousand seed weight, g
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from 2.8 to 5% in the Bohdana variety and from
0.08 to 3% in the Samurai variety on average for
two years. Notably, this increase was substantial
when using all DuraSOP fertilisers compared to
azophoska in the Bohdana variety, but only Du-
raSOP Elite had a substantial effect on this pa-
rameter in the Samurai variety. In both cases,
DuraSOP Elite gave the highest increase in grain
weight per shoot.

Thousand seed weight (Fig. 3) also differed in
varieties, years, and fertiliser forms. Thousand
seed weight (TSW) was 42.8 g in the Bohdana
variety in 2020, and it was 47.3 g in 2021, while
TSW was 404 and 439 g in the Samurai variety
in these years.

46.2

451 44.6

|
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Figure 3. Thousand seed weight in 2020 and 2021 (g)
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Fertilisers had a positive effect on thousand
seed weight in both years of research. There was
no substantial difference between fertilisers in
the Bohdana variety in 2020, including azophos-
ka, while DuraSOP ActiBION and DuraSOP Elite
increased this figure to 48.6 and 49.6 g, respective-
ly, in 2021, which is substantially more than in the
control variant. On another side, these two brands
did not have a substantial difference compared
with the control in the Samurai variety in 2020, but
the application of DuraSOP Phos decreased the
thousand seed weight to 401 g this year. The differ-
ence between the fertilisers in terms of influence
on this parameter in 2021 was insubstantial.

Standing density is formed throughout the
growing season. The largest number of shoots is
observed at the beginning of the jointing phase
(BBCH 31), after which weak shoots begin to die
off. The number of shoots that formed the grains
and those that did not differ insubstantially, but
the reduction may occur at the level of forma-
tion of the organs in the shoot and fertilisation
in the anthesis.

There was no substantial difference in the
productivity of the main and side shoots, and the
number of low-yielding shoots was insubstan-
tial, so the standing density can be analysed in
one array (Table 2).

Table 2. Standing density of winter wheat (shoots/m?)

ariety Seed dressing 2020-2021

2020 2021 t/ha %
B1. Without fertilisers 417 402 410 -42 -9,3

o B2. Azophoska (c) 4772 4270 4522 0 0
%S B3. DuraSOP ActiBION 512¢n 468¢ 490P 38 84
‘8 B4. DuraSOP Elite 4732 428° 4512 -1 -0,2
B5. DuraSOP Phos 513¢h 460°¢ 487 35 77
B1. Without fertilisers 49(Qbed 465¢ 478° -16 -32

‘g B2. Azophoska (c) 500¢% 4884 494¢ 0 0
E B3. DuraSOP ActiBION 5054 4884 496¢ 2 0,5
& B4. DuraSOP Elite 498¢de 4874 493¢ -1 -0,2
B5. DuraSOP Phos 531n 4954 513 19 3,8

LSD,, 15 13 - -

Sowing without fertilisers led to a decrease
in the number of productive shoots by 9.3% in the
Bohdana variety and 3.2% in the Samurai variety
on average for two years. Therewith, the applica-
tion of DuraSOP fertilisers had almost no effect
on the number of productive shoots compared
to the variants where azophoska was applied, ex-
cept for DuraSOP ActiBION and DuraSOP Phos in
the Bohdana variety. The increase in the number
of shoots in these variants was 7.7-84%, while the
number of shoots increased substantially in the

Samurai variety only with the application Dura-
SOP Phos (3.8%). The impact of fertilisers on the
standing density was similar in these varieties in
2019 and 2020. The grain yield of winter wheat
was formed based on the elements of the crop
structure, depending on all factors, including
weather conditions. On average, according to the
results of the experiment, the Bohdana variety
formed 5.39 t/ha of grain in 2020 and 746 t/ha in
2021, while the Samurai variety formed 577 and
6.97 t/ha, respectively (Table 3).
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Table 3. Grain yield of winter wheat

. . Year Average per Increase compared
Variety Seed dressing 2020-2021 with control
2020 2021 t/ha %
B1. Without fertilisers 4.32 6.08 5.20 -111 -18.6
© B2. Azophoska (c) 547 715 6.31 - -
%S B3. DuraSOP ActiBION 5.88 817 703 0.72 114
2 B4. DuraSOP Elite 544 773 6.58 0.27 43
B5. DuraSOP Phos 5.86 8.20 703 072 14
B1. Without fertilisers 479 5.89 5.34 -115 -177
@ B2. Azophoska (c) 579 7.20 649 - -
E B3. DuraSOP ActiBION 6.05 719 6.62 013 20
&3 B4. DuraSOP Elite 6.02 719 6.61 o1 17
B5. DuraSOP Phos 6.21 740 6.80 0.31 4.8
LSD,, 034 0.54 023 - -

Grain yield in the Bohdana variety in the
control variant (azophoska) was 6.31 t/ha on
average for two years, while it was only 5.2t/ha
without pre-sowing fertilisation that is 111 t/ha
less, i.e. yield reduction was 18.6%. Application
of DuraSOP fertilisers substantially increased
grain yield - by 0.27 t/ha with DuraSOP Elite
(an increase of 4.3%) and 072 t/ha (an increase
of 11.4%) with DuraSOP ActiBION and DuraSOP
Phos, respectively. Notably, the application of
DuraSOP Elite did not result in a substantial dif-
ference compared with the control in 2020, it
only slightly exceeded LSD , in 2021.

The variability of grain yield in the Samurai
variety differed from the Bohdana variety under
influence of DuraSOP fertilisers. Sowing without
fertilisersledtoadecreaseinyield by anaverage of
115 t/ha (17.7% decrease) compared to the variant
with azophoska application, but the application of
DuraSOP Elite and DuraSOP ActiBION slightly in-

creased the average yield compared to the con-
trol. A substantial increase in grain yield in the
Samurai variety was only in a variant with the
application of DuraSOP Phos when the increase
was 0.31t/ha,i.e.4.8%,compared with the control.

The protein content of winter wheat in all
experimental variants was determined and pro-
tein output was calculated (Table 4). It is known
that drier conditions contribute to the formation
of higher protein content in grains, which is con-
firmed by the results of the experiment. Appli-
cation of DuraSOP fertilisers allowed obtaining
a high protein contentin the grain (14.3-14.5%) in
the Bohdana variety in 2020, so according to this
indicator it can be classified as the first class,
while the Samurai variety formed the grain of
the second class in all variants (lesser than 14%),
including without fertiliser, but the application
of DuraSOP increased the protein content com-
pared with the control variant.

Table 4. The protein content of winter wheat

. . Year
Variety Seed dressing 2020 2071
B1. Without fertilisers 13.0 127
B2. Azophoska (c) 139 134
Bohdana B3. DuraSOP ActiBION 14.3 136
B4. DuraSOP Elite 14.3 141
B5. DuraSOP Phos 14.5 144
B1. Without fertilisers 13.0 124
Samurai B2. Azophoska (c) 127 12.2
B3. DuraSOP ActiBION 13.2 12.8
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Table 4. Continued

. . Y
Variety Seed dressing 2020 car 2071
Samurai B4.DuraSOP Elite 130 127
B5. DuraSOP Phos 133 12.9
LSD,, 05

Weather conditions in 2021 were more fa-
vourable, but the protein content was lower,
which is known to be due to the negative corre-
lation between yield and protein content. There-
fore, the grain of the first class in the Bohdana
variety this year was formed only in the variants
of DuraSOP Elite and DuraSOP Phos fertilisers
(14.1and 14.4% of protein, respectively), while the
protein content in the Samurai variety corre-
sponded to the second class in the variants with
the application of DuraSOP fertilisers. Applica-
tion of azophoska or sowing without fertilisers
contributed to the formation of the grain of the
third class (lesser than 12.5% of protein).

CONCLUSIONS
The application of slow-release DuraSOP fer-
tilisers in seed dressing substantially increases

grain weight per shoot and the standing den-
sity of plants compared to the application of
azophoska in the Bohdana variety. Therewith,
only DuraSOP Phos has a substantial effect on
increasing yields in the Samurai variety, mainly
due to the increase in the density of shoots. This
difference is due to the different areas of appli-
cation and the specific features of the produc-
tivity formation in varieties under study as the
Samurai variety produces less protein, and its
requirements for the fertiliser system and the
ratio of nutrients will be different.

Each variety of common winter wheat has
its requirements for the ratio of nutrients in
the seed dressing application of fertilisers, so
further research is relevant given the optimi-
sation of cultivation technologies adapted to
the variety.
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b.0. MasypeHKo

KaHamaaT 6ionoriyHMx Hayk, acUCTeHT Kadeapu POCAMHHMLTBA
HaujioHanbHMin yHiBEpCUTET BiopecypciB i NPMPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. Tepois ObopoHK, 15, m. Kuis, YkpaiHa

C.M. KaneHcbKa

[JOKTOp CinbCbKOrocnoaapcbKMx Hayk, npodecop, 3asiayBay Kadeapn
HaujioHanbHMin yHiBEpCUTET BiopecypciB i NPMPOAOKOPUCTYBAHHA YKpaiHK
03041, Byn. Tepois ObopoHU, 15, m. Kuis, YkpaiHa

.M. loHuyap

KaHamMA4aT CinbCbKOrocnoaapCbKMx Hayk, OUEHT

HauioHanbHMI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHu
03041, Byn. lepois O6opoHK, 15, m. Kuis, YkpaiHa

M.A. TpuropeBCcbKuM

Marictp

HauioHanbHMI yHiBepcUTET BiopecypciB i NPMPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Kuis, YkpaiHa

dopMyBaHHS e/IeMeHTIB NPOAYKTUBHOCTI NMLWeHULi 03MMOi 3a
NPUNOCiBHOro BHECEeHHS NOBINIbHOAIIOYNX KOMMNIEKCHUX A06puB

AHoTauiga. OnTuMisallia XUBJIEHHA POCJIMH Ha IIOYAaTKOBUX eTallaX PO3BUTKY Ma€ BasKJIMBe
3HaYeHHd A1 GOpMyBaHHSA €JIeMEHTIB MTPOAYKTUBHOCTI TOJIOBHOTO Ta HIYHUX ITaroHiB i BpOXKaio
3epHa. V CTaTTi NpeACTaBIeHO pe3y/IbTaTyh NOCIIIKEeHHS BIUIMBY IOBIIBHOAIOUNX 6e3XJIOPHUX
Io6pYB y IIpUITOCiBHe BHeceHHs B HOpMi 100 Kr/ra Ha GOpMyBaHHS €JIeMEHTIB ITPOAYKTHBHOCTI

Plant and Soil Science, (12) 4 @



Formation of productive elements in winter wheat...

TIIIeHUIT] 03MMOI ITOPiBHAHO 3 30HAJIBHMM KOHTPOJIEM — HiTpoaModoCKoIo 16:16:16. [ BUpillleHHA
II0CTaBJIeHUX 3aBAaHb 3aKJIa/IaBCs IMOJIOBUM Jlociif, v 2019-2021 pp. Ha ABOX COPTaM IIHIEHUIT
M'aKoi o3uMoi - Bormana Ta CaMmypall. BuB4Yaiuca KOMIUIEKCHI MOBiNbHOAi0Ui mo6prBa NPK(S)
BrupobHuITBa FertinAgro (Icranis) Mapgu DuraSOP ActiBION 9:20:12:(15), DuraSOP Elite 10:10:17:(20),
DuraSOP Phos 4:26:12:(10). BIUTMB ITOrOHYX yMOB Ha GOPMyBaHHSA TAKUX €JIEMEHTIB ITPOYKTUBHOCTI
TIIIeHUI]i 03MMOI, IK Maca 3epHa 3 K0JjI0Ca, KiJIbKiCTb 3epeH y KoJoci 1 Maca 1000 3epeH, CyTTEBO
[IepeBUILYBaB JOCIKyBaHI YNHHUKY B 060X COPTiB. DOpMyBaHHS eJIeMEeHTIiB IPOAYKTUBHOCTI 32
BIUIMBY JOCTII>KyBaHUX OO PUB 3aJI€3KaJTO0 Bifl COPTIB i [T0-Pi3HOMY IIPOSBIISIIOCS B PiSHUX [TOTOTHUX
yMmoBax. lobprea DuraSOP He MaJIu CyTTEBOI pi3HULI Y BIUIMBI Ha KiJIBKiCTh i Macy HaciHHS 3 KOJIOCY
y copTa bormaHa IIOpiBHSHO 3 KOHTPOJIEM Y IIOCYIIVIMBUX YMOBAX, aJle Maca HaCiHHA 3 KOJI0Ca CYyTTEBO
3poCJIa TIOPIiBHAHO 3 KOHTpoJieM (Bix 1,67 mo 1,74-1,78 T) 3a CIIPUATIIMBUX YMOB, TOZi K KiJIbKiCTh
3epHIBOK CYTTEBO He pisHmacsa. ®opma Bo6pUB y IpUIIOCiBHE BHECEHHS B COPT CaMypail HeMasia
icTOTHOrO BIUIMBY, OCKIJIBKM 3a ITOCYIIIMBUX YMOB dopmyBanocsa 1,17-1,21 r 3epHa B KOJIOCi, a 3a
crpuamInBYXx 1,47-1,49 T, 1110 CYTTEBO He BiIpi3HAIOCA BiZl KOHTPOIIO (HiTpoaModoCKa). 3aCTOCyBaHHA
DuraSOP ActiBION m03BOIMIIO 361TBUTUTY KiIBKICTh ITPOAYKTUBHUX CTe6eT Ha MOMEHT 36MpaHHsA
Ha 8,4 % ToOpiBHSAHO 3 KOHTPoJeM i Ha 7,7 % y copTi BormaHa y pasi 3actocyBa"Ha DuraSOP Phos.
Copt CaMypaii cablile pearyBaB Ha ITOBUIBHOZIOUI O6pMBA, TOMY CYTTEBA pi3HUIIA 6ya JUIle
y Bapianty DuraSOP Phos Konu KiNbKiCTb IPOLYKTUBHUX cTebel. 3a pi3HOCTOPOHHBOTO BIUIBY
Ha GOpPMyBaHHS €JIEMEHTIB IIPOAYKTUBHOCTI BCi ZOCHTiIKyBaHi MOBIMBHOA OUI J06pHBa CYTTEBO
BIUIMBaJIX Ha $OPMyBaHHSA BPOJKAIO 3epHa y cOpTy BornaHa - y cepefHbOMY YPOXKaUHICTh Ha LIUX
BapiaHTax CTaHOBWJIA Bif 6,58 110 7,03 T/ra (mpupicT 0,27-0,72 T/ra), TOZ| IK HA KOHTPOJIBHOMY BapiaHTi
dopmyBanocs 6,31 T/ra 3epHa. BogHouac y copta CaMypaii pypicT Bif 3aMiHK HiTpoaMopoCKy Ha
moBiyIBpHOZ 04l popmu 06puB cTaHOBUB 0,11-0,31 T/Ta, TO6TO CYyTTEBE 36LIBIIEHHS YPOXKAMHOCTI
6yr10 tuiie 3a 3acTocyBaHHA DuraSOP Phos, 1110 1a10 MOXKJIMBICTh OTpUMaTH 6,80 T/Ta 3epHa, TO6TO
TIpUpiCT CTaHOBUB 4,8 % Bif, KOHTPOJIO (6,49 T/ra). BAKOPHCTAHHA MTOBUIBHOAIIOUNX JOGPUB TAKOK
JIaJI0 3MOTY 361IBIIUTY BMiCT 6iy1Ka B 3epHi Ha 0,3-0,5 %, 1110 3arajioM € HECyTTEBUM IIPUPOCTOM, aJIe B
OKpeMUX BUIIaAKaX AA€ 3MOT'Y ITIABUINWTU KJIac 3epHa I1iJ yac peasizaliil. CopToBa peaKllis Ha pi3He
CHiBBITHOIIIEHHS MaKpOeJIEMEHTIB y I06pHBax JIjis IPUIIOCIBHOTO BHECEHHS € OIHUM 3 eJIEMeHTIB
TeXHOJIOT], IKi MaroTh BUCOKUH BIUIUB Ha IIPOAYKTHBHICTD MIIIEHUIT] Ta Ii pO3BUTOK Ha II0YaTKOBUX
eTariax, TOMy BUKOPUCTaHHA eGeKTUBHUX GOPM Jla€ MOKIIUBICTD IiABUIIUTY BPOJKAMHICTD 10 11,4
% TIOPiBHAHO 3 TUTIOBUMU KOMITJIEKC HUMU JI06pHUBaMU

KniouoBi cnoBa: yposkaii, yMicT 6i/iKa, TycTOTa CTOSIHHS, COpT, Maca 1000 3epeH
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The realisation of the genetic potential of sunflower hybrids
under the influence of feeding conditions

Abstract. The use of microfertilisers against the background of the main fertiliser helps to increase
the efficiency of using nutrients of mineral fertilisers and soil by plants, which ensures an increase
in yield and an improvement in the quality indicators of the grown crop. The purpose of the study
was to establish the influence of crop nutrition conditions and select highly productive hybrids (NK
Diamantis, SI Kupava, NK Neoma) for specific soil and climatic conditions through the formation
of their productivity. Field studies were conducted during 2018-2019 on typical low-humus
chernozems of the Chernihiv region. The study programme provided for the laying of a three-factor
field experiment, in which hybrids (factor A) fertiliser options (Factor B), and foliar top dressing
(factor C) were examined in the phases of 4 and 8 sunflower leaves with Ecoline Boron, Nertus Boron,
Bast Boron products. Sunflower hybrids under study are NK Diamantis, SI Kupava, and NK Neoma.
Studies showed that the most productive was the SI Kupava hybrid with the maximum yield indicator
in the option with the application of N, R, K, .S, + N,, + Ecoline Boron (in the phases of 4 and 8 leaves
of 11/ha) - 3.46 t/ha. The fat content in sunflower seeds was determined by the morphobiological
features of the hybrid and fertiliser options. The use of foliar top dressing with microelements had
a positive effect on the fat content in the seeds of sunflower hybrids, which allowed obtaining the
maximum indicator in the option with the application of N, R, K,S,, + N,, + Ecoline Boron (5-6
leaves) in plants of the SI Kupava hybrid - 51.1%. The maximum content of oleic acid was identified
in the SI Kupava hybrid in the option with added N, R, K_S, + N,, + Ecoline Boron (5-6 leaves) -
77.2%. Due to the use of fertilisers containing boron, the content of this polyunsaturated acid can be

increased, improving the quality indicators of sunflower seed oil. The highest oil yield, according to the
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calculations performed, was obtained in the option with the application of N, R, K, .S,.+N,, + Ecoline

36756”10828

Boron (5-6 leaves) in plants of the SI Kupava hybrid, which amounted to 1.64 tonnes per 1 hectare

Keywords: sunflower; hybrids; nutrients; Boron; Ecoline Boron; Nertus Boron; Bast Boron,; yield; fat

content; protein content; oleic acid content

INTRODUCTION

Today, sunflower has become a convention-
al crop for modern agricultural business in
Ukraine. This is mainly due to the stable demand
of foreign markets for sunflower oil, which led
to the formation of attractive purchase prices
for producers of the internal market for seeds
of the crop, which contributed to the expansion
of acreage and the introduction of modern tech-
nologies for its cultivation. It is for this reason
that the culture remains attractive to producers.

Factors that can ensure the formation of
high crop yields include plant nutrition condi-
tions throughout the growing season and tech-
nological measures aimed at realising the ge-
netic potential of the crop in certain regions of
Ukraine. It is necessary today to thoroughly ex-
amine the potential possibilities of hybrids and
varieties for cultivating them in different grow-
ing conditions to identify their competitiveness
and popularise them, which will increase the
quality and yield indicators of the crop in gen-
eral (Eremenko, O., Kalenska, S., § Pokoptseva, L.
etal., 2019; Ieremenko, O. § Kalitka, V., 2016).

That is why today much attention is paid to
examining the influence of feeding conditions
on the formation of productivity of hybrids, both
foreign and Ukrainian selection, in specific soil
and climatic conditions of Ukraine (Kalenska,
Ryzhenko & Novytska et al.,, 2020; Domaratskiy,
Bazaliy et al., 2018).

The efficiency of oilseed production in
Ukraine in recent years has led to problems as-
sociated with the oversaturation of sunflower
crop rotations. An increase in the production of
sunflower seeds can be conducted due to the im-
provement of elements of its cultivation technol-
ogy, and the rational use of fertilisers is important
forit. The effectiveness of applying mineral fertil-

)

isers on sunflower crops in different agroclimatic
zones varies (Havryliuk, 2007, Totskyi, 2014).

ANALYSIS OF RECENT STUDIES
AND PAPERS

Recently, a substantial number of sunflower va-
rieties and hybrids with high productivity poten-
tial have been added to the State register of plant
varieties suitable for distribution in Ukraine.
However, the realisation of this potential occurs
only partially (leremenko, Kalitka § Kalenska,
2017; Bondarenko, Korytnyk § Pysmennyi, 2002).

Technological processes for growing a crop
are determined by the characteristics of its vari-
ety or hybrid, agrobiological features, which in-
clude requirements for growing conditions and
information about the influence of the crop on
soil properties, depending on the characteristics
of biology and agricultural technology.

Along with this, preference for growing
sunflower seeds is given to hybrids of foreign
selection. The advantages of the seed mate-
rial of these hybrids are the ability to form
high crop productivity. However, it should be
considered that these hybrids are inferior to
the resistance of Ukrainian ones to a num-
ber of pathogens characteristic of the climat-
ic conditions of sunflower-growing regions
in Ukraine. Features of the formation of pro-
ductivity of hybrids and varieties of crops,
their plasticity and adaptability to soil and cli-
matic conditions are the determining factor
in the case of their choice (Alves et al.,, 2017).

The selection of varieties and hybrids, the
features of the formation of reproductive or-
gans of the crop and the quality indicators of
the formed seeds are considered (Markova, 2011;
Havryliuk et al., 2007).

Plant and Soil Science, (12) 4
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Auxiliary elements in crop cultivation tech-
nologies have now become relevant to increase
sunflower productivity, in particular, seed inoc-
ulation with microbial-based preparations, and
foliar top dressing with biologics and microfer-
tilisers. The preference is often given to complex
fertilisers with a full set of nutrients necessary to
create optimal conditions for plant nutrition at
certain stages of their growth and development
(Bailly et al., 2016; Calvo, Nelson, Kloepper, 2014;
Domaratsky & Dobrovolsky 2018; Yeremenko &
Kalytka, 2016; Luhmenev, 2015).

The effectiveness of mineral fertilisers de-
pends both on the ratio of nutrients and on their
forms. With the same amount of active sub-
stance, different forms of fertilisers provide dif-
ferent results, which is due to the physiological
characteristics of fertilisers and plants.

Creating optimal conditions for crop nutri-
tion ensures the formation of an optimal leaf
surface area and maximum realisation of the
genetic potential of sunflower hybrids and vari-
eties (Kalenska, Gorbatyuk, Garbar, 2020; Helmy
& Ramadan, 2009).

The crop fertilisation system is determined
considering a number of factors. It should be con-
sidered that sunflower plants take substantially
higher amounts of nitrogen and phosphorus from
the soil compared to other agricultural crops.

Due tothelong period of consumption of nu-
trients, the crop requires a much larger amount
of them compared to the group of grain crops.

Notably, sunflowers need a different amount
of nutrients at different stages of their growth
and development: the overwhelming amount of
nitrogen and phosphorus is consumed before
the flowering phase and the formation of the
leaf apparatus, stems, and root system,; after the
appearance of baskets, phosphorus absorption
decreases sharply; potassium is absorbed by
sunflower throughout the growing season.

Food elements have different effects on
growth, development, crop formation, and prod-
uct quality: nitrogen enhances growth processes

Plant and Soil Science, (12) 4

and promotes the formation of larger baskets.
However, excessive nitrogen nutrition leads to
an extension of the growing season, and has a
negative impact on the processes of oil accu-
mulation in seeds, while increasing the protein
content init. If there is an excess of nitrogen and
a sufficient amount of moisture, there is a pos-
sibility of lodging of plants and their damage by
pathogens (Phomopsis, white rot, etc.) (Melnyk,
Stepanenko, 2000; Shakaliy, 2017).

Sunflowers need phosphorus from germi-
nation to flowering. The element accumulates
before the flowering phase in the stem and
leaves, and later it moves to generative organs.
Plants absorb up to 70% of their phosphorus
needs during the basket formation period - the
end of flowering. The lack of phosphorus has a
negative impact on the formation and filling of
achenes and limits the productivity of sunflow-
er seeds. Phosphorus increases the drought re-
sistance of plants and the oil content of seeds,
ensures the formation of a powerful root sys-
tem, and promotes the laying of reproductive
organs.

Enhanced phosphorous nutrition reduces
the water consumption coefficient of sunflow-
er plants (Yeremenko et al, 2017, Buldykova,
Sheudzhen & Bondareva, 2015).

The purpose of the study is to establish the
influence of factors that were examined on the
formation of yield and quality indicators of sun-
flower hybrid seeds.

MATERIALS AND METHODS

Studies were conducted during 2018-2019 on
typical low-humus chernozems in the condi-
tions of the Chernihiv region.

In accordance with this goal, a study pro-
gramme and a field experiment scheme were
developed (Table 1). The scheme of the experi-
ment included the examination of hybrids (fac-
tor A), fertiliser options (Factor B), and the use of
foliar top dressing of crops (factor C) in the phas-
es of 4 and 8 sunflower leaves.
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Table 1. Formation of sunflower productivity elements (experiment scheme)

Hybrids
(factor A) / option designation

Fertiliser options
(Factor B) / option designation

Foliar use of protective products
(factor C) / option designation

1. NK Diamantis,
2. SI Kupava,
3. NK Neoma

27" 427781

2.N, R_K

1N R, K _S21+N

"7 7367567108728

_ 1. Ecoline Boron;
+Nz3' 2. Nertus Boron;
23 3. Bast Boron

Microfertiliser Ecoline Boron organic (nitro-
gen (N-NH,) boron (B) - 15.5%) is a liquid boron
fertiliser for foliar top dressing containing boron
in the form of an organic compound. Provides
stress and cold resistance for plants. The rate of
foliar application is 1-2 1/ha.

Microfertiliser Nertus Boron (150 g/l (bo-
ron-ethanolamine) provides an increase in the
yield and resistance of the plant to stress, bacterial
damage. The rate of foliar application is 1-1.5 1/ha.
Bast Boron (B (200 g/L); N (70 g/L) - provides
drought resistance of crops, prevents diseases
that occur as a result of boron deficiency, in-
creases yield and improves product quality in-
dicators. The rate of foliar application is 1-2 /ha.

The registered area is 50 m? with a four-
fold repetition. The placement of land plots
is systematic (Rozhkov, A.O., Puzik, VK, &
Kalenska, S.M., 2016). The seeding rate is 50
thousand germinating seeds/ha. Fertilisers
N, R, K.S, and N, R K .S were applied dur-
ing pre-sowing cultivation, N,, - during sowing.
Top dressing was conducted twice by foliar ap-
plication of Ecoline Boron, Nertus Boron, and

B2C3
B2C2
B2C1
B1C3
B1C2
B1C1

82 -, 3,12
B1 * 2,71

[}

05 1 1,5
5 NK Neoma

1 SI Kupava

Bast Boron in phases 4 and 8 leaves at the rate of
11/ha. Yield determination was conducted using
the accounting method, statistical data process-
ing was conducted using the SAS 9,4 programme.

RESULTS AND DISCUSSION

The study programme included investigating the
influence of the factors under study on the for-
mation of elements of productivity of sunflower
hybrids. After analysing the results obtained, it
is noted that providing sunflower plants with the
necessary macro — and micro-nutrients during
the entire growing season allows for increasing
the yield of the crop.

The level of the yield of sunflower hybrids in
the experiment depended on the weather con-
ditions of the years of the study, the morphobi-
ological features of the hybrids under study, and
the nutritional conditions created by fertiliser
options. The results show that in the options
without top dressing, the yield varied in the hy-
brid NK Diamantis from 2.42 to 2.76 t/ha, SI Ku-
pava from 2.71 to 312 t/ha, NK Neoma from 2.59
to 2.89 t/ha (Fig. 1).

35
3,31
3,46
3,25

2 2.5 3 3,5
NK Diamantis

Figure 1. Yield of sunflower hybrids, t/ha

Note: (HIP . A=0.27, B=0.14; C=0.11; ABC=0.39)
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The use of foliar top dressing against the
background of the main fertiliser with protec-
tive preparations with microelements contrib-
uted to an increase in the yield growth to the
corresponding options of the main fertiliser
from 0.46 to 0.56 t/ha in the hybrid NK Diaman-
tis, from 0.56 to 0.71 t/ha in SI Kupava and from
0.38 t0 0.52 t/ha in NK Neoma.

The most productive hybrid was SI Kupava
with the maximum yield indicator in the option
with the application of N, R_K, .S, + N, +Ecol-
ine Boron - 346t/ ha.

The conducted studies allow stating a posi-
tive strong correlation r = 0.93 in the relationship
between the yield of the SI Kupava sunflower hy-
brid and the fertiliser option (Fig. 2).

3,7

35

—

- M

3,1

Yield, t/ha

// v = 0,0018x" - 0,0437x" +0,4024x° - 1,7198x" + 3,4164x + 0,6425

29 /
2,7

R =0,927

2_,5 T T T
B1 B2 B1C1

B1C2

B1C3 B2C1 B2C2 B203

Fertilisation option

Figure 2. Yield formation model and correlation between yield and fertiliser option of SI Kupava
sunflower hybrid

Based on regression analysis, it was iden-
tified that yield changes have a polynomial
curve type and the yield of a medium-ripened
Sunflower hybrid SI Kupava (Y) depending on
the fertiliser option (X) can be described by the
following equation: y = 0.0018x° - 0.0437x* +
0.4024x3-1,7198x% + 3.4164x + 0.6425.

An important element of the characteristics
of sunflower products is the quality indicators
of oilseeds. The concept of quality covers many
indicators of physical and chemical origin. Phys-
ical indicators include: pericarp ratio, huskiness,
size, and volume mass. Chemical indicators in-
clude the fat content in achenes and kernels, the
protein content in seeds and meal, the content
of oleic acid, the ratio of amino acids, and the
acid and iodine numbers of oil. This study in-

cluded the assessment of fat and protein con-
tent in sunflower seeds. Determination of these
indicators allows for characterising the quality
of grown oilseeds.

Sunflower oil, unlike others, has a fatty
acid composition with a great advantage of
oleic acid over others. Conventional varie-
ties and brids of sunflower produce oil with
a content of 65-70% of oleic acid, and recent-
ly created high-oleic forms have a content
of this component in the range of 80-90%.
Therefore, the most valuable oil is the one that
contains the maximum proportion of oleic
acid. Notably, due to fertilisers and protective
preparations containing microelements, the
oil content in the sunflower seed core can be
increased in this way to improve the quality of

Plant and Soil Science, (12) 4 @ )



The realisation of the genetic potential of sunflower hybrids...

raw materials. When introducing new varie-
ties and hybrids into production, it is impor-
tant to consider not only their yield but also
the content and output of oil and protein, and
the dynamics of their changes under the influ-
ence of growing conditions (Horbatiuk, E.M.,
2017). The fat content in the seeds of sunflower

hybrids under study depended both on the
morphobiological features of the hybrid and
on the conditions created by fertiliser options.
Analysis of the results obtained showed that
the use of foliar top dressing with microele-
ments had a positive effect on the fat content
in sunflower hybrid seeds (Table 2).

Table 2. Fat content in sunflower seeds, % (average for 2018-2019)

Hybrid
Fertiliser option

NK Diamantis SI Kupava NK Neoma
N,R, K, S21+N,, (background 1); 497 501 500
N,R..K,;:S,.*N,.(background 2); 493 49.2 491
Background 1+ Ecoline Boron (5-6 leaves) 504 507 50.6
Background 1+ Nertus Boron (5-6 leaves) 498 499 498
Background 1+ Bast Boron (5-6 leaves) 50.0 504 50.3
Background 2 + Ecoline Boron (5-6 leaves) 50.8 511 510
Background 2 + Nertus Boron (5-6 leaves) 50.2 504 50.3
Background 2 + Bast Boron (5-6 leaves) 501 50.8 507

The maximum indicator was obtained in the
option with the application of N, R_ K, .S, .+N, +
Ecoline Boron (5-6 leaves) in plants of the SI Ku-

pava hybrid, which corresponded to 511%. The

protein content in sunflower seeds depended
more on genetic characteristics than the exam-
ined factors (Table 3).

Table 3. Crude protein content in sunflower seeds, % (average for 2018-2019)

Hybrid
Fertiliser option . .
NK Diamantis SI Kupava NK Neoma

N,R, K, S21+N,, (background 1); 176 18.0 17.8

N, R, K, sS,5*N,,(background 2); 180 186 184
Background 1+ Ecoline Boron (5-6 leaves) 184 189 187
Background 1+ Nertus Boron (5-6 leaves) 17.8 181 179
Background 1+ Bast Boron (5-6 leaves) 182 184 182
Background 2 + Ecoline Boron (5-6 leaves) 187 190 18.8
Background 2 + Nertus Boron (5-6 leaves) 182 184 182
Background 2 + Bast Boron (5-6 leaves) 186 187 185
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In Ukraine, there are no standards regard-
ing the optimal size of seeds and their huskiness
in various processing methods. Notably, hybrids,
unlike varieties, have small seeds with greater
huskiness and lower oil content. Therefore, due
to the different quality of oilseeds, it is recom-
mended to process them without preliminary
hull separation - by direct extraction.

Sowing with high-quality seeds is one of the
main agrotechnical measures aimed at growing
high yields of agricultural crops. High-quality
seed material allows for ensuring proper plant
growth without additional energy costs (fertil-
isers, pesticides), reducing the negative impact
of weeds, diseases, pests, and increasing the

yield and quality of the resulting products on
this basis, improving the ecological state of the
field.

Sunflower oil is characterised by a fatty acid
composition with a substantial advantage of
oleic acid over others. The most valuable oil is
considered to contain the maximum proportion
of oleic acid. The results of studies showed that
the highest content of oleic acid was identified
in the SI Kupava hybrid in the option with the
application of N, R, K, S21+N,, + Ecoline Bo-
ron (5-6 leaves). Due to fertilisers and protec-
tive product, the content of this polyunsaturat-
ed acid can be increased and thus improve the
quality of oil (Table 4).

Table 4. Percentage of oleic acid in sunflower hybrid oil, % (average for 2018-2019)

Hybrid
Fertiliser option
NK Diamantis SI Kupava NK Neoma

N, R, K, S21+N,, (background 1); 727 76.1 74.2

N, R, K,;,S,.*N,,(background 2); 724 75.2 735
Background 1+ Ecoline Boron (5-6 leaves) 74.6 772 75.9
Background 1+ Nertus Boron (5-6 leaves) 741 757 75.5
Background 1+ Bast Boron (5-6 leaves) 739 754 75.3
Background 2 + Ecoline Boron (5-6 leaves) 737 76.9 747
Background 2 + Nertus Boron (5-6 leaves) 73.3 754 74.4
Background 2 + Bast Boron (5-6 leaves) 739 75.2 74.0

The total oil yield is an indicator that, on
the one hand, is determined by the fat content,
and on the other - by the yield. Consequent-
ly, even reducing the fat content of sunflow-
er seeds on fertilised backgrounds generally
makes it difficult to achieve an increase in the
amount of oil per 1 ha.

The highest oil yield, according to calcula-
tions, was obtained in the option with the appli-
cation of N, R, K, .S,.+N,, + Ecoline Boron (5-6
leaves) in plants of the SI Kupava hybrid, which
amounted to 1.64 tonnes per 1 hectare (Table 5).
Similar calculations were performed to deter-

mine protein output (Table 6).

Table 5. Oil yield from 1hectare of sunflower, t (average for 2018-2019)

Hybrid
Fertiliser option
NK Diamantis SI Kupava NK Neoma
N, R,,K,S21+N,, (background 1); 120 136 130
N, R, K,;:S,.*N,,(background 2); 136 154 142
Background 1+ Ecoline Boron (5-6 leaves) 145 166 150
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Table 5. Continued

Hybrid
Fertiliser option
NK Diamantis SIKupava NK Neoma
Background 1+ Nertus Boron (5-6 leaves) 134 1.56 140
Background 1+ Bast Boron (5-6 leaves) 1.37 164 140
Background 2 + Ecoline Boron (5-6 leaves) 151 177 159
Background 2 + Nertus Boron (5-6 leaves) 143 167 146
Background 2 + Bast Boron (5-6 leaves) 147 172 154

Table 6. Protein output from 1 ha of sunflower hybrids, t (average 2018-2019)

Hybrid
Fertiliser option - -
NK Diamantis SI Kupava NK Neoma

N, R,,K,S21+N,, (background 1); 043 049 046

N, R.K,,:S,s*N,,(background 2); 0.50 0.58 0.53
Background 1 + Ecoline Boron (5-6 leaves) 0.53 0.62 0.56
Background 1+ Nertus Boron (5-6 leaves) 048 0.56 0.50
Background 1+ Bast Boron (5-6 leaves) 0.50 0.60 0.51
Background 2 + Ecoline Boron (5-6 leaves) 0.56 0.66 0.59
Background 2 + Nertus Boron (5-6 leaves) 0.52 0.61 0.53
Background 2 + Bast Boron (5-6 leaves) 0.54 0.63 0.56

The maximum indicator was obtained in the
option with the application of N, R_ K, .S, .+N, +
Ecoline Boron (5-6 leaves) in the SI Kupava hy-
brid, which was 0.66 tonnes per 1 hectare.

The weather conditions during the growing
seasons under study in 2018 were the most fa-

vourable for growing sunflower hybrids.

CONCLUSIONS

The results of the study showed that the use of
Ecoline Boron, Nertus Boron, Bast Boron prepa-
rations twice in the top dressing in phases 4 and
8 of sunflower hybrid leaves against the back-
ground of the main fertiliser provided the crea-

tion of favourable conditions for the formation of
hybrid productivity elements and contributed to
an increase in yield and seed quality indicators.

The highest effect of applying fertilisers was
obtained by applying N_ R, K, .S . +N,. and foliar
top dressing of Ecoline Boron to plants of the SI
Kupava hybrid.

