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PefaKIiifiHa KoJerid

IIOKTOD CiJIbCBKOTOCTIONAPCHRUX HAayK, Mpodecop, WieH-KopecrnoHmeHT HAAH
VKpaiuu (roJI0BHUI penaKkTop)

KaHM/IAT CThCBKOTOCTIO-IAPChKIX HAYK, IOLIEHT (TOJIOBHMIM PEIAKTOP)

KaHIUZAT CUTBCHKOTOCITOAAP-ChKUX HayK, IPOBIIHUI HAyKOBUH CITiBPO6ITHUK, HYBIll
Vkpaiuu (BiAMoBiAaIbHIN cCeRpeTap)

KaHOUIAT CiIbCBKOTOCTIONAPChKUX HAayK, HOLEHT (3aCTYMHUK BiAMOBiZAJIbBHOTO
cekperaps)

IIOKTOD XiMiuHMX HayK, Ipodecop

JOKTOP CiJIbCBKOTOCIIOAAPCHKUX HayK, Mpodecop, WieH-KopecrnoHAeHT HAAH
VKpaiHu

JOKTOP CLIBCBKOTOCIIONAPCHRIIX HAYK, WieH-KopecroHaeHT HAAH VkpaiHu
IOKTOp 6i0JIOTIYHMX HAyK, CT. HAYKOBUIA CITiBPOBITHUK (32 3rof010)

KaHIUZAT XiMIYHUX HayK, LOLIEHT

IOKTOp HayK (PyMyHis) (3a 3r0m1010)

JOKTOD CLIBCBKOTOCIIONAPCHRUX HAYK, IIPOdecop

JOKTOp CLIBCBKOTOCIIO-IAPCEKUAX HAyK, Mpodecop, wWieH-KOpecnoHAeHT HAAH
VKpalHu

KaHAUAAT XIMIYHUX HayK, IOLIEHT

IOKTOp Hayk, mpodecop (TTosbia) (3a 3ro7010)

IOKTOp Hayk, mpodecop (Kutaii) (3a 3rofo1o)

ZOKTOP CiJTBCBKOTOCIIO-apChKUX HayK, ipodecop (JIuTsa) (3a 3romoi0)

JIOKTOp XiMiUHMX HayK, Tpodecop

KaHVJIAT CLIIbCbKOIOCIIOLAPCEKYX HAyK, LOLIEHT

IIOKTOP CLIBCBKOTOCIIOAAPCHKUX HayK, Iipodecop (TypeuunHa) (3a 3rofo1o)
KaHVJAT CLIbCbKOIOCIIOLAPCHKYX HayK, LOLIEHT

ZOKTOP CLTBCHKOTOCIIONAPCHRUX HAYK, JOLIEHT

JOKTOP CLIBCBKOTOCIIONAPCHRUX HAYK, IIPodecop

IOKTOp Hayk, podecop (CIIIA) (3a 3roz010)

ZOKTOP CUIBCHKOTOCIIOAAPCHKIX HayK, IIpodecop, wieH-Kop. HAAH Vrpainu
JIOKTOP CLIBCBKOTOCIIONAPCHRUX HAYK, CT. HAYKOBUH CIiBPOBITHUK (38 3r0f1010)
JOKTOP CLIBCBKOTOCIIOAAPCHRUX HAYK, IIPOdecop

IOKTOp biosoriunmx Hayk, mpodecop (Cpysis) (3a srozmoro)

KaHVJAT CLIIbCBROIOCIIOAAPCHKYX HayK, LOLIEHT

JOKTOP CLTBCBKOTOCIIONAPCHRUX HAYK, JOLIEHT

IIOKTOP CiJIBCBKOTOCIIOAAPCHKUX HaYK, CT. HAYKOBUH CITiIBPOBGITHUK (3a 3rofi010)
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Features of growth and development of alfalfa-cereal grass
stands depending on the species composition and fertiliser

Abstract. The results of studies on the influence of the species composition of herbage, the level
of fertiliser, and growth stimulator Fumar on the density and botanical composition of plants are
presented. The experimental part of the study was performed in the scientific laboratories of the
Department of feed production, land reclamation and meteorology in the production division of the
National University of Life and Environmental Sciences of Ukraine "Agronomic Research Station".
The territory of the station is located in the Right-Bank Forest-Steppe and is part of the Bilotserkivsky
agro-soil district. Experimental plots were laid on chernozems of typical low-humus large-dusty
light loamy mechanical composition, which are characterised by a high content of nutrients. The
climate of the region is characterised by unstable humidity and moderate temperature conditions.
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Features of growth and development of alfalfa-cereal grass...