The complex influence of the factors under
study ensured the formation of the yield of the
SI Kupava hybrid in the option with the applica-
tion of N, R, K, .S,.+N,. and foliar top dressing
of Ecoline Boron (phases 4 and 8 leaves (0.11/ha
each) with an indicator of 3.46 t/ha and a fat con-

tent of 51.1%.
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KaHanaaT cinbCbKOrocnoAapCbKMX HayK, AOLEHT

HauioHanbHMI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHu
03041, Byn. lepois ObopoHU, 15, m. Kuis, YkpaiHa

H.B. KHan

KaHanAaT CinbCbKOrocnoAapCbKMX HayK

MyKauiBCbKMI arpapHMin Koneaxk HauioHanbHoro yHisepcuTeTy Biopecypcis i
NPMPOAOKOPUCTYBAHHA YKpaiHM

9600, syn. Tomawa Macapuka, 32, m. MykayeBo, YKkpaiHa

Peanisauia reHeTU4YHOro noteHuiany ripuaiB COHALWHUKY
3a BNJ/IMBY YMOB XXUBJIEHHA

AHoTauUia. 3acTocyBaHHA MiKpomo6pyB Ha GOHI OCHOBHOTO YZOOpPEHHS CIIpUAE MiABUIIEHHIO
ebeRTUBHOCTI BUKOPUCTAHHS POCIMHAMY [TOKUBHUX eJIEMEHTIB MiHepaIbHUX JOOPUB Ta IPYHTY,
1110 3a6e31euye 3pOCTAHHA YPOIKANHOCTI Ta MOJIITIIIeHHS ITOKA3HUKIB IKOCT] BUPOLIEHOTO YPOXKAIO.
MeTol0 TIPOBEeIEeHHs AOCIIIXeHb 6yJI0 BCTAHOBJIEHHSA BIUIMBY YMOB JKUBJIEHHS KYJIBTYPU Ta
Miz6ip BUCORONpOAYRTUBHUX ribpumie (HK MiamanTic, CU Kymasa, HK HeoMa) /19 KOHKPETHHX
I'PYHTOBO-KJIIMaTuYHUX YMOB Uepe3 GOpMyBaHHSA IXHBOI IIPOAYKTUBHOCTI. [107IbOBI JOCIII>RKEHHS
TIPOBOJWIIMN BIPOINOBK 2018-2019 pp. HAa YOpHO3eMax TUIIOBUX MaJIOTYMyCHUX YepHIriBCbKOl
obnacti. TIporpaMoio HAOCTiIXeHb Iepenbadanocs 3aKIaJeHHS TPUPAKTOPHOTO II0JIBOBOTO
IOCIIiMly, y AKOMY BUBYAJIM Tibpyay (AMHHKK A) BapiaHTy yno6peHHs (YMHHUK B) Ta mo3akopeHeBe
migRuBIeHHS (YMHHYK C) v dasi 4 Ta 8 JIMCTKIB COHAIIHUKY ITpenaparaMy Erosain Bop, Hepryc
Bop, Bact Bop. Ti6puay COHAINHMKA, U0 BuBYanucsa, - HK JliamanTic, CU Kymasa, HK Heoma.
JocnimkeHHA ITOKa3aJIy, 0 Hal6IbII yposKaliHUM BUABUBCA ribpun CU Kymnasa 3 MaKCUMaJIbHUM
MTOKA3HMKOM YPOXXaMHOCTI Ha BapiaHTi i3 3acTocyBanHaM N36P56K108S28 + N23 + Erkonaiin Bop (y
dasi 4 Ta 8 MUCTKIB 110 171/ra) — 3,46 T/ra. VMICT JXMpy B HACIHHI Ti6PUIIB COHANITHUKY BU3HAYABCA
MopdobionorivHuMU  ocobnuBOCTAMU ribpuay Ta BapiaHTaMu yZOOpPEHHS. 3aCTOCyBaHHS
[103aKOpeHeBUX IIiPKUBJIEHb MiKpoeleMeHTaMU MaJlo [IO3WUTHMBHUN BIUINB Ha BMICT JXUpDY B
HaciHHi ri6pyziB COHAMHUKY, U0 JAJ0 3MOTy OTPUMAaTU MaKCUMasbHUM [TOKA3HUK Ha BapiaHTi
3a BHeceHHs N36P56K108S28 + N23 + Erosaiin Bop (5-6 MUCTKIB) y pociuH ribpuny CUKymnaga -
51,1 %. MarCHMaJIbHUM BMICT 0J1eIHOBOI KUCJIOTH 610 BUSBJIEHO B ribpuny CU KyraBa Ha BapiaHTi
3 BHeceHHAM N36P56K108S28 +N23 + Eronatiin Bop (5-6 MuUCTKIB) — 77,2 %. 3aBASKU 3aCTOCYBAHHIO
Io6pwuB, 1110 MicTaTh 60p, YMICT 11i€l MmoniHeHacHYeHOI KUCIOTH MOXKHA ITiABUIIKTH, MTOJIIIIIYIOUM
TIOKa3HUKU SKOCTI 0J1ii HaciHHS COHANTHUKY. HalBUIMUN BUXIiJ OJIii, BIITIOBIAHO IO IIpOBemEeHUX
PO3paxyHKiB, 6yJI0 OTPUMAHO Ha BapiaHTi 3 BHeceHHaM N36P56K108528 + N23 + Exosaris Bop (5-6
JIMCTKIB) y poc/ivH ribpumy CU Kyriasa, 1110 CTaHOBUB 1,64 T 3 1 reKkTapa

KniouoBi crnoBa: COHAIHUK; M6puay; eJIleMeHTH XUBJIeHHS; 60p; EKonarinBop; HepTyc Bop; BacT
Bop; ypOsKaMHiCTh; yMICT JKUPY; BMICT 6i/IKy; BMiCT 0J1eTHOBOI KUCJIOTH
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The effect of the Pseudomonas fluorescens bacteria and
substances of a stimulating nature on the productivity of
the soybean plant and seed damage by pathogens

Abstract. Soybeans are a strategic leguminous crop for global agriculture and play an important
role in ensuring food security in many countries. Therewith, biotic factors, in particular, pathogens
prevent obtaining a rich and high-quality yield of the crop. Their control is conducted using various
methods and technques. However, with an excessive increase in the use of chemical protective
equipment, the environmental situation in agrocenoses becomes more complicated. Therefore, it
is important to reduce the pesticide load in crop cultivation technologies. The purpose of the study
is to assess the effect of the Pseudomonas fluorescens bacteria and stimulating substances on
soybean plant productivity and seed damage by pathogens. The experiments were conducted in the
conditions of the Ukrainian scientific-research station on plant quarantine of the Institute of Plant
Protection of the National Academy of Agrarian Sciences of Ukraine. The soil of the experimental
plot is grey forest heavy-loamy. The Ksenia soybean variety was used in the study. Field studies were
conducted according to generally accepted methods. Soybean crops were sprayed during the growing
season in the following periods: true three-leaf, flowering, and bean formation. For the treatment
of soybean plants, a preparation based on the Pseudomonas fluorrescens bacteria with a titrant of
3x10° CFU/cm? was used with a consumption rate of 5.0 I/ha per use in combinations with substances
of stimulating action. Over the years of research, the amount of precipitation (in certain months of
soybean vegetation) was higher than the average monthly perennial norm. Pre-harvest desiccation
of crops was not conducted. Phytopathological examination of seeds obtained from soybean plants
for various treatment options was conducted in accordance with DSTU 4138-2002. Studies show a
positive effect of the drug based on P. fluorescens and substances of a stimulating nature on biometric
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indicators of soybean plants and their productivity. In particular, the weight of 1000 seeds in variants
with spraying plants increased in the range from 16 to 66 g. Joint application on soybean crops of
P fluorrescens together with substances of the group of ammonium salts of dihydropyrimidine
and stimulating substances provided an increase in the yield of soybean seeds up to 11 t/ha. There
was also a decrease in infection of soybean seeds with pathogens of Fusarium, Alternaria and
penicillosis — Fusarium oxysporum Schlecht, Alternaria spp., and Penicillium expanum Link fungi.
The investigation of the immunoprotective and stimulating effects of combinations of biocomplexes
is promising for the development of environmentally safe measures to increase soybean yield and

reduce seed damage by pathogens

Keywords: bacteria; plant productivity, seed infestation; fungi

RELEVANCE

Soy (Glycine max (L) Merrill) is a strategic legu-
minous crop for global agriculture. Its seeds
are one of the few complete plant-based pro-
tein products with nine essential amino acids
(Michelfelder A.J.,2009). Soy plays an important
role in the food security of many countries and is
used for feed, food, technical, and other purpos-
es (Cherenkov A.V. et al., 2014)

In different countries, soybean acreage has
been growing dynamically over the past decades
(Babych A.A. Babych-Poberezhna A.A.,2012). The
leaders in its production are mainly the coun-
tries of South America, in particular, Argentina,
Paraguay, and Brazil (De Maria M. et al, 2020).
Ukraine is among the top ten leading coun-
tries (Berbenets O.V. 2019). Therewith, diseases
prevent obtaining a high yield of high-quality
soybean grain (Pikovskyi M.I, Kyryk M.M., 2012;
Baetsen-Young, A.M., Swinton S.M,, Chilvers M.I,,
2021; Diaz-Cruz G.A., Cassone BlJ., 2021). Their
control is conducted using various methods and
techyniques (Dorrance A.E. et al, 2009; Kurle
James, Grau Craig, Oplinger Edward, Mengistu
Alemu, 2001; Reznikov S. et al., 2019). However,
with an excessive increase in the use of chem-
ical protective equipment, the ecological situa-
tion in agrocenoses becomes more complicat-
ed due to the violation of natural processes of
harmonious coexistence of representatives of
natural biota. Therefore, the issue of biologisa-
tion of plant protection is relevant (Baranov VF,
Makhonin VL., 2014).
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ANALYSIS OF RECENT STUDIES
AND PAPERS

Various methods can be used to prevent, reduce,
or control plant diseases, including chemical
pesticides that can pollute the environment.
Therefore, as an alternative to crop cultiva-
tion technologies, there is the development of
biological agents (Chandrashekara K.N. et al,
2020). Studies of the effect of antagonist mi-
crobes against soy pathogens are being con-
ducted in different countries of the world. In
particular, the activity of the Rhizobium japon-
icum bacteria was evaluated against Fusari-
um solani and Macrophomina phaseolina soil
pathogens - pathogens of root rot. It was iden-
tified that rhizobial culture filtrate caused in-
hibition of radial growth of phytopathogens in
vitro. Sowing with seeds treated with bacterial
culture (with the introduction of F solani and
M. phaseolina infection into the soil) substan-
tially increased seed germination and caused a
substantial decrease in the intensity of root rot
development in the field. These results indicate
thatR. japonicum may be an important element
for disease control (Alani Rakib et al., 2012).
Arfaoui et al. (2018) evaluated bacteria ex-
tracted from rhizosphere soil and rhizoplanes
of healthy soybean plants and investigated their
antifungal effect against Phytophthora sojae soy-
bean isolates. Among those tested, nine bacteria
were identified (belonging to Paenibacillus and
Streptomyces sp.), which inhibited the hyphal
growth of P, sojae in vitro. Therewith, the use of



The effect of the Pseudomonas fluorescens bacteria...

bacterial strain S11 for seed treatment reduced
the development of the disease by 571% and
increased the mass of roots and shoots by 140
and 108%, respectively, compared to the control
(Arfaoui A. et al., 2018).

Potential research is also being conducted
on Pseudomonas sp. as a biocontrol agent for
soybean diseases caused by soil pathogens. in
particular, Pseudomonas sp. CRB suppressed
growth of pathogenic fungi (Sclerotium rolfsii,
Fusarium oxysporum, and Rhizoctonia solani)
in vitro by 111-60.0%. Therewith, CRB-16, CRB-
44, CRB-86, CRB-102, and CRB-109 isolates are
promising for the development of biological
protection (Susilowat Ari et al., 2013).

Gram-positive  bacterium  Paenibacil-
lus BRF-1, showed strong antifungal activity
against the brown stem rot pathogen soy fun-
gus Phialophora gregata. Seed treatment also
provided better growth of plant shoots (Zhou
Kegqin et al., 2008).

Against the causative agent of soy anthrac-
nose (Colletotrichum dematium fungus (Pres.
Ex.Fr,)) antagonism of the Trichoderma lignorum
and Trichoderma viride fungi and the Bacillus
megaterium and Bacillus brevis bacteria was
established. They inhibited the linear growth of
C. dematium, and culture filtrates of the corre-
sponding bioagents inhibited the germination
of pathogen spores. Spraying soybean plants
with antagonist suspensions or their culture fil-
trates resulted in a substantial reduction in the
development of the disease (Jahan Akida et al.
2015). There is also information about the ability
of Trichoderma spp. to suppress soybean stem
rot caused by Sclerotinia sclerotiorum (Zhang
Fuli et al., 2016).

In the conditions of Ukraine, the effective-
ness of preparations of biological origin for
growing soybean plants was investigated. It was
noted that combinations of Trichodermin (2 1/t) +
Gaubsin (1.51/t) and phytodoctor (1.01/t) + Tricho-
dermin (2 1/t) had the greatest effect on fungal
infections (Solomiychuk et al.,, 2020). The posi-
tive effect of pre-sowing seed inoculation with
the microbial preparation Rizohumin, micro-
fertiliser Reakom, and plant growth stimulator

)

BiosSil was also determined in various combina-
tions. The effectiveness of using microfertiliser
and BioSil solutions during the growing sea-
son of bactericidal plants on the formation and
functioning of legume-rhizobial symbiosis and
soybean grain yield was identified (Kabanets,
Sobko, Murach, 2017). This indicates the impor-
tance of investigating the combinations of bio-
complexes with drugs of a stimulating nature to
assess their impact on plant yield and pathogen
damage.

The purpose of the study is to conduct an as-
sessment of the impact of the Pseudomonas fluo-
rescens bacteria and substances of a stimulating
nature on the productivity of the soybean plant
and seed damage by pathogens.

MATERIALS AND METHODS

The study was conducted during 2019-2020 at
the Ukrainian scientific-research station on
plant quarantine of the Institute of Plant Protec-
tion of the National Academy of Agrarian Scienc-
es of Ukraine. The soil of the experimental plot is
grey forest heavy-loamy. Its availability of mo-
bile forms of phosphorus is 148.4 mg kg, potas-
sium - 1854 mg/kg, and nitrogen - 83.0 mg/kg.
Equilibrium soil density - 1.46 g/cm?. The Ksenia
soybean variety was used in the study. Sowing
was conducted in the usual rowing way. In June
and July 2019, precipitation was 129 and 99 mm,
respectively, and in August - 110 mm, which
was higher than the average monthly perennial
norm. In June and July 2020, they were 130 mm
per month at the norm of 75-85 mm. In Septem-
ber 2020, 104 mm of precipitation fell, which
exceeded the perennial average. Desiccation of
crops was not conducted.

Abacterial-based preparation Pseudomonas
fluorrescens with a titrant of 3x10° CFU/cm? with
a consumption rate of 5.0 1/ha was used in the
study. In combinations, the use of a biological
product based on the P, fluorrescens bacteria was
combined with succinic acid (ethane-1,2 dicar-
boxylic acid HOOC(CH,),COOH. Excipients were
also examined: dimethyl sulfoxide (DMSO) - a
chemical substance with the (CH,),SO formula,
which is a bipolar solvent and is used to increase

Plant and Soil Science, (12) 4
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trans-tissue transport of active substances; di-
methylaminoethanol (DMAE), which is an im-
munoprotector and affects various transmem-
brane functions.

Field research was conducted according
to generally accepted methods (Tribel et al,
2001). Soybean crops were sprayed during the
growing season in the following periods: true
three-leaf, flowering, and bean formation.
During the biometric analysis of plants, the
number of formed beans on plants was deter-
mined, pcs., the weight of 1000 seeds (g), and
yield, t/ha. Phytopathological examination of
grain obtained from soybean plants for various
treatment options was conducted in accord-
ance with DSTU 4138-2002 (Seeds of agricul-
tural plants. Methods for seeds testing, 2003).
Morphological analysis of pathogens was
conducted through the creation of microscop-
ic preparations, which were analysed using
light microscopy and identified (Kyryk M.M.,
Pikovskyi M.Y,, Azaiki S., 2015).

Statistical processing of experimental data
was performed using the Microsoft Office® pro-
gramme for Microsoft Windows®.

RESULTS

As the results of the study show, spraying soy-
bean plants with a biological product based
on the P fluorrescens bacteria separately and
in combination with substances of the group
of ammonium salts of dihydropyrimidine and
stimulating substances had a positive effect on
the productivity of soybean plants. Thus, the
number of beans formed under different spray-
ing schemes increased by 0.4-5.9 pcs./ plant. In
particular, in variants with spraying schemes
P fluorrescens, 51/ha + 0.1% xymedone solution +
2 ml DMAE + 2 ml DMSO, P, fluorrescens, 5 1/ha +
0.2% succinic acid solution + 2 ml DMAE + 2 ml
DMSO, and P. fluorrescens, 5 l/ha + 01% xyme-
done solution + 0.2% succinic acid solution +
2 ml DMAE + 2 ml DMSO the most beans were
formed - 11.3-14.2 pcs./plant (Table 1).

Table 1. Soybean productivity depending on the treatment of plants with the Pseudomonas
fluorescens bacteria in combination with stimulating substances
(Ksenia variety, average for 2019-2020)

5884 53 g
. Q g A =] =
Options E S Qe [ <
SEEE 23 o
2% 23 =3S) S
ol —
Control 1
(without treatment); 83 105 18
Control 2
P fluorrescens, 51/ha 86 135 21
P fluorrescens, 51/ha + 2 ml DMAE + 2 ml DMSO 87 148 22
P fluorrescens, 51/ha + 0.2% succinic acid solution + 2 ml DMAE
+2ml DMSO 129 152 27
P fluorrescens, 51/ha + dihydropyrimidine derivatives 104 138 24
(Amine 1- 0.5% solution + 2 ml DMSO) ’ :
P fluorrescens, 51/ha + dihydropyrimidine derivatives 108 191 23
(Amine 3 - 0.25% solution + 2 ml DMSO) ) ’
p :
P fluorrescens, 51/ha + 0.1% xymedone solution + 2 ml DMAE + 2 113 165 24
ml DMSO
P fluorrescens, 51/ha + 0.1% xymedone solution + 0.2% 142 171 29
succinic acid solution + 2 ml DMAE + 2 ml DMSO ’ '
HIP,, 01 39 009
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Positive dynamics were also noted regard-
ing the mass of seeds. Thus, the weight of 1000
seeds in variants with spraying plants increased
in the range from 16 to 66 g. Joint application
P fluorrescens, 5 l/ha + 0.2% succinic acid solu-
tion + 2 ml DMAE + 2 ml DMSO ensured the for-
mation of seeds by plants, the mass of 1000 of
which was 152 g; in the case of use P, fluorrescens,
51/ha + 01% xymedone solution + 2 ml DMAE +
2 ml DMSO - the weight of a 1000 seeds reached
165 g and for spraying with P fluorrescens,
51/ha + 01% xymedone solution + 0.2% succinic
acid solution + 2 ml DMAE + 2 ml DMSO - 171 g.
These were the highest indicators compared to
the control (without treatment).

In the end, separate and joint application
on soybean crops of P fluorrescens together
with substances of the ammonium salts of di-
hydropyrimidine and stimulating substances
increased the yield of soybean seeds from 0.3 to
11t/ha. The best result was noted in the version
using a preparation based on P. fluorrescens,
5 1/ha + 01% xymedone solution + 0.2% suc-
cinic acid solution + 2 ml DMAE + 2 ml DMSO.

Therewith, the soybean yield was 2.9 t/ha, which
is 0.8 and 1.1 more than in the control variants
(without treatment and with P, fluorrescens).

According to the results of the phyto-
pathological examination of soybean seeds,
selected from various variants of the experi-
ment, the damage by such micromycetes was
identified: Fusarium oxysporum Schlecht, Al-
ternaria spp., and Penicillium expansum Link.
During germination of seeds infected with the
F oxysporum fungus, weak, underdeveloped,
deformed seedlings were formed, which later
rotted. Seeds affected by Fusarium infection
could also lose their ability to germinate and
become covered with a whitish-pink coating
(Fig. 1a). On the surface of soybean seeds af-
fected by Alternaria spp. symptoms of the dis-
ease initially appeared in the form of a light,
later smoky-grey - black coating. In many
cases, normal seedlings were formed, but the
seeds with severe damage did not germinate
(Fig. 1b). P expansum fungi developed on seeds
in the form of a mouldy coating of green-blue
colour (Fig. 1c).

Figure 1. Symptoms of soybean seed diseases with varying degrees of damage: a — Fusarium;
b - Alternaria; c - mould caused by P expansum

D
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Analysis of using the P. fluorrescens bacteria
and their combinations together with substanc-
es of ammonium salts of dihydropyrimidine
group and stimulating substances showed that
all of them provided a reduction in infection of
soybean seeds with F. oxysporum, Alternaria spp.,
and P expansum fungi (Table 2). In particular, the
number of seeds affected by the causative agent

of Fusarium infection ranged from 87 to 12%
(331% in the control). Infection with Alternaria
spp. was detected in 7.2-10.8% of seeds (29.6% in
the control).

Mould caused by the P expansum fungus,
infected 1.8-3.2% of soybean crops in various
treatment options, while in the control this fig-
ure was 14.2%.

Table 2. Effect of treating soybean plants with the Pseudomonas fluorescens bacteria
in combination with stimulating substances for seed infestation by fungi
(Ksenia variety, average for 2019-2020)

Options Seeds are affected by fungi, %

Foysporun Aermariaspp
(Withgftnttrre";tlment) 331436 296+28 142+24
. ﬂuofroelslzre‘,’qf 5 1ha 12405 108+05 32403
P fluorrescens, 51/ha + 2 ml DMAE +2 ml DMSO 9.8+ 04 106+0.3 30+04
P fluorrescens, 5 l/}]lja;;r A%Z:/ozsrlrllf]callr\ldlg Scid solution + 2 ml 89+ 06 97405 25+04
P e diydopyinidnedonaies | go0q | spsos | 23v0s
Puorgscens Sl Ginroprimdnedettis | ppuor | sasos | 26504
P fluorrescens, 5 lékﬁ;ff‘?ﬁrg&ds(gle solution + 2 ml 106405 79+ 04 21+02
Pl Sl Oymlone Mo 97 | 7s0s | 72s0s | swe2

Among the various treatment options for
soybean crops, the smallest number of seeds af-
fected by pathogens was noted with the use of P
fluorrescens, 5 1/ha + 01% xymedone solution +
0.2% succinic acid solution + 2 ml DMAE + 2 ml
DMSO, which is due to their immunoprotective
and stimulating effect.

CONCLUSIONS

Studies showed that the combination of the
P fluorenscens bacteria with preparations of
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a stimulating nature and various derivatives
of ammonium salts of dihydropyrmidine for
spraying soybean plants provided an increase
in the yield of soybean seeds from 0.8 to 1.1 t/ha.
In addition, all of them led to a decrease in in-
fection of soybean seeds with the F. oxysporum,
Alternaria spp., and P expansum fungi. The use of
combinations of biocomplexes is promising for
further study as environmentally safe measures
to increase soybean yield and reduce seed dam-
age by pathogens.
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The effect of the Pseudomonas fluorescens bacteria...

M.MN. Conomiituyk

KaHAamMAaaT CinbCbKOrocnoaapCbKMx HayK

YKpaiHCbKa HayKOBO-A0CNIAHA CTAHLIA KapaHTUHY POC/MH IHCTUTYTY 3aXMCTY POCANH
HauioHanbHOI akaaemii arpapHmMx HayK YkpaiHm

60321, c. boaHu, YkpaiHa

M.H. MikoBcbKuMi

JOKTOp CiNlbCbKOrocnoAapCbKMX HayK, AOLEHT

HaujioHanbHMin yHiBEpCUTET BiopecypciB i NPMPOAOKOPUCTYBAHHSA YKpaiHK

03041, Byn. Tepois ObopoHu, 15, m. Kuis, YkpaiHa

Bnnue 6akTepinn Pseudomonas fluorescens i pe4oBUH
CTUMYNIOIOYOi MPUPOAN Ha NPOAYKTUBHICTb POC/IUHMU COI
Ta ypa)XeHHs HaciHHSA naToreHamMu

AHoTauig. Cos € CTpaTerivHoI0 3epHO6060BOI0 KYJIETYPOIO AJI CBITOBOTO Ci/IbCHKOTO T'OCIIOAAPCTBA
Ta Mae BaKIUBY pOlb y 3abe3lledeHH] IIPOMOBONEBYUOi 6e3rmeRu 6HaraThox KpaiH. BomHouac
OTPUMAaHHIO BUCOKOTO i AKICHOTO YPOyKal0 KYJIbTypH IIEPEIIKOIKAIOTE 6i0TUYHI YNHHUKY, 30KpeMa
36y IHUKYU XBOPO6. IXHil KOHTPOJIB 3AIACHIOETHCA 38 JOIIOMOIOI0 PiSHUX METOZIB i cr1oco6iB. OmHaK
3a HagMipHOro 36iibiIeHHs 06'€MIB 3aCTOCOBYBAaHHA XiMIYHMX 3acO6iB 3aXUCTy YCKIaLHIOETHCS
eKOJIOTIYHa CHUTyallid B arpoueHos3ax. TOMy aKTyaJbHUM € 3MeHIIeHHA MeCTULUMAHOIO
HaBaHTa)KeHHS B TEXHOJIOTISAX BUPOIIYBaHHSA KyJIBTYPU. MeTO0 AOCTiI>KeHb € IIPOBeAeHHS OLIIHKU
BIUIMBY 6akTepilt Pseudomonas fluorescens i peqoBUH CTUMYJIIOIOU0] TPUPOAY Ha TPOAYKTUBHICT
POCIIMHMU Ol Ta ypaskKeHHS HaCiHHA ITaToreHaMu. EKClieprMeHTH TPOBOAMIIN B YMOBaxX YKPaiHCBKOI
HayKOBO-ZIOC/IiAHOI CTaHIIil KApaHTHUHY POCIINH [HCTUTYTY 3axUCcTy pociuH HAAH. I'pyHT focnifHol
IiNSHKY — CipUH JIICOBUM Ba)KKO CYITIMHKOBUIL. [[J11 OCIiyKeHb BUKOPUCTOBYBaJIM COPT col KceHs.
BHUKOHaHHATIONIBOBUXAOCIIAKeHBIIPOBOAWIN 3TIAHOI33araIbBHONIPUUHATUMU MeToANKaMU. [TociBu
coi 0BIIPUCKYBaIM BIIPOZOBIK BereTallii y Taki rmepiofy: CIpaBKHik TPiMuacTU JIMCTOK, LBITIHHA
Ta $opMyBaHHS 606iB. 1151 06pO6KU POCIIMH COi BUKOPUCTOBYBAJIU IIpeliapar Ha OCHOBI 6akTepiit
Pseudomonas fluorescens 3 TutpoM 3 x 109 KVO/cMm® 3 HopMOIo BUTpaty 5,0 Ji/Ta 3a 3aCTCOyBaHHS
y KoM6iHallifax i3 peyoBUHAMU CTUMYIIOOYO] Jil. 32 POKMU HOCTIIKeHb KiJIBKICTh aTMochepHUX
orazis (B [eBHi Micalli BereTalii pocyivH coi) 6y/ia Bullle cepefHbOMICAYHOI 6araTopidHOi HOPMH.
[Tepen36upaibHy OeCHKallilo MOCiBiB He ITPOBOAWIU. PITONATOJNOTIUHY eRCIIepTH3y HaCiHHA
OTPUMAHOTO 3 POCJIMH COi 3a pisHMX BapiaHTiB 06p060K 3miticHI0OBaH 3rigHo 3 JCTY 4138-2002. V
IOCIiZKeHHIX BiiMiueHO MO3WTHBHUM BIUIMB IIpelapaTy Ha ocHOBi Pseudomonas fluorescens i
PEYOBHH CTUMYJIIOIOUO0] IPUPOAY Ha 6i0MeTpUYHi TTOKA3HUKY POCIIUH COi i IXHIO TPOAYKTHUBHICTb.
30KkpeMa, Maca 1000 HaciHMH y BapiaHTax 3 OBIIPUCKYBAaHHSM POCIMH 36iMbIIyBasaca B MeyKax
Biz 16 1o 66 I. CyMicHe BHeceHHs Ha IociBax coi Pseudomonas fluorescens pa3oM i3 peyoBuHaMu
TPyIY aMOHIMHUX COJIE AUTIAPOITipiMiINHY Ta CTUMYITIOIOUKX PEYOBHH 3a6€3I1e4yBajIo 3pOCTaHHS
yposkaMHOCTi HaciHHA col mo 11 T/ra. TakOX BigMiueHO 3HIDKeHHS iHOIKYBaHHS HaciHHA COI
36yIHURaMU $y3apiosy, aykTepHapiosy Ta meHiIIbo3y — rpubamu Fusarium oxysporum Schlecht,
Alternaria spp. Ta Penicillium expansum Link. BBUYeHHSI iMyHOIIPOTEKTOPHOI Ta CTUMYJIIOIOUiN
Iii koMm6iHarlii 6i0KOMITIEKCIB € MTEPCIEKTUBHUM IS PO3PO6KY €KOJIOTIUHO 6e3MeUHMX 3aX0/iB
MiIBUILIEHHSA YPOKAMHOCTI COi Ta 3HMYKEHHS YpaykeHHs HaCiHHS [TaToreHaMu
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Agrophysical indicators of soil for growing winter barley
in the Transcarpathia of Ukraine

Abstract. The study presents the values, tasks, and results of various methods of basic tillage
for different predecessors on its agrophysical properties for growing winter barley in the
Transcarpathia of Ukraine. The soil of the experimental field is sod-podzolic gumbo, which
contains an average of 2.6% humus in the humus horizon. With depth, the amount of humus
decreases gradually and at a depth of 100-130 cm it reaches 1.0-1.7%. The soil is typical for
the area where the study was conducted and is moderately provided with mobile forms of
phosphorus, potassium, and nitrogen. A qualitative assessment of the examined soils showed
that the soil requires constant use of organic and mineral fertilisers, liming, and the introduction
of crop rotations. The soil density is an important indicator of the physical properties of the soil,
which affects not only the soil regimes but also the quality of its cultivation, which ultimately
affects the yield of the crop and its quality. For the period of sowing winter barley, the most
favourable indicators of the volume mass of 0-10 cm of the soil layer were provided by all systems
of basic cultivation. The average soil density for the main cultivation options ranged between
1.09-117 g/cm?®, at HIP , = 0.01 g/cm® At a depth of 10-20 cm, the average volume mass of soil
during ploughing was 1.14 g/cm?, for chiselling, it was without substantial differences - 1.15 g cm?.
Conducting shallow (12-14 cm) and surface (6-8 cm) cultivation was accompanied by an increase
in volume mass indicators to 1.16 and 1.19 g/cm3, respectively. In the soil layer of 20-30 cm, it
was similar: with shallow chisel cultivation, the average density was at the level of 1.24 g/cm?,
and on the surface - 1.25 g/cm?. The precursors did not substantially affect the change in the
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density of the tillage layer of the soil. However, after corn for grain and sunflower, there is a
tendency to increase the volume mass of the soil after chisel shallow and surface cultivation,
especially in the lower layers of the soil. This soil density was at the level of 1.24-1.26 g/cm? which
is within the optimal limit. The soil, loosened by mechanical cultivation, self-compacts during
the growing season to an equilibrium density under the influence of its own mass, moisture, and
drying. Therefore, during the period of earing and harvesting of winter barley, the soil gradually
compacted to natural values. In a 0-10 cm layer of soil, the volume mass varied in the range of
1.20-1.27 g/cm?, in the soil layer of 10-20 cm - from 1.25 to 1.30 g/cm?, and in 20-30 cm - from
1.34 to 1.37 g/cm?. For the effective activity of microorganisms, the growth and development
of the root system of plants, and the accumulation of moisture in the soil, density (porosity)
is important. It was identified that long-term use of the deep and chisel tillage did not reduce
the overall porosity below 50% of the structure of the cultivated layer, which ensured the high
productivity of cultivated plants. For the surface and shallow chisel tillage, the total porosity in
the lower layers was up to 50% of the structure of the cultivation layer, and in some cases less
than 47%. This structure of the cultivation layer negatively affected the water and air regimes
of the soil, the growth and development of the root system, and, ultimately, the yield of winter
barley. The highest yield of winter barley was obtained after buckwheat, winter rapeseed and
soybeans (6.0-6.3 t/ha) during chisel tillage to the depth of 20-22 cm. After corn for grain and

sunflower, the yield was 5.1-5.7 t/ha

Keywords: ploughing; chiselling; soil density; porosity

RELEVANCE

Soil fertility is determined by a complex of bio-
logical, chemical, and agrophysical properties.
In the process of production activity, the farmer
modifies these properties and achieves the most
favourable conditions for the growth and devel-
opment of agricultural crops. Human interven-
tion in soil processes should be based on the
use of agricultural laws. (Demyatnik et al. 2021;
Tsyuk & Kirilyuk, 2016; Burtan & Cioroianu, 2020,
Shuvar & Grynyk, 2019).

The agrophysical properties of the soil de-
termine the complex of vital conditions for the
growth of cultivated plants. Density and porosi-
ty are the most important indicators of physical
condition that characterise water, nutrient, air,
and heat regimes, conditions for the develop-
ment of root systems, soil microflora, and the
formation of agricultural crops. (Shevchenko,
2013; Odachenko & Tanchyk, 2016; Ovsyannikov,
2020; Degodyuk et al, 2020; Kramaryov et al,
2021; Pikovska, 2013).

Thus, the examination of the specific fea-
tures of growth, development, and formation

*)

of productivity of winter barley in the Transcar-
pathia of Ukraine is still relevant and led to the
choice of the algorithm of the study.

ANALYSIS OF RECENT STUDIES
AND PAPERS

The soil, loosened by mechanical cultivation,
self-compacts during the growing season to an
equilibrium density characteristic of a certain
soil cover under the influence of its own mass,
moisture, and drying. Thus, for chernozems
of medium loamy mechanical composition,
it is 1.0-1.3 g/cm? (Tanchyk & Salnikov, 2014;
Uvarenko, 2018), for sod-podzolic gumbo - 1.5-
1.6 g/cm? (Chumbey et al,, 2019), for grey forest
heavy-loamy - 1.2-145 g/cm? (Korchagin et al,
2015). In most cases, the equilibrium soil densi-
ty exceeds the optimal one for cultivated plants,
and therefore mechanical cultivation is manda-
tory (Sinchenko et al., 2019).

In the introduction of chisel tillage into
production, considerable attention is paid to
its theoretical justification and, above all, to its
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impact on the agrophysical properties of the
soil. Studies in various soil and climatic zones
of Ukraine established that the density of the
tillage layer of soils with chisel cultivations
is higher compared to ploughing to the same
depth (Nakloka & Yeshchenko, 2005; Markovska
et al., 2020; Chumbey et al.,, 2018), and reducing
the depth of chisel cultivation to 10-12 cm leads
to an increase in the density of the entire culti-
vating (arable) soil layer (Medvedev et al., 2002;
Tsylyuryk et al, 2020; Shevchenko et al., 2012,
Karpenko & Panchenko, 2014; Tkalich et al., 2011,
Reznichenko, 2015; Huang at al, 2015; Weber,
Kunz, 2017 Ryken et al., 2018).

In recent years, many studies have been
conducted to examine the reaction of agricul-
tural crops to the density of the tillage layer of
soil. Now in different soil and climatic zones, soil
density parameters for grain crops are estab-
lished (Berezhnyak, 2015). Regarding winter bar-
ley in the Transcarpathia of Ukraine, there are
discrepancies in the literature sources, which
are explained by soil differences, cultivated va-
rieties of this crop, conditions and methods of
scientific research, and many other factors.

The optimal density of the cultivated soil for
growing winter barley in conditions of average
moisture content of the year on sod-podzolic
soils of heavy- and medium-loamy mechani-
cal composition is 115 g/cm?, on sod-podzolic
light- and sandy-loamy mechanical composi-
tion - 1.22 g/cm?, on chernozems of typical and
grey forest soils of heavy- and medium-loamy
composition - 117 g/cm?, on chernozems of typ-
ical, southern, and brown soils of heavy-loamy
mechanical composition - 119 g/cm? (Gavrilyuk,
2016; Litvinov, 2015).

The purpose of the study consists in estab-
lishing effective mechanical tillage, depending
on the predecessor, for growing winter barley
in the Transcarpathia of Ukraine. It was planned
to solve the following tasks to achieve this goal:
establish the influence of different methods of
tillage and its depth for different predecessors
on changes in the density of the structure, the
porosity of the cultivated soil layer, and the pro-
ductivity of winter barley, provide an economic
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and energy assessment of crop cultivation un-
der different predecessors.

MATERIALS AND METHODS

Experimental studies on the influence of differ-
ent methods of tillage with different predeces-
sors on the productivity of winter barley were
conducted during 2018-2020 in the experimen-
tal crop rotation of the SSU “Mukachevo Applied
College of the National University of Life and
Environmental Sciences of Ukraine” in the Tran-
scarpathian region.

The soil of the experimental field is
sod-podzolic gumbo, which contains an aver-
age of 2.6% humus in the humus horizon. With
depth, the amount of humus decreases gradu-
ally and at a depth of 100-130 cm it reaches 1.0-
17%. Formation on carbonate-free parent mate-
rial and the influence of the podzolic process of
soil formation caused a high active and potential
acidity of soils, the pH of salt extract ranges be-
tween 5.0-6.0.

The soil under study, according to the agro-
chemical analysis of the initial samples, con-
tains available forms of nitrogen - 35-45 mg/kg,
mobile phosphorus (by Kirsanov method) -
130-160 mg/kg, mobile potassium (by Kirsanov
method) - 120-170 mg/kg. The soil is typical for
the area where the studies were conducted and
is moderately provided with mobile forms of
phosphorus, potassium, and nitrogen. A quali-
tative assessment of the examined soils showed
that the soil requires constant use of organic and
mineral fertilisers, liming, and the introduction
of crop rotations.

The scheme of the experiment included the
analysis of the influence of five predecessors
and four tillage types for the cultivation of win-
ter barley:

Predecessor: (A)

1. Soy (control);

2. Winter rapeseed;

3. Buckwheat;

4. Corn for grain;

5. Sunflower.

Tillage: (B) (control)

1. Deeptillage (ploughing) to adepth 0of 20-22 cm;
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2. Chiseling (deep chisel) toa depth 0f 20-22 cm;

3. Chiseling (discing) to a depth of 12-14 cm;

4. Chiseling (discing) for 6-8 cm.

The climate of the area is moderate with
unstable humidity. The average perennial pre-
cipitation rate for the year is 618.0 mm. Over the
years of the experiment, the amount of precipi-
tation for the year was: 2018 - 568.3 mm, 2019 -
5581, and 2020 - 513.1 mm, which is 10-13% less
than normal.

The following precursors were examined
for the cultivation of winter barley: soy (control),
winter rapeseed, buckwheat, corn for grain, and
sunflower.

The repetition rate of the experiment is
fourfold, the total area of one plot is 240 m?,
accounting plot — 150 m2 Land plot placement is
randomised. The technology of growing winter
barley in the experiment is generally accepted
for the zone. In soil samples, the folding den-
sity was determined by the Kaczynski cylinder
method, and the solid phase density was deter-
mined by the Dolgov method. The total porosity
was determined by the calculation method.

RESULTS AND DISCUSSION

The soil density is an important indicator of the
physical properties of the soil, which affects not
only the soil regimes but also the technological
properties and quality of tillage, which ultimate-
ly affects the yield of the crop and its quality.

It is established that the optimal density of
the cultivated soil layer during the growing sea-
son of winter barley should be in the range of 1.1-
1.3 g/cm?. In experiments, this indicator changed
substantially depending on the soil layer, the
sampling period, and the factors under study.
Thus, during the period of sowing winter barley,
the most favourable indicators of the volume
mass of 0-10 cm of the soil layer were provid-
ed by all systems of basic tillage without a sub-
stantial difference. The average soil density for
the main cultivation options ranged between
109-117 g/cm? at HIP, = 0.01 g/cm? (Table 1). The
differences between the main tillage options
were more pronounced with increasing sam-
pling depth. At a depth of 10-20 and 20-30 cm,
the difference between the main cultivation
options was statistically substantial and was
manifested in an increase in volume mass in
the options with a decrease in the depth of the
main cultivation and the predecessor. At a depth
of 10-20 cm, the average volume mass of soil
during ploughing was 1.14 g/cm?, for chiselling it
was not substantially different - 1.15 g/cm?. Con-
ducting shallow (12-14 cm) and surface (6-8 cm)
cultivation was accompanied by an increase in
volume mass indicators to 116 and 119 g/cm?,
respectively. In the soil layer of 20-30 cm, it was
similar: with shallow chisel cultivation, the aver-
age density was at the level of 1.24 g/cm?, and on
the surface, respectively - 1.25 g/cm?.

Table 1. Influence of the main cultivation and predecessors on the total density of the cultivated soil
layer during the cultivation of winter barley, g/cm? (sowing period, average for of 2018-2020)

Basic tillage
Soil layer, i iselli
Predecessor 4 Deep t.ﬂlage Chiselling (deep C.hI.SGHII’Ig Chiselling
cm (ploughing) to a . (discing) to a T
d chisel) to a depth (discing) to a
epth 0of 20-22 cm depth of 12-
0f20-22 cm depth of 6-8 cm
(control) 14 cm
0-10 112 114 1.09 11
10-20 114 115 113 118
Soy (control)
20-30 123 121 124 125
0-30 116 117 115 118
Winter 0-10 109 111 110 112
rapeseed 10-20 115 114 114 117

“)
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Table 1. Continued

Basic tillage
Soil layer, i iselli
Predecessor 4 Deep t}llage Chiselling (deep (?hl;elhng Chiselling
cm (ploughing) to a . (discing) to a L
4 chisel) to a depth (discing) to a
epth 0of 20-22 cm depth of 12-
( 0f20-22 cm depth of 6-8 cm
control) 14 cm
Winter 20-30 121 123 124 124
rapeseed 0-30 115 116 116 118
0-10 111 112 110 110
Buckwheat 10-20 114 113 113 116
20-30 122 120 122 123
Buckwheat 0-30 116 115 115 116
0-10 113 115 117 116
10-20 115 117 119 121
Corn for grain
20-30 125 121 126 124
0-30 118 118 121 120
0-10 112 113 115 114
10-20 114 115 117 123
Sunflower
20-30 123 123 125 126
0-30 116 117 119 121
HIP, (A) 0013 0014 0013 0016
HIP,, (B) 0014 001 001 0015
HIP, (AB) 015 018 07 014

Therefore, it can be argued that chisel cul-
tivation leads to some compaction of the soil,
which does not exceed the deviation standards
for winter barley.

The precursors did not substantially affect
the change in the density of the cultivated soil
layer. However, after corn for grain and sunflow-
er, there is a tendency to increase the volume
mass of the soil after chisel shallow and surface
cultivation, especially in the lower layers of the
soil. This soil density was at the level of 1.24-
1.26 g/cm?, which is within the optimal limit.

Volume mass is a dynamic value during
the growing season. It varies depending on the
level of soil fertility, the degree of moisture, the
conditions for the development of the root sys-
tem, and soil microflora. The soil, loosened by
mechanical cultivation, self-compacts during
the growing season to an equilibrium density
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characteristic of a certain soil cover under the
influence of its own mass, moisture, and drying.
Therefore, during the period of winter barley
earing, there was a gradual compaction of the
soil to natural values. The effect of tillage on its
density was substantial, starting from a depth
of 10 cm. In the 0-10 cm layer, there was no sub-
stantial difference between the main tillage
options. The volume mass varied in the range
of 1.20-1.27 g/cm?3. In the soil depth of 10-20 cm,
the average soil density was from 1.25 g/cm? in
the version with ploughing up to 1.30 on areas
with surface tillage. Chiselling and shallow cul-
tivation tended to slightly compact the soil to
indicators of 1.23 and 1.26 g/cm?, respectively. In
the soil layer of 20-30 cm during surface tillage,
compaction occurred at the level of 1.30 g/cm?®.
During the winter barley harvest period, soil
compaction trends continued. The volume mass

<
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in layers of 10-20 and 20-30 cm substantially
exceeded the optimal values for all tillage and
was maximum for surface chiselling after corn
for grain and sunflower and amounted to 1.34-

1.37 g/cm?®. That is, for the period of harvesting
winter barley, the indicators of soil volume mass
acquired natural values inherent in this type of
soil (Table 2).

Table 2. Influence of the main cultivation and predecessors on the total density of the cultivated soil
layer during the cultivation of winter barley, g/cm? (harvest period, average for 2018-2020)

Basic tillage
i Deep tillage N Chisellin -
Predecessor | SCLayer (plougliling)gto a el (G0 (discing) t§ a Chiselling
il chisel) to a depth (discing) to a
depth 0f 20-22 cm depth of 12-
of 20-22 cm depth of 6-8 cm
(control) 14 cm
0-10 126 125 124 125
10-20 132 131 135 136
Soy (control)
20-30 135 134 132 137
0-30 131 130 130 133
0-10 125 124 125 124
Winter 10-20 130 131 133 135
rapeseed 20-30 133 134 135 137
0-30 129 130 131 132
0-10 124 124 123 124
10-20 130 130 134 133
Buckwheat
20-30 132 133 136 136
0-30 129 129 131 131
0-10 126 125 127 126
. 10-20 134 133 135 136
Corn for grain
20-30 135 134 136 137
0-30 132 131 133 133
0-10 125 123 124 125
10-20 133 132 134 135
Sunflower
20-30 136 133 137 136
0-30 131 129 132 132
HIP (A) 0.016 0.018 0.02 0.019
HIP . (B) 0.017 001 0019 0.022
HIP, (AB) 0.03 0027 0.025 0033

The density of the soil does not provide com-
plete information about the structure of the cul-
tivation layer by itself. For the effective activity of
microorganisms, the growth and development
of the root system of plants, and the accumula-

2)

tion of moisture in the soil, such an indicator of
the physical condition of the cultivation layer as
density (porosity) is important.

Doyarenko A.G. identified that when the to-
tal porosity decreases below 50%, the conditions
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for the growth and development of agricultural
plants worsen and their yield decreases, while
for 55% the latter was the highest.

This study established that long-term use of
deep and chisel tillage did not reduce the overall
porosity below 50% of the structure of the cul-
tivated layer, which ensured the high produc-
tivity of cultivated plants. For the surface and

shallow chisel tillage, the total porosity in the
lower layers was up to 50% of the structure of
the cultivated layer, and in some cases less than
47% (Table 3, 4). This structure of the cultivated
layer negatively affected the water and air re-
gimes of the soil, the growth and development
of the root system, and, ultimately, the yield of
winter barley.

Table 3. Influence of the main cultivation and predecessors on the total duty cycle of the tillage layer
for growing winter barley, % (sowing period, average for of 2018-2020)

Basic tillage
predecessor | SCillaver, Lizgllkize Chiselling (deep Clhellivg Chiselling
cm (ploughing) to a : (discing) to a I
chisel) to a depth (discing) to a
depth 0of 20-22 cm depth of 12-
0f20-22 cm depth of 6-8 cm
(control) 14 cm
0-10 570 56.2 581 573
10-20 56.2 55.8 56.5 54.6
Soy (control)

20-30 531 535 52.5 520

0-30 554 55.0 55.8 54.6

0-10 581 573 577 570

Winter 10-20 55.8 56.2 525 550

rapeseed

20-30 535 531 525 525

0-30 55.8 554 554 54.6

0-10 573 570 577 577

10-20 56.2 56.5 56.5 554

Buckwheat

20-30 531 539 531 531

0-30 554 55.8 55.8 554

0-10 56.5 55.8 55.0 554

Corn for grain

10-20 55.8 550 54.2 535

20-30 520 535 515 525

Corn for grain

0-30 54.6 54.6 535 539

0-10 570 56.5 55.8 56.2

10-20 56.2 55.8 55.0 531

Sunflower

20-30 531 531 520 515

0-30 554 55.0 54.2 535
HIP,, (a) 0.014 0.014 0.015 0.018
HIP,(B) 0013 0015 0017 0016
HIP (AB) 0.021 0019 0.025 0019
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Table 4. Influence of the main cultivation and predecessors on the total duty cycle of the tillage layer
for growing winter barley, % (harvest period, average for 2018-2020)

Basic tillage
Predecessor Soil layer, Wi t_111age Chiselling (deep thgelhng Chiselling
(cunnl (ploughing) toa chisel) to a depth (discing)toa (discing) to a
depth 0f 20-22 cm P depth of 12- g
0f20-22 cm depth of 6-8 cm
(control) 14 cm
0-10 515 520 525 520
10-20 49.2 496 482 478
Soy (control)
20-30 48.2 48.5 49.2 473
0-30 49.6 50.0 50.0 48.9
Winter 0-10 520 52.5 520 525
rapeseed
10-20 500 49.6 489 48.2
Winter 20-30 489 485 482 473
rapeseed
0-30 504 50.0 49.6 49.2
0-10 52.5 524 531 52.5
10-20 500 50.0 485 489
Buckwheat
20-30 49.2 489 478 478
0-30 504 504 49.6 496
0-10 515 520 51.2 515
. 10-20 485 489 48.2 478
Corn for grain
20-30 48.2 48.5 478 473
0-30 49.2 49.6 489 48.9
Sunflower 0-10 52.0 531 525 52.0
10-20 489 49.2 48.5 48.2
Sunflower 20-30 47.8 489 473 478
0-30 496 504 49.2 49.2
HIP, (A) 0.016 0.017 0.013 0.018
HIP, (B) 0013 0015 0016 002
HIP,, (AB) 0015 0018 0017 0019

The productivity of winter barley is an inte-  planting it after buckwheat, winter rapeseed,
gral indicator of the effectiveness of using vari-  and soybeans for conducting chisel tillage to a
ous predecessors and tillage. depth of 20-22 cm. On average, for three years in

Among the predecessors under study, the these variants, the yield was from 6.0 to 6.3 t/ha
highest level of crop yield was obtained for (Table5).
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Table 5. Yield of winter barley depending on its predecessors and main tillage, t/ha

D Years Average
) Main tillage (B) for 2018-
2018 2019 2020 2020
Deep tillage (ploughing) to a depth of
20-22 cm (control) 6.2 >7 >3 >7
Chiselling (deep chisel) to a depth of 6.2 61 cg 60
Soy (control) 20-22cm
Chiselling (discing) to a depth of 12-14 55 53 51 53
cm
Chiselling (discing) to a depth of 6-8 cm 53 52 5.0 5.2
Deep tillage (ploughing) to a depth of
20-22 cm (control) 60 >8 >4 >7
Chiselling (deep chisel) to a depth of
Winter O oy o P 64 59 5.8 6.0
rapeseed —— —
Chiselling (discing) to a depth of 12- g 56 55 56
14 cm
Chiselling (discing) to a depth of 6-8 cm 57 51 53 54
Deep tillage (ploughing) to a depth of
20-22 cm (control) 63 >8 >7 >9
Chiselling (deep chisel) to a depth of 65 61 6.2 6.3
Buckwheat 20-22cm
Chiselling (discing) to a depth of 12-14 6.2 g cg g
cm
Chiselling (discing) to a depth of 6-8 cm 5.9 59 5.3 57
Deep tillage (ploughing) to a depth of
20-22 cm (control) >0 49 48 49
Chiselling (deep chisel) to a depth of 54 5o 48 51
Corn for grain 20-22cm
Chiselling (discing) to a depth of 12-14 47 45 46 46
cm
Chiselling (discing) to a depth of 6-8 cm 46 46 43 45
Deep tillage (ploughing) to a depth of
20-22 cm (control) >4 52 >0 >2
Chiselling (deep chisel) to a depth of 59 56 57 57
Sunflower 20-22cm
Chiselling (discing) to a depth of 12-14 £0 47 48 A8
cm
Chiselling (discing) to a depth of 6-8 cm 51 46 4.6 4.8
HIP, A 0.248769 | 0198605 0.158627 0.248769
B 0.222506 0.177638 0.14188 0.222506
AB 0.497538 0.39721 0.317254 0.497538
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The lowest yield of winter barley was ob-
tained after corn for grain during shallow and
surface tillage. The decrease in yield was from
25 to 29%. The difference between winter barley
and sunflower reduced the yield of the crop by
18-20% compared to the reference predecessors.

CONCLUSIONS

In the Transcarpathia of Ukraine, on
sod-podzolic soils, minimising tillage leads
to an increase in the density of the cultivation
layer and a decrease in overall porosity. The soil

density increased from sowing to full ripeness
of grain, which did not exceed the optimal one
for most agricultural crops, including winter
barley (1.30 g/cm?) for ploughing and chisel-
ling to the depth of 20-22 cm. With shallow and
surface chisel tillage, the density formed in the
range of 135-1.37 g/cm?, which exceeded the
optimal one for the culture.

The highest yield (6.0-6.3 t/ha) of winter bar-
ley was formed when placed after buckwheat,
winter rapeseed, and soybeans with chiselling
to the depth 0f 20-22 cm.
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[OKTOp CinbCbKOrocnoaapcbkmx Hayk, npodecop, 3aBiaysay kadeapwn
HauioHanbHMI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHu
03041, Byn. lepois ObopoHU, 15, m. Kuis, YkpaiHa

H.l. Bab6ina

AcnipaHT

HauioHanbHMI yHiBEpcUTET BiopecypciB i NPMPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois O6opoHu, 15, m. Kunis, YkpaiHa

A.l. BabeHKo

KaHamAaaT CilbCbKOrocnoAapCbKMX HayK, CTapLUni BUKNaaaY
HauioHanbHMIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBaHHA YKpaiHu
03041, syn. lepois O6opoHu, 15, m. Kuis, YkpaiHa

Arpo@di3nyHi NOKa3HUKMU FPYHTY 3a BUPOLLYBaHHSA AUMEHIO
O03MMOBOI0o B 3aKapnaTtTi YKpaiHu

AHoTauia. VY cTaTi mogaHi 3HAUeHHS, 3aBAaHHA Ta pe3yJIbTaTH Pi3HUX CI10CO6iB 0OCHOBHOTO 06pO6ITKY
IPYHTY 3a pi3HUX IOIepefHUKIB Ha arpodisuyHi MOro BIACTHMBOCTI 3a BUPOIIYBaHHA STUYMEHIO
03MMOr0 B 3aKaprarTi VKpainu. [pyHTH JOCIIIJHOTO [T0J14 — AePHOBI OIi[30JIeHi OIIe€eHi, IKi MiCTATh
y TYMyCOBOMY FOPU30HTI B CEPEIHBOMY 2,6 % TyMyCy. 3 ITTMOUHOIO KiJIbKiCTh IIEPETHO0 3MEHIITYEThCS
Iy’Ke TIOCTYIIOBO ¥ Ha mubuHi 100-130 cM BiH fmocdarae mie 1,0-17 %. I"pyHT € TUIIOBUM [JIs1 30HU
[IpOBeIeHHS HOCTIIKeHb, CEpeIHBO 3a6e3MMeUeHHN PyXOMUMU GpopMaMu a30Ty, pocdopy Ta Katito.
SIKiCHA OIIiHKa 06CTEXXeHUX I'PYHTIB II0KA3aJIa, 0 I'PYHTH [I0TPebyIOTh ITOCTIMHOTO 3aCTOCYBaHHS
OpraHiYHUX i MiHepanbHUX HO6PUB, MPOBENEHHS BAIHYBaHHSA Ta BIPOBAI)KEHHS CiBO3MIH.
LIinBHICTh I'PYHTY € BaYKJIMBUM ITOKa3HUKOM Qi3sMUHMX BIACTUBOCTEMN I'PYHTY, IKUU BIIJINBA€E He
JIMIIIe HA TPYHTOBI PesKUMH, a 1 Ha FIOT0 SAKiCTh 06p06iTKY, 1110 B IiICYMKY BIUIMBAE Ha YPOXKAMHICTD
RyJIBTYypHUTaiigKicTb. Harepiof ciB6u suMeH0 03MMOT0 HabijIblile CIIPUATINBI TOKa3HUKHM 06 €MHOT
Macu 0-10 cM mapy I'pyHTY 3a6e3IedyBajy BCi CCTEMU OCHOBHOT'O 06pO6iTKy. IIiNbHICTE IPYHTY
B CepeIHbOMY 10 BapiaHTaX OCHOBHOTO 06pobiTKy KonuBajacsa B Mexkax 1,09-1,17 r/cm?, 3a HIPO,5

@ Plant and Soil Science, (12) 4



Tanchyk et al.

0,01 r/cm®. Ha miubuHi 10-20 cM cepenHs o6'eMHa Maca IPYHTY 3a OpaHKU cTaHoBwIa 1,14 r/cM?, 3a
YM3eJIBHOTO 06pP0O6ITKY BoHA 6y1a 6€3 icTOTHUX BigMiHHOCTeH — 1,15 1/ cM3. [TIpoBeIeHHA MiJTIKOro Ha
12-14 cM Ta [TOBEPXHEBOTO Ha 6-8 CM CYIIPOBOJKYBaIOCA MTiIBUIIEHHAM IIOKAa3HUKIB 06'€MHOI Macu
10, BiAmoBimHo,1,1611,19 /cM3. Y mapirpyHTy 20-30 cM 6y71a aHaJIOTTYHOI0: 32 MiJIKOT0 6€3IT0TUIIEBOTO
06pO6iTRY cepenHA MIiNbHiCTD 6yI1a Ha piBHi 1,24 r/cM?, a 3a OBepxHEeBOTO - 1,25 r/cM?. TlonepeJHURU
CYTTEBO He BIUIMBAJIX Ha 3MiHY IIIJIBHOCTi 06p06JII0BaJIBHOTO LIAPY I'PYHTY. IIpoTe, ITic/Is KYKypya3U
Ha 3epHO Ta COHALIHUKA CIIOCTEPIiraeThes TEHAEHLIis IO MiIBUIeHHS 06 €MHOI Macy IPYHTY IiCIIs
6e3MOINIIEBOTO MINKOTO Ta ITOBEPXHEBOro O6pO6iTKY, 0CO6JIMBO B HIDKHIX IMapax IPyHTY. L
IITBHICT IPYHTY 6y71a Ha piBHi 1,24-1,26 r/cM3, 110 He BUXOJMUIA 33 MeJKi OITTHMAaIIbHOL. PO3ITyIIIeHUH
y Tpolieci MexaHiYHOro 06po6iTKY I'PYHT YIIPOZOBXK BETETAL[MHOTO MEPIOAY i BIUIMBOM CHJIU
BJIACHOI MacH, 3BOJIO’KeHHS 1 BUCHXaHHS CaMOYIUIBHIOETECA A0 PIBHOBasKHOI iinbHOCTI. TOMy Ha
Tiepioz KosociHHA i 36MpaHHA BPOsKAI0 SIMEHI0 03UMOTO BiI6yIoCs ITOCTYIIOBE VUIIbBHEHHS IPYHTY
IO TIPUPOIHUX 3HaUeHb. V 0-10 cM Imapi rpyHTy o6'eMHa Maca BapiloBajia B Mekax 1,20-1,27 r/cm?
y mapi rpyHTy 10-20 cM - 1,25-1,30 r/cm?® i 20-30 cM - 1,34-1,37 r/cm? . [11s1 epeRTUBHOI IisTTBHOCTI
MIKpOOpraHi3MiB, pOCTy 1 PO3BUTKY KOPeHEeBOI CUCTEMU POC/IMH Ta HarpoMajKeHHS BOJIOTH B
IPYHTI BOKJIMBE 3HAYEHHS Ma€ IIUIBHICTD (TOPUCTICTD). BCTAHOBIIEHO, 10 TPUBAJIE 3aCTOCYBAHHA
TONUIIEBUX i 6e3MONUIIEeBUX 06PO6ITKIB IPYHTY He 3HMKYBAJIO 3arajIbHOI UIITMHHOCTI HIDKYe 50 %
6ymoBu 06pO6ITIOBAHOTO LIAPY, IO 3a6e3MeYIo BUCOKY IIPOAYKTUBHICTD KYJIBTYPHUX DOCIIHH.
3a 6e3MoULIEBUX TTOBEPXHEBOTO Ta MIJIKOTO 06pO6ITKY I'PYHTY 3arajibHa ILITMHHICTD Y HIDKHIX
mapax CTaHOBHMJIA [0 50 % 6ymoBu 06po6II0BaIBHOTO IIApy, a B AeSKUX BUIIaAKaxX MeHII 9K 47 %.
Taka 6yzmoBa 06pO6IIIOBAIBHOTO IIapy HETAaTHBHO BIUIMBAJIa Ha BOJHUM Ta MOBITPSHUN PEXRUMU
TPYHTY, Ha piCT i pO3BUTOK KOpeHEBOI CUCTEMU i, V KiHIIEBOMY pe3yJIbTaTi Ha YPOXKaWHICTh SUMEHIO
osuMoro. HaliBuIla ypoykalHICTh SUMEHIO 03MMOT0 OTPMMaHa IIiciid TpedyKy, pilaKky 03UMOoro Ta
coi (6,0-6,3 T/ra) 3a MpoBeieHHA 6€3ITOIULIEBOTO YN3EIBHOT0 06pO6IiTKY IpyHTY Ha 20-22 cM. [Ticia
KYKYPYZ3U1 Ha 3€pHO i COHAIIHUKY YPOJKalHICTb cTaHOBUIIA 5,1-5,7 T/Ta

KniouoBi cnoBa: 4YacHUK,; CODPT; Jo6ama; JTo1ec; VropcBKUL; YPOsRalHICTE; TonniMopdizM
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Biological effectiveness of herbicides in winter wheat crops
of autumn sowing

Abstract. An effective measure for controlling the most harmful wintering and winter weed species,
such as Apera spica-venti, Galium aparine, Veronica persica, Consolida regalis, Capsella bursa-
pastoris, Descurainia Sophia, Vicia villosa, etc. in winter wheat crops is the autumn application of
herbicides, especially in the early stages of crop development, starting from the seed germination
stage, whenitis most sensitive to their presence. The study presents the results of two-year studies on
thebiological effectiveness of applying the herbicide Pledge 50, WP in different stages of development
of winter wheat (BBCH 00, 11,12, 14, and 16) independently and in a mixture with herbicides partners:
Zenkor Liquid 600, SC, Marathon, SC, Granstar Gold 75, WG, Grodil Maxi 375, OD, and adjuvant Skaba,
EC. As aresult, itis identified that the biological effectiveness of the drugs under study against Apera
spica-venti and other winter and wintering weeds substantially differed depending on the phase of
development of winter wheat during the period of herbicide application. Pre-emergence application
of herbicides does not ensure proper control of Apera spica-venti and other winter and wintering
weeds. In particular, during the spring resumption of vegetation, the control of Apera spica-venti
with the use of 0.1 kg/ha Pledge 50, WP was 69.0%, with an overall efficiency of 68.0%. Application of
0.4 1/ha Sencor Liquid 600, CS provided indicators of 66.1 and 71.4%, respectively. The introduction of
0.1kg/ha of Pledge 50, WP in the BBCH 11 development phase provided high efficiency in controlling
Apera spica-venti and all weeds in general with indicators of 91.2 and 87.6%, respectively. The use
of a reduced rate of 0.08 kg/ha Pledge 50, WP in the BBCH 12 phase did not reduce both the overall
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effectiveness against weeds - 87.4%, and Apera spica-venti in particular — 931%. The use of Pledge
50, WP (0.1kg/ha) in the BBCH 16 phase had a worse, but acceptable effect with efficiency indicators
of 84.2% against Apera spica-venti and 83.6% overall. The best control of Apera spica-venti and
all weeds, in general, was obtained by using a mixture of Pledge 50, WP + Granstar Gold 75, WG +
adjuvant Skaba, EC (0.06 kg/ha + 0.025 I/ha + 0.05 1/ha) in the BBCH 14 phase - 97.5 and 99.2%, which
is at the level of Sencor Liquid 600, SC + Grodil Maxi 375, OD (0.35 l/ha + 0.11 kg/ha). The highest yield
of winter wheat in the experiment was obtained by applying a mixture of Pledge 50, WP + Granstar
Gold 75, WG + adjuvant Skaba, EC (0.06 kg/ha + 0.025 1/ha + 0.051/ha) in the BBCH 14 phase - 7.56 t/ha,
which is 59.8% better than the control

Keywords: winter wheat; herbicides; biological efficiency, Apera spica-venti; Galium Aparine;
Veronica persica; Consolida regalis; Capsella bursa-pastoris; Descurainia Sophia; Vicia villosa; yield

RELEVANCE

As is known, the main and most harmful weeds
in winter grain crops are winter and wintering
species, such as: common windgrass (Apera
spica-venti), cleavers (Galium Aparine), bird-
eye speedwell (Veronica persica), field larkspur
(Consolida regalis), shepherds purse (Capsel-
la bursa-pastoris), flixweed (Descurainia So-
phia), winter vetch (Vicia villosa) et al. These
weeds are a serious competitor to the crop for
moisture and light, reduce the effectiveness of
fertilisers applied. Therefore, an effective meth-
od of controlling wintering and winter weeds in
winter wheat crops can be the autumn applica-
tion of herbicides, especially in the early stages
of crop development, starting from the stage of
seed germination, when it is most sensitive to
their presence.

ANALYSIS OF RECENT STUDIES
AND PAPERS

According to Soltani et al. (2006), the constant
expansion of the area under no-till and the in-
judicious use of glyphosate group herbicides in
predecessor crops led to an increase in the pres-
ence of winter annual, biennial, and perennial
weedsinwinter wheatagrocenoses. Accordingto
Curran et al. (2017), winter wheat yields declined
with increasing biomass of weeds such as winter
vetch. Therefore, the autumn post-emergence
application of herbicides was a priority to reduce
competition with this weed during the autumn
and early spring growing seasons. Therewith,
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the most effective and safe active ingredients
for the culture were 2,4-D amine salt, mesosul-
furon-methyl, tribenuron-methyl, and tifen-
sulfuron-methyl. According to Storchous IL.M.
(2019), the optimal time for the use of herbicides
in the autumn period in winter wheat crops is
the phenological phase of crop development
of 1-2 leaves, while the use of a mixture of ac-
tive substances tribenuronmethyl, 562.5 g/kg
and tifensulfuron-methyl, 1875 g/kg provid-
ed one hundred per cent effectiveness against
weeds. Studies by Kochyk G. and Melnychuk A.
(2013) proved an increase in the yield of win-
ter wheat by 20.1% with the autumn applica-
tion of a combination of tribenuron-methyl
and metsulfuron-methyl in contrast to spring.

Many studies confirm the high harmfulness
of common windgrass in winter grain crops, es-
pecially in cases where their share in the struc-
ture of sown areas was more than 60%. Re-
searcher Bartels (2004) indicates aloss of 3 t/ha of
winter wheat grain yield in areas where the num-
ber of Apera spica-venti averaged 200 pcs./m?
compared to the areas where this weed was con-
trolled. Danish researchers Andreasen & Stryhn
(2008) and Melander et al. (2008) also indicate
an increase in the proportion of broom infesta-
tion of winter crops. Apera spica-venti ranked
fifth in the ranking of the 15 most important weed
species identified in 26 European countries in
winter grain crops (Schroeder et al,, 1993). Lat-
vian researchers identified that in winter wheat
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fields, where Apera spica-venti was the dominant
weed with a share of 70-80% of the total weed bi-
omass, the spring application of herbicides did
not ensure proper control of this weed. Autumn
post-emergence application of crop protection
products resulted in satisfactory control over
Apera spica-venti up to the harvest time of the
next year (Vanaga et al., 2010).

There are also no unambiguous results re-
garding the effectiveness of the pre-emergence
application of herbicides in winter wheat crops.
According to Streit et al (2003), the effective-
ness of weed control with insurance herbicides
was generally better than the effectiveness of
the pre-emergence application of the protec-
tive products, regardless of the intensity of till-
age. However, Johnson et al. (2018) indicate that
the effective control of grass weeds, in particu-

lar, Bromus spp. and the highest yield of winter
wheat is due to the pre-emergence use of her-
bicides based on piroxasulfone in combination
with flumioxazine.

Purpose of the study. Establish the biological
effectiveness of herbicides against cereal and
dicotyledonous annual winter and wintering
weeds in winter wheat crops with pre-emer-
gence and post-emergence application during
the various phases of crop development.

MATERIALS AND METHODS

The study was conducted during 2018-2021 in
the conditions of the Separated subdivision of the
National University of Life and Environmental
Sciences of Ukraine “Agronomic Research Sta-
tion’, Pshenychne village, Vasylkivsky district, Kyiv
region, according to the scheme shown in Table 1.

Table 1. Scheme of the experiment on the examination
of the biological effectiveness of herbicides

Drug consump-
No. Experiment options Active ingredient tion rates/ha, BBCH
kg/ha
1 Control - -
2 Pledge 50, WP flumioxazine, 511 g/kg 0.08
00
3 Sencor Liquid 600, SC metribuzin (250 g/1) 040
4 Pledge 50, WP flumioxazine, 511 g/kg 008
12
5 Marathon, SC pendimethalin, 250 g/], isoproturon, 125 g/1 4.00
flumioxazine, 511 g/kg + tribenuron-me-
Pledge 50, WP + thyl, 562.5 g/kg, tifensulfuron-methyl, 187.5 0.06 + 0025 +
6 Granstar Gold 75, WG g/kg + polyalkylene oxide modified with ‘ 0 0'5
+adjuvant Skaba, EC heptamethyltrisiloxane, 21%, and a complex ’
of nonionic surfactants 79%
- metribuzin, 600 g/I + iodosulfuron, 25 g/],
7 Sencor‘quulgl 600, S¢ amidosulfuron, 100 g/1, mefenpir-diethyl 035+011 14
+ Grodil Maxi 375, 0D ;
(antidote), 250 g/1
tribenuron-methyl, 562.5 g/kg, tifensulfu-
3 Granstar Gold 75, WG ron-methyl, 1875 g/kg + polyalkylene oxide 0.025 + 0.05
+adjuvant Skaba, EC modified heptamethyltrisiloxane, 21%, and ’ ’
a complex of nonionic surfactants 79%
9 Pledge 50, WP flumioxazine, 511 g/kg 01 1
10 Pledge 50, WP flumioxazine, 511 g/kg 01 16

Co)
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Experiment area is 1200 m? The area of each
experiment variant is 120 m? (4 repetitions of 30
m? each). The working fluid flow rate is 300 l/ha.
The placement of variants and repetitions in the
experiment is randomised. The method of ap-
plying herbicides is spraying with a Jacto pjb-16C
satchel sprayer. The ground cover at the sta-
tion is typical medium-loamy chernozem. The
humus content in the arable soil layer is 4.38-
4.53%, the pH of the salt extract is 6.9-7.3; the ab-
sorption capacity is 32 mg-eq./100 g of soil. The
humus Reserve in the meter thickness is 404-
448 t/ha. Such soil declination is typical for the
forest-steppe zone, covering 54.6% of its territo-
ry. Groundwater is at a depth of 5-6 m.

The total moisture capacity of the soil of the
experimental field in the 0-30 cm layer is 38.4%,
in the 30-45 cm layer - 42.75%. The field mois-
ture capacity of this soil in a layer of 0-30 cm
reaches 28.2%, capillary rupture humidity -
19.7%, maximum hygroscopicity - 7.46%, mois-
ture inaccessible to plants - 10%, total porosity
at equilibrium - 52-55%.

In the experiment, the winter wheat variety
Linus was sown. The seeding rate is 3.8 million
seeds/ha, seeding depth is 4 cm, row spacing
width - 19 cm, predecessor - peas.

Agricultural techniques for growing winter
wheat in the experiment are generally accepted
for the conditions of the Right-Bank Forest-Steppe
of Ukraine. Protection against pests and diseases
is the same for all areas of the experiment.

Visual evaluation of the effectiveness of
the drugs was determined on days 7, 14, and
28 after treatment and in the spring after the

resumption of vegetation. Species composi-
tion of weeds on control and experimental op-
tions: before treatment (except for the use of
pre-emergence), on the 7th, 14th, and 28th day
after treatment and in the spring after the re-
sumption of vegetation.

Determination of the biological effective-
ness of herbicides was conducted according to
the method of Tribel S.O. et al. (2001). Research
methods: observation, analysis, and synthesis in
combination with special methods (field, quan-
titative-weight, mathematical-statistical). Sta-
tistical analysis of experimental data - using Ex-
cel software from MS Office 365 and Statistica 10.

RESULTS

Visual assessment of the effect of the protec-
tive products under study was performed sep-
arately for each type of weed. In variants with
the post-emergence application of drugs, the
first record of the number of weeds was con-
ducted immediately before their use. During
the period of these records, 6 main types of
winter and wintering weeds were present in
winter wheat crops. The number of weeds in
the control and experimental variants sub-
stantially differed depending on the period
of application of the drugs. Apera spica-ven-
ti was the dominant species in winter wheat
crops among cereal weeds. Dicotyledonous
weeds were represented by five species with
approximately equal numbers of each (Ta-
ble 2). The first records of weeds in variants
with pre-emergence use of herbicides were
conducted 7 days after their application.

Table 2. Species composition and number of weeds in variants with the post-emergence
application of herbicides before their application, pcs./m?

Types of weeds
Experiment Capsella
variant Apera Galium Veronica Consolida blg)rsa— Descurainia Total
spica-venti aparine persica regalis . Sophia
pastoris
BBCH11
Control 6.25 4775 55 375 4775 4.25 293
2 Pledge 50. 475 525 575 525 525 375 30

Plant and Soil Science, (12) 4
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Table 2. Continued

Types of weeds
Experiment Capsella
variant Apera Galium Veronica Consolida bé)rsa— Descurainia Total
spica-venti aparine persica regalis . Sophia
pastoris
BBCH 12
Control 13.25 475 8 55 6 6.25 43.8
4 Pledge 50, 135 6.5 675 7.25 675 50 4538
WP
> Ma;%thon' 925 6 7 525 65 50 390
BBCH14
Control 13.25 475 8 55 6 4.25 41.8
6. Pledge 50,
WP +
Granstar
Gold 75, WG 12.25 6.75 575 6.25 575 5 41.8
+adjuvant
Skaba, EC
7. Sencor
Liquid 600,
SC + Grodil 14.75 775 45 575 475 575 43.8
Maxi 375, 0D
8. Granstar
Gold 75, WG 1075 875 775 6 65 45 448
+adjuvant
Skaba, ke
BBCH 16
Control 13.25 75 85 8 125 6.0 55.8
10. Pls\‘,ige >0, 1025 825 525 55 6 538 410

The biological effectiveness of the drugs un-
der study expressed in % for each type of weed
was calculated to assess the effectiveness of the
drugs under study. The biological effectiveness
of the preparations for pre-emergence appli-
cation was in the range of 570% against com-
mon windgrass and 58.5% in general against all
types of weeds for the application of Pledge 50,
WP (0.08 kg/ha) and, respectively, 52.6 and 57.0%
for the use of Sencor Liquid 600, CS (0.4 1/ha).
Such indicators are insufficient and are caused

by unfavourable conditions that have developed
during the period of their application (low soil
moisture).

The introduction of Pledge 50, WP after
germination of the crop in different phases of
development showed high efficiency in con-
trolling Apera spica-venti and other winter and
wintering weeds. The introduction of this her-
bicide at a rate of 01 kg/ha in the development
phase of winter wheat BBCH 11 provided reliable
control of Apera spica-venti at the level of 93.7%,
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with an overall efficiency of 88.1%. Reduction of
the norm of Pledge 50, WP to 0.08 kg/ha in the
BBCH 12 phase of crop development, efficien-

cy decreased by 3.5 percentage points to 90.2%
against Apera spica-venti and to 86.2% overall
(Table 3).

Table 3. Biological effectiveness of herbicides, %

Types of weeds

2

=) Apera Galium Veronica Consolida Capsella Descurainia

S spica- . . . . . Total

= . aparine persica regalis bursa-pastoris Sophia

a, ventl

o

a s a s a s a s a s a s a s

BBCH 00

2. 570 | 690 | 363 | 535 | 679 | 671 573 64.3 54.2 757 785 785 | 585 | 680

3 526 | 661 | 442 418 | 638 | 754 510 791 427 78.3 877 877 570 | 714
BBCH 11

9. ‘ 937 ‘ 912 ‘ 804 ‘ 747 ‘ 838 ‘ 84.8 ‘ 954 ‘ 90.3 ‘ 82.8 ‘ 919 ‘ 925 ‘ 925 ‘ 881 ‘ 876
BBCH 12

4. 90.2 | 931 | 858 80.6 | 837 | 840 86.0 89.3 88.0 885 83.8 888 | 86.2 | 874

5. 945|893 | 728 | 688 | 634 | 599 | 933 926 901 90.3 914 950 | 843 | 827
BBCH14

6. 975 | 975 | 1000 | 1000 | 919 | 1000 | 979 979 | 1000 | 1000 | 1000 | 1000 | 979 | 99.2

7. 969 | 946 | 983 | 949 | 735 | 756 | 1000 | 1000 | 964 961 | 1000 | 1000 | 942 | 935

8. 731 | 777 | 903 823 | 930 | 929 814 829 1000 | 1000 925 925 884 | 881
BBCH 16

10. 705 | 842 | 823 785 | 845 | 970 81.6 83.9 89.6 794 787 787 812 | 836

HIP, | 122 | 99 | 169 | 212 | 230 | 246 | 158 14.3 174 94 16.9 10.3 71 | 75

Note: a - accounting in autumn 28 days after the introduction of herbicides, s — accounting for the period of

spring restoration of vegetation of the crop

The highest efficiency of control of Apera
spica-venti and other weeds in the experiment
was recorded for the introduction of a mix-
ture of Pledge 50, WP + Granstar Gold 75, WG +
adjuvant Skaba, EC (0.06 kg/ha + 0.025 l/ha +
0.051/ha) - 97.5 and 97.9% in the BBCH 14 phase,
which is reliable at the level of the Sencor Lig-
uid 600, SC + Grodil Maxi 375, OD (0.35 1/ha +
0.11 kg/ha) - 96.4 and 94.2% composition. The
use in the same phase of only Granstar Gold
75, WG + adjuvant Scaba, EC (0.025 kg/ha +
0.05 1/ha) provided mediocre effectiveness
against Apera spica-venti - 73.1% against the
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background of sufficient control of dicotyle-
donous weeds. Notably, the Sencor Liquid 600,
SC + Grodil Maxi 375, OD (0.35 1/ha + 0.11 kg/ha)
composition provided insufficient control of
Veronica persica - 73.5% (Table 3).

The introduction of 0.1 kg/ha Pledge 50, WP
in the BBCH 16 phase provided control of Apera
spica-venti with an efficiency of 70.5% and other
weeds - 81.2%, which in general did not substan-
tially differ from Granstar Gold 75, WG + adju-
vant Scaba, EC (0.025 kg/ha + 0.05 1/ha).

One of the best in control of Apera spi-
ca-venti was the option with the introduction
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of the BBCH 12 marathon phase, SC at a rate of
4.0 1/ha - 94.5%, however, it did not provide re-
liable control of Veronica persica - only 63.4%,
which is the lowest indicator in the experiment.

The last accounting conducted for the peri-
od of spring vegetation restoration (SVR) of win-
ter wheat did not show substantial changes in
the species composition and number of weeds
in the cultivated areas. The biological effective-
ness of the preparations for the spring renewal
of winter wheat vegetation was higher com-
pared to the last autumn records, which is main-
ly due to an increase in the number of weeds in
the areas of the control variant and a decrease in
their number in some herbicidal variants.

The effectiveness of soil herbicides against
Apera spica-venti was 69.0% of the application
of 0.08 kg/ha Pledge 50, WP and 68.0% in general
against winter and wintering weeds, which is at
the level of 0.41/ha Sencor Liquid 600, SC (Table 3).

Statistically, the same effectiveness against
Apera spica-venti and other weed species was
provided by the use of Pledge 50, WP (0.1 kg/ha)
inthe BBCH 11 phase — 91.2 and 87.6% and Pledge

50, WP (0.08 kg/ha) in the BBCH 12 phase - 931
and 87.4%.