The average annual air temperature is 6-8°C. The annual amount of precipitation reaches 562 mm,
during the growing season - 354-394 mm (63-70% of the annual norm), which falls unevenly
throughout the year. Based on the conducted studies, it was identified that sown herbage is formed
with a density of 686-1250 shoots per 1 m2 and a height of 58-148 cm. Alfalfa-cereal and cereal
stands are denser than alfalfa ones. For the period from 1to 3 years of use of herbage, the density
of alfalfa shoots decreases, while that of orchard grass and smooth brome increases, and more
intensively with the introduction of N . During the first three years of use, grass stands are formed
with the dominance of sown components with a share of alfalfa in single-species sowing of 85-98%,
in alfalfa - cereal mixtures - 30-58%. For the period from the 15t to the 3" year of use of alfalfa-cereal
stands, the share of alfalfa decreases by 11-24%, and more intensively with the introduction of N60.
In addition, between the two cereal components, there is a change of co-dominant - from meadow
fescue to eastern fescue, eastern fescue to orchard grass, perennial ryegrass to smooth brome,
like in the cereal stand, eastern fescue to smooth brome. In the 3rd year of use, ryegrass thins out,

reducing the involvement rate to 5-14%

Keywords: alfalfa, cereal stand, shoot density, botanical composition, fertiliser

RELEVANCE

Improving the efficiency of using natural forage
land plays an important role in creating a strong
feed base for animal husbandry. The latter are a
source of cheap grass feed (hay, haylage, green
feed, artificially dried grass feed), which are well
balanced in protein, minerals, and vitamins, and
also act as a factor in improving the ecological
situation in agricultural landscapes, protecting
soils from erosion and water sources from silta-
tion and pollution.

In Ukraine, the area of such land is approx-
imately 7.8 million hectares, in the Right-Bank
Forest-Steppe - 1 million hectares. However,
their feed-producing and environmental ca-
pabilities are not yet fully used. Productivity in
modern conditions of insufficient resource pro-
vision of agriculture remains too low (does not
exceed 1.0-1.2 t/ha of feed units), which is several
times less than the potential capabilities (Bo-
hovin & Kurhak, 2007; Veklenko, 2003; Yarmoly-
uk, 2001).

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

It is necessary to improve nitrogen nutrition
to increase the productivity of sown perennial
grass stands because their need for nitrogen is
the greatest. The average nitrogen dose per 1 ha
of improved hayfields and pastures in Ukraine
does not exceed 15-20 kg/ha along with its acute
deficit balance. The removal of this element with
the harvest is several times higher than the re-
turn. The need of meadow lands in Ukraine for
nitrogen can be half covered by the effective use
of the potential of perennial legumes through
the enrichment of meadow stands with legume
components (Bohovin, 2009; Davydyuk, 2000;
Ohiyenko, 2008). Due to the insufficient supply
of forage crops with mineral nitrogen, which is
at the first minimum in most soil types, consid-
erable attention should be paid to the creation
of legume- cereal stands with an increased pro-
portion of legume components in them (Kurhak
§ Luk'yanets’, 2004; Satsik, 2000).

6 Plant and Soil Science (12)2
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Among the sown grass stands, the leg-
ume-cereal ones fully comply with the princi-
ples of organic production, are one of the most
promising areas of organic meadow farming, in
which legume components ensure high produc-
tivity of land and feed quality without the intro-
duction of mineral nitrogen. In the conditions of
the Forest-Steppe, the best results in terms of
productivity and feed quality in the composition
oflegume-cereal grass mixtures are provided by
the use of alfalfa as a legume component. Its in-
troduction into the composition of legume-cere-
al coenoses without the introduction of mineral
nitrogen increases the productivity of meadow
lands by 1.5-2.5, and protein collection - by 2-3
times compared to grass stands (Demydas’ et al.,
2019, Slyusar, 2002).