The highest efficiency against these weeds
was when using a mixture of Pledge 50, WP +
Granstar Gold 75, WG + adjuvant Skaba, ke
(0.06 kg/ha + 0.025 I/ha + 0.05 I/ha) in the BBCH
14 phase - 97.5 and 99.2%, which is at the level
of Granstar Gold 75, WG + adjuvant Skaba, EC +
Grodil Maxi 375, OD (0.351/ha + 0.11kg/ha).

The use of Pledge 50, WP (0.1 kg/ha) in the
BBCH 16 phase had a worse, but acceptable ef-
fect in controlling broom and other weeds in
general - 84.2 and 83.6% compared to the use of
this herbicide in earlier phases of winter wheat
development (Table 3).

The crop yield in the control variant aver-
aged 473 t/ha. All herbicidal variants had sub-
stantially higher yields, which is confirmed by
dispersion analysis. The introduction of soil
preparations in the second and third variants
provided an increase in yield by 36.8% rela-
tive to the control over the use of Pledge 50, WP
(01 kg/ha), which is at the level of Sencor Liquid
600, CS (0.4 1/ha) - 34.2% (Table 4).

Table 4. Winter wheat yield depending on the herbicide protection options under study

Experiment variant Yield, t/ha +/- to control, %
1. Control 473
BBCH 00
2. Pledge 50, WP 6.48 36.8
3. Sencor Liquid 600, SC 6.35 34.2
BBCH11
9. Pledge 50, WP 731 54.5
BBCH 12
4. Pledge 50, WP 703 485
5.Marathon, SC 714 50.8
BBCH14
6. Pledge 50, WP + 756 598
Granstar Gold 75, WG + adjuvant Skaba, EC
7. Sencor Liquid 600, SC + Grodil Maxi 375, OD 743 56.9
8. Granstar Gold 75, WG + adjuvant Skaba, ke 71 501
BBCH 16
10. Pledge 50, WP 6.96 471
HIP,, 021 31

Gs)
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Applying 01 kg/ha of Pledge 50, WP in the
BBCH 11 phase provided a substantially higher
yield by 54.5% than using the same drug, but
0.08 kg/ha in the BBCH 12 phase - 48.5% and
0.1kg/ha in the BBCH 16 phase - 471%.

The highest yield in the experiment was
formed by applying a tank mixture of Pledge 50,
WP + Granstar Gold 75, WG + adjuvant Skaba, EC
(0.06kg/ha+0.0251/ha+0.051/ha) inthe BBCH 14
phase - 7.56 t/ha, which is 59.8% better than the
control (Table 4).

CONCLUSIONS

The biological effectiveness of the drugs under
study against common windgrass and other
winter and wintering weeds substantially dif-
fered depending on the phase of development of
winter wheat for the use of herbicides.
Pre-emergence application of herbicides
does not ensure proper control of Apera spi-
ca-venti and other winter and wintering weeds.
Inparticular, during the SVR, the control of Apera
spica-venti for the use of 0.1 kg/ha Pledge 50, WP
was 69.0%, with an overall efficiency of 68.0%.
Application of 0.41/ha Sencor Liquid 600, CS pro-
vided indicators of 66.1 and 71.4%, respectively.

Application of Pledge 50, WP after germi-
nation of the crop in the development phases of
winter wheat BBCH 11-12 showed high efficiency
in controlling Apera spica-venti and all weeds in
general with the following indicators:

- Pledge 50, WP (0.1 kg/ha) in the BBCH 11 -
phase 91.2 and 87.6%;

- Pledge 50, WP (0.08 kg/ha) in the BBCH 12
phase — 931and 874%.

The use of Pledge 50, WP (0.1 kg/ha) in the
BBCH 16 phase had a worse, but acceptable ef-
fect with efficiency indicators of 84.2 and 83.6%.

The highest effectiveness against Apera spi-
ca-venti and all weeds, in general, was for the
use of a mixture of Pledge 50, WP + Granstar
Gold 75, WG + adjuvant Skaba, EC (0.06 kg/ha +
0.025 l/ha + 0.05 l/ha) in the BBCH 14 phase -
975 and 99.2%, which is at the level of Sencor
Liquid 600, SC + Grodil Maxi 375, OD (0.351/ha +
0.11kg/ha).

The highest yield of winter wheat in the ex-
periment was obtained by applying a mixture of
Pledge 50, WP + Granstar Gold 75, WG + adjuvant
Skaba, EC (0.06 kg/ha + 0.025 l/ha + 0.05 1/ha) in
the BBCH 14 phase - 7.56 t/ha, which is 59.8%
better than the control.
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BionoriyHa epeKTUBHICTb rep6iumais y nociBax nweHuui
03MMOi OCiHHbOIO BHECEHHH

AHoTauif. EQeKTUBHUM 3aX0Z0M KOHTPOJTIIOBAHHA HAMG1JIBII ITKOAOUMHHIX 3SUMYIOUMXTA O3UMUX
BUIIB 6Yp'AHIB, TaKUX AK: Apera spica-venti, Galium aparine, Veronica persica, Consolida regalis,
Capsella bursa-pastoris, Descurainia Sophia, Vicia villosa Ta iH. y TIociBax IIIeHUIIi 03MMOI € OCIHHE
BHECEeHHS repbiluAiB, 0cOBNIMBO Ha paHHIX CTafifX PO3BUTKY KYJIBTYPH, ITOYMHAIOUN Bif cTamii
[IPOPOCTaHHSA HACIHHSA, KOJIM BOHA HaM6UIbII YyTIKBa [0 iXHBOI PUCYTHOCTL. Y CTaTTi HABELEHO
PE3yNIBTaTH ABOPIYHUX AOCIIAKEHb 00 6i0TOTiYHOI epeKTUBHOCTI BHECEeHHS repbinumy Ilnemk
50, 311 e pisHi CTPOKYU pO3BUTKY IIeHwuIIi o3umoi (BBCH 00, 11, 12, 14 i 16) caMOCTi¥HO Ta B cyMiLri
3 repbiumaMu mapTHepaMu: 3eHkop JIikeim 600, KC, Mapadon, KC, I'paucrtap Tomnz 75, BT, 'pomin
Makci 375, O Ta af'toBaHTOoM Ckraba, KE. V pesynbTaTi BCTAHOBIIEHO, 0 6iojoriyHa epeRTUBHICTD
IOCTIIKYyBaHUX IIperapaTiB poTH Apera spica-ven® ¥ iHIINX O3UMMX Ta 3UMYIOUUX 6ypsSHIB
CYTTEBO BimpisHanacad 3ajeXXHO Bimdasy poO3BUTKy IMIIEHUII O3UMOI Ha Ilepiol, BHeCEHHS
repbinuzis. [locxomoBe BHeCeHHS repbiluziB He 3abe3meyuye HAJIEKHOIO KOHTPOJIIOBAHHA Apera
spica-venti Ta iHIIMX O03UMUX i 3UMyIOUMX 6yp'sHiB. 30KpeMa, Ha 1epioj; BECHSAHOTO BiIHOBJIEHHS
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BereTatlii KOHTPOJIb Apera Spica-venti 3a BuropuctanHsa 0,1 kr/ra [Tiemsk 50, 311 ctaHoBUB 69,0 %,
3a 3arajbHOI edpeRTUBHOCTI 68,0 %. BHecenHs 0,4 j/ra 3eHrop JIikeim 600, KC 3abesrneuyBajo
ITOKA3HUKU BiATIOBinHO 66,1 Ta 71,4 %. BHeceHHs 0,1 kr/ra [nemx 50, 311 y ¢pasy po3BUTKY KYIETYpU
BBCH 11 3a6e3meuryio BUCOKY epeKTUBHICTh KOHTPOJIIOBAHHA Apera spica-venti Ta 3arajioM ycix
6yp'aHiB i3 TOKA3HUKAMH, BiATIOBigHO, 91,2 Ta 87,6 %. BUKOpHCTaHHSA 3MeHuIeHoi HopMmu 0,08 Kr/ra
[Inemsk 50, 311y pa3y BBCH 12 He 3HUKYBaJIO AK 3arajabHy epeKTUBHICTh ITPOTU byp' aHiB — 87,4 %,
TaK i Apera spica-venti, 30kpeMa - 93,1 %. Bukopucrauus ITnemx 50, 311 (0,1 kr/ra) y dpasy BBCH 16
MaJjio TipUINM, NpoTe NPUUHATHUN edeKT i3 MoKasHUKaMu ebeKTUBHOCTI 84,2 % ImpoTu Apera
spica-venti Ta 83,6 % 3arayioM. HaMKpaluit KOHTPOJIb Apera spica-venti Ta 3arajoM ycix 6yp'sHiB
OTPUMAaHO 3a BUKOPUCTAHHA cyMirti [Tnemxk 50, 311 + 'padcrap Tong 75, BT + ag'toBaHT Ckaba, KE
(0,06 xr/ra + 0,025 11/ra + 0,05 51/ra) y dasy BBCH 14 - 97,51 99,2 %, 1110 Ha piBHi 3eHKop JIikBizg 600, KC +
Tpozin Makci 375, OF, (0,35 si/ra + 0,11 kr/ra). JIoCTOBIpHO HAWBUILY YPOSKANHICTh MIIEHULIi 03UMOI B
IOCyizi oTpMaHo 3a BHeceHHs cyMitui [Tmemk 50, 311 + I'paxcTap long 75, BT + af'toBaHT Ckaba, KE
(0,06 kr/ra + 0,025 51/ ra + 0,05 si/ra) y dasy BBCH 14 - 7,56 T/ra, 1110 Ha 59,8 % Kpaille KOHTPOJIIO

KniouoBi cnoBa: eI 03UMa; repbiliuay; 6ioyoriuna ebeKTUBHICTE; Apera spica-venti; Galium

aparine; Veronica persica; Consolida regalis; Capsella bursapastoris; Descurainia Sophia; Vicia villosa;
YPOXKaHICTh
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Impact of agricultural and tillage systems
on the main pests of winter wheat

Abstract. The intensification of agriculture has some adverse consequences, and the preservation
of land resources during their active exploitation is a vital issue today, given the ever-increasing
need to increase food supply. The world practice of organic farming shows limited regulation of
the number of pests of agricultural crops. Artificially increasing natural enemies and altering the
landscape to enhance biological control is not a popular solution and has controversial effectiveness.
The number of winter wheat entomocomplex was monitored according to generally accepted
methods on 48 plots, where 12 variants were placed in 4 repetitions during 2019-2021. This paper
presents the results of a study indicating a substantial impact of agricultural systems on the main
pests of winter wheat and the ability to control their numbers according to the ecological system at
the level of the economic threshold of harmfulness. Tillage variants did not regulate the number of
Schizaphis graminum R., Eurygaster integriceps R. and Oulema melanopus L., while chisel tillage at
20-22 cm regulated the number of Anisoplia austriaca N. and Haplothrips tritici Kurd at the level of
the control (ploughing) in all years of observations. In the case of surface cultivation of the soil to a
depth of 6-8 cm, the number of these pests increased substantially, and was on average at 2.0 and
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14 4 specimens/m?, respectively. Thus, the highlighted data confirm the effectiveness of reducing the
multiplicity of insecticidal treatments of winter wheat in the ecological system without increasing
the risks of crop loss due to pest damage to plants in combination with chisel tillage

Keywords: phytophages; chisel; ploughing; disking; ecological cultivation of winter wheat

RELEVANCE

According to the UN forecast, by 2050, pop-
ulation growth will lead to an increase in de-
mand for food, including cereals, up to 46%
(M.C. Hunter et al. 2017). The productivity of
winter wheat depends on the use of modern in-
tensive cultivation technology, where one of the
determining factors is the management of the
dynamics of harmful organisms and the use of
modern plant protection products. However, the
choice of intensive tillage and application of in-
secticides can adversely affect the functional di-
versity of soil communities and their abundance
(J.G. Zaller et al., 2016.)

Given the tendency to minimize the main
tillage and reduce the use of pesticides, there is
aneed to find new, balanced approaches to solv-
ing the problem of protecting winter wheat from
pests and increasing its productivity.

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

The difficulty in making decisions regarding the
protection of crops from pests lies in the lack of
monitoring and the uneven understanding of the
economic threshold of harmfulness (ETH) ac-
cording to different phenological phases of plant
development, the effectiveness of preparations
and various natural zones (VM. Chaika et al,
2014). According to some data (S. Stankevich,
2016), the ETH of cereal aphid on winter wheat in
the earing phaseis 5-10 pcs./stem, and according
to others - 20-25 specimens/ear (VP. Omelyuta,
1986). The economic threshold of harmfulness
of the imago of a sunn pest in the phase of stem
elongation in these authors also ranges from
1 to 4 specimens/m? Therefore, agricultural
producers often introduce insecticides in re-
sponse to any potential economic threat, rather
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than as a last resort. The intensity and exces-
sive use of chemical plant protection products
creates adverse consequences for the environ-
ment, including the destruction of beneficial
entomofauna. According to the authors (Sabluk
et al, 2021), the number of the latter in the sow-
ing of crops under the organic farming system
was substantially higher than in the industrial
system, which ensured that the pest popula-
tion was reduced by half. Many field studies on
the effectiveness of the implementation of the
practice of intercropping flowering plants to
create a shelter and additional food source for
entomophages and, as a result, increase their
number and regulation of phytophages showed
somewhat inconsistent and sometimes incon-
clusive results (Schipanski et al, 2014; Gontijo
et al, 2018). Researchers (Buchanan § Hooks,
2018) found that mixed cover crops of barley and
clover did not attract entomophages and did not
regulate pest populations, while increasing the
abundance of the Carabidae family in organic
farming systems did not provide sufficient reg-
ulation of phytophagous populations (Birkhofer
et al., 2008). Research in organic crop rotation
at PE “Agroecology” shows a reduction in winter
wheat crop losses from Heteroptera bugs and
Anisoplia austriaca due to sowing with spring
wheat, the grain of which is used for fodder
(V.M. Pysarenko et al. 2020).

The results of some studies show that often
the authors do not correlate the increase in the
number of natural enemies with the decrease in
damage to plants by phytophages (Cloyd, 2020).
The study results regarding the influence of the
depth and method of soil cultivation as a factor
that can reduce the number of phytophages are
equally ambiguous. The study (0.M. Yakovenko,
2017) showed that the population of Elateridae
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under the conventional tillage system was 5.2
specimens/m?, under systems with mini-till el-
ements — 8.0 specimens/m?, while the conserva-
tion tillage system reduced the number of phy-
tophages to 4.6 specimens/m?.

An analysis of 30 publications from 1990 to
2017 (Rowen et al., 2020), despite the expectation
that soil pests would be particularly sensitive to
habitat change, did not reveal any considerable
differences in pest numbers in systems with
different methods and depth of tillage, even us-
ing no-till technology. An interesting fact is that
pests whose life cycle does not pass in the soil
and most of which are r-strategists were consid-
erably inferior in numbers in systems with low
intensity of cultivation and increased the popu-
lation in conventional systems.

Understanding the specific features of the
biology of winter wheat pests allows identifying
the optimal and critical stages of their develop-
ment, which, together with crop rotation, tillage,
and greening of agriculture, enables effective
regulation of their number.

The purpose of this study was to establish
the impact of minimizing the main tillage under
various farming systems on the number of main
phytophagous winter wheat.

MATERIALS AND METHODS

The study was conducted during 2019-2021 in
the conditions of the stationary field of the De-
tached Division of the National University of Life
and Environmental Sciences of Ukraine “Agro-
nomic Research Station”. The species composi-
tion and number of pests of Linus winter wheat

were determined according to generally ac-
cepted entomological methods (V.P. Omelyuta,
1986; S. Stankevich, 2016) according to species.
Scheme of a two-factor experiment: factor A -
three farming systems: industrial, ecological,
and biological. Factor B - variants of the main
tillage of the soil: ploughing at 20-22 cm (con-
trol), tillage without shelves (chiselling at 20-
22 cm), shallow tillage at 10-12 cm (disc harrow),
surface tillage at 6-8 cm (disc harrow).

The insecticide “Pirinex Super” (chlorpy-
rifos, 400 g/l + bifenthrin, 20 g/l) was applied
in the BBCH phase 31 (first node) and BBCH
53 (30% of inflorescence emerged) at the rate
of 1 l/ha under the industrial farming system,
marginal spraying with the preparation of plots
under ecological conditions - 0.8 1/ha. The bio-
logical system of agriculture did not make provi-
sion for the introduction of chemical protection
preparations.

The soils of the experimental plots are typical
medium-loamy chernozem. The content of hu-
mus in the arable layer of the soil is 4.38-4.53%,
the pH of the salt extract ranges from 6.9 to 7.3.

The experiment was based on the method
of split areas. There were 48 sections in total,
where 12 variants were placed in 4 repetitions.
The total area of the experimental plot is 93.6 m?,
and the accounting plotis 75 m?2.

The typicality of the weather conditions of
the northern Forest-Steppe of Ukraine is de-
termined by three elements, such as the sum of
active temperatures (SAT), the amount of pre-
cipitation, and a general indicator - the hydro-
thermal coefficient (HTC) (Table 1).

Table 1. Distribution of key weather conditions indicators, 2019-2021

Average over Average multi-
Indicator 2019 2020 2017 the years of the 8
. year rate
experiment
SAT, >10°C 3,090.0 3,099.3 2,8973 3,028.8 3,007.5

Total

precipitation, 352 326 299 3256 310.3
mm
HTC 114 105 103 1 104
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RESULTS

Entomocomplexes of winter wheat are con-
stantly in a dynamic state depending on the
average annual temperature indicators, precip-
itation, farming systems, crop rotation, etc. The
analysis of HTC according to the adequacy indi-
cator (K) showed that the years of experiment
differed substantially in terms of monthly val-
ues. Specifically, the spring months of 2019 were
excessively wet (K = 17 and 0.8), which is not
typical of multi-year data, while June and Au-
gust were dry (K, = -0.2), which is optimal for this
period. April and May 2020 were excessively wet,
while K, = 0.9 and K, = 2.0 were substantially and
extremely different from the long-term norm.
The summer months were tendentiously dry
(Ki= -04;-0.3;-0.5).

The beginning of the growing season of 2021
according to HTC indicators was comparable
with 2019 with an extremely wet April (K, = 4.2),
June is tendentiously dry (K, = -0.9), while July

Thysanoptera
31,40%

Other
1,03%

Coleoptera
8,51%

Hemipterl

6,05%

and August showed optimal conditions to mul-
ti-year indicators (K, = 0.0 and 0.2).

The rate of development of the sunn pest
depends on the hydrothermal conditions of the
spring-summer period, dry summer months
can lead to the death of 75-95% of the eggs of
the Anisoplia austriaca, therefore the analysis of
weather conditions is an essential factor in pre-
venting outbreaks of pests.

The species composition of phytophages can
vary duetomigration fromotherbiotypesandvary
depending on the phase of wheat development, so
for the choice of chemical protection, it is primar-
ily important to identify constant and dominant
species that cause considerable crop losses. Ac-
cording to the study results, the main pests of win-
ter wheat in the spring and summer period were
identified as follows: wheat aphids (Schizaphis
graminumR.), sunn pest (EurygasterintegricepsR.),
cerealleaf beetle (Oulema melanopus L.), Anisoplia
austriaca N. and Haplothrips tritici Kurd. (Fig. 1).

\\ l

Homoptera
53,01%

Figure 1. The structure of the entomocomplex of the main pests of winter wheat in the Detached
Division of NULES of Ukraine “Agronomic Research Station”,2019-2021

The analysis of the species composition
of pests shows that, in percentage terms, the
main number of phytophages belonged to the
orders Homoptera and Thysanoptera - 53.01%
and 31.4%, respectively. Representatives of the
Coleoptera order were less numerous - 8.51%,
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specifically 53.47% of the order was accounted
for by Oulema melanopus, the rest by Anisoplia
austriaca. The smallest number over the years
of observation was the sunn pest of the Hemip-
tera order — 6.05%. Such phytophages as Cephus
pygmeus and Zabrus tenebrioides were sparsely
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present in winter wheat crops and did not pose a
threat to the crop.

It is generally accepted that the main tillage
has a considerable impact on the regulation of
the number of pests of agricultural crops, and
tillage, as an independent agrotechnical meth-
od of controlling winter wheat phytophages, is
not used in modern crop cultivation technolo-
gy. However, farmers introduce insecticides in
response to any potential economic threat, and
not as a last resort, and systematically work to
prevent exceeding the threshold of harmfulness.
Statistical analysis of the obtained data showed

that the number of all pests was significantly
affected by agricultural systems (factor A). The
industrial model turned out to be the best farm-
ing system in terms of its impact on the number
of pest populations. The biological system showed
the inability to effectively control the population of
winter wheat phytophages (Table 2). According to
the authors’ observations, populations of natural
enemies without increasing the availability of
flowering plants, landscape diversity or the use of
cover crops are incapable of effective regulation
of insect pests, which confirms the data of other
researchers (McGuire, 2017).

Table 2. Total pest density of winter wheat under various farming systems (2019-2021)
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Q — [l ) do) @
o o o o g
= 5 o 2 5
<, S st e z
< E g 3
z Z =
Ploughing at 20-22 cm (control) 24 06 0.2 01 0.8
Chiselling at 20-22 cm 2.8 10 03 0.0 07
Industrial (c)
Shallow 12-14 cm 25 0.8 03 01 10
Surface area 6-8 cm 34 13 0.2 0.2 14
Ploughing at 20-22 cm (control) 174 16 12 06 6.3
Chiselling at 20-22 cm 16.8 19 09 08 7.8
Ecological
Shallow 12-14 cm 16.6 18 12 0.8 10.6
Surface area 6-8 cm 187 22 10 13 115
Ploughing at 20-22 cm (control) 287 31 31 23 13.2
Chiselling at 20-22 cm 329 31 30 24 130
Biological
Shallow 12-14 cm 296 29 34 24 256
Surface area 6-8 cm 345 33 31 44 30.2
LSD,, (A) 32 06 07 06 2.8

(2)
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Table 2. Continued
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There was a significant influence of the
main tillage options on limiting the number of
beetles and Thysanoptera, while the number of
Aphidoidea, Heteroptera, and cereal leaf bee-
tles for all tillage options was within random
deviations. On average, over the years of the
experiment, the number of Anisoplia austriaca
increased substantially on the variant of disc
tillage at 6-8 cm, while the variants of chiselling
and disc tillage at 10-12 cm limited its number
to 1.1 specimens/m?, which is at the control level,
with slight deviation towards increase.

The numerical advantage of aphids and
Heteroptera for surface cultivation at 6-8 cm,
without a statistically significant difference, is
explained by the increase in the mass of weeds
in this variant, which serve as a reservoir of dis-
eases and an added habitat for pests.

Analysis of data on the influence of Factor
B on the population size of Haplothrips tritici
Kurd. shows that reducing the depth of tillage
in shallow and surface tillage variants sub-
stantially increases the average pest popula-
tion to 12.4 and 14.4 specimens/m?(LSD,, = 3.2).
The use of chisel tillage proved the absence
of a statistically significant difference com-
pared to ploughing (control) and ensured the

regulation of the phytophagous population at
7.1 specimens/m2

CONCLUSIONS

According to the present study, the main tillage
considerably affects the number of Thysanop-
tera and Anisoplia austriaca H., whose females
lay eggs to the depth of the arable layer, and the
larvae of the Anisoplia austriaca H. can penetrate
the soil to a depth of 80 cm. Variants of chiselling
at 20-22 cm and shallow cultivation at 12-14 cm
showed the result at the control level, and reduc-
ing the depth of cultivation to 6-8 cm substan-
tially increased the number of Anisoplia austri-
aca H. to 2.0 specimens/m? The distribution of
Thysanoptera in the Right-Bank Forest-Steppe
zone of Ukraine was substantially affected only
by the chiselling variant, with an average pest
population of 71 specimens/m? Modern farming
lies in controlling the number of pests at a level
that does not lead to a substantial decrease in
the yield of winter wheat, and not at a level close
to zero. It is due to the reduction of the rate of in-
secticide application and merely marginal treat-
ment of the plots that the ecological farming
system appears as the best variant in terms of
the numbers of all pests below the levels of ETH.
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HauioHanbHMI yHiBEpcUTET BiopecypciB i NPMPOAOKOPUCTYBAHHA YKpaiHM
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C.N. TaHuuk

[OKTOp CiNbCbKOrocnoaapcbKkmnx Hayk, npodecop

HaujioHanbHMin yHiBEpPCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lepois ObopoHu, 15, m. Kunis, YkpaiHa

O.C. NaBnos

KaHamAaaT CilbCbKOroCnoAapCbKMX HayK, CTapLUni BMKNaaaY
HauioHanbHMI yHiBEpCcHUTET BiopecypciB i NPUPOAOKOPUCTYBaHHA YKpaiHM
03041, syn. lepois ObopoHu, 15, m. Kunis, YkpaiHa

A.l. BabeHKo

KaHamaaT cilbCbKOrocnoAapCbKMx Hayk, CTapLinii BUKNaaaY
HaujioHanbHMin yHiBEpPCUTET BiopecypciB i NPMPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. Tepois ObopoHu, 15, m. Kuis, YkpaiHa

BnavB cucteM 3eMNepo6cTBa Ta 06pO6ITKY FPYHTY
Ha OCHOBHMUX WKigHMKIB NweHuui o3umoi

AHoTauiqa. [HTeHCcUdIKallig CUIBCBKOTO TOCIOZAPCTBA Ma€ HU3KY HETaTUBHUX HACKAKIB, a
36epe’kKeHHS 3eMeNIbHUX pecypciB 3a iXHBOI aKTMBHOI eKCIUIyaTallii € BaJKJIMBUM MUTAHHAM
CBOTOJZIEHHS, 3 OIVIAAY Ha AenaJi 6inpury motpeby B 36inbIIeHH] TPomoBoIbCTBA. CBITOBA ITPaKTHKA
BeZleHHs OpTaHiyHOro 3eMJIeEpO6CTBa ITOKa3ye 06MEKEHICTD B PEry/II0BaHHI YNCETbHOCT] IIKIJHUKIB
CIZTBCBKOTOCIIONAPCHRUX KYMBTYD. LIITyuHe 361/IblUIeHHS TPUPOSHUX BOPOTIB Ta 3MiHa JaHAmadTy
IS THACHIeHHS 6ioymoriuHol 60poTE6M He € TMOMyNApHUM pillleHHAM Ta Ma€ CyIepewInBy
ebeKTUBHICTb. MOHITOPUHT YK CeIbHOCTI eHTOMOKOMIIIEKCY [TIIeHUITi 031IMO]1 ITPOBOIUBCS 3TiAHO i3
3araJIbHONPUWHATHMU MEeTOOUKaMU Ha 48 AiITHKaX, e po3MillleHo 12 BapiaHTiB y 4 IOBTOPHOCTAX
yrpozoBsk 2019-2021 pp. V cTaTTi HaBelleHi pe3ynbTaTy JOCIiZPKeHHS, 10 CBiYaTh IIPO iCTOTHUM
BIUIB CUCTEM 3eMJIEpO6CTBA HA OCHOBHUX IIKITHUKIB MIIEHUII] 03UMOI Ta 3JaTHICTb 0 KOHTPOJIIO
IXHbOI YKCEJIPHOCTI 3a €KOJIOTIYHOI CUCTEMU Ha PiBHI eKOHOMIUHOI'O ITOPOTY WIKIAJIUBOCTI. BapiaHTH
06pObITKY TPYHTY He PerylioBaIi YUCeNbHICTh Schizaphis graminum R., Eurygaster integriceps P.
Ta Oulema melanopus L., TOAi K Yu3eJIbHUM 06p06IiTOK Ha 20-22 M 3a6e3MeYyBaB peryALiio
KinbKoCTi Anisoplia austriaca H. Ta Haplothrips tritici Kurd Ha piBHi KOHTpoOIO (OpaHKa) y BCi poRU
CIIOCTEpEeIKEHB. 3a IIOBEPXHEBOT0 06pO6ITKY IPYHTY Ha INIMOKHY 6-8 CMYKCENTbHICThINXIIKITHUKIB
icroTHO 36inmbIIIyBasack, Ta 6y/a B cepegHBOMY Ha piBHi 2,0 Ta 14,4 ek3./M% OT)Ke, BUCBIT/IeH] maHi
MATBEPIIKYIOTh €bEKTUBHICTD 3MEHIIEHHA KPaTHOCTI iHCEKTULMIHUX06POOOKIIIIIEHUII03UMO]
38eKOJIOTIYHOI CUCTeMU6e3ITiIBUIIEHHAPU3UKIB BTPAaTH BPOJKAl0 Yepe3 IMOIIKOIKEHHS POCIIUH
IIKITHUKAMU B [TOeOHAHH] 3 UU3eJIbHUM 06p06iTKOM IPYHTY

KniouoBi cnosa: ditodary; ynsesns; OpaHKa; AUCKYBaHHS; €KOJIOTiYHE BUPOIIYBAHHS ITIIEHUIT
03UMOi
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Spectral assessment of varieties and breeding lines
of winter wheat during the restoration of spring vegetation

Abstract. The development of new and implementation of existing methods of field assessment
of winter wheat genotypes is one of the key tasks of modern breeding. The use of modern
screening methods in breeding allows the breeder to get a more objective assessment, as well
as to increase the volume of the studied samples several times. The time of spring vegetation
recovery (TSVR) is one of the key stages of the vegetation period of winter wheat. Biometric and
spectral assessment of winter wheat with the onset of the TSVR allows establishing how plants of
a certain genotype overwintered, as well as the state of their growth and development before the
start of the second growing season. The purpose of this study was to determine the characteristics
of plant growth and development of modern varieties and promising breeding lines of winter
wheat of The V.M. Remeslo Myronivka Institute of Wheat (MIP) from sowing to the restoration of
spring vegetation. The hydrothermal conditions of the seedling-TSVR period had diverse effects
on the reproductive process of the genotypes of winter wheat under study. According to the study
results, abnormally dry conditions of the period from sowing to the end of the autumn growing
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season in 2019 adversely affected the condition of winter wheat plants that were in BBCH
Phase 10-13, autumn tillering did not take place. Regardless of the genotype, plants were more
developed during the first sowing period. According to biometric and spectral parameters, at the
time of spring vegetation recovery, the following varieties turned out better than the Podolyanka
standard variety (NDVI = 0.52): MIP Dnipryanka (NDVI = 0.58), MIP Lada (NDVI = 0.56), Balada
Myronivska (NDVI = 0.56) and lines Lutescens 37519 (NDVI = 0.55) and Erythrospermum 55023
(NDVI = 0.58). During the second sowing period, the variety MIP Dnipraanka (NDVI = 0.45) and
the selection lines Lutescens 37519 (NDVI = 0.44) and Erythrospermum 55023 (NDVI = 0.43) were
selected. The standard Podolyanka variety had an NDVI index value of 0.43. MIP Lada and Balada
Myronivska varieties react more sensitively to the timing of sowing and need a longer period of
autumn vegetation to accumulate more dry matter and better pass the winter rest period.

Keywords: soft winter wheat; varieties; breeding lines; spring vegetation recovery time; NDVI index;
biometric analysis; morphophysiological analysis

RELEVANCE

Among the most important grain crops, winter
wheat takes the first place in Ukraine in terms
of cultivated area and is the main food crop.
Over the past three years, the sown area of this
crop reached approximately 6.8-7 million ha,
which is a quarter of the entire arable land of
Ukraine.

One of the factors of agricultural intensifi-
cation in Ukraine is the collection and evalua-
tion of remote sensing spectral data. Presently,
the use of satellite monitoring during the grow-
ing season of agricultural crops is becoming
the norm in the production activities of most
agricultural enterprises.

The introduction of the latest scientific
and technical achievements in breeding prac-
tice not only improves the quality of evaluation
of the source material, but also increases the
volume of samples studied. The spectral as-
sessment of winter wheat plants in a complex,
considering the data of morphological and bio-
logical analysis, allows identifying the reaction
of the genotype to environmental conditions,
the level of which depends on such properties
as cold and frost resistance, drought resistance,
resistance to pathogens, etc.

The development and implementation of
a comprehensive method for field assessment
of winter wheat genotypes based on spectral
and morphobiological analysis will improve the
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quality of selection of initial forms and enable
a more comprehensive investigation of the cre-
ated varieties and breeding lines.

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

The time of spring vegetation recovery plays a
noticeable role in the life of wintering plants,
since the intensity and duration of solar radia-
tion considerably affects their growth and de-
velopment (V.D. Medynets, 2014.; V.D. Medynets,
1974.;0.Ye. Medynets, 2014; V.D. Medinets, 2001).

An increase in the average daily air tem-
perature contributes to the gradual restoration
of all physiological and biochemical processes
in the plant. The ecological effect of the spring
growing season recovery time allows predict-
ing the ontogenesis of winter wheat in the sec-
ond half of the growing season with high relia-
bility. To a large extent, the final productivity of
the crop is not influenced by the starting con-
ditions of the TSVR (nature and quality of solar
radiation), but by a more stable indicator - the
duration of vegetation from its recovery to ear-
ing. The longer this period, the better plants
use the energy of the Sun’s rays during photo-
synthesis.

The essence of this natural phenomenon is
related to the radiation regime, duration, inten-
sity, and qualitative composition of sunlight, its
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exceptional role in the life of a plant organism.
During the early recovery of the spring growing
season, the intensity of blue-violet rays of the
solar spectrum is quite low, and during the late
recovery period, it increases and the intensity
of red rays prevails. The later the vegetation of
winter wheat resumes, the more total radiation
enters the surface of crops. Therefore, in years
with a late spring, plants grow and develop in
conditions of higher air temperature and more
solar energy. In the case of early spring, the veg-
etation of winter wheat occurs at lower tem-
peratures and their slow growth, which is more
favourable for the regeneration of damaged or-
gans, plant growth, and the course of all growth
processes (V.D. Medynets, 1974; V.D. Medynets,
2001; Yu.F. Tereshchenko, 2014).

Currently, methods of phenotyping winter
wheat are the principal methods of breeding
this crop in leading breeding institutions of
developed countries of the world. All spectral
studies are carried out using the basic NDVI in-
dex (Normalized Difference Vegetation Index,
B.J. Rouse et al,, 1973). Recent studies indicate
a close correlation between the NDVI index ob-
tained during winter wheat flowering and yield
results (T. Duan, S.C. Chapman, Y. Guo, B. Zheng,
2017).

Given that the UAV image acquisition
operation is less time-consuming and with
higher accuracy than previously used im-
ageless proximal sensing, airborne UAV-
based multispectral sensing is expected to
increase the efficiency of high-throughput
phenotyping (M. Maimaitijiang, A. Ghulam,
P. Sidike, S. Hartling, M. Maimaitiyiming,
K. Peterson, E. Shavers, J. Fishman, J. Peterson,
S. Kadam et al,, 2017; M. Tattaris, M. P. Reynolds,
S.C. Chapman, 2016).

The purpose of this study was to establish
the features of plant growth and development
of modern varieties and promising selection

NDVI =

(%)

NIR—RED
NIR+RED

lines of winter wheat of MIP selection from
sowing to the time of spring vegetation recov-
ery using spectral and biometric evaluation.

MATERIALS AND METHODS

The study was conducted during the 2018/19-
2020/21 growing seasons in the selective crop
rotation of the winter wheat breeding labo-
ratory at the VM. Remeslo Myronivka Insti-
tute of Wheat (MIP) of the National Academy
of Agrarian Sciences of Ukraine. Sowing was
carried out after the soybean predecessor in
two terms: 2018 - September 25 and October 5;
2019 and 2020 - October 5 and 15. Placement of
land plots was systematic, four-fold repetition,
accounting area - 10 m?2 Seeding rate - 5 mil-
lion germinating seeds per 1 ha. The Podolyan-
ka variety was used as a standard. Agricultural
cultivation techniques were generally accept-
ed for the Forest-Steppe zone. The study was
conducted according to the “Methodology of
the Field Experiment” (B. A. Dospekhov, 1979),
phenological observations and records - ac-
cording to the “Methodology of the State Vari-
ety Trial” (V.V. Volkodav, 2003). The main meth-
od of research is field-based, supplemented by
analytical studies, measurements, calculations,
and observations.

Spectral evaluation of winter wheat varie-
ties and breeding lines was performed using a
Mavic Zoom 2 UAV using a Parrot Sequoia mul-
tispectral camera. Pix4Dcapture and Pix4Dmap-
per software were used to form the orthopho-
toplan. Photo recording was performed with a
multispectral camera at 30 m above the level of
the object under study to improve the quality of
the orthophotoplan, with an overlap of 80% of
the images and with a time interval of two sec-
onds. The NDVI index (Normalized Difference
Vegetation Index) was calculated using the for-
mula (“Measuring Vegetation”. NASA Earth Ob-
servatory. 2000-08-30.):

: @
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where NIR is areflection in the near-infrared re-
gion of the spectrum; RED is the reflection in the
red region of the spectrum.

The years of the study were contrasted with
the hydrothermal regime, with an uneven distri-
bution of precipitation over the months, which
allowed for objective data. Meteorological con-
ditions were analysed using data from a private
stationary weather station connected to the
Meteoblue global system (Basel, Switzerland),
located within a radius of 6 km from the fields
where the study was conducted.

Biometric analysis was conducted according
to the method of FM. Kuperman (FM. Kuperman,
1977), as well as according to the scientific pub-
lications of the MIP (VT. Koliuchyi, V.A. Vlasenko,
H.Yu. Borsuk, 2007).

RESULTS AND DISCUSSION

It is known that the rapid growth and devel-
opment of winter wheat plants in autumn
are incompatible with high winter hardiness
(V.V. Volkodav, 2003). Plants are characterized
by wide leaves, develop rapidly at all stages,
especially during the tillering period, which
adversely affects the course of hardening pro-
cesses to the action of low temperatures. They
are characterized by a rapid rate of develop-
ment since the resumption of spring vegeta-
tion, have a large ear and large grain, and under
conditions of favourable wintering can form a
high yield. In natural conditions, plant growth
and development depend on a complex of fac-
tors: soil, nutrients, light, moisture, heat, etc.
A favourable combination of these factors en-
hances growth processes, and in case of their
lack or excess, the weakening of plant devel-
opment is noted (A.V. Cherenkov, A.D. Hyrka,
0.0. Pedash, O.I. Dubovyi, 2009). Long-term
observations and practice prove that in years
when full-fledged sprouts are obtained in time,
crops in the autumn develop well and have a

Plant and Soil Science, (12) 4

strong root system and, as a rule, provide a
high yield of grain even under adverse weather
conditions in the summer months. Weakly de-
veloped and thinned autumn crops are almost
always low-yielding (https://propozitsiya.com/
sroki-poseva-ozimoy-pshenicy). The autumn
period of 2018 was excessively wet (HTC = 1.76),
the rest — dry (HTC = 0.005-0.27). The temper-
ature regime of the growing season over the
years of the study was slightly higher than the
annual average (over the past 30 years).

Weather conditions in 2019 were unfavour-
able for seedlings: the amount of precipitation
from August to the end of October was 287 mm
(long-term average - 163.2 mm). The air tem-
perature for August-October 2019 exceeded
the long-term average values by 0.4-2.7°C. The
increased temperature regime was observed
in December 2019 and February 2020 - 81°C,
with an average long-term value of 5.9°C over
the past 30 years. Sharp changes in air tem-
perature did not help winter crops to complete
the hardening phase necessary for overwinter-
ing and to accumulate sufficient sugars in the
nodes of the shoots. Their value was at 20% or
lower, which is insufficient to counteract the
adverse factors of wintering. This sugar content
and thelack of snow cover during the winter led
to the complete or partial death of winter crops,
especially in the plots during the second sow-
ing period. Such weather conditions created a
natural background for selecting shapes with
high adaptive capacity.

According to weather conditions, the
2018/2019 growing year was the most favour-
able for the growth and development of winter
wheat plants. Thus, according to the amount
of daily precipitation during the autumn-win-
ter period until the time of vegetation recovery
(March 4) in the spring, the year was quite wet,
with repeated precipitation of more than 5 mm,
which were productive (Fig. 1).
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Figure 1. Climatogram of the autumn - TSVR period for 2018-2021, MIP

In the specified period of 2019/2020, the vast
majority of precipitation did not exceed 5 mm, so
it can be considered abnormally dry for the For-
est-Steppe zone of Ukraine. During the resump-
tion of the spring vegetation in 2020 (March 2),
two rains of approximately 8 and 18 mm of rain-
fall were recorded, but this was insufficient to
successfully establish the root system, the num-
ber of leaves and productive shoots.

In the autumn of 2020, four cases of produc-
tive precipitation (over 7 mm) were observed,
as well as a substantial amount of precipitation
during the period of winter dormancy. In gener-
al, moisture accumulation in the soil was more
than sufficient for high-quality plant fertiliza-
tion and successful restoration of spring vegeta-
tion (March 26).

The average air temperature during the
autumn - TSVR period of the 2018/2019 grow-
ing year turned out to be more than optimal for
the normal growth and development of winter

wheat plants. A gradual decrease in the air
temperature towards negative values positive-
ly affected the biochemical and physiological
processes during the hardening of plants. This
temperature regime positively affects the hard-
ening of plants (Pirych, Bulavka, Kovalyshina,
Derhachev, Humeniuk, 2018).

November 2019 was relatively warm and dry,
but with sharp drops in air temperature to mi-
nus 5-7°C. The average value of the indicator in
the winter period of the 2019/2020 growing year
was mainly within 0-+3°C and only sometimes
passed to a negative value, which indicates an
almost complete absence of winter dormancy in
winter wheat plants.

The autumn period of 2020 was satisfactory
for the development and growth of winter wheat
plants. In the pre-sowing period, two rainy days
were noted with precipitation of 18 mm (out of a
total of 24.1 mm for the entire period), which al-
lowed for sowing in moist soil. The total amount
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of precipitation in autumn was 68.6 mm, which
ensured good shoots and normal growth pro-
cesses.

The heat requirement of plants is charac-
terized by the sum of the average daily temper-
atures after their passage through the biolog-
ical minimum for a certain growing season. It
is known that during the autumn vegetation,
winter wheat plants from sowing to stable tran-
sition at +5°C must undergo the second stage
of organogenesis, form two to four stems and
harden. For this, they need to collect the sum

of effective temperatures of 450-550°C, provid-
ed that there is sufficient moisture (Tanchyk,
Mokriienko, Motornyi, 2014). Under such condi-
tions, plants accumulate a sufficient amount of
plastic substances for the overwintering period,
which allows them to better withstand the harsh
conditions of both the winter and spring-sum-
mer growing seasons. In the fall of 2020, winter
wheat plants of the second sowing period, dur-
ing the period from sowing to a stable transition
through +5°C, gained the minimum amount of
active temperatures (Table 1).

Table 1. Characteristics of the weather conditions of the pre-sowing period, autumn vegetation and
the TAVC-TSVR period, (2018/19-2020/2021, MIP)

e Sum of active
Precipitation, mm o
temperatures, °C
Year Interphase period Date . . . .
sowing period sowing period
I II I II
. 01.0918-
Pre-sowing 24.09/041018 710 1017 4391 5379
2018/2019 Sowing-TAVC* 2509/051018- 377 70 4273 3285
051118
o 06.11.18-
TAVC-TSVR 04.0319 1604 -234.8
. 01.09.19-
Pre-sowing 04/141019 14.8 16.5 533.2 6395
2019/2020 Sowing-TAVC 05/151015- 15.2 135 4430 336.7
191119
20.1119-
TAVC-TSVR 02.03.20 1159 1751
. 01.09.20-
Pre-sowing 04/1410.20 241 410 6179 780.3
2020/2021 . 05/15.10.20-
Sowing-TAVC 1011.20 445 276 4185 256.1
TAVC-TSVR 1111.20-26.03.21 190.8 -142.0

Note: * - time of autumn vegetation cessation, ** - time of spring vegetation recovery

Plant and Soil Science, (12) 4
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A value of 418.5°C was recorded for the first
and 256.1°C for the second sowing period. In per-
centage terms, the difference in the sum of the
average daily temperature between the sowing
periods was 38.8%, and in 2018 and 2019 - 23.1%
and 25.0%, respectively.

The autumn period of 2018 was the wettest
and warmest, which was a prerequisite for the
good development of winter wheat plants dur-
ing both sowing periods: over 107 mm of precip-
itation (a sixth of the long-term average for this
zone); 18 days with an average air temperature of
+10°C for plants of the first sowing period and 14
days - for the second period.

During the above period, 30 mm of precipi-
tation fell in 2019, of which only two productive
rains can be distinguished, which fell almost at
the end (03.11.19 and 11.11.19, respectively) of the
autumn growing season (4.0 and 2.4 mm). Under
such conditions, at the time of termination of

the growing season, winter wheat plants were in
a development phase that varied between phas-
es 10-13 according to the international BBCH
classification, no autumn tillering occurred.
Notably, the winter dormancy period until the
resumption of spring vegetation was abnor-
mally warm: the average daily air temperature
ranged from 0°C to +1.6°C, and its repeated ex-
cess of +5°C was noted. The average value of the
indicator for winter dormancy in the 2019/2020
growing year was +1.68°C, while in 2018/2019,
2020/2021 - -1.97°C and -1.04°C, respectively.
Consequently, the hydrothermal conditions
of the germination period had different effects
on the reproduction process of the winter wheat
genotypes under study. Regardless of the gen-
otype, plants were more developed during the
first sowing period. Indicators of phytocenosis:
the number of stems and leaves, the height of
the plant and its weight are presented in Table 2.

Table 2. Biometric and spectral indicators of winter wheat plants
of the first sowing period during the resumption of spring vegetation
(average for 2018/2019-2020/2021 growing years, MIP)

Variety, breeding line Quantlyperiplantpes h P Letri: Xglzi%?atr?tf, N DI
stems leaves eight, cm g index
MIP Assol 249 806 19.24 0.86 0.54
Balada MYR* 2.66 8.88 1745 0.99 0.56
Hratsiia MYR 247 803 16.31 092 0.54
MIP Yuvileyna 2.37 821 17.31 100 0.53
MIP Lada 2.62 7.89 19.65 108 0.56
MUP Dnipryanka 310 912 18.69 104 0.58
Erythrospermum 55023 2.50 835 16.84 107 0.58
Lutescens 55198 243 828 1713 0.93 0.52
Lutescens 37519 409 8.37 1777 102 0.55
Lutescens 60049 2.24 779 16.23 0.81 0.53

)

Plant and Soil Science, (12) 4



Topko et al.

Table 2. Continued

Quantity per 1 plant, pcs. i
Variety, breeding line yperi ’ e xfel%}ll;r?tf NDVI
’ height, cm ’ index
stems leaves g
Lutescens 60107 2.87 812 1799 0.95 0.52
Podolyanka St 262 814 16.98 0.77 0.52

Note: * MYR - Myronivka

Biometric analysis data, combined with the
NDVI Index, allows for a more objective assess-
ment of the condition of plants after overwinter-
ing and provides insight into how they develop,
simulate the relative yield of a certain genotype.
The implementation of NDVI index accounting
in the selection process improves the efficien-
cy of winter wheat plant state accounting dur-
ing the growing season: the time for inspecting
crops is reduced by 5-6 times and the depend-
ence on weather conditions is reduced; the
number of tested samples increases and the
quality of the obtained results improves sub-
stantially. The breeder has time to interpret the
data. Chlorophyll is known to absorb red waves:
as a result, photosynthesis occurs, i.e., the plant
grows and develops well, and the cell structure
reflects near-infrared light. Therefore, there is a
correlation between the value of the NDVI index
and biometric indicators of aboveground bio-
mass. The use of both methods of determining

the state of winter wheat plants in a certain
growing season allows establishing the reliabili-
ty of the observed differences and obtaining the
necessary information regarding valuable raw
material for selection for high productivity and
adaptability.

Varietal characteristics affected the level of
development of winter wheat plants during the
growing season. The best varieties and breeding
lines of winter wheat in terms of the main biom-
etric indicators included: MIP Dnipryanka, MIP
Lada, Balada Myronivska, Lutescens 37519, and
Erythrospermum 55023. They also had the high-
est NDVIindex value.

During the second sowing period, the MIP
Dnipryanka variety and the Lutescens 37519 and
Erythrospermum 55023 breeding lines were
selected. Varieties MIP Lada and Balada My-
ronivska were at the level or dominated in some
morphological and spectral indicators the Po-
dolyanka standard variety (Table 3).

Table 3. Biometric and spectral indicators of winter wheat plants
of the second sowing period during the resumption of spring vegetation
(average for 2018/2019-2020/2021, MIP)

uantity per 1 plant, pcs. i
. o Quantity per 1 plant, p Plant ieishic NDVI
Variety, breeding line hei of one .
eight, cm index
stems leaves plant, g
MIP Assol 210 6.53 15.98 0.59 043
Balada MYR 218 6.20 15.58 0.54 044
Hratsiia MYR 2.01 5.87 12.99 0.55 043
MIP Yuvileyna 227 6.28 13.88 0.51 042
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Table 3. Continued

uantity per 1 plant, pcs. i
. - Quantity per 1 plant, p Plant Gyt NDVI
Variety, breeding line hei of one .
eight, cm index
stems leaves plant, g
MIP Lada 1.86 5.69 14.37 0.55 043
MUP Dnipryanka 2.53 6.94 16.74 0.67 045
Erythrospermum 55023 196 598 16.00 0.64 043
Lutescens 55198 196 5.87 14.89 0.54 042
Lutescens 37519 3.29 6.75 1318 0.51 044
Lutescens 60049 2.22 6.27 13.99 0.58 043
Lutescens 60107 2.23 647 1448 049 043
Podolyanka St 2.34 6.63 15.01 0.57 043

Note: * MYR - Myronivka

These varieties react more sensitively to the
timing of sowing and need a longer period of au-
tumn vegetation to accumulate more dry matter
and better pass the winter rest period.

Thus, the conducted studies allowed es-
tablishing the features of plant growth and de-
velopment of modern varieties, and promising
selection lines of winter wheat of MIP selection
from sowing to the time of spring vegetation re-
covery using spectral and biometric evaluation.
The selected genotypes have a well-developed
aboveground mass, are resistant to unfavoura-
ble conditions for growth and development, and
can form high productivity.

CONCLUSIONS

The hydrothermal conditions of the seedling-
TAVC-TSVR period had diverse effects on the
reproductive process of the genotypes of winter
wheat under study. According to the study re-
sults, abnormally dry conditions of the period
from sowing to the end of the autumn growing
season in 2019 negatively affected the condition
of winter wheat plants that were in BBCH Phase
11-13, autumn tillering did not take place.

)

Regardless of the genotype, plants were
more developed during the first sowing period.
According to biometric and spectral parame-
ters, at the time of spring vegetation recovery,
the following varieties turned out better than
the Podolyanka standard variety (NDVI = 0.52):
MIP Dnipryanka (NDVI = 0.58), MIP Lada (NDVI =
0.56), Balada Myronivska (NDVI = 0.56), Lutescens
37519 (NDVI = 0.55), and Erythrospermum 55023
(NDVI = 0.58). During the second sowing period,
the variety MIP Dnipruaanka (NDVI = 045) and
the selection lines Lutescens 37519 (NDVI = 0.44)
and Erythrospermum 55023 (NDVI = 0.43) were
selected. MIP Lada and Balada Myronivska varie-
ties react more sensitively to the timing of sow-
ing and need a longer period of autumn vegeta-
tion to accumulate more dry matter and better
pass the winter rest period.

The use of biometric analysis methods with
the NDVI index to determine the condition of
winter wheat plants in a certain growing sea-
son allows establishing the reliability of the ob-
served differences and obtaining the necessary
information regarding valuable raw material for
selection for high productivity and adaptability.
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AcnipaHT 3-ro poKy HaBYaHHA

MMWPOHIBCbKMI IHCTUTYT NweHuLi imeHi B.M. Pemecna HAAH YkpaiHun

08853, By. LleHTpanbHa, 68, cmT. LleHTpanbHe, YkpaiHa

.M. KoBanuwunHa

JOKTOP CiNbCbKOrocnoaapCbKkmux Hayk, npodecop

HaujioHanbHMin yHiBEpCUTET BiopecypciB i NPMPOAOKOPUCTYBAHHS YKpaiHK

03041, Byn. Tepois ObopoHu, 15, m. Kuis, YkpaiHa

I.b. BonorgiHa

KaHauaaT ciflbCbKOroCcnoAapCbKMx HayK, CTapLIMii HAyKOBWUI CniBpobiTHUK nabopaTopil
MWPOHIBCbKMI IHCTUTYT NweHuu imeHi B.M. Pemecna HaujoHanbHOT akagemii Hayk YkpaiHm
08853, Byn. LleHTpanbHa, 68, cmT. LleHTpanbHe, YkpaiHa

0.B. l'ymeHIoK

KaHamaaT cinbCbKOrocnoaapcbKkix HayK, 3asiayBady nabopatopii

MWPOHIBCbKMI IHCTUTYT NweHuu imeHi B.M. Pemecna HaujoHanbHOT akaaemii Hayk
08853, Byn. LleHTpanbHa, 68, cmT. LleHTpanbHe, YkpaiHa

CnekTpanbHa OUiHKa COPTiB Ta ceneKuinHuX NiHin nweHuui
O03MMOI y Nepion BigHOBNEeHHA BECHAHOI Beretauii

AHoTauifa. Po3pobra HOBUX Ta BIIPOBAIKEHHA HAaABHUX METOZIB ITOJIbOBOI OLIIHKU TeHOTHUITIB
MIIeHNUI]i 03MMOI € OLHUM i3 KJIFOYOBUX 3aBAAHb Cy4aCHOI cesleK1il. 3aCTOCYBaHHSA Cy4aCHUX METOiB
CKPUHIHTY B CeJIeKLil Aae MOKJIMBICTD CeeKIiOHepy AicTaTu 6ilbIl 06'€KTUBHY OLIHKY, 8 TAKOK
y pasu 361IbIKUTY 06CATH JOCIiAKYyBaHKMX 3pasKiB. Yac BimHOBIeHHA BeCHAHOI Bererallil (UBBB)
€ OTHUM i3 HaVMBaKJIMBILINX eTalliB BereTalliliHOTO Ilepiofy IIIeHUI]i 03uMOI. BioMeTpuyHa Ta
CTIeKTpaJIbHA OLIiHKA ITIIeHUIIi 03MMOi i3 HacTaHHAM UBBB fja€ 3MOT'y BCTAHOBUTY, IK [Iepe3UMYBaIN
POCJIMHU I1€BHOTO F'eHOTUITY, @ TAKOXK CTaH iX POCTY Ta PO3BUTKY I1epez, II0YaTKOM APYToro Iiepioay
BereTalii. MeTowo IOCTiIKEHHA Oy/I0 BCTAHOBJIEHHS OCOBIMBOCTEN POCTY Ta PO3BUTKY POCIMH
Cy4YaCHUX COPTIB i MepPCIIERTUBHYUX CEJIEKLIMHMX JIiHiM IIIeHUL 03UMO] CeleK1ii MUPOHiBCBKOTO
iHCcTUTYTY minenwuii iMeHi B.M. Pemecsa (MIIT) Bim ciB6u [0 BiIHOBJIEHHSA BECHSHOI BereTallil
TimpoTepMiuHi yMOBU Iiepiony cxomu-UBBB II0 pisHOMY BIUIMBaIM Ha PEINPOAYKIINHUN IIPOLiec
JOCTiIKyBaHUX e HOTUIIIB MIIIeHNUII] 03MMOi. 3a pe3ysIbTaTaMy JOCIiIRKeHb aHOMAaJIbHO ITOCYIIINBI
YMOBU Tepiofy Bif ciB6U [0 Yacy MpUITMHEHHSA OCIHHBOI BereTallii y 2019 p. HETraTUBHO BIIUHYIIN
Ha CTaH POCJIMH IIIeHUITi 03UMOi, IKi 3HaxomUIKCch v ¢asi 10-13 3a MibkHapoaHow Kiacudikaliiero
BBCH, ocCiHHBOTO KyLIiHHA He BiZbymoch. Hes3ayleXHO Bifi TeHOTUITy GiblI PO3BUHYTUMU 6yIu
POCJIMHY 3a TIEPLIOTO CTPOKY ciB6M. Ha yac BifHOBIEHHS BeCHAHOI BereTallii 3a 6i0MeTpUYHUMHU Ta
CIIEKTPaIbHUMU TTOKa3HUKAMU KPallMU 3a COPT CTaHAapT Ilomonsuky (NDVI = 0,52) BUABUIIMCA:
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coprtu MIII Tuinpsauka (NDVI = 0,58), MIIT Jlaga (NDVI = 0,56), Banazma MupoHiBceKa (NDVI = 0,56) Ta
ninii JTroTeciierc 37519 (NDVI = 0,55) i1 EputpocmiepMyM 55023 (NDVI = 0,58). 3a Ipyroro CTpoKy ciB6u
BUIiTMIM copT MITI Ouinpsuka (NDVI = 0,45) Ta cesteRuiiiHi inii Jlrotecuenc 37519 (NDVI = 0,44) i1
EpuTtpocriepmMyM 55023 (NDVI = 0,43). CopT cTraHmapT [TofoigHKa MaB 3HaueHHA iHgercy NDVI Ha
piBHi 0,43. Coptu MIII Jlaza Ta Banaza MupoHiBChKa HiIBII Yy TIMBO pearyioTh Ha CTPOKY CiB6U Ta
MOTPe6YIOTh TPUBAJTILIOTO EPioly OCIHHBOI BereTallii 11 HaKOIMMYeHHSs 6iJIbII0i KUTBKOCTI CyXux
PEYOBUH i Kpalloro MpoxXoAsKeHHs ITepiofy 3MMOBOIO CITOKOIO

KniouyoBi cnoBa: miieHWIls M'SKa 03UMa; COPTY; CEJIEKLiNHi JIiHil; Yac BifHOBJIEHHS BECHSHOI
Berertatiii; ingekc NDVI; 6ioMeTpuuHUM aHai3; MopdodisionoriaHmii aHami3
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Characteristics of the source material resistant to Fusarium
head blight and root rot for the selection of winter wheat

Abstract. Diseases of winter wheat considerably reduce the yield and quality of grain. Losses of
the gross grain harvest from them annually amount to 20-30%, and in epiphytotic years - 50%. An
effective measure to limit the development of winter wheat diseases is the introduction of varieties
that areresistant to their damage. Successful development of breeding work in this area is impossible
without the use of a gene pool of stable forms. Among the genetic resources of wheat, there are
genotypes described by resistance against several pathogens at the same time, and therefore have
special value as sources of group resistance. There is a constant need to identify new sources and
donors of resistance against pathogens, the search for which is an urgent area of research and
requires constant screening of the gene pool. In the V.M. Remeslo Myronivka Institute of Wheat, work
is constantly being carried out to create the initial breeding material of winter wheat, resistant to the
main pathogens, which will be used by breeders in the future. According to the selection program
for resistance against fusarium head blight and root rot, the following lines were created: Lutescens
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E g.163/19, Erythrospermum F. g. 164/19, Erythrospermum F. g. 166/19, Erythrospermum S. h. 177/19,
Erythrospermum S. h. 175/19, which are used by breeders of the institute and have been transferred
to the National Centre for Plant Genetic Resources of Ukraine. The line Erythrospermum F. g. 164/19
was selected according to the “duration of the growing season” indicator, with a growing season of
238 days, which is 3 days less than the Podolyanka standard variety. It belongs to the group of early-
maturing forms. High TGW indicators were noted in the lines Erythrospermum F. g. 164/19 - 506 g,
Erythrospermum F. g. 166/19 - 49.3 g, Erythrospermum F. g. 163/19 - 46.5 g, and Erythrospermum
C.h.177/19 - 473 g. In terms of productivity, the following lines exceeded the standard: Lutescens F. g.
163/19 - by 38.8 g/m?, Erythrospermum C. h. 177/19 - by 39.6 g/m?, Erythrospermum C. h. 175/19 - by
26.7 g/m?. Lines Erythrospermum F. g. 166/19 and Erythrospermum C. h. 177/19 were distinguished by
their high-protein content - 16.5% and 15.8%, respectively. The highest level of gluten content in grain
was recorded in theline Erythrospermum F. g.166/19 — 41.2%. The best lines in terms of sedimentation
are: Lutescens F. g.163/19 - 70 ml, Erythrospermum F. g. 164/19 - 67 m], Erythrospermum F. g. 166/19 —
71 ml. It was established that the Lutescens line F. g. 163/19 showed elevated resistance against
the causative agent of powdery mildew (damage - 1.0%) and septoria leaf blotch (damage - 3.0%).
Fusarium head blight damage did not exceed 5.0%. Erythrospermum F. g. 166/19 was resistant to
two pathogens (fusarium head blight, powdery mildew), while Erythrospermum F. g. 164/19 was
resistant to fusarium head blight and septoria leaf blotch. The lines created under the program of
resistance against root rot Erythrospermum C. h. 177/19 and Erythrospermum C. h. 175/19 showed
relative resistance to this pathogen - 10.0% and 10.5% damage, respectively, and had high resistance
to powdery mildew - 2.0% damage

Keywords: lines; diseases; damage; resistance; lodging; plant height; yield; grain quality

RELEVANCE

Grain crops during the growing season are af-
fected by many types of pathogens, but there
are some that occur very frequently. Diseases of
winter wheat considerably reduce the yield and
quality of grain. Losses of the gross grain harvest
from diseases annually amount to 20-30%, and
in epiphytotic years - 50% (S. V. Retman, 2009).
An effective measure to limit diseases of winter
wheat is the introduction of varieties that are
resistant to their damage (Taranova et al., 2020).
Under favourable conditions for the develop-
ment of diseases, such varieties do not reduce
theyield of the crop. Chemical treatment of crops
is not carried out or is used in small quantities.
It is especially necessary to give preference to
those varieties that have a comprehensive re-
sistance to limiting major diseases. Selection
from among the recommended varieties, rel-
atively resistant or hardy against a complex of
diseases, which are of economic importance.
The creation of sustainable varieties is
recognized worldwide, the most effective,

Plant and Soil Science, (12) 4

economically justified and environmentally safe
method from the standpoint of environmental
protection. Successful development of breed-
ing work in this area is impossible without the
gene pool of stable forms. Recently, against the
background of the increase in the price of fun-
gicidal preparations, on the one hand, and the
ecological crisis of the biosphere, on the other
hand, the search for new effective sources of
resistance to diseases has become especially
important (Kholod et al, 2015; Lyfenko, 1988).
Among the genetic resources of wheat, there are
genotypes described by resistance against sev-
eral pathogens at the same time, and therefore
have special value as sources of group resistance
(Kovalyshyna, 2012).

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

Pathogens of diseases that affect winter wheat
plants in the early stages of development in-
clude root rot, specifically common fusarium,

g
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ophiobolus, cercosporellosis; diseases of the
wintering period — snow mould and sclerotinio-
sis; diseases that appear and intensively develop
in the period from germination to milky grain
maturity - powdery mildew, septoria; diseases
of the stem elongation period - milky-wax grain
ripeness - brown rust; flowering period — milky-
wax grain ripeness - fusarium head blight,
alternariosis, helminthosporiosis, volatile and
hard soot, olive mould, black spot and basal
bacteriosis (Retman, 2009; Trybel et al., 2010).
Fusarium head blight (Fusarium gramin-
earum Schwabe) manifests itself in the earing
phase and develops before harvesting. The
disease is widespread, especially damaging in
years with wet weather and moderate temper-
atures after the earing phase. The harmfulness
of Fusarium pathogens largely depends on the
phase of wheat plant development in which
the damage occurs. Deep infection is espe-
cially dangerous, when the pathogen reaches
the seed embryo due to damage to the ear in
the early phases of development during the
flowering period and before the grain is milky.
In this case, the mycelium completely pene-
trates the grain, the seeds lose their germi-
nation. In spikes infected during this period,
slender whitish grains are formed, often with
a visible coating of mycelium on the surface of
the grain. Such seeds almost completely lose
their germination. At a late stage of infection,
the affected grains, as a rule, do not differ in
appearance from healthy ones, but carry a la-
tent form of infection. Such grain stays in the
batch of commercial grain and poses the great-
est threat, since it is a source of infection for
healthy seeds during storage. Damage to the
ear leads to infection of grain, as a result of
which the crop shortage reaches 45-73%, the
sowing qualities of seeds deteriorate: the en-
ergy of germination and seedling can decrease
by 24%, the TGW - by 39-72%. The empty ears
of the affected spikelets sometimes reach 60%.
In the affected grain, gluten density worsens,
and the amount of protein decreases. In the
presence of Fusarium grain during grinding,
the quality of flour deteriorates, baked bread

2)

loses volume and porosity. Cracks appear in it,
and the crumb has a brown tint. Grain affected
by pathogens such as E sporotrishiella and F.
graminearum release strong mycotoxins and
can cause poisoning in humans and animals
(T. Yu. Gagkaeva et al., 2011).

Several types of root rot can be distin-
guished on winter wheat: helminthosporium
(causing agent Helminthosporium sativum
Pamel,, King Bakkel), fusarium (causing agents
Fusarium culmorum Sacc., Fusarium avenaceum
Sacc., Fusarium oxysporium Schlecht, Fusarium
sporotrichiella Bilai, Fusarium graminearum
Shwabe), ophiobolus (causing agent Ophiobo-
lus graminis Sacc.), rhizoctonia (Rhizoctonia
cerealis Vander Hoeven), cercosporellosis root
rot (causing agent Pseudocercosporella herpo-
trichoides Fron), etc. Some of them can destroy
a third, half, or even more of the winter wheat
crop. They are one of the most widespread and
harmful diseases of cereals. The area of their
distribution almost coincides with the area
of cultivation of ear crops. Root rot refers to
ecological parasitic diseases. Their causative
agents are facultative pathogens that affect
plants weakened by unfavourable growing con-
ditions (Kriuchkova, § Hrytsyuk, 2014).

Infectious root rots are caused by phyto-
pathogenic microorganisms, which can be di-
vided into three groups according to the type
of nutrition: 1) specific, the causative agents
of which are organisms inherent to a certain
culture or this type of disease (phytophthora,
ophiobolos, common root rot of cereals). Such
diseases are usually primary. According to
the method of nutrition, the causative agents
of primary root rots can be biotrophs and ne-
crotrophs or have a mixed type of nutrition;
2) non-specific, the causative agents of which
are accompanying microorganisms — bacteria,
nematodes, etc. These parasites enter the roots
through various damages and their toxic secre-
tions further weaken the plants, causing wide-
spread neurotization of the roots and stem.
Such fungi include representatives of the gen-
era Penicillium, Aspergillus, Cladosporium, etc.;
3) mixed infections, when after damage to the
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root system by specific phytopathogens, it be-
comes possible for other types of fungi to pen-
etrate them (fusarium-helmintosporium root
rot of cereals). Infectious root rot is character-
ized by uneven spread of the disease. If crop ro-
tations are saturated with repeated crops that
are susceptible to diseases of crops, soil con-
tamination progresses, which leads to frequent
epiphytotics (Novokhatka,1990).

Due to the harmfulness of diseases, one
of the vital tasks in the selection of soft win-
ter wheat is to create a breeding material that
is resistant to diseases. The main and neces-
sary condition for any breeding work is the
presence of sources and donors of the trait
used for breeding. A distinctive feature of
disease-resistant breeding is that genotypes
identified as donors can quickly lose this prop-
erty. This occurs due to changes in the viru-
lence of pathogens and their overcoming of
plant resistance genetic systems, i.e., there is a
loss of effectiveness of known resistance genes
(Kovalyshyna et al.,, 2020a; Kovalyshyna et al.,
2020b). Therefore, there is a constant need to
identify new sources and donors of resistance
against pathogens, the search for which is an
urgent area of research and requires constant
screening of the gene pool.

The purpose of this study was to create a
new selection material with group resistance
against the main pathogens for use in selec-
tion work.

MATERIALS AND METHODS

The study was conducted under artificial in-
oculation with pathogens in field infectious
nurseries of the Department of Plant Protec-
tion at the V.M. Remeslo Myronivka Institute of
Wheat (MIP) of the National Academy of Agrar-
ian Sciences of Ukraine according to gener-
ally accepted methods (Babayants et al., 1988;
Volkodav et al.,, 2000; Trybel et al, 2010, DSTU
3768:2010).

The artificial background of the causative
agent of cercosporellosis was created as a re-
sult of spraying wheat plants in early spring
in the budding phase with a mycelium sus-
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pension, for the development of which strains
of the local population of the causative agent
were used according to the generally accept-
ed method (Grigorev, 1976). MV-EMESE variety
was used as the susceptibility standard.

An artificial infectious background of
fusarium head blight was created as a result
of spraying winter wheat plants in the flower-
ing phase with a suspension of spores isolat-
ed from the local population of the pathogen,
according to the generally accepted method
(LT. Babayants et al, 1988). The susceptible
Natula variety was used as the susceptibility
standard.

Experiments on the evaluation of varieties
and collection samples of wheat for resist-
ance to diseases, using artificial inoculation,
were laid according to the schemes used in the
system of state variety testing of agricultur-
al crops (Volkodav et al., 2000). The resistance
of winter wheat plants against the causative
agents of fusarium and cercosporellosis was
assessed dynamically to determine the growth
of the disease according to generally accepted
methods (Trybel et al., 2010). The main assess-
ment is during the period of maximum devel-
opment of diseases.

RESULTS AND DISCUSSION

Over 100 hybrid populations were investigated
for resistance against causative agents of cer-
cosporellosis root rot and Fusarium head blight
in breeding nurseries F,-F.. The most resistant
descendants were selected in combinations
created with the participation of the following
sources of resistance: against Fusarium head
blight - Catalon, Co 75-50-71, TAM 139482/79,
Nobeoka Bozu; root rot - Cappelle despres, Car-
tago, Roason.

According to the results of the study of
constant lines of winter wheat of the selection
nursery, twenty lines were transferred to the
National Centre for Plant Genetic Resources of
Ukraine (NCPGRU) in 2019, 5 of them were cre-
ated under the selection program for resistance
to Fusarium head blight and root rot: Lutescens
F. g.163/19, Erythrospermum F. g. 164/19 Eryth-
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rospermum F. g. 166/19, Erythrospermum S. h.
175/19, Erythrospermum S. h. 177/19.

These lines are superior to the Podolyanka
standard variety in terms of resistance against
the main pathogens, TGW and grain yield from
the plot.

One of the key signs used to evaluate the
material of winter wheat is the duration of the
growing season. This indicator determines not
only the yield level of the variety, but also its re-

sistance to drought, diseases, and other stress-
ful factors. The value of the “germination -
maturation” period of samples of the breeding
nursery of winter wheat was within 238-245
days. The duration of the growing season in the
line Erythrospermum F. g164/19 was 238 days,
which is 5-7 days less than in the vulnerable
varieties MV-EMESE (HUN), Natula (POL) and 3
days less than in the Podolyanka standard vari-
ety (Table 1).

Table 1. Characterization of lines of breeding nursery of soft winter wheat selection of MIP
according to valuable economic traits, MIP, 2019.

_ . C;z%‘,:(i)ig hzlfgl}ltt Yield from *to
Line or variety name dirsisomn om ’ TGW, g the plot, standard,
days cm g/m’ g/m?
Resistant to fusarium head blight
Natula (susceptible variety) 245 105.0 416 4615 -530
Podolyanka (standard) 241 95.0 425 514.5 -
Lutescens F. g.163/19 241 95.0 46.5 5533 +38.8
Erythrospermum F. g. 164/19 238 85.0 506 5221 +76
Erythrospermum F. g. 166/19 246 950 493 5084 -61
Resistant to root rot
MV-EMESE (susceptible variety) 243 95.0 409 4127 -101,8
Podolyanka (standard) 241 95.0 425 514.5 -
Erythrospermum C. h. 177/19 241 900 473 5541 +39.6
Erythrospermum C. h.175/19 242 800 436 5412 +26.7
LSD,, 137 3345

An important feature of most winter grain
samples is the presence of a link between plant
height and lodging resistance. As the world
breeding practices show, short-stemmed win-
ter wheat samples with a plant height of 70.0-
900 cm are sufficiently resistant to lodging,
almost regardless of the thickness of the stem,
and forms with a plant height of 90.0-100.0 cm
have an average resistance to lodging. In terms

)

of plant height, winter wheat lines created in
the plant protection department are character-
ized by considerable variability (80.0-95.0 cm).
According to the results of studying the mate-
rial by plant height, 1 sample (Erythrospermum
C. h. 175/19) with a plant height of 80 cm (semi-
dwarf forms) was found, and 4 samples were in-
cluded in the medium-sized group (85-95 cm).
The stem height of 105 cm (tall forms) was in-
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herent in the susceptible variety Natula (POL)
(Table 1).

The TGW is an essential indicator of pro-
ductivity, as well as a sign that characterizes in-
creased drought resistance and heat resistance.
The formation of grain with a high absolute
mass is the resulting indicator of the formation
of high and stable yields (Kyrpa, 2013). Growing
conditions, precipitation, and temperature dur-
ing the grain filling period, as well as biological
features of the variety, are of decisive impor-
tance in the formation of grain with a high TGW.
In experiments for this study, the average TGW
of winter wheat samples was 44.9 g. According
to the “grain size” indicator, the standard varie-
ties had the following parameters: Podolyanka —
425 g, Natula - 41.6 g, MV-EMESE - 409 g. The
largest grain was in the line distinguished by its
resistance to fusarium head blight - Erythros-
permum F. g. 164/19 - 50.6 g, a high TGW index
was also noted in the line Erythrospermum C. h.
177/19 - 473 g. The TGW in other lines of winter
wheat was also higher than that of the Podolyan-
ka standard variety (Table 1).

According to yield data, the Lutescens
F g. 163/19, Erythrospermum C. h. 177/19 and
Erythrospermum C. h. 175/19 significantly ex-
ceed the Podolyanka standard variety — by 38.8,
39.6, and 26.7 g/m?, respectively.

The key features limiting the production
of high-quality grain were and still are its pro-
tein and gluten content (B. Belderok et al., 2000;
K.A. Larchenko § B.V. Morgun, 2010). These indi-
cators are closely related to each other, having a
high (0.765) correlation coefficient (P. I. Bukrieva
et al, 2004). The protein and gluten content in

grain characterize its quality, which is a crucial
indicator when determining the price of grain.
According to the current standard in Ukraine,
the food grain can be attributed to those in which
the protein content exceeds 10.5%, and gluten -
18% (DSTU 3768:2010).

One of the most informative parameters
for determining the quality of wheat grain is
the level of gluten content in it. Gluten is es-
sential in the production of pasta, perform-
ing two main functions: it is a plasticizer, and
it is also a substance that binds starch grains
into a single mass. The former property of glu-
ten contributes to the formation of the dough,
while the latter preserves the shape given to the
dough (H.P. Zhemela et al., 2020). Factors such
as the predecessor in the cultivation of the crop
and the genotype of the variety have a substan-
tial influence on the mass share of raw gluten
(LV. Pravdziva, et al. 2020).

A low percentage of protein content was
found in the variety susceptible to fusarium
head blight - Natula — 117%, and in the varie-
ty susceptible to root rot - MV-EMESE — 12.6%.
These varieties also had a low level of gluten -
277% and 29.6%, respectively. A prominent pro-
tein content was found in the lines Erythrosper-
mum F g. 166/19 - 16.5% and Erythrospermum
C.h.177/19 - 15.8%, protein content at 14.9% was
found in the grain of the lines Erythrospermum
F. g.164/19 and Erythrospermum C. h.175/19. The
highest level of gluten content in grain was re-
cordedinthewinterwheatlineresistanttofusar-
ium head blight - Erythrospermum F. g. 166/19 -
41.2%. In other lines, the content of the gluten
indicator was at the standard level (Table 2).

Table 2. Results of incomplete technological analysis of winter wheat samples
resistant to pathogens, MIP, 2019

Line or variety name Proteino Sedimentation rate, | Raw glutin content,
content, % ml %
Resistant to fusarium head blight
Natula (susceptible variety) 117 52 277
Podolyanka (standard) 13.3 71 326
Lutescens F. g.163/19 14.0 70 344
Erythrospermum F. g. 164/19 149 67 357
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Table 2. Continued

Line or variety name Protein0 Sedimentation rate, | Raw glutcin content,
content, % ml %
Erythrospermum F. g. 166/19 16.5 71 412
Resistant to root rot

MV-EMESE (susceptible variety) 126 59 296
Podolyanka (standard) 133 71 326
Erythrospermum C. h. 177/19 15.8 51 38.0
Erythrospermum C. h. 175/19 149 61 364

The index of sedimentation (swelling) is a
complex indicator that judges the strength of
grain (flour) (V. T. Koljuchyj, 2011). According
to the data of this study, this indicator in win-
ter wheat samples varied from 51 to 71 ml. The
best lines in terms of this indicator (the sedi-
mentation indicator is at 60-71 ml) are the lines
resistant to fusarium head blight - Lutescens
E g. 163/19, Erythrospermum F. g. 164/19, Eryth-
rospermum F. g. 166/19, and the line Erythros-
permum C. h. 175/19, created under the root rot
resistance program. In winter wheat varieties,
which are standards of susceptibility to patho-
gens, a low sedimentation rate was found: Nat-
ula - 52%, MV-EMESE - 59%.

Determination of the sedimentation rate al-
lows selecting promising material in the prima-
ry links of the breeding process and successfully
conducting selection for grain quality, without
increasing the volume of the source material.
This indicator substantially depends on the gen-
otype of the original forms and their combina-
tional ability (L. M. Kononiuk et al., 2014).

In nature, the plant is usually affected by
several diseases at once, so there is a need to
create varieties with group resistance. Evaluat-
ing the lines created under the resistance pro-
gram against the pathogens of fusarium head
blight, it was established that the line Lutescens
F. g. 163/19 showed high resistance against the
pathogen of powdery mildew (damage - 1.0%)
and septoriosis of leaves (damage - 3.0%), but
the damage from brown rust was 30.0%. Dam-
age by fusarium head blight did not exceed 5.0%.
The Erythrospermum F. g. 166/19 line was dis-
tinguished by resistance against two pathogens
(fusarium head blight, powdery mildew), while
Erythrospermum F. g. 164/19 - against fusarium
head blight and septoria leaf blotch (Table 3).

Two best winter wheat lines, Erythrosper-
mum C. h. 177/19 and Erythrospermum C. h.
175/19, were selected on an artificial infectious
background of cercosporellosis root rot, which
were relatively resistant to this pathogen (dam-
age - 10.0% and 10.5%, respectively) and had high
resistance to powdery mildew — damage 2.0%.