One of the main conditions for creating
highly productive sown herbage is the correct
selection of cereal components, considering
their cenotic characteristics, and environmen-
tal and agrotechnical factors. It is necessary
to consider the relationships and interspecific
functional relationships between plants in phy-
tocenoses, starting from the moment of seed
germination, so that cereals are characterised by
low cenotic activity or aggressiveness. In grass
mixtures, first of all, those types and varieties
of herbs that are more productive and resistant

in these soil and climatic conditions are used
for sowing them in their pure form (Voloshyn &
Sukaylo, 2014; Kurhak § Luk'yanets’, 2002).

The purpose of the study consists in estab-
lishing the regularities of the development of
high productivity of sown perennial grass stands
with alfalfa sowing for the use of various cere-
al components, mineral fertilisers and growth
stimulator Fumar on chernozems of typical
low-humus Forest-Steppe of the right bank.

MATERIALS AND METHODS

The research was conducted in scientific lab-
oratories of the Department of fodder produc-
tion, land reclamation, and meteorology in the
production division of the National University
of Life and Environmental Sciences of Ukraine
“Agronomic research station” during 2014-2016.
The soil of the experimental field is the typical
low-humus chernozem, with a large-dusty me-
dium loamy granulometric composition. The
humus content in the arable layer (according to
Tyurin) is 4.34%, the pH of the salt extract is 6.8,
the absorption capacity - 307 mg-Eq/kg of soil,
alkaline hydrolysed nitrogen (according to Ko-
rnfield) - 101 mg/kg of soil, mobile phosphorus
and exchange potassium (according to Chyrik-
ov) - 113 and 91 mg/kg of soil, respectively. The
scheme of the experiment is shown in Table 1.

Table 1. Experiment scheme

No. Factor A — herbage (types of grasses and seeding rate, kg/ha)

1 Alfalfa, 16

2 Alfalfa seed, 12 + eastern fescue, 10 + meadow fescue, 8
3 Alfalfa seed, 10 + eastern fescue, 10 + orchard grass, 8
4 alfalfa, 10 + Smooth brome, 14 + perennial ryegrass, 10

Plant and Soil Science (12)2 7



Features of growth and development of alfalfa-cereal grass...

Table 1, Continued

No. Factor B — fertilisers (nutrients and their doses)
5 Alfalfa seed, 10 + stemless bonfire, 14 + eastern fescue, 8
6 Smooth brome, 14 + eastern fescue, 8 (cereal stand), control
1 Without fertilisers (control)
2 P60 K90
3 N60P60K90
4 N60P60K90 + growth stimulator Fumar

The area of the sown plot is 30 m?, the
accounting plot - 25 m?, the repetition rate of
the experiment is fourfold. The technology of
growing perennial grasses, with the exception
of the factors under study, was the generally ac-
cepted one for the Right-Bank Forest-Steppe of
Ukraine. The following types of perennial grass-
es zoned with highly productive varieties were
used in the experiment, namely alfalfa (Med-
icago Sativa L.), variety Regina; smooth brome
(Bromus inermis Leyss), variety Mars; perennial
ryegrass (Lolium perenne L.), variety Kyivska 101;
eastern fescue (Festuca arundinacea Schreb.),
variety Danka; meadow fescue (Festuca praten-
sis Huds), variety Dibrova; orchard grass (Dacty-
lis glomerata L.) variety Natalka.

RESULTS AND DISCUSSION
It is known that the density of any grass stands,
including alfalfa-cereals, serves as an important
indicator because shoots are an important organ
where the leaf surface is formed, which is crucial in
the development of the crop (Solyanyk et al., 2000).

According to the data obtained from the
study of the density of the herbage, on average
for 2014-2016, the total number of shoots in al-
falfa, alfalfa-cereal, and cereal herbage ranged
between 686-1250 pcs./m?(Table 2). Alfalfa-ce-
real and cereal stands were characterised by a
higher density of 372-541 shoots per 1 m? more
in comparison with single-species sowing of
alfalfa. By the total number of shoots per 1 m?
according to the average data, there was no
big difference between the fertiliser options
for alfalfa-cereal and cereal stands.However,
these stands were somewhat thicker against
the background of the introduction of N P, K.,
+ biostimulator of growth Fumar, that is 41-66
more shoots than without fertilisation.Alfal-
fa-cereal stands with orchard grass and peren-
nial ryegrass were also thicker. With the addi-
tional input to the P, K, of nitrogen in dose N,
there was a tendency to reduce the density of
alfalfa grass stands and alfalfa-cereal mixtures
by 29-84 shoots per 1 m? and an increase - on
the cereal stand.

8 Plant and Soil Science (12)2


http://www.wikiwand.com/uk/Schreb.

Burko et al.

Table 2. Density of shoots of alfalfa, alfalfa-cereal, and cereal stands
on different fertiliser backgrounds, pcs./ m? (average for 2014-2016)

Including
Fertiliser Total, pcs./ m? cereals
alfalfa by components mixed grasses
= - total
Alfalfa
Without fertilisers 756 696 - - - 60
PoKeo 770 715 - - - 55
NeoPeoKso 686 611 - - - 75
NgoPeoKoot Fumar 709 642 - - - 67
Alfalfa + eastern fescue + meadow fescue
Without fertilisers 1128 508 303 263 566 54
PoKeo 1160 517 300 293 593 50
NeoPeoKso 1089 457 316 316 632 45
NgoPeoKeo™ Fumar 1169 489 300 337 637 43
Alfalfa + eastern fescue + orchard grass
Without fertilisers 1194 547 330 263 593 54
PoKeo 1236 558 338 290 628 50
NeoPeoKeo 1202 497 300 360 660 45
NgoPoKeo™ Fumar 1250 523 290 394 684 43
alfalfa + stemless plum + perennial ryegrass
Without fertilisers 1159 531 300 274 574 54
PoKeo 1199 540 350 259 609 50
NeoPeoKoo 1168 478 355 290 645 45
NoPoKeo™ Fumar 1202 501 358 300 658 43
alfalfa + plumless + eastern fescue
Without fertilisers 1246 516 326 350 676 54
PoKso 1191 530 311 340 611 50
NeoPeoKso 1154 467 341 301 642 45
NoPoKgo™ Fumar 1192 497 353 299 652 43
Smooth brome + eastern fescue (cereal stand)
Without fertilisers 1118 - 998 553 1051 67
PoKoo 1145 - 500 585 1085 60
NeoPeoKso 1178 - 600 521 1121 57
N P Ko+ Fumar 1184 - 616 515 1131 53
HIP 26 28 24 20 15

05
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When analysing the density of legume-ce-
real herbage by components, it was identified
that Alfalfa formed the most shoots, the num-
ber of which ranged between 457-696 shoots
per 1 m? The number of shoots in cereal com-
ponents was lower - each in the range of 263
to 353 shoots per 1 m? Therewith, the total
number of shoots of two cereal components,
which ranged between 574-658 shoots per 1 m?,
was approximately on the same level with the
shoots of alfalfa.

Notably, both on single-species alfalfa sow-
ing and in alfalfa-cereal stands for applying ni-
trogen fertilisers at a dose of N ,compared to the
background of P_ K, the number of shoots of
the legume component substantially decreased,
which confirms the results of other researchers.
In this case, in a single-species alfalfa crop, their
number decreased by 104 shoots per 1 m? on al-
falfa-cereals — by 60-63 shoots per 1 m2

However, in the case of using the growth
biostimulator Fumar on the background of
NP K, reducing the number of alfalfa shoots
fromapplying N was abouthalfas much. There-
with with the intoduction of N_P_ K_, compared

60~ 60”907

toP, K,
of grass mixtures of cereals is increased by 31-
39 units. This was mostly due to an increase in
the shoots of perennial ryegrass, smooth brome,

the total number of shoots sown as part

and, especially, orchard grass, the number of
which in the mixture alfalfa + eastern fescue +
orchard grass increased by 70 shoots per 1 m?.

An important factor in the development
of yield and feed value of grass stands is its
botanical composition, which is also deter-
mined by soil and climatic conditions, the age
of the grass stand, usage regimes and fertilisers.
With an increase in the proportion of the leg-
ume component in herbage, their productivity
increases due to biological nitrogen fixation.
Cereal components under conditions of joint
cultivation with legumes contain more protein
than in single-species crops (Olifirovych, 2008;
Prykhod’ko § Kharytonchyk, 2010).

According to the data obtained from the
study of the botanical composition of the herb-
age, on average for 2014-2016, alfalfa dominated
the single-species sowing of alfalfa with a share
of 88-94% (Table 3). The rest was mixed grasses
with a share of 5-12%.