Table 3. Immunological characteristics of winter wheat samples for resistance against pathogens,

MIP, 2019
Disease damage, %
Line or variety name Fusarium ootror | POW dery | brown seﬁat:fria
head blight mildew rust blotch
Resistant to fusarium head blight
Natula (susceptible variety) 15.0 - 15.0 70.0 100
Podolyanka (standard) 15.0 - 30 60.0 50
Lutescens F. g.163/19 50 - 10 300 3.0

(%)
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Disease damage, %
Line or variety name Fusarium powdery | brown septoria
headblight | "°""" | ‘mildew | rust | %

Erythrospermum F. g. 164/19 10 - 10.0 60.0 30

Erythrospermum F. g. 166/19 30 - 30 80.0 300
Resistant to root rot

MV-EMESE (susceptible variety) - 340 30 60.0 50

Podolyanka (standard) - 340 30 60.0 50
Erythrospermum C. h.177/19 - 10.0 20 80.0 20.0
Erythrospermum C. h. 175/19 - 105 20 300 40.0

CONCLUSIONS

According to the results of the study of constant
linesofwinterwheatfromthebreedingnursery,5
lines created under the selection program for re-
sistance against hard soot, fusarium head blight,
and root rot were transferred to the National
Centre for Plant Genetic Resources of Ukraine:
Lutescens F. g. 163/19, Erythrospermum F. g.
164/19, Erythrospermum F. g. 166/19, Erythros-
permum C.h.175/19, Erythrospermum C.h.177/19.

The line Erythrospermum F. g. 164/19 was
selected according to the “duration of the grow-
ing season” indicator, with a growing season of
238 days, which is 3 days less than the Podoly-
anka standard variety. It belongs to the group of
early-maturing forms.

High TGW indicators were established in the
lines Erythrospermum F. g. 164/19 - 50.6 g and
Erythrospermum C. h.177/19 - 473 g.

In terms of yield, the standard was exceeded
by the lines Lutescens F. g. 163/19 - by 38.8 g/m?,
Erythrospermum C. h. 177/19 - 39.6 g/m?, Eryth-
rospermum C. h. 175/19 - 26.7 g/m>

The lines Erythrospermum F g. 166/19
and Erythrospermum C. h. 177/19 stood out
with high-protein content - 16.5% and 15.8%,

respectively. The highest level of gluten content
in grain was recorded in the line Erythrosper-
mum F. g.166/19 - 41.2%.

The best lines in terms of sedimentation
are: Lutescens F. g. 163/19 - 70 ml, Erythros-
permum F. g. 164/19 - 67 ml, Erythrospermum
F. g.166/19 - 71ml.

Based on the resistance against diseas-
es on artificial infectious backgrounds of their
pathogens, the following lines were selected:
Lutescens F. g. 163/19 line with high resistance
against the causative agent of powdery mildew
(damage - 1.0%) and septoria leaf blotch (dam-
age - 3.0%), damage from fusarium head blight
did not exceed 5.0%. The Erythrospermum F. g.
166/19 line was distinguished by resistance
against two pathogens (fusarium head blight,
powdery mildew), while Erythrospermum F. g.
164/19 - against fusarium head blight and sep-
toria leaf blotch. The lines created under the
program of resistance against root rot, Erythros-
permum C. h. 177/19 and Erythrospermum C. h.
175/19, showed relative resistance to this patho-
gen - 10.0% and 10.5% damage, respectively, and
had high resistance to powdery mildew - 2.0%
damage.
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N.A. Mypauwko

HaykoBuMiA cniBpobiTHMK NabopaTopii cenekuii 03Mmoi nieHn L
MWPOHIBCbKMI IHCTUTYT NweHuui imeHi B.M. Pemecna HAAH
08853, Byn. UeHTpanbHa, 68, m. LleHTpanbHe, YkpaiHa

T.I. Myxa

HaykoBuMiA cniBpobiTHMK NabopaTopii cenekuii 03Mmoi nieHN L

MWPOHIBCbKMI IHCTUTYT NweHuu imeHi B.M. Pemecna HaujioHanbHOT akagemii Hayk
08853, Byn. UeHTpanbHa, 68, m. LleHTpanbHe, YkpaiHa

.M. KosanuwuHa

[OKTOp CinbCbKOrocnoaapcbKkmx Hayk, npodecop

HauioHanbHMI yHiBEpcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHu
03041, Byn. lepois O6opoHu, 15, m. Kunis, YkpaiHa

10.M. AmuTtpeHKo

KaHAmaaT cinbCbKOrocnoAapCbKkMX HayK, AOLEHT
HauioHanbHMIA yHiBepcUTET BiopecypciB i NPMPOAOKOPUCTYBAHHA YKpaiHu
03041, Byn. lepois O6opoHu, 15, m. Kuis, YkpaiHa

XapaKTepucTuKa BUXigHOro MaTtepiany, CTIMKOro npoTtu
dy3apio3y Konoca Ta KOpeHeBUX rHUNen, pna cenekuii
nweHuui o3nmMoi

AHoTaUif. XBOpo6U MIIeHUI] 03UMOI 3HAYHO 3HUIKYIOTh YPOSKAMHICTD Ta AKICTh 3epHA. BTpaTtu
BaJIOBOrO 360py 3epHa Bif, HUX LOPiYHO CTAHOBIATH 20-30 %, a B emidiToTiliHi poru - 50 %.
EeRTUBHUM 3aX0Z[0M JJ151 06MEXKEHHS PO3BUTKY XBOPOO MIIIEHULI] 03MMO1 € BIIPOBAAYKEHHS CTIMKUX
[IPOTH iXHBOTO YPasKeHHS COPTiB. VCITIIHUY PO3BUTOK CEJIEKLINHOI PO6OTH B LIbOMY HAIPAMKY
HEMOJKJIBUI 6€3 BUKOPUCTaHHA reHOGOHAY CTiMKUX bopM. Cepel TeHETUYHUX PECYPCiB MIIEHUIT
€ TeHOTUIIY, III0 XapaKTePU3YIOThCS CTIMKICTIO ITPOTU KiJIBKOX 36YIHUKIB OTHOYACHO, & TOMY MalOTh
0COBJIMBY LIIHHICTD fIK IKepesia rPyIIoBoi CTiMKoCTi. [ToCTiiHO icHye moTpeba y BUABIEHHI HOBUX
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IKepeJl Ta JOHOPIB CTIMKOCTI MPOTH 36YIHUKIB XBOPOO, TOIIYK SKUX € aKTyaJIbLHUM HaIlpIMOM
IOCITiIKREHD i TIOTPe6ye MOCTIMHOTO CKPUHIHTY reHoGOHY. Y MUPOHIBCPKOMY iHCTUTYTI IIIIEHULT
iMeni B. M. PeMecJia MOCTiMHO BefeTbcs poboTa 3i CTBOpEHHS BUXITHOTO CeJIEKLIMHOro MaTepiasy
TIIIIEeHUIi 03UMOi, CTIMKOTO TTPOTH OCHOBHUX 36YIOHUKIB XBOPO6, IKi HaZajli BUKOPUCTOBYIOTHCS
cesleKlioHepaMU. 3a IIPOTrpaMoI0 CeJIeKLil Ha CTiMKiCTh IPOoTU ¢y3apio3ly KOIOCY Ta KOpPeHeBUX
THWIEN cTBopeHi niHii: JTtotectieHc F. g. 163/19, EputpocniepmyM F. g. 164/19 EputpocnepmyM F. g.
166/19, EputpocrepmyM C. h.177/19, EputpociiepmyM C. h. 175/19, AKi BUKOPUCTOBYIOTB CEIEKLIIOHEPU
iHCcTUTYTY i iX TepenaHo fo HLITPPY. 3a NOKa3HMKOM TPHBAJIiCTb BereTalliliHOTO Iepiofy BUAiIEHO
ninito EputpocriepmyM F. g. 164/19 y arol BereTauifHuii epiof cTaHOBUB 238 1i6, mo Ha 3 1obu
MeHIIle, HK y CTaHAAapTHOTO copTy IlomonaHKa. {i BimHeceHO OO Ipynu paHHBOCTUIIMX GOPM.
Bucoki morasHuKM Macu 1000 3epeH BimMiueHi B niHiMi EputpocriepmyMm F g 164/19 - 50,6 T,
EputpocniepmyM F. g. 166/19 - 49,3 1, EputpocniepmyM F. g. 163/19 - 46,5 r Ta Eputpocriepmym C. h.
177/19 - 47,3 r. 3a ypOyKaMHiCTIO CTaHAAPT epeBUILyBaH JiHii JlrotectieHc Fg. 163/19 - Ha 38,8 r/M?,
EputpocniepmyM C. h. 177/19 - Ha 39,6 r/m?, EputpocniepmyM C. h. 175/19 - Ha 26,7 r/M?. 3 BUCORUM
ymicToM 6inka BupisHmucs JiHii EputpocniepmyMm F g. 166/19 - 16,5 % i Eputpocriepmym C. h.
177/19 - 15,8 %. Ha¥BUIIIUI piBeHB YMiCTY KJIEMKOBUHU B 3epHi 3adikcoBaHo B 1iHii EpuTpocnepmMym
F. g.166/19 - 41,2 %. Kpauymu 3a MOKa3HUKOM CeIMMeHTallii BUieHi iHii: JlroTecueHc F.g. 163/19 -
70 M1, EputpocniepmyM Eg. 164/19 - 67 M, EpurpocrniepmyM F. g. 166/19 — 71 Mi1. BCTaHOBJIEHO, 1O
niHig JlioTecueHc F. g. 163/19 mposiBMIa BUCOKY CTIMKICTh MpOTH 36yIHUKA 60POIIHUCTOI pocu
(yparkenHa - 1,0 %) Ta cerrropiosy aucta (ypaskeHHA — 3,0 %). VparkeHHA Kojocy dy3apio3oM He
repeBuInyBao 5,0 %. CTIMKICTIO TPOTH ABOX 36y IHUKIB (Gy3apios, 60poIHKCTa poca) BUPiSHUIIAC
ninig EputpocriepmyM Eg. 166/19, a mpoTtu dpy3apiosy i cernropiosy nuctsa — Epurpocriepmym E g.
164/19. JIinii, cTBopeHi 3a IIporpaMoro CTiMKOCT TPOTH KopeHeBHx rHuiell EpurpocniepmyMm C. h.
177/19 i EputpoctiepmyM C. h. 175/19, mposiBUIN BifHOCHY CTiMKi IIPOTH LILOTO 36y IHUKA — YPayKeHHS
10,0 Ta 10,5 %, Ta MaJIv BUCOKY CTiMKiCTh ITPOTH HOPOIIHKICTOI POCH — yparkeHHs 2,0 %

KniouoBi cnoBa: tiHii; XxBopo6u; yparkeHHS; CTiMKiCTh; BUISTAHHS; BUCOTa POCJIVH; YPOXKAMHICTE;
SIKICTh 3epHa
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Mode of moistening ordinary chernozem
using the “no-till” technology

Abstract. Studies of the influence of different technologies of conventional chernozem cultivation
on the reserves of productive moisture for the cultivation of maize over grain and winter wheat in the
Steppe zone of Ukraine were carried out. The parameters of productive moisture in the technology
of growing field crops using “no-till” soil treatment in relation to shelf ploughing were determined.
It was established that the “no-till” system substantially reduces moisture loss due to unproductive
evaporation with a high coefficient of precipitation assimilation and provides reliable protection of
the soil from erosion. If the soil surface is covered close to 100% in the summer under maize, the
reserves of productive moisture in the root layer are over 1.5 times higher than the corresponding
reserves under conventional technology; in the absence of mulch, the moistening regime for no-
till technologies is more intense compared to the conventional one. The mode of moistening the
soil under winter wheat over maize for silage is preferable according to the “no-till” technology, but
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there was no substantial difference between the variants on average for 3 years. In a winter with little
snow, the height of the snow cover was 3.2 times higher with the “no-till” technology with mulch
compared to the conventional technology. It was found that a prerequisite for growing crops without
tillage in the zone of insufficient moisture is the creation of a powerful layer of mulch due to the
non-commodity share of the crop, which stays on the soil surface in crushed form. Projective mulch
coverage of 100% or close to this level is the key to the widespread introduction of technologies for

growing without tillage in arid Steppe conditions

Keywords: reserves of productive moisture, ordinary chernozem, maize over grain, winter wheat,

“no-till” system

RELEVANCE

Growing maize in the steppe is a risky endeav-
our. A H. Shevchenko (1996) classifies the level of
favourability of the natural and climatic resourc-
es of this zone for the cultivation of most crops,
including maize, as unfavourable. V.V. Medvedev
et al, based on numerous studies in various
soil and climatic zones, consider the Steppe,
including the Donbas, to be an acceptable zone
for growing maize, but suboptimal (Medvedev,
1997). The primary limiting factor of the yield
level is moisture reserves, which are insufficient
for optimal growth and development of maize.

It is the preservation and rational use of
moisture that is one of the principal tasks of
steppe agriculture. Therefore, investigating the
regime of chernozem hydration in the develop-
ment and implementation of innovative tech-
nologies for growing agricultural crops is a man-
datory condition.

Such studies are especially necessary in the
areas of water and wind erosion, which include
the Donetsk region, since fluctuations in soil
moisture reserves cause not only a substantial
change in crop yields, but also a noticeable ero-
sion resistance of the soil.

The most effective technique for accumulat-
ing and preserving moisture is mulching the soil
surface with plant remains (Bulyhin et al., 2016).

The “no-till” system allows successfully ap-
plyingthismethod duringthe cultivationofallag-
ricultural crops and maize specifically. The study
by V.V. Medvedev and others has shown that the
soils of Ukraine are generally favourable for the
introduction of minimal and no-till cultivation.

Soils were classified according to the possibili-
ty of applying minimal and no tillage by classes
and area: I - optimal (8.46% or 2.54 mln ha); I -
favourable (40.57% or 12.17 mln ha); I1I - satisfac-
tory (41.2% or 12.36 mln ha). Along with reducing
costs for soil cultivation, increasing its fertility,
their use contributes to the additional accumu-
lation of moisture by 30-50 mm, which ensures
stable harvests, especially in conditions of se-
vere droughts, which are most inherent in the
Steppe zone (Kosolap § Krotinov, 2011).

ANALYSIS OF RECENT STUDIES AND
PUBLICATIONS

The transition to the no-till system is not just a
replacement of the tillage system, but factually
a new farming system. In the world, the area on
which this system is used is approximately 105
min ha, of which 87 min ha are in the USA, Cana-
da, Brazil, Argentina, and Australia, and annually
the area under such a system grows by approxi-
mately 1 mln ha. In Europe, including its eastern
part, the volume of implementation of no-till
technology is 2.5-3% of the global application
(Medvediev et al., 2017; Bulyhin et al., 2019).

Considerable attention of Ukrainian sci-
entists is devoted to the search for optimal
soil cultivation systems, their adaptation to
the cultivation of various agricultural crops
in the conditions of changing climatic condi-
tions, which substantially determine the level
of productivity.

It was found that the use of minimal and no
tillage of ordinary chernozem for the cultivation
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of maize for silage provided the highest reserves
of productive moisture in a metre-thick soil dur-
ing the growing season compared to ploughing,
and the indicators of deflation resistance in-
creased considerably ( Pikovska, 2020).

The advantage of shallow cultivation
with slitting to a depth of 38-40 cm over shelf
ploughing for growing maize over grain in the
growing conditions of southern Ukraine is evi-
denced by the data of R.A. Vozhehova et al. (2019)
and VKh. Kiver et al. (2019), which established
a high efficiency of minimization of tillage and
fertilization on ordinary chernozems for maize
grain production.

The widespread use of chemicals, the ele-
vated energy saturation of conventional tech-
nologies can cause environmental pollution, the
development of erosion processes, and increase
costs per unit of production. Therefore, one
of the main areas of eliminating or mitigating
these adverse factors is to reduce the anthro-
pogenic load and switch to less expensive tech-
nologies with maximum use of plant growing
by-products.

NSC “Institute of Agriculture of the National
Academy of Agrarian Sciences” (2015) developed
resource-saving technologies for growing maize
over grain and winter wheat according to the no-
till system, which achieves the highest return on
spent resources with the obtained products, re-
news soil fertility.

The advantage of “no-till” technology in
preserving soil fertility and, specifically, soil
moisture, which determines the productivity of
crops, is also evidenced by data obtained by for-
eign researchers. R. Derpsh, A. Calagari (1992)
established that during shelf cultivation in the
arable layer, moisture loss amounted to 18.3 mm,
during no tillage - 41 mm, and the subsoil layer
lost 9.7 mm and 3.5 mm, respectively. An analysis
of numerous studies on no-tillage by Y. Li, Z. Li,
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S.Cui § Q. Zhang (2020) showed that it is climatic
conditions that determine its effectiveness, and
therefore research on such tillage systems is im-
portant, especially in arid zones.

The purpose of this study was a systematic
investigation of sowing seeds without tillage,
which is the basis of the “no-till” technology of
growing crops in the understanding of Ameri-
can scientists.

MATERIALS AND METHODS

The study was conducted in the conditions of
a stationary field experiment, established on
the territory of the experimental farm of the
Donetsk region, on ordinary low-humus light
loamy chernozem. The repetition of the exper-
iment was threefold. The area of the sown plot
was 17 ha, the accounting plot area was 100 m?.
The research was conducted in a 9-field crop
rotation, entering the crop rotation was carried
out with four fields. Furthermore, separate op-
tions include the unchanged sowing of maize
over grain (monoculture) with a natural projec-
tive coverage and the option of monoculture of
maizewith anartificially created 100% projective
coverage of the soil surface with alayer of mulch,
which is obtained from crushed maize stalks.
The obtained data were subjected to statistical
processing according to the variance method
(Dospekhov, 1985), and analysed by non-para-
metric statistics using quantile analysis (Bla-
hoveshchenskyi, Samsonova, Dmitriev, 1987).

RESULTS AND DISCUSSION

Under crops in crop rotation, the projected cov-
erage of the soil surface with plant residues did
not exceed 25%, it was insufficient for a substan-
tial increase in moisture in the soil, and there-
fore under the “no-till” technology, the moisture
reserves were slightly higher compared to the-
conventional technology (Table 1).
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Table 1. Dynamics of productive moisture reserves when growing maize over grain
(average for 3 years)

Stock, mm
Variants Soﬂé?r}lrers, Exit f
Xit from . . .
- Sowing Sprouts Flowering Harvesting
0-20 35 33 33 15 16
loih}?ilrfl B 0-50 91 80 71 36 39
P Coi troig 0-100 168 143 140 76 75
0-150 233 207 198 127 118
0-20 41 37 29 17 18
M . 0-50 98 84 73 39 42
No-till
0-100 176 150 131 80 77
0-150 244 212 185 129 119

Only before sowing, the moisture reserves
under the “no-till” technology of growing mon-
oculture maize over grain were substantially
higher than under the conventional technol-
ogy, and even then, only in the 0-50 cm soil
layer. Furthermore, during germination, the
moisture reserves in the soil layer of 0-20 cm
using “no-till” technology were substantially
less than using conventional one (shelf plough-
ing). In general, the sowing-germination period
turned out to be critical for the “no-till” technol-
ogy with a small amount of plant residues on
the soil surface. This was most pronounced in
May 2011, when the reserves of available mois-
ture at the time of germination of monoculture
maize over grain using “no-till” technology

were only 8 mm in a 0-10 cm layer, which is too
insufficient. At the same time, through sowing
to a depth of 5 cm, maize seeds were found in
the over-dried upper layer of soil. Currently, the
shoots of monoculture maize over grain using
conventional technology have risen by 100%,
while using “zero” technology - only by 60%.
maize - a monoculture over grain under “no-
till” technology - rose only on June 9 and con-
tinued to fall behind in development.

Considering the experience of 2011, a mi-
cro-field experiment was created with 100%
coverage of maize plant residues and in 2013 the
authors received data on moisture reserves un-
der the maize monoculture for grain with 100%
projected coverage (Table 2).

Table 2. Dynamics of reserves of productive moisture
when growing maize over grain, 2013

Soil Stock, mm
Variants layers, .
Exit from . . ]
cm . Sowing Flowering Harvesting
winter

0-20 34 38 7 1

. 0-50 92 93 29 7

Shelf ploughing - control 0-100 174 170 69 14

0-150 222 229 118 36

)
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Table 2. Continued

Soil Stock, mm
Variants layers, .
Exit from . . .
cm . Sowing Flowering Harvesting
winter
0-20 42 44 23 5
“No-till’, 0-50 109 108 66 15
projective coverage - 100% 0-100 193 186 132 31
0-150 259 238 174 62

2013 was a dry year, and therefore the dif-
ference between the variants was striking. In
almost every soil layer, at each selection peri-
od, the moisture reserves under mulch were
substantially higher compared to conventional
technology. Additionally, the moisture reserves
under the “no-till” technology with a projec-
tive mulch coverage < 30% at the end of win-
ter were insignificantly lower compared to the
projective mulch coverage of 100%; however,
in the subsequent sampling periods, the mois-
ture reserves under the “no-till” technology

with a small amount of mulch were signifi-
cantly smaller (see Table 1). During flowering
(in the period critical for maize), the reserves
of moisture in the soil for “no-till” technolo-
gy with mulch exceeded the reserves for other
technologies in the 0-20 cm soil layer by 3.2
times, in the 0-50 cm soil layer - by 2, 3 times,
in the 0-100 cm layer - by 1.9 times, and in the
0-150 cm layer - by 1.5 times. N.F. Tsupenko
(1990) compiled a scale for evaluating the suita-
bility of productive moisture reserves for maize
based on generalized data (Table 3).

Table 3. Scale for assessing the compliance of productive moisture reserves in the soil with the
requirements of maize in different growing seasons

Soil layer, cm Pélases of plant el o Assessment of moisture
evelopment reserves
<10 Insufficient
0-20 Sowing - seedlings 11-20 Satisfactory
21-30 > Good
<10 Insufficient
0-20 Flowering 11-20 Satisfactory
21-30 > Good
<20 Insufficient
0-50 Flowering 30-50 Satisfactory
60-70 Optimal

Plant and Soil Science, (12) 4 GS\
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Consequently, the initial conditions for maize
growth and development were equal (Figs. 1 and
2). But in July, when, according to M.I. Volodarskii,
maize needs the largest amount of available
moisture, its median reserves according to

conventional technology (comparable data were
obtained using “no-till” technology for 25% cov-
erage of the soil surface with plant remains)
were insufficient both in the soil layer 0-20 cm
(Fig. 1) and in the 0-50 cm layer (Fig. 2).

30
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E 30 \‘\\ ~
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‘5 10 e 5-;&
Z s
0 . 1
Before sowing Sowing Flowering
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—8— Moisture reserves under “no-till” technology
—&— Muoisture reserves under conventional technology
==+=- Lower limit of satisfactory water reserves
Figure 1. Median values of productive moisture reserves in the 0-20 cm layer
under maize over grain
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Figure 2. Median values of productive moisture reserves in the 0-50 cm layer
under maize over grain
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The authors of this study deliberately took
the median values because they are statistically
“more stable” than the average. When using “no-
till” technology with 100% mulch coverage dur-
ing flowering, available moisture reserves were
optimal, both in the 0-20 cm soil layer and in the
0-50 cm soil layer.

The use of mulch, admittedly, is prescribed
over a fairly long period of time, as a result of
which it is possible to accumulate moisture in
the deep layers of the soil from year to year. A
certain trend was already visible in 2013. Thus,
the average moisture content of the soil layer
when using conventional technology in a 100-
150 cm layer at the time of exit from winter was
21%, and when using no-till - 23.5%.

It is known that mulch, by lowering the
temperature on the soil surface and separating
the soil surface from the atmosphere, sharply
reduces the intensity of steam entering the air
from the soil surface, reduces unproductive
evaporation of water from the soil. However,
the question arises as to how the soil surface
retains moisture without a mulch of plant res-
idues. On June 3, 2013, in the seedling phase
of maize under the “no-till” technology, the
authors of this study noticed that the upper,
0-3 cm layer of the soil is much looser than the
rest of the soil. B.H. Rozanov claims that soils
with a heavy granulometric composition have a
tendency to self-mulching. The authors of the
present study believe that this is precisely what
happened. According to V.V. Medvediev (1988),
the differentiation of the upper layer of the soil
by density (the upper loose layer changes to a
denser one at 5--10 cm) helps to reduce evap-
oration, increases the condensation of mois-
ture vapour, while at the same time there are

no substantial additional obstacles to the en-
try of atmospheric moisture into soil. Clearly,
mulch created by fine soil is not as effective as
mulch created by plant residues. In the flower-
ing phase, when using the “no-till” technology
without mulch and when using the convention-
al technology, the humidity in the 0-3 cm layer
was 8% and 7%, respectively, and 13% against
10% in the 3-10 cm layer, while when using the
“no-till” technology with 100% coverage with
plant remains - 18% in the 0-3 cm layer and 23%
in the 3-10 cm layer.

It is known that in the chernozem zone of
insufficient moisture, the productive moisture
in the soil is the first limiting factor in the yield
level of agricultural crops. Using evidence from
2013, it can be argued that mulch practically
solves the problem of a guaranteed high maize
yield in conditions of insufficient moisture in
the chernozem zone.

In addition, there is a tendency for chang-
es in some characteristics of the soil climate.
A.A. Shulgin (1972) gives a quantitative descrip-
tion of the amplitude of soil moisture reserves in
a metre-long soil layer during the warm period
(the so-called moisture turnover): uniform -
under 50 mm, uneven - 50-100 mm, very un-
even - over 100 mm. Evidently, at least up to
and including flowering, the amplitude of soil
moisture reserves under the “no-till” technolo-
gy with mulch was considered uneven - 61 mm,
and under the conventional technology, as very
uneven - 105 mm.

The mode of moistening the soil under
winter wheat for maize over grain is preferable
when using “no-till” technology, but there was
no substantial difference between the options
on average for 3 years (Table 4).

Table 4. Dynamics of productive moisture reserves for winter wheat cultivation
(average for 3 years)

Stock, mm
Variants Soil layers, cm ) Restoration of ) )
Sowing . Flowering Harvesting
vegetation

0-20 12 25 16 18

Shelf ploughing - 0-50 35 64 34 34
control 0-100 73 116 65 48
0-150 116 173 11 78
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Table 4. Continued

Stock, mm
Variants Soil layers, cm ) Restoration of . )
Sowing . Flowering Harvesting
vegetation
0-20 19 25 21 18
“No-till” 0-50 44 66 41 35
0-100 83 119 76 53
0-150 129 175 119 81

This can be explained by the contrasting
weather conditions in 2011 compared to 2012
and 2013. Considering each year separately, it
turns out that in 2011, during sowing, reserves
of available moisture in the 0-20 cm layer when
using “no-till” technology amounted to 39 mm,
against 29 mm when using the conventional
one. During sowing in 2012, the moisture re-
serves using the “no-till” technology were 2.4
times higher compared to conventional tech-
nology, respectively, 12 mm against 5 mm. In
2013, the driest year at this point, the moisture
reserves for both technologies were practically
the same: 3 mm for the conventional one, 5 mm
for the “no-till” one. Thus, when sowing winter
wheat using “no-till” technology, the starting
conditions are better than upon using conven-
tional technology. The fact is that the “no-till”
technology contributes to more efficient con-
sumption of moisture for physical evaporation,
and therefore the highest content of moisture
is stable in the soil during sowing. Both in 2012
and 2013, using the “no-till” technology, full
shoots were observed in the autumn, while
upon using the conventional technology, only
in the spring of the following year.

It is known that in the Steppe zone, mois-
ture accumulation occurs during the cold pe-
riod of the year. In winter, precipitation falls in
the form of snow, sleet (snow with rain) and rain.
The average snow cover height is 6-11 cm. Due to

frequent thaws, the snow cover is unstable. The
value of the hydrothermal coefficient for Donbas
(0.8-0.9) shows that evaporation in the warm pe-
riod of the year exceeds this amount. Therefore,
in the practice of agriculture, it is necessary to
apply all methods of moisture accumulation in
the autumn and winter period.

During ploughing, due to the uneven “corru-
gated” surface, the snow is blown off the ridges,
and the surface of the soil without plant remains
freezes and prevents the infiltration of water
into the soil. The presence of amulch layer on the
surface of the soil also affects its hydrothermal
regime in winter, reducing soil freezing and cre-
ating more favourable conditions for replenish-
ing water reserves during snow melting, during
thaws and in spring, and considerably reduces
the risk of water erosion. On February 24, 2013,
the soil temperature in the 0-5 cm and 0-10 cm
layers upon using the “no-till” technology with
mulch was the same and equal to +1.5°C. Using
conventional technology - -1.5°C in the 0-5 cm
layer and -0.7°C in the 0-10 cm layer.

Apart from affecting the freezing of the soil,
mulch, by increasing the aerodynamic rough-
ness of the surface, retains and accumulates
snow, protecting it from wind blowing. This is es-
pecially evident in low-snow winters, in heavy-
snow winters without blizzard redistribution of
snow, the difference in its reserves on the field
slightly decreases (Table 5).

Table 5. Snow cover thickness in various hydrothermal winter conditions, cm

Crop Technology February 2, 2011 Feb;giéy 2,
Conventional 258 133
Winter wheat
No-till 258 77

*)
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Table 5. Continued

Crop Technology February 2, 2011 Feb;ggy 2
Conventional 247 82
Maize - monoculture No-till (projective coverage < 30%) 247 161
No-till ) 261
(projective coverage > 85%) No-till ’
Conventional 247 81
Stubble of winter
wheat (predecessor for
sunflower

No-till 247 6.2

LSD, 238

S.% 49

As this table suggests, in the snowy winter
of 2011, the height of the snow cover was almost
the same for all technologies. In a winter with
little snow, the advantage of “no-till” technolo-
gy was evident. This is especially noticeable for
the use of “no-till” technology with mulch, where
the height of the snow cover was 3.2 times high-
er compared to the conventional technology.
The “no-till” technology of growing corn without
mulch also contributed to the accumulation of
snow cover - twice as much as the conventional
technology.

The relatively small height of the snow cov-
er on the stubble of winter wheat is explained by
the low cut of the straw during wheat harvesting.
However, when using conventional technology,
the surface area without snow occupied up to
15%, and when using “no-till” technology, 100%
snow coverage of the soil surface was noted for
all cultures.

CONCLUSIONS

In the world and in Ukraine, the use of agrotech-
nical techniques is becoming increasingly im-
portant. These techniques ensure a substantial
reduction of moisture loss caused by unproduc-
tive evaporation with a high rate of assimilation
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of (melt) water and rain, which, among other
things, provides reliable protection of the soil
from erosion.

The “no-till” technology most fully meets
these requirements with 100% or close to this
level of projective covering with mulch from
plant residues, which is considered a prerequi-
site for the wide implementation of cultivation
technologies without tillage in the arid condi-
tions of the Steppe.

If the soil surface is covered close to 100% in
the summer under maize, the reserves of pro-
ductive moisture in the root layer are over 1.5
times higher than the corresponding reserves
when using conventional technology; in the ab-
sence of mulch, the moistening regime when
using no-till technologies is more intense com-
pared to the conventional technology.

The mode of moistening the soil under win-
ter wheat over maize for silage is preferable
when using the “no-till” technology, but there
was no substantial difference between the var-
iants on average for 3 years.

In a winter with little snow, the height of the
snow cover was 3.2 times higher when using the
“no-till” technology with mulch compared to the
conventional technology.
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KaHamA4aT CinlbCbKOrocnoAapCbKMx Hayk, OUEHT
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MonoaLunit HayKoBKA CNiBPOBITHUK

HauioHanbHMn HAyYKOBWUIA LLIEHTP

«IHCTUTYT mexaHi3alii Ta enekTpudikaLii cinbCbKoro rocnogapcraa»
08631, Byn. BoksanbHa, 11, m. [nesaxa, YkpaiHa

O.l. BiTiybKa

CTapLumit HayKOBUIA CNIBPOBITHMK

HauioHanbHMin HAyKOBWUI LIEHTP

«IHcTUTYT 3emnepobcTBa HallioHanbHOT akaaemii arpapHmMx HayK YKpaiHm»
08163, Byn. MawunHobyaisHuKie, 26, m. YabaHu, YkpaiHa

Pe)>X1M 3BOJIOXKEHHSA YOPHO3eMYy 3BUYaMUHOIo
3a TexHonorii «<no-till»

AHoTauia. IIpoBefieHi [OCTIIKEHHsS BIUIMBY pIi3HUX TEXHOJOTIM O6pO6ITKy YOpHO3EMY
3BUYAHOrO Ha 3aIlacy IIPOLYKTHUBHOI BOJIOTU 3a BUPOLIYBaHHS KYKYPYZ3U Ha 3epHO Ta ITIIEeHUIT
03MMOi ¥ CTemnoBil 30Hi VKpaiHu Bu3HadeHi ITapaMeTpy NPOLYKTUBHOI BOJIOTU IIPU TEXHOJIOTil
BUPOILYBaHHS IIOJIbOBUX KYJIBTYP 33 «HYJIBOBOIO 06pO6ITKY» IpyHTY («No-till») 1I0m0 MMoauIeBoi
OpaHKU. BcTaHOBNEHO, 1o cucTeMa «No-till» cripusie CyTTeBOMy 3MEHIIEeHHIO BTpPaT BOJIOTH Ha
HeIIpOAYyKTUBHE BUIIAPOBYBAaHHS 3a BHCOKOTO KoedillieHTa 3aCBOEHHS aTMOCPEpHUX OIIafiB,
3abe3reuye HAIMHUM 3aXUCT [PYHTY Bif eposil. V pasi BKPUTTA MOBEPXHi IPYHTY 6IU3BKOMY [0
100 % BIITKY Mif KYKYpyZ,3010 3a1acy IPOAYKTUBHOI BOJIOTH B KOpeHEeBMicHOMY mmiapi B 1,5 i 6inbime
Ppasu IIepeBUIIYIOTh BilITIOBiIHI 3aI1acy 32 TPaIUITiMHOI TEXHOJIOTL; y pa3i BiZICyTHOCTI MyJIbYi peXKUM
3BOJIOKEHHS 3a TEXHOJIOTII 6e3 06pO6ITKY IPYHTY CKIafa€eThCs OB HATIPY>KEHUH Y IOPiBHAHHI 3
TpaIULiHOI0. PE)KMM 3BOJIOKeHHS I'PYHTY ITiJ 03MMOIO IIIeHULIeI0 I10 KyKypY/[3i Ha CUJIOC Kpalii
3a «HY/IbOBOIO» TEXHOJIOTI€I0, ajle CYTTEBOI Pi3HULII MDK BapiaHTaMHU B cepefHLOMY 3a 3 POKU He
BUABJIEHO. Y MaJIOCHDKHY 3UMY 3a «HyJIbOBOI» TEXHOJIOTI] 3 My/IbU€l0 BUCOTA CHITOBOTO IIOKPUBY 6yI1a
B 3,2 pa3y BUIIOO Y TOPiBHAHHI 3 TPaZUILITHO0 TEXHOJIOTIE. BUABIIEHO, 10 060B'I3KOBOIO YMOBOIO
BHPOIIYBAaHHS KYJIBTYP 6€3 06p06iTKy I'PYHTY B 30Hi HEJOCTATHBOTO 3BOJIOKEHHS € CTBOPEHHS
TIOTYKHOIO IIapy MYJIBYi 3aBOAKW HETOBApHIM YaCTIIi BPOXKAK KY/IBTYD, KA B IOAPiGHEHOMY
BUIIAZ] 3aJIUIIAETHCS Ha TIOBEPXHi IPYHTY. [IPOEKTUBHE MTOKPUTTS Mynibueio y 100 % abo 6J113bKUM
IO 1IHOTO PiBHA € 3aMIOPYKOI0 IIUPOKOTO BIIPOBAJKEHHS TEXHOJIOT1M BUPOIyBaHHA 6e3 06pobiTKy
T'PYHTY B IOCYIIUIMBUX YMOBax CTeIly

Knio4oBi cnoBa: 3amnacu MIPOAYKTUBHOI BOJIOTY; YOPHO3eM 3BUYAMHUY; KYKYpyZ3a Ha 3€pHO;
MIIEeHUId 03UMa; crucTeMa «No-till»
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Abstract. This paper presents the results of systematic monitoring in Ukraine for manifestations of
aridity according to the method of summarizing spring, summer, and autumn droughts conducted
by L Ye. Buchynskyi for 1872-1969 and authors’ meteorological generalizations according to weather
types (1951-1984) and clearly expressed zonal climate changes (1985-2006) and statistical and local
signs of climate aridization at the meteorological station in the northern part of the Forest Steppe
(“Chabany”) - 2006-2020, covering a total of 150 years of historical time. According to the spatial
distribution of droughts, determined according to a unified methodology, starting from 1872 and
ending in the late 1960s, the defining indicator is the gradual spatial distribution of seasonal local
droughts with the recurrence of spring droughts after 2 years, summer droughts after 4 years, and
autumn droughts, mainly in the south of Ukraine, after 2 years The number of moderate and large
droughts since the beginning of the 20th century (11-30% of the distribution area) are typical for the
summer period, and they are repeated in the south after 4-5 years. Abnormal droughts (over 50%) are
inherent in large areas for every tenth year, which, starting from the last quarter of the 19th century
and until the 1950s, ended with famine for the population (especially the droughts of 1891, 1921, and
1947). Subsequent droughts of 1963 and 1968 were determined by abnormal weather conditions, but
without the manifestation of a food crisis, which is associated with the beginning of chemicalization
and an increase in agricultural culture. Meteorological indicators of six stations in diverse natural
and climatic zones for 1951-1981 and 1985-2008 indicate a zonal systematic increase in positive air
temperatures with a decrease in precipitation, the deficit of which is compensated by a farming
system with a moderate saturation of organic and mineral fertilizers, which have a stabilizing effect
in extreme years. Since the last quarter of the 20th century, climate changes have been identified
that are associated not only with the greenhouse effect, but also with a periodicity that depends
on the ecliptic of the globe. Climate changes in recent decades are particularly noticeable, which
is accompanied by a systematic increase in air temperature and an increase in climate aridity and
requires new technical and technological solutions from humanity

Keywords: seasonal droughts; air temperature; precipitation; agriculture; fertilizers; productivity,
systematicity

RELEVANCE

The term “arid climate” (from Latin - dry) refers
to the climate of semideserts and deserts with
a small amount of precipitation (100-150 mm
per year) with sharp fluctuations in day and
night temperatures. Climate aridization is de-
termined by human influence on nature, es-
pecially in the era of global warming with the
transformation of large areas into steppes,
semideserts, and deserts.

The process of climate change, which has
become noticeable since the last quarter of the
20% century, is associated exclusively with the
anthropogenic factor, mainly with the green-
house effect, as a result of industrial emissions
of carbon dioxide (CO,), methane (CH,), nitro-
gen oxide (N,0), ozone (0,) and water vapour.
If the concentration of greenhouse gases in
the atmosphere doubles, the average glob-
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al temperature will likely increase from 1.5 to
45°C. Other causes of warming were as fol-
lows: changes in solar activity, increasing trop-
ospheric ozone concentration, atmospheric
electricity that depends on solar activity, etc.
The results of instrumental observations and
the materials of paleogeographical reconstruc-
tions indicate that the global climate is chang-
ing, and these changes are accompanied by ad-
verse consequences for the economy and living
conditions of humankind (M.I. Budyko, 1980;
Lipinskii, 2003; VF. Martizanova, O.K. Ivanova,
2010; 0.0. Vrublevska, H.P. Katerusha, 2005;
R.L. William et al., 2010). This is attributed to an
increase in air temperature of 1°C per centu-
ry, whereas previously this happened in 1,000
years. This simplified approach to planetary
changes is predictable but does not reveal the
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underlying nature of these changes. The planet
Earth is not a stationary system, but one that is
in constant motion and changes its ecliptic rel-
ative to the sun, and solar activity also has its
patterns. As a result of the influence of cosmic
factors in the Cenozoic era, ice ages occur with
systematic periodicity, lasting an average of 100
thousand years, and the warming time between
them is on average 10 thousand years; at the same
time, the onset, and disappearance of a glacier
occurs rapidly - over hundreds of years. The last
Valdai (Wiirm) glaciation began 110,000 years ago,
preparing for the planet the Holocene period - an
interglacial period with an optimum tempera-
ture regime of air and humidity, which ensured
the flourishing of the green world, and with it
the fauna and human civilization. Presently, the
post-Holocene period has arrived, which marks
the approach of a new ice age, which must come
after the maximum warming, which will bring it
closer due to the cooling of oceanic warm currents
and the change of the Earth’s ecliptic to the Sun. In
nature, everything happens naturally, according
to the established cosmic and planetary cycles.
The climate changes that occur are not uni-
form in time and space, and therefore it is nec-
essary to investigate climate fluctuations in var-
ious regions, considering the characteristics of
a particular region and the dependence of these
fluctuations on atmospheric circulation.