Table 3. Botanical composition of alfalfa, alfalfa-cereal, and cereal stands
on different fertiliser backgrounds, % (average for 2014-2016)

Cereals by components Mixed grasses
T A0 Fertiliser Alfalfa
621.9]:631.55/.86:633.15 15t ond total
Alfalfa Without fertilisers %4 - - - 6
PoKep 95 - - - 5
NeoPooKo 88 - - - 12
NgoPeoKgot FUMar 92 - - - 8
Alfalfa + eastern fescue + | Without fertilisers 43 28 23 51 6
meadow fescue
PoKyp 43 27 25 52 5
NgoPooKo 40 25 25 50 10
N, Py,Kyo+ Fumar 41 24 26 51 8

10 Plant and Soil Science (12)2
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Table 3, Continued

Cereals by components Mixed grasses
[330.131.5: -
Fertiliser Alfalfa
621.9]:631.55/.86:633.15 1 ond total

Alfalfa + eastern fescue + | Without fertilisers 49 27 21 48 3
orchard grass

PeoKeo 50 26 22 48 2

NgoPeoKoo 44 22 26 48 8

N,,PgoKeot Fumar 48 21 27 48 5

alfalfa + smooth brome + | Without fertilisers 48 28 20 48 4

perennial ryegrass

PoKeo 49 29 19 48 3

NgoPeoKoo 43 27 21 48 9

N,oPeoKeot Fumar 46 26 22 48 6

alfalfa + plumless + Without fertilisers 48 22 25 47 5
eastern fescue

P60K9O 48 23 25 48 4

NeoPeoKso 42 27 22 49 9

N,oPeoKeot Fumar 44 28 21 49 7

Smooth brome + Without fertilisers - 43 47 90 10
eastern fescue

(cereal stand) PeoKoo - 44 49 93 7

NoPooKso - 50 44 94 6

N, P,Koo+ Fumar - 52 43 95 5

HIP 2 2 2 2

In alfalfa-cereal stands, the share of alfalfa
was lower and ranged between 41-50%. Among
alfalfa-cereal stands, the smallest amount of
it was observed in a mixture of alfalfa + east-
ern fescue + meadow fescue. The total share of
cereals in alfalfa-cereal stands ranged between
47-52%, which was on par with the share of al-
falfa. The total share of cereals in alfalfa-cereal
mixtures was slightly higher in the same mix-
ture (alfalfa + eastern fescue + meadow fes-
cue), where the share of alfalfa was the largest.

In alfalfa-cereal stands, the share of alfalfa was
lower and ranged between 41-50%. Among alfal-
fa-cereal stands, the smallest amount of it was
observed in a mixture of alfalfa + eastern fescue
+ meadow fescue. The total share of cereals in
alfalfa-cereal stands ranged between 47-52%,
which was on par with the share of alfalfa. The
total share of cereals in alfalfa-cereal mixtures
was slightly higher in the same mixture (alfalfa
+ eastern fescue + meadow fescue), where the
share of alfalfa was the largest.

Plant and Soil Science (12)2 11
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When analysing legume-cereal stands by
components, it was identified that alfalfa was
the dominant, the amount of which, as already
noted, ranged between 41-50%. In second place
in terms of the number of sown crops were
cereal components, the share of each of which
ranged from 19 to 29%.

Therewith, both on single-species al-
falfa sowing and in alfalfa-cereal stands
with the introduction of N, , compared to
the background of P_ K, the amount of leg-
ume component substantially decreased,
which confirms the results of other research-
ers. Therewith, in single-species sowing,
the amount of alfalfa decreased by 7%, and
in alfalfa-cereal stands - by 3-6%. Howev-
er, in the case of using the growth biostimu-
lator Fumar on the background of N_P K,
the reduction of the share of alfalfa from the
introduction of N_, was about 2% less. Thus,
the biostimulator of growth Fumar, although
tendentiously, still reduces to a certain extent
the negative impact of fertiliser nitrogen on
the stability of alfalfa in legume-cereal stands.
Therewith, with the introduction of N P, K,
a tendency to increase the total number of ce-
reals in some variants was observed compared
to P K., The amount of mixed grasses in alfal-
fa-cereal mixtures ranged between 2-10% and
there was a pattern that with the introduction
of K. N, itwasthelargest.

607790 ~ "60’

CONCLUSIONS

Studies established that in the technology
of growing legumes and grasses, important
elements on which the density and botanical
composition of plants depend are a successful
combination of their species composition, op-
timisation of fertiliser backgrounds, and stim-
ulation with the growth biostimulator Fumar.
Sown herbage is formed with a density of
686-1250 shoots per 1 m? and a height of 58-
148 cm. Alfalfa-cereal and cereal stands are
denser than alfalfa ones. For the period from
1 to 3 years of use of herbage, the density of
alfalfa shoots decreases, while that of orchard
grass and smooth brome increases, and more
intensively with the introduction of N,
During the first three years of use, grass
stands are formed with the dominance of sown
components with a share of alfalfa in sin-
gle-species sowing of 85-98%, in alfalfa - cereal
mixtures — 30-58%. For the period from 1 to 3
years of use of alfalfa-cereal stands, the share
of alfalfa decreases by 11-24%, and more sub-
stantially with the introduction of N, . In addi-
tion, between the two cereal components, there
isachange of co-dominant - from meadow fes-
cue to eastern fescue, eastern fescue to orchard
grass, perennial ryegrass to smooth brome, like
in the cereal stand, eastern fescue to smooth
brome. In the 3rd year of use, ryegrass thins out,
reducing the involvement rate to 5-14%.
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J1.M. bypko

KaHAamaaT CinbCbKOrocnoaapcbkix Hayk, CTaplinii BUKAaaau
HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

|.B. CBucTyHOBA

KaHanAaT CiibCbKOroCnoAapCbKMX HayK, AOLEHT
HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

C.MN. NonTopeubKui

LOKTOp CinbCbKOrocnoaapcbKMx Hayk, Npodecop
YMaHCbKWIM HaLLiOHaNbHWIA YHIBEPCUTET CaliBHULTBA
20300, ByAn. IHCTUTYTCbKa, 1, M. YMaHb, YKkpaiHa

T.1. MpopoueHKo

KaHAmAaT CinbCbKOrocnoaapCcbKnx HaykK
HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