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

Planetary climate changeis the most pressingis-
sue of modern times, attracting the attention of
the scientific and public community. They pose
threats to environmental security, require fore-
casting and feedback on the prevention of real
threats, especially for agriculture as an open-air
workshop. Famous works on climate change by
US scientists, namely Fred Kempe, Berry Pavel
(US Atlantic Council), Brent Scowcroft, David
Mitchell, English scientists of the Royal Institute
of International Relations - Bernes Lee, Jona-
than Parris and many others (Shevchenko, 2017).

Considerable attention in foreign literature
is paid to the dynamics of human development

2

in conditions of climate change (Bondarenko
et al., 2018; Parri, 2019; Snakin, 2019;), adapta-
tion of farming to climate change (Brouder §
Volenec, 2008; Sanderson et al., 2018), problems
of microbiology in these conditions (Hutchins
et al, 2019) and preservation of soil fertility
(Haasnoot et al., 2018; Pikovska, 2020); threats
to natural biodiversity and natural ecosystems
(Pugnaire et al.,, 2019; Turner et al., 2020).

A considerable contribution to the the-
ory and practice of climate change has been
made by Ukrainian scientists, the results of
which are presented in publications of pro-
fessional journals and materials of numerous
conferences covering this topical issue (Baliuk
et al, 2018, Vozhegova & Kokovikhin, 2018;
Zatula & Zatula, 2020; Dehodiuk and Dehodiuk,
2008; Petrychenko et al., 2018; Pysarenko et al.,
2019; Polovyi et al., 2017, Kholiavchuk & Shkaieva,
2021; Loboda et al., 2010).

The purpose of this study was to generalize
a 150-year period of the distribution patterns
of seasonal and zonal droughts on the territory
of Ukraine, to systematize their recurrence, the
causes of catastrophic droughts and climate
changes since the last quarter of the 20" cen-
tury, to determine the decisive role of agricul-
ture and fertilization systems in stabilizing crop
yields under extreme weather conditions.

MATERIALS AND METHODS

During systematization of spatial, zonal, and lo-
cal climatic conditions over the past 150 years
in Ukraine, the methods adopted in meteorol-
ogy and agrochemistry were applied - mono-
graphic and systematic analysis, statistical, sta-
tistical-logical, graphic methods regarding the
patterns of distribution of extreme weather con-
ditions and climate changes in Ukraine based on
monographic generalizations and own research.

RESULTS AND DISCUSSION

Monitoring of spatial droughts in Ukraine in
1872-1969 It is known that the Holocene had an
amplitude of oscillation from warming to small
ice ages (13™-19% centuries). According to the in-
formation of I.Ye. Buchynskyi (1970), according to
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literary sources, in the 10™-11* centuries, 14 dry
years were registered on the territory of modern
Ukraine, in the 14% century - 10 droughts, in the
15%-17%h centuries - 17 anomalous phenomena,
of which a third with an onrush of locusts, dur-
ing the 18" century there were 28 dry years, of
which 9 were marked by an onrush of locusts.
According to I.Ye. Buchynskyi (1970), the year
1872, when the meteorological service was in-
troduced on the territory of Ukraine, should be
considered the starting point of the modern me-
teorological era. Almost 100 years of monitoring
(1872-1969) determined, using a single method,
the spatial distribution of spring, summer, and
autumn droughts according to the characteristics
oflocal (1-10% of the covered territory), moderate
(10-20%), large (21-30%), massive (31-50%) and
catastrophic (> 50% of the territory of Ukraine).
The authors of this study conducted a quan-
titative analysis of the drought phenomena
identified by 1.Ye. Buchynskyi, indicating that
during almost a century of observation, abso-
lutely favourable weather conditions throughout
the territory of Ukraine during spring droughts
amounted to 16 years, summer droughts - 11
years, and autumn droughts - 17 years. Or, on
average, it can be assumed that approximately
85% of growing seasons were extreme for ag-
riculture in a certain way. In the spring and au-
tumn periods, local droughts were most com-
mon (61% and 57%) of the total number, and in
the summer - half as many. The proportion of
moderate droughts is almost evenly distribut-
ed between seasons - 17% each in spring and
autumn, and 23% in summer. Large and mas-
sive droughts accounted for 19% in spring, 43%
in summer, and 26% in autumn, indicating that
the threat of summer droughts is twice as high
as that of other growing seasons. The largest
spring droughts in the 19% century occurred in
1872 (40% of the territory), in the 20™ century —
1934 (80%), 1946 (60%), 1957 (33%), 1968 (52%).
The most noticeable are the summer droughts,
which covered 50-55% of the territory for 8 years
(1876, 1895, 1900, 1903, 1904, 1923, 1952, 1953)
and over 60% of the affected territory for 3 years
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(1874,1890, 1909). Therefore, over a period of al-
most a hundred years, 10% falls on an unfavour-
able type of weather, of which the coincidence
of spring and summer droughts is particularly
dangerous, which caused the complete death
of crops and hunger among the population.
Abnormal drought was recorded in 1891, which
covered 40% of the territory of the east and
south of Ukraine, then the amount of precipita-
tion at the weather station in Kherson city was
21 mm, or 4 times less than normal, and at the
Odesa station - 18 mm. Severe droughts in 1921
engulfed the South, Centre, and part of territo-
ry in the east of Ukraine. Then in the southern
regions for 6 months (X-XII, I-11I) less than 10%
of precipitation fell compared to the norm, and
the air temperature in May and June was 31.5°C
and 34.5°C, respectively, at the norm up to 20°C.
Spring droughts in 1932 and 1933 were not re-
corded, the summer drought in 1932 was at the
level of moderate distribution (16.2% of the ter-
ritory), and in 1933 - local (4.5%). The drought of
1947 covered 46% of the territory of Ukraine, ex-
cept for parts of the centre and northwest, when
the air temperature in the south exceeded the
norm in May and June by 3.3°C and 5.1°C, respec-
tively, and the amount of precipitation was 6 mm
above the norm of 72 mm.

Subsequent droughts of 1950 (21%), 1952
(53%), 1953 (52.3%), 1962 (43.1%), 1963 (36.1%),
1967 (55%) were severe but not as damaging as
previous ones. The explanation for this liesin the
weakening of spring droughts and the fact that
with the growth of technical equipment with
the use of fertilizers, the stability of agriculture
against adverse conditions of the growing sea-
sons increased.

The spread of autumn droughts was mostly
local in nature, intensifying the effects of subse-
quent or previous droughts in certain periods.
The largest of them were defined in 1883 - 46.9%
of the territory of Ukraine, 1942 - 27.9%, 1949 -
42.5%,1963 - 38.8%, 1967 — 38.1%. Local autumn
droughts for almost a hundred years covered
57% of the territory of Ukraine, moderate and
severe - 17% each, and very severe - 10% (Fig. 1).
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Figure 1. Summary data of age-related changes in seasonal aridity of climate
on the territory of Ukraine for 1872-1969 (according to I.Ye. Buchinskyi, 1970)

The age-old amplitude of dry phenome-
na in Ukraine is associated with the invasion of
Ukrainian territory by cold air from the north,
northwest, and west, and the formation of a
powerful anticyclone behind the cold front, in
which high pressure, weak wind, and sunny
weather with high dryness and heat are formed
in summer. Anticyclones move slowly, some-
times almost without movement, sometimes re-
placing each other. They move clockwise, while
the northern ones move along the southern pe-
riphery to the eastern and south-eastern ones,
creating an impression of the desert origin of
droughts (I.Ye. Buchinskyi, 1970).

Zonal features of weather conditions forma-
tion in 1951-1984 The authors of this study mon-
itored the amount of precipitation and air tem-
perature during the specified period according
to the data of weather stations located in char-
acteristic points of the soil and climate zones of
Ukraine - Polissia (Chernobyl, Teteriv, Makariv

00 545

Precipitation, mm

Favourable Arid

period

672

Overmoistened
and cold

weather stations); Prykarpattia (Ternopil);
Western Forest-Steppe (Khmelnytskyi) and
Central Forest-Steppe (Bila Tserkva); Eastern
(Kirovohrad (currently Kropyvnytskyi)); Steppe
(Bashtanka, Mykolaiv region).

The systematization of meteorological in-
dicators determined during this time three
types of weather - favourable, dry, overmois-
tened, and cold (E. H. Dehodiuk, 1993). Accord-
ing to the amount of precipitation in favourable
years up to 585 mm, the difference between
the northern and southern meteorological sta-
tions was 85 mm and 52 mm, respectively, in
dry years — 416 mm and 61-95 mm, respectively.
In wet and cold growing seasons, the average
amount of precipitation at 6 weather stations
was 462 m with a deviation of 30 mm at the Ter-
nopil weather station and 101 mm at the Bash-
tanka weather station, which indicates a high
differentiation of moisture depending on the
type of weather (Figs. 2, 3).

Vegetation period

560

B year
B vegetation period

O May-June

Average

Figure 2. Precipitation on average according to 6 observation stations in the main soil and climatic
zones of Ukraine for 1951-1984 (according to E.H. Dehodiuk, 1993)
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Figure 3. Average air temperature according to data from 6 observation stations in the main soil
and climate zones of Ukraine for 1951-1984 (according to E.H. Dehodiuk, 1993)

The average air temperature for the year
came close to the average statistical values -
7.3°C, but in dry years its temperature increased
by 11%, and in wet and cold years it also de-
creased by 11%. On a zonal level, the annual tem-
perature difference between the south and the
north reached 23% in favourable years, 34% in
dry years, and 21% in wet and cold years.

During the monitoring period, the number
of favourable years in the Polissia zone was 52%,

60% - in the Forest-Steppe and 46% - in the
Steppe, 24% and 25% of dry and overmoistened
years in the Polissia and Forest-Steppe, respec-
tively, and 44% - in the Steppe zone.

During monitoring, the authors of this study
summarized over 40 field experiments with fer-
tilizers conducted in the research network of
Ukraine on crops — winter wheat, maize, barley in
variants without fertilizers and with their appli-
cation in optimal doses and for each crop (Table 1).

Table 1. Yield of agricultural crops and their increments under dry weather in the main zones of
Ukraine, average for 1965-1984, t/ha

Polissia Forest-Steppe Steppe
Average
Crop fertilizer Harvest | Increment Harvest | Increment Harvest | Increment
doses without from % without from % without from %
fertilizers | fertilizers fertilizers | fertilizers fertilizers | fertilizers
X Manure
Winter
wheat "’(‘étsetrfhf;‘i‘f 213 158 74 225 12 53 216 061 |28
(grain)
N7OP70K7O
Spring Manure
barley gﬁfg? 104 15 144 | 309 129 | 48| 128 012 9
(grain)
N60P80K7O
Grain Manure
maize 30t/ha+ 271 193 71 3.29 179 54 292 0.36 12
N60P5OK55
Maize
for Manure
silage, t/ha+ I . . . . .
ilag 20 t/h 180 17.8 98 276 12.2 44 16.5 14.5 87
green N14OP9OK100
mass
Mean 97 50 34
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In dry summers during 1965-1984, with the
application of fertilizers, the stabilization effect
on these crops, compared to the control without
fertilizers, in Polissia ranged from 71% to 144%
(an average of 97%), in the Forest-Steppe zone -
26-53% (an average of 50%), and in the Steppe
by grain group - 34%, which indicates the im-
portance of irrigation in this zone. The average
amount of precipitation for May-June for 1951-
1984 here was 83 mm, or 65% of the average an-
nual norm, which noticeably stabilized the har-
vest in those years.

Monitoring of weather conditions for climate
change in the post-Chernobyl period. The next

1

Increment, %

Polissia Forest-S epp

zones

zonal monitoring was conducted within the pre-
vious 6 weather stations for 1985-2006, conven-
tionally named as “post-Chernobyl”, which covers
21years(1985-2006)andis defined asthe period of
the beginning of climate changes (S.E. Dehodiuk,
E.H. Dehodiuk, 2008). This is evidenced by a com-
parison of the temperature regime and precipita-
tion with the previous period (1951-1984). During
this period, decisive is the onset of a new type of
weather that did not exist before - mixed, when
overmoisturization and cooling occur in one
growing season, changing to aridity - heat and
rainlessness. And all this against the background
of increasing air temperatures (Fig. 4, 5).

Period

®over a year

Eover vegetation
period

Oover May-June

Figure 4. Temperature increment for the second round of observations (1985-2006) compared to
the previous period (1954-1984), % (Dehodiuk § Dehodiuk, 2008)
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Figure 5. Precipitation increment for the second round of observations (1985-2006) compared to
the previous period (1954-1984), mm (Dehodiuk & Dehodiuk, 2008)
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On average for the year during the second
stage of observations, the greatest warming
was determined in the Polissia zone - +8.2%
compared to the previous period, in the For-
est Steppe - +6.1%, and in the Steppe - +4.3%.
In May, the average temperature in the For-
est-Steppe was 2.6% lower compared to the pre-
vious study period. A tendency to increase the
average annual temperature regime up to 9.5%,
during the growing season — up to +2.5%, upon
signs of cooling in May (-1.1%), upon an increase
in the average annual amount of precipitation -
by +5%, during the growing season — +10% and in
May-June — up to +6%. This shows that in a his-
torically short period of time within the 54-year
cycle from the second part of it, trends emerged
that are not explained by changes in the distri-
bution of weather between cyclones and anticy-
clones (Figs. 4, 5). After all, a considerable part of
Polissia has acquired the characteristics of a for-
est-steppe in terms of temperature, and the hu-

midification of the northern part of the Steppe
has approached the Forest-Steppe in terms of
precipitation, while the regions of the southern
Steppe experienced aridization.

Local monitoring of climate changes on the
model of the Chabany weather station (NSC “In-
stitute of Agriculture of the National Academy of
Agrarian Sciences”) for 2006-2020. The progres-
sive increase in air temperature over the past
decades has increased the evaporation of water
from the world’s oceans and the disturbance of
air masses, which expand arid zones in some
places, while in others an excess of atmospheric
moisture leads to weather anomalies.

The monitoring carried out at the Chaba-
ny weather station indicates that over the past
15 years, with each five-year period, there has
been a progressive increase in temperature lo-
cally with a one-time decrease in the amount of
precipitation, in contrast to the 1985-2006 peri-
od (Table 2).

Table 2. Dynamics of changes in air temperature and precipitation at the Chabany weather station
for 2006-2020

Air temperature, °C Precipitation, mm
Period, years Per year During vegetation Peryear During vegetation
o % to o % to % to % to
C C mm mm
normal normal normal normal
2006-2010 94 21 173 101 629 95 60 95
2011-2015 97 24 17.8 133 657 99 50 79
2016-2020 112 32 183 16.5 153 70 35 56

Note: the long-term average annual air temperature is 7.8°C, during vegetation - 157°C, the average annual
precipitation is 659 mm, during the growing season - 63 mm per month

The progressive increase in annual air tem-
perature from 21% to 32% per year and from
10% to 16.5% during vegetation, with the aver-
age annual temperature for 2016-2020 - 11.1°C,
indicates that the thermal regime of Kyiv is ap-
proaching that of Odesa in the middle of the 20t
century with the sign of the steppe zone with the
amount of precipitation for 2019, 2020, 399 and
389 mm, respectively. In 2006-2010, the amount
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of precipitation was 95%, the next period - 79%,
and the last five years - 56% of normal. It is
characteristic that during local monitoring in
May-June, an average of 68 mm of precipitation
fell, compared to the norm of 88 mm, or 72% of
it. Such a situation necessitates the adaptation
of agricultural technologies to climate variabil-
ity, where not only fertilization systems play a
stabilizing role in agriculture, but also there is a
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need for purposeful selection work, agricultur-
al techniques for soil cultivation, adaptation of
crop rotations to stressful conditions, and opti-
mization of fertilization systems. Therefore, to
obtain planned yields and scientifically sound
placement of agricultural crops, along with a
detailed assessment of agroclimatic resources,
it is necessary to investigate the temporal var-
iability of yields in different agroclimatic zones
(Adamenko, 2004; Polovyi, 2005, 2007).

Another feature of this period is the absence
of such a type of weather as “cold and overmois-
tened”. After all, for 15 years, the air temperature
during the growing season exceeded the norm
by an average of 13%, and the amount of precip-
itation in 2008 and 2013 alone was higher than
700 mm compared to the average annual norm
of 659 mm, and in 11 years out of 15 it was less
than the norm (from 3% to 40%). This gives rea-
son to define these years as dry-mixed, which
ensured the formation of non-critical crop lev-
els even during the dry growing seasons of 2015,

2019, and 2020, when the amount of precipita-
tion was below 400 mm.

In 2016-2020, there was an increase in air
temperature by 18.3% and a decrease in pre-
cipitation to 56%, compared to the norm of the
growing season, which created unfavourable
conditions for the growth and development of
agricultural crops The results of field studies in
a short-term 5-field crop rotation (winter wheat,
maize over grain, spring barley, buckwheat,
peas) planted on Alfisols found that, compared
with extensive crop rotation (without fertilizers),
the greatest stabilization effect was obtained
with organic-mineral fertilizer system - 70%,
with an organic system, due to limited resourc-
es - 37%, with the introduction of straw with a
biodestructor — 11%. It is promising to use a new
generation of organic-mineral bioactive fertiliz-
ers (OMBF), which provided an increase in yield
compared to the control without fertilizers when
applying 1t/ha of 4-4-4 OMBF at 57%, and 2 t/ha
of 0-0-0 (organic farming) - at 44% (Table 3).

Table 3. Productivity of crops of 5-field crop rotation in a long-term experiment on Alfisols of
the NSC “Institute of Agriculture of the National Academy of Agrarian Sciences” under different
fertilization systems in the conditions of an arid-mixed climate for 2016-2020

Fertilizers
s Productivity | Increment
Fertilizer Manure Straw Mineral resources, kg/ha %
systems
t/ha N P K t/ha
Without
fertilizers - - - - - 3.05 - -
(control 1)
Straw - 3 - - - 323 018 6
(control 2) " ’
12 3 - - - 442 119 37
Organic 3+
) biodestructor ) ) ) 36 037 n
- - 40 60 60 4.80 178 53
Mineral
- - 60 90 90 493 191 63
Organic- 12 - 40 60 60 513 211 70
mineral 6 - 40 60 60 397 095 31
OMBF 4-4-4 0.5 - 40 - - 475 173 57
OMBF 0-0-0 20 3 - - - 4.66 143 44

D
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Therefore, in the context of climate change,
it is necessary to abandon the unsystematic
management of agriculture and bring it clos-
er to a scientifically sound direction with clear
observance of crop rotation, water-saving sys-
tems of soil cultivation, fertilization and plant
protection, which will be accompanied by na-
ture-restoring measures in the basins of small
rivers with cultural and technical works, agro-,
chemo-, bio-, and phytomeliorations.

CONCLUSIONS

Data of meteorological observations for 150
years (1872-2020) with manifestations of sea-
sonal dry phenomena were systematized and
the beginning of climate changes from the last
quarter of the 20™ century, which continue to
this day, were recorded. During the 100-year pe-
riod (1872-1969), it was found that only 16 years
of spring droughts had favourable growing sea-
son conditions in all territories of Ukraine, 11
years of summer droughts, and 17 years of au-
tumn droughts.

Local droughts are most inherent in spring
and summer droughts - 72% and 61%. Large
and massive droughts (21-30% and 31-50%) pre-
vailed in the summer and covered 43% of the
territory of Ukraine. Abnormal droughts (50% of
the territory) occurred due to the coincidence of
autumn, spring, and summer droughts with an
average frequency of 10 years.

The droughts of 1891, 1922, and 1947 ended
in crop failure without recurrence in the future
due to the disappearance of spring droughts and
the improvement of agriculture.

The zonal monitoring of weather condi-
tions for 1954-1984 was determined by 4 types
of weather - favourable, dry, overmoistened,
and cold with a noticeable increase in temper-
ature in summer by 0.6°C, in winter - up to 2°C,
and an increase in the amount of precipitation -
per year up to 4.6 mm, during the growing sea-
son — up to 11 mm. Repeated monitoring of zonal
weather conditions for 1986-2006 determined
an added mixed type of weather, with a further
noticeable increase in the temperature regime
and a slight increase in the amount of precipi-
tation.

Local weather monitoring at the weather
station of the National Scientific Centre “Insti-
tute of Agriculture of the National Academy of
Agrarian Sciences” established a constant in-
crease in the annual air temperature to 20-21%
per year and 10-17% during the growing season
with a decrease in the amount of precipitation
from 95% to 50% during vegetation, which indi-
cates an increase in climate aridity.

The study established the stabilization ef-
fect in the formation of the productivity of ag-
ricultural crops due to the improvement of the
technical equipment of agriculture and the use
of fertilizers.
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TpuBanum MOHITOPUHI apuansauii B 3eMnepo6ceTBi
00 3MiH i 3a 3MiH KniMmaTy B YKpaiHi

AHoTauia. HaBezieHO pe3ynbTaTd CHUCTEMATWYHOIO MOHITOPUHIY B VKpaiHi 3a mnposBaMu
TIOCYIUIMBOCTI METOIOM y3arajbHeHHS BEeCHSHMX, JITHIX 1 OCIHHIX IoOCyX, IIpOBeIeHUX
L.€. By4YrnHCBKUM 3a 1872-1969 pp. Ta HAIIMX MeTeOPOJIOTIUHUX y3arajJbHeHb 3a TUIIaMU II0TOLU
(1951-1984 pp.) i 4iTRO BUpayKeHUX 30HAIBHUX 3MiH KiiMary (1985-2006 pp.) Ta CTATUCTUYHO-
JIOKaJIPHUX O3HAK apuAau3allii KiiMary 10 MeTeOpOJIOTiuHiM CTaHIlil B IiBHIYHINM YacTUHI
Jlicocteny («Yabauu») - 2006-2020 pp., OXOIUTIOIOYH 3arajioM iCTOpUYHUH ITPOMIXKOK Yacy B 150
POKIB. 3a IPOCTOPOBUM MOLINPEHHAM I10CYX, BUSHAaUYEHUX 3a €AMHOI0 METOLUKOIO, TIOUNHAI0YU
i3 1982 p. i Ao KiHug 60-X pp. XX CT.,, BU3HAYAJIBHUM IIOKa3HHUKOM € IIOCTYIIOBE IIPOCTOPOBE
TOIIMpPEHHA Ce30HHUX JIOKAJIbHUX ITOCYX i3 ITOBTOPEHHAM BEeCHAHUX 4epes3 2 POKY, JITHIX -
4Jepes 4 i OCiHHIX, IIepeBaykKHO Ha MiBAHI YKpalHy, yepe3 2 poKU. KisbKiCTh ITIOMIpHUX I BETUKUX
rocyx i3 mouaTky XX cT. (11-30 % muioli MoIMpeHH ), XapaKTepHi [JIg JIITHhOTO Mepiofy i BOHU
MTOBTOPIOIOTHCA Ha MiBOHI Yepes 4-5 pokiB. AHOMaIbHI mocyxu (rmoHan 50 %) xapakTepHi aJisa
BeJIMKUX TEPUTODPIH IJI KOKHOTO JEeCSATOTO POKY, fKi, TOUNHAI0YY 3 OCTAaHHbBOI uBepTi XIX CT. i 1o
50-x pp. XX CT. 3aKiHYyBaJIKCA TOJI0IOM AJis HaceneHHs (ocobauBo mocyxu 1891, 1921, 1947 pp.).
HactymHi nocyxu 1963, 1968 pp. BU3HAYa/IKCh aHOMAJbHUMU TIOTOAZHUMU YMOBaMH, aje 6e3
IIPOSIBY IIPOJIOBOJIBYOI KPU3H, IO ITOB'A3aHO 3 [TOYATKOM XiMiszalil ¥ mifBUIEeHHS KyJIbTypU
3eMsiepo6CTBA. METEONOKAa3HUKY LIECTH CTAHIN y PiSHUX IPUPOSHO-KIIMaTUYHUX 30HAX
3a 1951-1981 i 1985-2008 pp. BKasylOTh Ha 30HaJIbHe CUCTeMaTU4YHe HapOCTaHHS ITO3UTUBHUX
TeMIIepaTyp MOBITPA 3i 3MeHIIeHHAM KiJIbKOCTI OI1aJliB, e PiIlUT IKUX KOMIIEHCYETBCSA CUCTEMOIO
3emyiepobcTBa 3 ITOMIpHMM HACUYEHHAM OpPraHiYHMMM U MiHepaJbHUMU OO6pUBAMH, AKi
MaloTh cTabimisyounit epeKT B eKCTpeMaJsbHi pOKU. 3 0CTaHHBOI YBepTi XX CT. BUSHAYEHO 3MiHU
KJIiMary, SKi I10B'sI3aHi He TiIbKYU 3 IapHUKOBUM epeKTOM, a U i3 IlepioguuHiCTIO, 110 3aJIeKUTh
BiZl eKJIINTUKYU 3eMHOI Kyni. Oco6JMBO TMOMITHI KJIIMaTUYHi 3MiHM OCTaHHIX AECATHIITH, L0
CYIIPOBOZIJKYETBCA CHUCTEMATUYHUM IMiABUIIEHHAM TeMIlepaTypy IOBITPA U HapOCTaHHAM
ApUAHOCTI KIiMaTy i BUMarae Bif JII0ACTBa HOBUX TEXHIYHUX 1 TEXHOJIOTIYHUX pillleHb

KniouoBi cnoBa: ce30HHI NOCyxY; TeMIlepaTypa IIOBITps; OIamy; 3eMJIepobCTBO; HOGPUBA;
[IPOAYKTHBHICTE; CUCTEMaTHUYHICTD
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Method for obtaining water retention properties of soils by
fractions of their granulometric composition

Abstract. This paper presents the method of obtaining water retention properties of soils (water
retention curve (WRC) and water conductivity functions) is presented. These properties, or functions,
allow describing the vertical movement of water in unsaturated soils as one of the components of the
waterbalance expenditure item. They are widely used during the substantiation of waterreclamations
and during modelling of water transfer in the soil. The method is based on laboratory studies of soil
samplestakeninthe field for granulometric composition. Currently, the results of laboratory analyses
in Ukraine are obtained according to the Kachynskyi method with two components, the percentage
of clay and sand. They are transformed graphically, using integral (cumulative) curves, into data
corresponding to the international classification - with three components: the content of sand,
dust, clay. The world community of soil scientists uses the latter factional distribution. Therefore,
using data on the content of sand, dust, clay, thanks to the open access computer program “Rosetta”
USDA (United States Department of Agriculture), water retention properties are found in the form
of water constants (total water content, minimum hygroscopic water content, filtering coefficient),
coefficients of the equations of Van Genuchten's mathematical model. This paper provides examples
of calculating the water retention properties of soils using the method of dark chestnut soils and
ordinary chernozems. The advantages of the proposed method include the low complexity of
experimental studies, the availability of analyses and the presence of many experimental studies
of the granulometric composition of soils, including in literature sources. As a development of the
research area, the author showed the application of the obtained dependencies for modelling water
transfer during water reclamation (irrigation in irrigation control systems). As for future research
areas, the publication suggests comparing the accuracy of obtaining water retention properties of
soils according to various methods, as well as obtaining an important water constant - the minimum
soil water capacity (MSWC)
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RELEVANCE

Water retention properties of soils are a funda-
mental characteristic during hydraulic reclama-
tion. Today, there are many methods for their
determination: they are given in literary sources
and DSTU state standards, but their direct deter-
mination faces difficulties with the lack of ap-
propriate laboratory equipment, the duration,
and laboriousness of research. The availability
of analyses and the availability of many exper-
imental studies of the granulometric composi-
tion of soils, including in literary sources, on the
one hand, the presence of studies on the connec-
tion of granulometric composition with water
properties of soils prompted the author to use
these scientific assets. Therefore, the idea of this
paper was to develop a scientifically sound con-
venient methodological tool for obtaining water
retention properties of soils (WRP) based on data
on the granulometric composition of the soil.

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

Research in theoretical (Van Genuchten, 1980:;
“Soil-hydrophysical maintenance”, 1987, Schaap
et al., 2001; Kovalchuk & Kolomiets, 2007), field
(DSTU B V.21 -24:2009), and laboratory (ISO
11274:1998; M.I. Romashchenko et al., 2019) de-
termination of water retention properties of
soils was initiated quite a long time ago and has
been covered extremely widely in the scientific
literature, and a number of DSTUs were devel-
oped for this purpose (ISO 11274: 1998; DSTU
ISO 11276:2001; DSTU B V21-24:2009). These
properties, the water retention curve (WRC) and
the function of moisture conductivity, are used
to substantiate hydraulic meliorations (Shang
Songhao et al, 2004; Kovalchuk et al, 2008;
Vozhegova et al, 2013; Zeleke, 2019; Gadzalo
et al., 2019; Markovska, 2021), for scientific re-
search during mathematical modelling of mois-
ture transfer in soils (Ahmad et al., 2018; Salugin,
2018; Ryzhova et al., 2019; Silva Ursulino et al,
2019; “System Modelling and Management”,
2019). A substantial obstacle is the duration and
complexity of field and laboratory studies to de-
termine WRP.

To avoid the mentioned shortcomings in the
determination of WRP, this paper proposes to
use the results of analyses of the granulometric
composition, according to the standardized
method (DSTU ISO 11277 2005; I1SO 11277: 1998),
of soil samples taken in the field. In the west,
laser diffractometers are used for particle size
analysis (Budanova et al., 2013).

Since the results of laboratory analyses are
obtained according to the Kachynskyi method,
they can be transposed to the international clas-
sification according to a graphical method using
graphical interpolation based on the obtained
cumulative curves of the granulometric compo-
sition of soils. This method for determining the
content of sand-dust-clay fractions in the soil
is proposed in publications (Baboshkina et al.,
2016; Zamin, et al., 2020).

According to the content of sand-dust-clay
fractions in the soil, based on the USDA (United
States Department of Agriculture) open access
software “Rosetta” (Schaap et al., 2001; “Roset-
ta v. 1.0"), there are water retention properties
in the form of water constants - total water ca-
pacity, minimum water retention capacity, fil-
tration coefficient and coefficients of equations
of Van Genuchten’s mathematical model (Van
Genuchten, 1980).

Therefore, the purpose of this study was
to develop a method for calculating the coef-
ficients of the equations of Van Genuchten's
mathematical model and water constants: total
water retention (TWR), minimum water reten-
tion content (MWRC), and filtration coefficient,
for scientific and practical use for substantiation
of hydrotechnical reclamation. Such a method
will be developed based on the graphical trans-
formation of the results of laboratory analyses
according to the Kaczynski method to the inter-
national soil classification and using the USDA
“Rosetta” open access computer program. The
main tasks of this paper were to present the
essence of the method with an illustration of it
using the example of several soils. At the same
time, the comparison of different methods was
not the task of this paper.
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MATERIALS AND METHODS

As for the objects of the study (Fig. 1), on the
example of dark-chestnut soils of the village
Pryvitne of the left-bank Kherson Oblast, at the
State Enterprise “Experimental Farm “Brylivske”
of the Institute of Water Problems and Land
Reclamation of the National Academy of Agrar-
ian Sciences of Ukraine and chernozems of

SELE @ O

deep low-humus soils in a complex with mead-
ow-chernozem soils of the village of Denhy, Zolo-
tonskyi District of Cherkasy Oblast, the study will
illustrate the calculation of water-physical prop-
erties according to the proposed and described
method. Soil samples were taken from several
horizons of the soil profile: arable, sub-arable,
and the horizon of the parent rock (Table 1).

Soils

Code : 42
Name: Deep, low-humus leached chemozems

Information

Code:

Name: Dark-chestnut residual, weakly and
| moderately saline soils

b)

Figure 1. Location of experimental plots and soil sampling points (according to the public cadastral
mabp): a) chernozems, Denhy village; b) dark chestnut soils of Pryvitne village

Plant and Soil Science, (12) 4
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Table 1. Results of laboratory analysis of soil samples according to granulometric composition

Diameter of fractions (in mm) ) o

and their content (in %) Soil classification

by weight of dry soil by 81“31’11110_“_19““1(3

Selection composition
No. Place of

. depth,
selection
cm
025- | 005- | 001- | 0,005-

0251 405 001 | 0005 | 0oo1 | <000 o iiim | <00l

mm

1 | villageof |0 o0 | 000 | 2228 | 5088 | 653 612 | 1399 7336 26.64
Denhy

o | villageof | a0 o1 | 012 | 1400 | 6165 | 379 836 | 1208 7577 24.23
Denhy

5 | villageof | g o3 | 038 | 1541 | se02 | 473 881 | 1465 71.81 2819
Denhy

g4 | villageof | o0 | 300 | 385 9.64 512 676 976 7836 2164
Pryvitne

5 | villageof | 50 oo | osgs | 3715 | 644 | 640 96 14.56 69.44 3056
Pryvitne

6 | Vvillageof | o o0 | 1o | 437 46 1592 | 016 | 2040 63.52 3648
Pryvitne

Soil dispersion is characterized by a gran-
ulometric composition, the relative content of
particle fractions of different sizes in the soil.
Therefore, laboratory studies using standardized
methods (DSTU ISO 11277 : 2005; ISO 112771998)
established the percentage of the size of soil

particles according to Kachynski's classification
(Table 1). Grapho-analytical studies were me-
thodically applied, USDA “ROSETTA” open access
software was used, and water-physical properties
of soils were found in the form of Van Genuchten
formula coefficients (Van Genuchten M. T., 1980):

1-1
0-0, 1 ' [ 0 -0 ] =
= or¥ =|| ——— -1 (1)
Orc—0, (H'(G“V)HJ Orwe = 0o
ol 2
‘— {e—eo]l_l_[e—eo ]nl
"V 0,,—6, Orpy— 0, )
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where 6, ., 6, - bulk soil moisture, total water
content, minimum possible moisture content,
fractions 1; ¢ is the water framework potential;
k k , are water conductivity and filtration coeffi-
cients, respectively, cm/day; n, a are coefficients.
The granulometric composition for deter-
mining the parameters of the Van Genuchten
model can be found in the laboratory or in the At-
las of soils of Ukraine (Atlas of soils of the Ukrain-
ian SSR, 1979) for approximately 70 soil profiles.

RESULTS AND DISCUSSION

As a result of the sand/clay gradation, which
underlies Kachynskyi's classification, some soil
types were obtained according to the granulo-
metric composition (Tsytsiura et al., 2020): loose
sand, cohesive sand, loamy sand, sandy loam,
medium loam, clay loam, light clay, medium
clay, heavy clay. It does not fully show the real

diversity of soils in terms of granulometric com-
position. Especially due to the failure to consider
the role of dust (swelling and subsidence, sub-
stantial influence on the anisotropy of moisture
conductivity, etc.) in the formation of the physi-
cal properties of the soil, the classification is still
far from reality.

Since the vast majority of Ukrainian labo-
ratories provide the results of analysis on the
granulometric composition of soil in the form
of the Kachynskyi's classification, there is a need
to transform these experimentally obtained re-
sults into the FAO international classification.
The international classification consists of 12
soil classes according to granulometric compo-
sition, where three fractions are distinguished -
sand, dust, and clay (Table 2). The translation of
class names is taken according to the mono-
graph of L.M. Globus (1987).

Table 2. Distribution of soils into structural classes according to granulometric composition

English (USDA) Designation Cyrillic (according to L. M. Globus)
1. Clay C I'muHa
2. Clay Loam CL BaskKUH CYITIMHOK
3.Loam L CymImMHOK
4. Loamy Sand LS Cymicor
5.Sand S TTicox
6. Sandy Clay SC OmicyaHeHa IJIMHA
7. Sandy Clay Loam SCL OnicyaHeHUH BasKKUM CYIIIMHOK
8.Sandy Loam SL JIerruii CyrJInHOK
9.Silt Si [unyBaTuy (MyITUCTU) TPYHT
10. Silty Clay SIC [MunyBarta rvHa (TyYHUN IPYHT)
11. Silty Clay Loam SICL ITunyBaTUM BYKKUH CYITIMHOK
12. Silty Loam SIL [MuyBaTUH CYITIMHOK

Therefore, the next step in implementing
the method is to construct integral curves of the

Plant and Soil Science, (12) 4

distribution of soil particles by fractions based
on laboratory analysis data (Fig. 2).
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Figure 2. Integral curves of the distribution of soil particles of experimental plots by size and
fractions: a) chernozem, Denhy village; b) dark chestnut, Pryvitne village

New values of the content of fractions of
particles of different sizes (sand, dust, clay) in
the soil are obtained from the integral curves.
The margins of sand, dust, and clay fractions
according to the USDA classification are as
follows:

e between fractions of sand and dust, the
marginal particle size is 0.05 mm;

» between fractions of dust and clay, the

marginal particle size is 0.002 mm.

Thus, for the objects of this study, the soils
of experimental sites, the fractional composi-
tion according to the international classification
is obtained, which is presented in Table 3. Thus,
according to the international classification,
chernozem soil from the Cherkasy region is silty
loam (Class 12), and soil from the Kherson region
is sandy loam (Class 8) (Fig. 3).

Table 3. Distribution of soils of experimental plots into structural classes according to
granulometric composition according to the international classification

Soil class
No. Selechq location, sand (%) Dust (%) Clay (%) according to Dens1t3y,
orizon granulometric g/cm
composition
1 | Denhy “élrige' 10-25 1 9048 62.32 152 silty loam 135
2 Denhy village, 36-61 1412 7118 147 silty loam 136

Plant and Soil Science, (12) 4
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Table 3. Continued

Soil class
No. Selectloq location, sand (%) Dust (%) Clay (%) according to Den51t3y,
horizon granulometric g/cm
composition

3 Denhy village, 71-93 1579 6771 16.5 silty loam 14
Pryvitne village,

4 0-20 687 19.8 115 sandy loam 16
Pryvitne village,

5 20-35 63 20 17 sandy loam 17
Pryvitne village,

6 75-85 5892 2108 20 sandy loam 17

Figure 3. Diagram of the classification of the soils of the experimental plots according to the
granulometric composition: a) dark-chestnut, Pryvitne village; b) chernozem, Denhy village

The “ROSETTA” program allows obtaining
hydraulic properties — the water retention curve
Y = f(6), and the water conductivity correlation
k = f(6) proposed by Van Genuchten (MT. Van
Genuchten, 1980), water constants TWR and
MWRC at different levels of input information
about soils:

by soil type according to granulometric
composition - these are the most generalized
water retention functions that can be used in the
preliminary evaluation calculations of Table 2;

» presence of granulometric composition
and soil density (Table 3) allows obtaining ade-
quate water retention functions of the soils un-
der study;

» presence of granulometric composition
and density of the soil, supplemented by refer-
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ence points of the main water retention charac-
teristic y = f(6) at pressures of 300 and 1500 kPa,
give the most accurate water retention correla-
tions according to the “ROSETTA” program.