OCO6MMBOCTI POCTY i PO3BUTKY JIIOLLEPHO-3/TaKOBUX TPaBOCTOIB
3aNe)XHo BiA BUAOBOIro CK/laay Ta YAOGpPeHHS

AHoTauifa. HaBeneHO pesynbTaTd [OOCHIIKEHb 3 BHBYEHHS BIUINBY BUJIOBOIO CKJIALY
TPaBOCTOIO, PiBHA yAO6pEHHA Ta CTUMYJIATOpa pocTy ®dyMap Ha T'yCTOTY Ta 60TaHIUHUN CKIAL,
pocnuH. ERCIlepMMeHTaIbHa YacTHHa pobOoTH BUKOHAHA B HAYKOBUX Jlaboparopisx Kadempu
KOPMOBUPOGHUIITBA, MeJliopallil Ta MeTeoposoril y BUpo6HUYOMYy mifgpo3zini HarioHaapHOro
yHiBepcuTeTy 6iopecypciB i IIpuUpomOKOpUCTyBaHHA VKpaiHM "ArpoHoMiuHa JociifHa
cTaHuig". TepuTopis cTaHILii po3ramoBaHa B [IpaBobepeskHoMy JlicocTeny i BXOIUTH O CKIaLy
BisoLlepKiBCBKOrO arporpyHTOBOrO paroHy. JociigHi [OindHKY 3aKiaZieHi Ha dYopHo3eMax
TUIIOBUX MAJIOTYMYCHUX KPYIIHOIIMJIYBATO-JIETKOCYIIMHKOBUX MEXaHIUHOTO CKJaAy, AAKi
XapaKTepU3YIOTbCA BUCOKKUM BMICTOM IIOKMBHUX pedyoBUH. KjliMaT perioHy xapaKTepU3yeThCA
HeCTIMKUM 3BOJIOKEHHM Ta [IOMipHUM TeMIIepaTypHUM PeXMMOM. CepeHbOPiUHA TeMIlepaTypa
TOBIiTpPA CTAaHOBUTH 6-8°C. PiuHA KiNBKIiCTh omafiB mocarae 562 MM, 3a BereTallilHUU Iepion, -
354-394 MM (63-70% piuHOI HOpMHU), AKi BUIAAAI0Th HEPIBHOMIPHO MPOTATOM POKY. Ha 0CHOBI
IIPOBeIeHUX AOCHiAKeHb BCTAaHOBJIEHO, IO NOCITHUN TPaBOCTiM GOPMYEThCSA 3 T'YCTOTOIO 686-
1250 maroHiB Ha 1 M2 i BucoTowo 58-148 cM. JII0IlepHO-3/1aK0Bi Ta 3J7IaKOBi TPaBOCTOI € 6ibuI
TYCTUMU, HDK JTIIOLLepHOBI. 3a nepiof Bif 1 70 3 pOKiB BUKOPUCTAaHHS TPaBOCTOO I'yCTOTA IIaroHiB
JIIOLIEPHU 3MEHINYETHCSA, a [TaroHiB CTOKOJIOCY JIYYHOTO Ta JIAABEHINIO JIYYHOTO - 361/IbIIyeThCs,
IpUYOMY 6iBII iHTEHCUBHO ITpY BHeceHHi N60. [IpOTAroM mepiyux TpboX POKiB BUKOPUCTAHHS
dopMyI0TbC TPaBOCTOI 3 [OMIHYBaHHSAM CifHHX KOMIIOHEHTIB 3 YaCTKOIO JIIOLIEPHHU B
OOHOBUAOBUX IOCiBax 85-98%, B JIIOLIEpHO-37IaKOBUX TpaBocyMimKax - 30-58%. 3a mepiof 3
1-ro 1o 3-1 piK BUKOPUCTAHHA JIIOLIEPHO-3/IaKOBUX TPaBOCTOIB YaCTKa JIIOLIepHU 3MeHIIyeThCA
Ha 11-24%, mpu4oMy 6inblI iHTEHCUBHO TIpu BHeceHHi N60. KpiM Toro, MibX ABOMA 3/1aKOBUMU
KOMITOHEHTaMU Bii6yBaeTbCs 3MiHa CITiBIOMIHAHTIB - Bif, KOCTPULIi JIyYHOI 0 KOCTPULI CXigHO1,
BiJl KOCTpHIIi CXiZHOI 10 TPACTULIi CafloBo1, Bif padirpacy 6araTopiuHoro 0 CTOKOJIOCY JIYYHOTO, K
i B 371aKOBOMY TPaBOCTOI, BiJi KOCTPUIIi CXiTHOI 10 CTOKOJIOCY JiygHOro. Ha 3-11 pik BUKOPUCTaHHSA
paurpac 3pifpKyeThcs, 3MeHIIYIOUX YacTKy y4acTi o 5-14%

KnouoBi cnoBsa: jiioliepHa, 3JTaKOBUH TPaBOCTIM, TYCTOTa MTaroHiB, 60TaHIUHUM CKIaZl, JO6PUBO
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Productivity of Triticale Depending on the Content
of Photosynthesizing Pigments at Anthesis

Abstract. Photosynthetic pigments play an important role in the accumulation of dry matter and
they can be the markers of stress. Change in the ratio of chlorophyll A and B indicates physiological
changes and adaptation of the organism to changes of environmental conditions. Sowing terms
and application of nitrogen fertilizers are long-term factors, so the content of chlorophylls in the
flag leaf indicates long-term adaptation of the photosynthetic system. Establishing a relationship
between the chlorophyll content at anthesis and the accumulation of dry matter in posy-anthesis
period indicates the varietal response of triticale to fertilization and sowing dates. It was conducted
a three-factor field experiment. There are studied two winter and one facultative triticale cultivar,
two autumn sowing terms and fertilization system with application the different rates of nitrogen
fertilizers in different growth stages. It was found that the content of photosynthetic pigments in
each variety diverged depending on sowing term and fertilizer system in terms of mg per 1 g of
dry matter for chlorophyll A, B and the amount of A+B. At the same time, the difference between the
factors and their interactions was insignificant for the total chlorophyll mass per unit area (g/m?2) for
chlorophyll A and the amount of A+B, but it was significant for chlorophyll B by the fertilizer system
factor. This indicates that the main stress signal is chlorophyll B, so the ratio of chlorophyll A and B
differed significantly depending on this factor. Cla: Clb ratio in the optimal sowing period is 5.3-81
in cv. Pidzimok kharkivskiy, 4.8-8.3 in cv. Amur and 5.0-6.7 in cv. Obriy mironivskiy. All cultivars have
a strong positive correlation between the chlorophyll content at anthesis and accumulation of
dry matter at post-anthesis perion under optimal conditions, but facultative triticale Pidzimok
kharkivskiy has a negative correlation with unfavorable, due to increased chlorophyll, without
increasing dry matter accumulation. Further research of the relationship between chlorophyll
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content and the synthesis of primary and secondary metabolites is promising in the study of varietal