For the soils of the experimental plots, the
results of the calculations of water constants and
curve coefficients are presented in Table 4 (parts
1 are converted to % volume by multiplying by
100%). There are also data from (Atlas of Soils of
the Ukrainian SSR, 1979) for somewhat compara-
ble soils (meadow-chernozem soil on loess-like
loams and dark-chestnut saline soils on loess).
As the data in Table 4 show, in general, each soil
is unique in terms of water retention properties,
since the properties change during agricultural
use. That is why the proposed method is useful
and will help accurately determine them.
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Table 4. Results of calculations of water retention properties of soils of study objects and their
comparison with data from literature sources

No Selection location, Orum 2 i kcp Orswc Oryr Ovswe
horizon parts1 | parts1 = cm/day | parts1l | partsl | parts1
1 Denhy village, 10-25cm | 0.385 0.060 | 00057 1638 14.22 0.254 0.565 0.282
2 Denhy village, 36-61cm | 0427 0.065 | 00049 | 1689 29.26 0198 0.563 0.32
3 Denhy village, 71-93 cm 0419 0.067 0.0051 1.672 2118 0.217 53.2 0.29
4 Pryvitne village, 0-20cm | 0.311 0.040 | 0.3825 1.238 35.96 0.258 0.55 0.305
5 P‘"W“n;s"élrlr"’l‘ge' 20- | 0331 | 0047 | 03547 | 1251 | 1071 | 0252 05 0275
6 Pryvitnevillage,75cm | 0.368 | 0.059 | 02879 | 1372 8.2 0.270 044 0.268

Notably, the fundamental constant, the min-
imum soil water capacity (MSWC), is determined
according to the method proposed in the study
(T.H. Barros et al,, 2017) using the authors’ pro-
posed method of calculating water retention
properties (Table 4). The authors of the present
paper will present these studies in further pub-
lications.

In this publication, the authors did not set a
task and did not investigate the question of the
accuracy of WRP calculations according to the
described method, since this is the subject of
further studies, where several methods will be
compared.

The reliability of the results obtained ac-
cording to the described method is confirmed
by the use of granulometric composition data
according to standardized methods, transfor-
mation of laboratory analysis results into an
international classification according to the
tested method, further calculation of water
retention properties according to a computer
program recommended by the US Department
of Agriculture. Notably, the empirical results
that form the basis of the program are based
on the analysis of over 6 thousand soil sam-
ples. Van Genuchten’s correlation has been well
known for many years. Its use is confirmed by
many studies that are described in many publi-
cations, and is used in FAO software (AquaCrop,
CROPWAT). The correlation is convenient for
modelling the water regime of soils.

Therefore, having obtained water retention
properties, it is possible to model water trans-
port in the soil (Ahmad et al., 2018; Salugin, 2018;
Ryzhova et al, 2019; Silva Ursulino et al., 2019;
“System Modelling and Management”, 2019),
calculate irrigation rates, watering times based
on smart systems, as in (Kovalchuk et al., 2008;
Gadzalo et al., 2019), or based on programs Aq-
uaCrop, CROPWAT, etc., recommended by FAO,
as it is done in publications (Vozhegova et al.,
2013; Zeleke, 2019; Markovska, 2021).

CONCLUSIONS

This paper presented a new method of deter-
mining water retention properties of the soil,
based on the laboratory determination of the
granulometric composition of the soil. The
method combines a number of international
standardized and widely known methods, com-
puter programs for calculating the water reten-
tion properties of soil with Ukrainian methods
for determining the granulometric composi-
tion. The method allows determining the TWR,
MSWC, MWRC, soil filtration coefficient, coeffi-
cients of the Van Genuchten model. This method
is very useful for substantiation water reclama-
tion, as it increases the accuracy of calculations
of irrigation regime parameters. The further de-
velopment of this line of research will be a com-
parison of the accuracy of the obtained water
constants and correlation coefficients according
to several laboratory and field methods.
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B.M. KoBanbuyk

JOKTOP TEXHIYHUX HaYK, TONIOBHMIA HAaYKOBWUI CNiBPOBITHUK

[HCTUTYT BOAHMX Npobaem i meniopauii HauioHanbHOT akagemii HayKk YKpaiHm
03022, Byn. BacunbkiscbKa, 37, m. KuiB, YKkpaiHa

MeToa oTpUMaHHA BOAHO-)i3NYHMNX BTACTUBOCTEN I'PYHTIB
3a ppaKuUIIMHU IXHbOIO rpaHy/IOMETPUYHOro cKany

AHoTauis. TIpefcTaBIeHo MeToj, OTPUMAaHHSA BOOHO-Gi3UYHMX BIACTUBOCTEN IPYHTIB (OCHOBHOI
rizpodisuunoi xaparTepuctky (OT'X) i yHKIIii BomoronposigHocri). 1i BiacTUBOCTI, a60 GyHKIIi
IAI0Th MOXKJIMBICTB OITMCATH BEPTUKAJIBHUN PyX BOJIOTH B HEHACHUEHUX BOJIOTOIO0 I'PYHTaX, IKOAHY
31 CKJIaI0BUX YaCTUH BUIATKOBOI CTATTI BOAHOIO 6aaHCy. BOHU IIUPOKO 3aCTOCOBYIOTHCA IIifT Yyac
06rpyHTYBaHHS BOAHUX MeJiopallii i Iifi Yac MOAETI0BaHHS BOJIOTOTIEpeHEeCeHHs B TPYHTI. A B
OCHOBY METOAY TOKJIaZIeHo JIabopaToOpHi JOCiIReHHS 3pa3KiB I'PYHTY, IO Bim6HUpaioThcd B IO,
Ha TPaHYJIOMETPUYHUM CKJIaZ, Pe3ynsTaTul TabopaTopHUX aHai3iB HaTerep B VKpaiHi 3a3Buyai
OTPUMYIOTECS 32 MeToAoM KaurHCBKOro 3 IBOMAa CKJIaJ0OBUMH, IIPOLIEHTHUM BMICT ITINHU U ITICKY.
BoHu rpadiuyHMM METOZIOM, 38 IOTTOMOTOI0 IHTErpabHUX (KyMYIATUBHIX) KDUBUX [1€PETBOPIOIOTHCS
B JaHi, BinmoBigHi 1o MiKHapomHoi Kiacudirallii — 3 TpbOMa CKJIAOBUMU: BMICT ITiCKY, WY,
UHU. OCTaHHIN TOGPaKIiIMHNY PO3IIOZiI BUKOPHUCTOBYE CBITOBE CITUIBHOTA I'PYHTO3HABILIB. ToMy
3 BUKOPUCTAHHAM JAaHUX [IPO BMICT IIiCKy, ITYITY, ITIMHY, 32 ZOIIOMOT0I0 KOMIT IOTEPHOI ITporpamu
3 BIIKPUTUM AOCTYIIOM «Rosetta» USDA (United State Department of Agriculture) sHaxomaTbcs
BOIHO-bi3SMYHI BIACTUBOCTI Y BUIVIAAI BOAHMX KOHCTAHT (TOBHOI BOJIOTOEMHOCTI, HAalMEHIIIO]
TirPOCKOITIYHOI BOJIOTOEMHOCTI, KoedillienTa inbrpariii), KoedillieHTiB piBHAHD MaTeMaTUYHOI
Mozeni BaH TleHyxTeHa. V TIybsikalii HaBeJeHO TPUKIAAU PO3PaAXyHKY BOAHO-(Gi3UUHMX
BJIACTUBOCTEN I'PYHTIB IIpeNCTaBJIEHUM METOIOM TeMHO-KallITAHOBUX TIPYHTIB i YOpPHO3eMiB
3BUYaMHUX. [0 IlepeBar 3alporiOHOBAHOTO METOXLY BAapTO BiZHECTU HEBEJIUKY TPYAOMICTKICTB
eKCIIepUMEeHTaIPHUX JOCHifKeHb, HOOCTYIIHICTh aHali3iB 1 HasgBHICTP BEJIMKOl KIUIBKOCTI
eKCIIepUMEeHTAaJIbHUX [OCHiIKeHb IpaHyJIOMEeTPUYHOIO CKJIaAy IPYHTIB, V TY. y JIiTepaTypHUX
IRepernaxX. SIK PO3BUTOK HAaIpSAMy JOOCIIIKeHb, aBTOP IIOKa3aB 3aCTOCYBaHHS OTPHUMAaHUX
3a/IEKHOCTEN Ui MOJENIOBAHHA BOJIOTOTIEpEHECEeHH 3a BOAHMX Mejiopallili, (3polneHHi B
crcTeMax KepyBaHHA 3polIeHHaM). [1lo10 HanpaAMiB MarbyTHIX ZOCIiIKeHb, Iy 6ITiKallid IporoHye
TIPOBECTHU MOPiBHAHHSA TOYHOCTI OTPUMaHHA BOJHO-GI3MYHIX BIaCTUBOCTEN I'PYHTIB 3a pisHUMU
METOaMU, 8 TAKOXK OTPUMAaHHA BaXKJIMBOI BOAHOI KOHCTAHTH — HalMeHIIoi BojioroeMHOCTi (HB)

KniouoBi cnoBa: IPyHTOBI BIaCTUBOCTI; iHTerpaibHi (KyMyaSTUBHI) KpUBI po3nofity dpakirin

T'PYHTY; KOMIT IoTepHa ITporpaMa «Rosetta» USDA; IT0BHa BOJIOTOEMHICTD; HalIMeHIMa rirpoCcKOITivYHa
BOJIOTOEMHICTB; KoedillieHT dinprpariii
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Effect of drip irrigation and the load of inflorescences
on the growth and development of parent vines

Abstract. The high yield of grafted grape seedlings and their quality depend on many factors,
including the quality of the grafting and rootstock components, which is also determined by proper
care of the parent grafted and rootstock vines. Their agricultural techniques should be aimed at
better growth and maturation of shoots. The technological technique of breaking off the shoots is
mandatory on parent vines, partial removal of inflorescences is not so common in the agrotechnics
of parent vines, but it has a positive effect on the overall development of plants. Parent plantings
should be irrigated, if possible, since insufficient moisture supply adversely affects the condition
of vines throughout the growing season and wintering. This paper investigated the effect of partial
removal of inflorescences (inflorescence load of 100%, 75%, and 50% of their total number) on parent
vines and the effect of different irrigation regimes (pre-irrigation soil water levels of 90%, 80%, and
70% of the minimum water content) on the state of parent vines were investigated, specifically
on physiological, biochemical, and biometric indicators of plants. It was shown that irrigation of
vines and reducing the load of inflorescences to 50% and 75% of their total number stimulated the
accumulation of chlorophyll in the leaves of parent plants, improved the watering of leaf tissues, and
contributed to an increase in the intensity of respiration during active growth and development of
grapes. A positive effect of irrigation and a reduction in the load of vines with inflorescences up to
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50% and 75% on the agrobiological indicators of parent vines was noted. The highest values of the
total length of the shoots and the degree of their maturation were found in the vines of the variants
with PSWL 90% MWRC 50% inflorescences, 80% MWRC 50% inflorescences, 70% MWRC 50% and
75% inflorescences. Therefore, effective irrigation regimes and reducing the load of vines with
inflorescences contributed to the growth of medium and strong full-fledged shoots, which are more

productive.

Keywords: grafted grape rootstocks; pre-irrigation soil water level; number of inflorescences;
watering of leaf tissues; respiration intensity, pigment content; agrobiological indicators of vines

RELEVANCE

Viticulture is a promising area of agricultural
production in Ukraine. Long-term fertile grape
plantations ensure stable and full-fledged de-
velopment of the industry. High-quality, cer-
tified grafted grape seedlings should be used
for planting industrial vineyards. During their
production, special attention is paid to the
quality of grafting and rootstock components.
Studies indicate that the prominent yield of
grafted grape seedlings and their quality de-
pend on many factors, including proper care of
royal plantings of grafted and rootstock vines
(Vlasov, 2015).

Rootstocks of grafted grape vines are spe-
cially created plantations of promising zoned
table and technical varieties, the vines of which
are used to produce grafted grape seedlings.
Parent plantings should be distinguished by
the purity of vines, the absence of diseases, ele-
vated productivity and durability, and their ag-
ricultural technology should be aimed at better
growth and maturation of shoots (Dikan, 2001).
Usually, the size of the berry harvest on the
mother grape bushes is regulated, preventing
the bushes from being overloaded with the har-
vest. On such bushes, the technological method
of breaking off the shoots, but not removing the
inflorescences, is mandatory, as this requires
additional labour costs (Mykytenko et al., 1990).
Studies indicate that normalizing the num-
ber of inflorescences per vine after establish-
ing the optimal number of shoots contributes
to a substantial increase in the leaf surface
area of the vine and its overall development
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(Kozhukharenko, 2013). Considering the possi-
bility of obtaining more high-quality grafting
vines of grapes, the method of partial removal
of inflorescences on parent vines is relevant
and requires detailed investigation.

Parent plantings should be irrigated, if pos-
sible, since insufficient moisture supply ad-
versely affects the condition of vines throughout
the growing season and wintering. One of the
main elements of irrigation technology is the ir-
rigation regime - a combination of the amount,
timing, and norms of irrigation, which substan-
tially depends on the yield of plantations. The
basis of forming the vineyard irrigation regime
is the support of the optimal range of humid-
ity in the soil layer, where the main part of the
root system of plants is located. For industrial
plantings of table and technical grape varieties,
the National Standard of Ukraine defines irri-
gation regimes, according to which the level of
pre-irrigation moisture of the root layer of the
soil (PSWL), depending on the phase of develop-
ment and water retention properties of the soil,
should be 70-80% of the minimum water reten-
tion capacity (MWRC) for table grape varieties
and 65-75% MWRC for technical varieties. It is
recommended to carry out 7-12 waterings dur-
ing the growing season of technical varieties, 10-
15 waterings during the growing season of table
varieties (DSTU 7595:2014, 2015). Since there are
no practical results regarding the determination
of optimal modes of drip irrigation on rootstocks
of grafted vines, this issue requires further in-
vestigation.
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ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

Today, for the cultivation of high-quality graft-
ing material of grapes, it is generally accepted
to use short pruning and to regulate the load of
the vines with buds and shoots, which allows
using the growth of the bushes to the maximum
for harvesting grape stalks (Ursu, 1989). When
determining the load of vines with shoots, their
growth strength, soil and climatic conditions
and the level of agrotechnics of plantings are
considered (Perstnev, 2001; Feitosa et al., 2018;
Almanza-Merchan et al,, 2014). Other authors
believe that the load of vines with shoots should
be determined by the amount of annual growth
of vines for the previous year or by the amount
of phytomass of growth of one-year shoots per
vine (Chulkov, Mukhortova, 2018; Kumar et al.,
2017). The practice of partial removal of inflo-
rescences on parent vines is not so common
in the agrotechnics of parent vines. However, it
was established that vines, in which the inflores-
cences were completely or partially removed in
the previous 1-2 years, develop better, become
more uniform in growth strength, store a larger
amount plastic substance (Ursu, 1989).

As for the irrigation of vineyards, different
methods of irrigation are used in Ukraine and
the world, but it is drip irrigation that keeps the
optimal moisture regime in the local soil layer,
reduces water consumption, and increases the
yield of grapes (Shevchenko, 2019).

It was confirmed that watering grape plan-
tations while maintaining soil moisture within
80-90% MWRC in the period after the end of
flowering and before the beginning of ripening
of berries creates favourable conditions for in-
creasing the volume of the root system, the de-
velopment of leaf and productive mass of plants
(Kudryasheva, 2006). Using the example of the
technical grape variety Aligoté, it is shown that
with drip irrigation of plantings and their load
of 110 thousand shoots/ha, the total water con-
sumption is 5,070 m?/ha, provided that the hu-
midity in the metre layer of the soil is kept at
100-85% MWRC (4-7 irrigations rate of 110-130
m3/ha, the irrigated rate was 460-900 m3/ha).

Under such conditions, the optimal parameters
of winter resistance of cells, development of
the root system and one-year growth, fertility
of shoots, size of berries and clusters were ob-
tained (Kyrychenko, 2003).

It was established that, depending on
the phase of development, table grape varie-
ties should be irrigated at the rate of 90 m3ha
(phase of bud break - flowering), 120-130 m?3/
ha (phase of berry growth - ripening of ber-
ries), 150 m3/ha (period of the greatest biomass
increment) (Pavelkivska, 2013). There is infor-
mation that during drip irrigation of parent
plantations of table grapes of the Rannii Maga-
rach variety with different loads of vines with
buds and shoots, soil moisture was kept within
70-100% MWRC, the irrigated rate, including
moisture-charging irrigations, averaged 630-
800 m3/ha per year (Mykytenko et al., 1990).

The purpose of this study was to develop ef-
fective modes of drip irrigation and load rates
of parent vines with inflorescences to obtain
high-quality graft components based on physi-
ological, biochemical, and biometric indicators
of growth and development of parent vines.

MATERIALS AND METHODS

The work was carried out in the department of
nursery and propagation of grapes of the NSC
“V.Ye. Tairov Institute of Viticulture and Wine-
making” during 2017-2020. The research was
conducted on the early ripening Augustyn ta-
ble grape variety, the vines of which were plant-
ed according to the scheme of 2.0x2.5 m in the
spring of 2010. The formation of the vines is a
horizontal two-stem border with a stem height
of 70 cm, the load of shoots is 26-28 shoots per
vine. The soil of the experimental site is south-
ern medium-loamy chernozem.

Three experiments were included in the re-
search scheme, which differed in PSWL and the
load of vines with inflorescences. Experiment
1 - PSWL 90% MWRC during the entire vegeta-
tion period of plants; experiment 2 - PSWL 80%
MWRC during the entire vegetation period of
plants; experiment 3 - PSWL 70% MWRC dur-
ing the entire vegetation period of the plants. In
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each experiment, there were 3 variants in which
a different number of inflorescences were left
on the vines. Variants 1.1, 2.1, 31 - 100% load of
vines with inflorescences (30-33 inflorescenc-
es/vine); variants 1.2, 2.2, 3.2 - 75% load of vines
with inflorescences (24-25 inflorescences/vine);
variants 1.3, 2.3, 3.3 - 50% load of vines with in-
florescences (15-16 inflorescences/vine). The
control variants were those where soil moisture
was natural, the load of vines with inflorescenc-
es was comparable to the experimental variants
(variants 4.1, 4.2, 4.3). In each variant, there were
5 accounting vines in 4 repetitions.

Drip tubes with a diameter of 16 mm with
integrated water outlets every 45 cm and a wa-
ter flow rate of 1.5 dm3/h were used to irrigate
the vineyards, which were suspended from the
crop wire. Soil moisture was controlled accord-
ing to the thermostatic weight method once a
week in the 0-80 cm soil layer. The timing of ir-
rigation and the duration of the inter-irrigation
period were determined based on the dynamics
of the moisture reserves of the root layer of the
soil and the distribution of precipitation. The
basis for maintaining PSWL 90% MWRC, 80%
MWRC, 70% MWRC was the minimum soil water
capacity, which was determined in undisturbed
soil according to the method of flooding sites.
The value of the irrigation rate was calculated
according to the formula of O.M. Kostyakov. It
was established that in the 0-80 cm layer, the
MWRC is equal to 27.03% of the dry soil mass.

On average, over the years of studies in ex-
periment 1, where the PSWL was kept at 90%
of the MWRC, 5.3 irrigations were carried out
(from 4 to 8 irrigations per season), the irriga-
tion rate was 81.9 m3/ha, the irrigated rate was
504.0 m3/ha. In experiment 2 with PSWL 80%
MWRC, the average number of waterings was
37 (from 2 to 5 waterings per season) with an
irrigation rate of 91.3 m®/ha, the irrigated rate
was 414.0 m?/ha. In experiment 3, with PSWL
70% MWRC, an average of 2 irrigations were
carried out (from 1 to 4 irrigations per season),
the irrigation rate was equal to 99.2 m%ha, and
theirrigated rate was 157.5 m3/ha. In the control,
soil moisture was natural.
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During the growing season (monthly, from
June to September), the main physiological and
biochemical indicators of plants were deter-
mined in leaf tissues (total moisture content,
pigment content according to T.M. Godney,
respiration intensity according to the P. Boy-
sen-Jensen method) (Tretyakov, 1990). At the
end of the growing season, biometric indicators
of plant development were measured (Avidzba,
2004). The obtained results were processed us-
ing the ANOVA program and the Microsoft Ex-
cel application package.

RESULTS

Sufficient soil moisture during the growing
season has a positive effect on the development
of the leaf apparatus, as evidenced by the inten-
sive course of physiological processes. Physio-
logical indicators of the water regime of grape
plants most fully indicate their need for water,
depending on particular environmental condi-
tions (I. V. Shevchenko, 2019).

The change in the level of hydration of leaf
tissues has a protective nature against the in-
fluence of adverse environmental factors dur-
ing the growing season and tends to decrease
from July to August (Stoev, 1984). This is also
confirmed by the authors’ studies. Thus, it was
established that the water content in the leaves
of irrigated grape plants ranged from 70.1% to
76.8%, reaching the highest values in June in
the variants with PSWL 90 and 80% MWRC 75%
inflorescences and in the version with PSWL
70% MWRC 50% inflorescence. In July, in all ex-
perimental variants with PSWL 70%, 80%, and
90% of MWRC, this indicator slightly decreased
(67.5-75.5%). On the other hand, the water con-
tent in the leaves of the control plants was 64.9-
711%. In September, with the beginning of the
leaf ageing period, the water content of the leaf
tissues decreased to 60.6-69.6%.

One of the key processes of living organ-
isms is the respiration of their tissues, since it
provides metabolic and energy processes, con-
siderably affects the growth and accumulation
of plant biomass (Keller, 2020). The conducted
studies revealed that the intensity of leaf tissue
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respiration in June was at 0.34-0.50 mg COZ/g,
in July it increased to 0.47-071 mg CO,/g, in Au-
gust it reached maximum values of 0.51-0.97
mg CO,/g, in September it decreased to 0.34-
0.46 mg CO,/g (Fig. 1). In general, the most sig-
nificant difference with the control according
to this indicator was in July, at the beginning of

the phase of ripening of berries - in the vines
under irrigation with a load of 100% of the in-
florescence, a decrease in the intensity of res-
piration by 18.3-33.8% was noted. If the load of
inflorescences was reduced to 50-75%, the in-
tensity of leaf respiration in vines during irri-
gation decreased by 20.3-26.9%.

1.2

1.0

0.8

0.6

mg CO,/g

0.4 -

0.2 7

0.0 7

1.1 1.2 13 2.1 2.2

90% MWRC 80% MWRC

M June

23 3.1 3.1 33 4.1

HJuly ®August

42 4.3

70% MWRC Control

September

Figure 1. Intensity of tissue respiration of leaves of Augustyn grape plants
under different PSWL and load of inflorescences
(average for 2017-2020)

The study of the state of the photosynthetic
apparatus, primarily the content of pigments,
can provide information about the state of the
plant because even in conditions of short-term
water stress, accelerated disintegration of pig-
ments is noted. It was found that under moisture
deficiency, the content of chlorophylls, especial-
ly chlorophyll A, decreases, and the amount of
carotenoids increases (Stoev, 1984).

It was determined that in June and July, the
largest amount of chlorophyll A was in the tis-
sues of plantleaves in the variants withirrigation
of 70% MWRC 50, 75, 100% inflorescences and
80% MWRC 75% inflorescences (by 9.3-30.8%
more compared to the control variants) (Fig.
2). In June-July, the content of chlorophyll A in
the leaf tissues of all control vines was at 1.72-
1.87 mg/g of wet mass, while in August, it in-
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creased by 7.8-23.3% compared to previous data,
probably due to the high adaptability of the Au-
gustyn variety to soil moisture deficit. In August,
the amount of chlorophyll A in irrigation plants
decreased by 5.7-29.3%. In September, at the be-
ginning of the period of senescence of leaves,
active ripening of vines and outflow of metab-

olites from leaves, the amount of chlorophyll A
decreased to 1.07-1.88 mg/g of wet mass. In June,
the amount of carotenoids was higher in the tis-
sues of the leaves of the control vines (0.73-0.79
mg/g of wet weight), except for the variant 70%
MWRC 75-50% inflorescences, where this indi-
cator exceeded the control by 20.5-23.0% (Fig. 2).

3.0

»2.5
wn

gz.o

=
L1s

=

S1.0

2L
or 0.5

H July

= August September

mg/g of wet mass

H June  July

September

= August

chlorophyll A carotenoids
Figure 2. The content of pigments in the tissues of the leaves of Augustyn grape plants under
different PSWL and load of inflorescences (average for 2017-2020)
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During further records, this trend was
maintained, the content of carotenoids in plant
tissues of control variants mostly exceeded this
indicator in vines under irrigation, reaching
maximum values in August - 0.95-110 mg/g of
wet mass.

It is known that with insufficient mois-
ture supply, the growth period of grape shoots
is shorter, and the growth intensity weakens,
and the yield of vines decreases. The size of in-
ternodes decreases, as a result of which the av-
erage number of leaves along the length of the
shoot increases (Stoev, 1984). The present study
confirms that irrigation certainly has a positive
effect on the growth and development of grape
plants. In general, the average values of the
number and diameter of leaves on experimental
vines (on irrigation) and on control vines (with-
out irrigation) did not significantly differ from
each other and were within 328.1-438.8 pcs./vine
and 14.8-75 cm, respectively (Table 1). The leaf
surface area of the plants of the 80%, 70% MWRC
50% inflorescence and 70% MWRC 75% inflores-
cence variants was the largest (858.7-896.4 dm?)
and exceeded the control values by 12.0-20.4%.

The leafiness of the shoots was the greatest in
the control variants with aload of inflorescences
of 75 and 100%, in vines with irrigation of 90%
PSWL this indicator was lower by 16.8-31.3%,
80% PSWL- by 9.6-17.3%, 70% PSWL - by 13.9-
28.7% compared to the control.

Ensuring the good development of the
growth of shoots of a standard diameter and
their timely ripening on the parent vines allows
obtaining high-quality grafted grape vines. With
this in mind, the authors of this study recorded
the development of one-year shoots of parent
vines. It was found that the total length of the
shoots of parent vines under irrigation with
different levels of PSWL with 100% load of in-
florescences exceeded this indicator in control
vines (without irrigation) by 5.3-26.3%, and the
longest shoots — 16144 cm - were in the vines
of the variant with PSWL 70% MWRC (Table 1).
In the case of a decrease in the load of the vines
with inflorescences, it was noted that the long-
est shoots were in the vines of the variants with a
load of 50% of the inflorescences, this indicator
was 176.2-191.1 cm, which is 8.5-177% more than
in the control vines.

Table 1. Agrobiological indicators of vines of the Augustyn variety under different PSWL and load of
inflorescences (average for 2017-2020)

Length of the £
%) —
& R 3] ) g mature part of g
&5 § o g q © the shoot i
i Q Qg B & = g
. =I g % o n © o0 <
Variant ° & s E oG 8 g =
o o <o I=iKs) — =
g % SE | £8 | 8 s
£ GJ 3 e 9 cm % =
= — = Y = o
Z < 2 =]
[95]
90% MWRC
100% inflorescences 369.1 14.8 646.8 18.8 134.6 93.6 69.5 709
75% of inflorescences 3729 15.2 669.9 14.3* 183.7* 135.0* 73.5 741
50% of inflorescences 3281 175 794.0 15.8 1911 1614* 84.5 748
80% MWRC
100% inflorescences 3836 154 716.2 187 146.9 111.5 75.9 711
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Table 1. Continued

. Length of the £

@ R o o £ mature part of =

= g o = 2 the shoot o

Z Q Qg B & S i

Vari 5y | Eg | B | 32 | P 2

ariant 5 2 £ 0 = g @8 Q k=

9 = g5 g < S) =

E Q & © » o cm % 2

=5 — 4 a=| IS)

Z < 2 i

(V)]
75% of inflorescences 390.2 159 774.2 18.8 157.2 153.9* 979 715
50% of inflorescences 4067 164 8587 183 1819 156.6* 861 7.82

70% MWRC
100% inflorescences 3701 15.2 664.3 15.9* 161.4* 120.0 74.3 7.31
75% of inflorescences 438.8 157 866.1 179 186.9* 156.5* 83.8 7.84
50% of inflorescences 4193 16.5 896.4* 197 176.2 164.7* 935 7.51
Control

100% inflorescences 373.0 16.0 7474 22.6 127.8 1236 96.7 7.51
75% of inflorescences 399.8 15.5 773.6 20.8 1441 100.2 69.5 7.59
50% of inflorescences 3827 159 7444 177 1624 1117 68.8 753
LSD,, 580 18 1194 63 289 321 048

Note: * - the difference with the control is statistically significant

The Augustyn variety is characterized by an early termination of growth processes and an early

onset of shoot maturation, according to average
annual indicators, it belongs to the group with
satisfactory maturation of one-year shoots (at
least 2/3 of the total length, or 65-80%). The au-
thors of this study found that the degree of shoot
maturation was the best in vines irrigated with
PSWL 70% MWRC 50% inflorescences and 80%
MWRC 75% inflorescences and was 93.5% and
97.9% of the total length (Table 1).

In control vines, which were cultivated with-
out irrigation with a load of inflorescences of
100%, the degree of shoot maturation was also
high - 96.7%. In general, shoot maturation was
worse (62.1-73.5%) in the variants with the most
intensive irrigation of 90% MWRC at 100% and
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75% inflorescence load, probably due to ex-
cessive soil moisture. In control vines (without
watering) with a load of 75% and 50% of inflo-
rescences, the maturation of shoots was satis-
factory (68.8-69.5%). In all variants with irriga-
tion in the case of a load of 50% inflorescences,
the length of the mature part of the shoots was
401-474% longer compared to the control, the
difference is reliable. When loaded with inflo-
rescences of 75%, the length of the mature part
of the shoots decreased, but was greater than
in the control variant of 75% inflorescences by
34.8-56.3%. The average diameter of the mature
part of the shoots in vines on irrigation was 7.1-
7.8 mm, in vines without irrigation (control) -
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7.5-7.6 mm, the difference between the variants
is not significant.

The study also analysed the number of
shoots of different length on the vines, since
a higher yield of the standard grafted vine can
be obtained thanks to the development of me-
dium and strong shoots (Table 2). Thus, in the
control variant with 100% load of inflorescenc-
es, shoots with a length over 150 cm account-
ed for 40.8% of their total number, and in the
variant with 90% MWRC irrigation, there were
more such shoots - 42.8%, in the 80% MWRC
variants - 517%, and 70% MWRC - 59.4%. In

the case of a decrease in the load of vines with
inflorescences, the share of long shoots (over
150 cm) increased to 73.9-74.4% (PSWL 90% of
MWRC), 57.7-71.6% (PSWL 80% of MWRC) and
63.4-72.6% (PSWL 70% MWRC), while the pro-
portion of long shoots in control plants was
49.3-71.1%. The total growth (total length of all
shoots) of vines of experimental variants is
significantly higher than in the control. For in-
stance, in the variant with PSWL 90% MWRC,
if the load of inflorescences was reduced to
50-75%, the total growth of shoots was greater
compared to the control by 19.5-29.5%.

Table 2. Influence of drip irrigation and loading of vines with inflorescences on the growth of
annual shoots of Augustine grapes (average for 2017-2020)

Shoot length, cm Wzl Erm{vth e
Variant SIS
0-50 o
51100 | 101150 | >150 cm L)
control
cm 70 573.8 11750 | 13134
90% MWRC
~ 30692 | 1301
100% inflorescences '
) % of totalgrowth | 0.2 187 38.3 42.8
cm 318 196.8 9074 | 32192
90% MWRC
: 43552 | 1295
0, y
75% of inflorescences | o/ /ol growth | 07 45 208 73.9
cm 00 2886 7698 | 30756
90% MWRC
. 41340 | 1195
[o) ”
50% of inflorescences | o/ /a1 growth - 70 186 74.4
cm 184 554.2 10148 | 1700.8
80% MWRC
. 32882 | 1394
o) i
100% inflorescences | o/ c/ovoigrowth | 06 16.9 309 517
cm 300 4478 | 10588 | 20944
80% MWRC 36310 | 1079
[ i 5 . A
75% of inflorescences | o/ /ol growth | 0.8 12.3 29.2 577
cm 2738 3118 9428 | 32316
80% MWRC
. 45140 | 1305
[o) y
S0%ofinflorescences | o/ ¢ o1 growth | 06 69 209 716
cm 64.2 4252 7452 | 1,806.4
70% MWRC
, 30410 | 1289
0, y
100% inflorescences % of total growth 2.1 14.0 245 594
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Table 2. Continued

Shoot length, cm Total growth of
Variant shoots
0-50 0
51100 | 101150 | >150 cm | %W
control
cm 280 399.8 8472 | 33844
70% MWRC 46594 | 1385
[ 3 , . .
75% of inflorescences | o o\ ool growth | 06 86 182 726
cm 180 2900 | 12054 | 2,6170
70% MWRC
. 41304 | 1194
0, »
50% of inflorescences | o/ /ol growth | 04 70 29.2 634
cm 84 7900 5982 | 962.8
Control100% 23594 | 100
inflorescences %oftotalgrowth | 04 335 254 40.8
cm 64.0 5072 11360 | 16570
Control
: 33642 | 100
(o) y
75% of inflorescences | o /ool growth | 1.9 151 33.8 493
cm 55.2 2990 6464 | 24578
Control
. 34584 | 100
0, Y
50% of inflorescences % of total growth 16 86 187 711

Note: * for each of the experimental variants, there is a control variant with the same load of inflorescences.

CONCLUSIONS

Irrigation of the vines and reduction of the load
with inflorescences had a positive effect on
the physiological and biochemical indicators
of the grapes, stimulated the accumulation of
chlorophyll in the leaves of the parent plants,
improved the watering of the leaf tissues, and
contributed to the increase in the intensity of
respiration during the period of active growth
and development of the grapes. A positive effect
ofirrigation and a reduction in the load of vines
with inflorescences up to 50% and 75% on the
agrobiological indicators of parent vines was
noted. The highest values of the total length of
the shoots and the degree of their maturation
were found in the vines of the variants with
PSWL 90% MWRC 50% inflorescences, 80%

MWRC 50% inflorescences, 70% MWRC 50%
and 75% inflorescences. The analysis of differ-
ent length groups of grape shoots showed that
when the load of vines with inflorescences de-
creased, the proportion of long shoots (over 150
cm) increased the most in experiment 1 with
PSWL 90% MWRC irrigation (up to 73.9-74.4%).
The total growth (total length of all shoots) of
irrigated vines exceeded the control. Thus, ef-
fective irrigation regimes and reducing the
load of vines with inflorescences contributed to
the growth of medium and strong full-fledged
shoots, which are more productive. Further
studies will analyse the qualitative and quanti-
tative indicators of the yield of berries and the
resulting grafting vine of grapes.
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BNNmMB Kpan/IMHHOIO 3pOLUEeHHSA Ta HABaHTa)XXeHHA
CyUBITTSIMU Ha PICT i PO3BUTOK MAaTOYHUX KYLLiB BUHOIrpaay

AHoTaUif. BUCOKHI BUXI[ IIeTIEHMX Ca)KaHIIiB BUHOTPALY Ta IXHS SIKiCTh 3aJ1€3KaTh Bif 6araTbox
barTOpiB, y TOMY YHCJIi BiZI AKOCTI IIPUILEITHO - ITiAIIeITHUX KOMITIOHEHTIB, 1[0 TaK CAMO BU3HAYAEThCS
HaJIeKHUM [OIVIANOM 33 MaTOYHMMM HAaCaJKeHHAMH MNPUINENHUX Ta IiJIIENHUX JI03. IXHA
arporexHika Mae 6yTy HallpaBjieHa Ha Kpalllii picT Ta BU3piBaHHA MMaroHiB. Ha MaTOYHUX KyLIax
€ 060B'I3KOBUM TEXHOJIOTIUHUM TIPUHMOM 06JIOMyBaHHS TIArOHIB, YACTKOBE BUIAJIEHHS CYLIBITH
He € TaKUM IIOIIMpEeHUM y arpoTexHilli MaTOYHUKIB, OIHAK ITO3UTHMBHO BIUIMBAE Ha 3arajabHUM
PO3BUTOK POCIUH. MaTOUHI HacaAyKeHHS 3a MOJIMBOCTI CJIiJ 3pOIIyBaTH, OCKIIbKYA HeJOCTaTHE
3a6e3eYeHHs BOJIOTOI0 HETaTHBHO BIUIMBA€E HAa CTaH KYILIB YIIPONOBK YCBOTO BETETAIiMHOTO
iepiozy Ta 3uMiBi. V maHill po60Ti ZOCITIIKEHO BIUIUB IIPUMOMY YaCTKOBOTO BUZAJIEHHS CYLIBITh
(HaBaHTaXkeHHA cyuBiTTAMM 100, 75 Ta 50 % Bif iXHBOI 3araybHOI KiJIBKOCTI) HA MATOYHUX KyILaxX
Ta BIUIME Pi3HUX PEKUMIB 3polueHHd (piBHi IepeanonuBHoi BoiorocTi rpyHTy 90, 80 Ta 70 % Bix
HalMeHIIIOl BOJIOTOEMHOCTI) Ha CTAHMATOYHWX HacaIKeHb, 30KpeMa Ha disionoriuni, 6ioxiMiuni Ta
6ioMeTpUYHi MOKa3HUKU POCIHH. [ToKa3aHo, 1[0 3pOLIeHHs KyLIiB Ta SMEHIIEHHS HaBaHTaXeHHS
cyuBiTTaMu 1o 50 Ta 75 % Bif IXHBOTO 3arajbHOI KiIBKOCTI CTUMYITIOBAJIN HAKOITM4YeHHA XJI0podiny
B JINCTKAX MaTOYHMX POCJIMH, IOKPAIIyBaIi 06BOJAHEHHS TKAHUH JIMCTKIB, CIIPUSIIY iIBULIEHHIO
IHTEeHCHMBHOCTI AUXaHHS B IIepiof, aKTUBHOIO POCTY Ta PO3BUTKY BHHOrpaZy. BigmiueHo
TIO3UTUBHUM BIUIMB 3pOIIEHHS Ta 3MEeHIIeHHS HaBaHTaKeHH KyIIiB cylBITTAMY 10 50 Ta 75 % Ha
arpo6iosIoriyHi MoKasHUKY MaTOYHUX KYIIiB BUHOTpaay. Harbimbiri 3HaueHHS 3aTaIbHOI JOBXUHN
TIaroOHiB Ta CTYTIeHs iXHBOT0 BU3piBaHHA 6y/I1 B KyLIiB BapiaHTis i3 PIIBI 90 % HB 50 % cyusiTb, 80 %
HB 50 % cy1BiTh, 70 % HB 50 Ta 75 % cy1BiTh. OT)Ke, epeKTUBHI peXXUMU 3pOIIeHHS Ta 3MeHIIeHHS
HaBaHTa)KeHHS KYIIiB CYLBITTAMY CIIPUSIN POCTY CEpeIHIX Ta CUJIbHUX ITIOBHOLIIHHUX [TaroHiB, AKi
€ BiIBII IPOAYKTUBHUMU

KniouyoBi cnoBa: MpUIlernHi MaTOYHVUKY BUHOTPAAY, PiBeHb IIePeITONINBHOI BOJIOTOCTi I'PYHTY,

KUIBKICTD CYLIBiTH; OOBOZHEHHA TKAHUH JIMCTKIB; iHTEHCHBHICTh AWXaHHS; BMICT IIirMeHTIB;
arpo6ioJoriuHi MOKa3HUKYU KyIIiB
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