response to stress and agronomic factors

Keywords: chlorophyll, correlation, dry matter, facultative triticale

INTRODUCTION

Morphological features of the flag leaf of cere-
als significantly affect its productivity (Yang et.
al., 2016). The basis of the photosynthetic system
of the plant are green pigments chlorophyll A
and B, which have a similar structure, but differ
in the spectrum of waves that absorb (Britton,
1983). Content and ratios of pigments are a va-
rietal feature of cereals (Pryadkina & Makharin-
ska, 2021), and chlorophyll content is higher and
varies greatly in triticale (Arough et al, 2016).
Productivity of photosynthesis depends on the
amount of these pigments in the plant, and their
content in the flag leaf can predict the yield po-
tential (Simpson, 1968).

The fertilizer system has an important effect
on plant growth and development, but its impact
on chlorophyll content is indirect. Nitrogen con-
centration in plants is related to chlorophyll con-
tent, and therefore indirectly to one of the basic
plant physiological processes: photosynthesis
(Haboudane et al., 2002; Amaliotis et al., 2004).
Cereals have a different requirement to nitrogen
in different growth stages (Akhter et al., 2016), so
chlorophyll content varies similar (Shadchina
§ Dmitrieva, 1995). Chlorophyll content can be
a stress indicator in plants under unfavorable
conditions or nutrient deficiency (Tejada-Zarco
et al, 2004). Nitrogen as a structural element
of chlorophyll and its deficiency can impact on
photosynthesis and dry matter accumulation
(Ray Tucker, 2004).

MATERIALS AND METHODS

Field experiments were conducted in 2016-2019
in the Right-bank Forrest-Steppe of Ukraine

(49°46'N, 30°44°E). The soil is typical low-humic
black, the arable layer of which is characterized
by the following agrochemical and agro-physical
indices: humus content - 4.31-4.63%; pH - 7.2,
easily hydrolyzed nitrogen (according to Korn-
feld) - 152.3-167.0 mg; P,0, in acetic acid extract
(according to Chirikov) - 109.0-142.0 mg; ex-
changeable potassium (according to Chirikov) -
1270-132.0 mg per 1 kg of soil.

Field experiment was conducted by 3-fac-
torial scheme. Factor A is a cultivar, factor B is
a sowing term and factor C is a fertile system.
Pidzimok kharkivskiy (facultative), Amur (win-
ter) and Obriy mironivkiy (winter) were observed.
Each cultivar was sowed in two terms - 2" and
3 decade of October. Fertilization system in-
cluded 4 options. There are P_ K as a fone (B1),
and 3 options with different nitrogen fertiliza-
tions (B2 - P, K, + N, 1, B3 - P,.K,, + N,

36172 5(11-13)! 36172
+N N

N55(23); B4 - P36K72 25(11-13) + 55(25) + N20(49))'

Tillage system included only one plowing
after preceding crop harvesting (soybean). Culti-
vation on sowing depth (2-4 cm) was conducted
before sowing. Triticale was sown with 15 cm in-
ter-row spacing with rate 450 grains per square
meter. Any pesticides were applied during the
research. The experiment was established in 4
replications. The size of elementary plots was
32 m?(25.2 m? to harvesting).

10 plants were collected in anthesis and
wax ripeness for establishing crop growth rate
(Hunt et al, 2002) and chlorophyll content in
flag leaf at anthesis. Chlorophyll content was
determined by spectrophotometric method
and calculating according Wellburn (1994).
Statistical elaboration date was done by

+
11-13)
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multifactorial analysis ANOVA in Statistica 13.0.
Difference between variant was established by
Fisher LSD post-hoc test.

RESULTS
Content of photosynthetic pigments in the flag
leaf at anthesis is an important indicator of the
productivity potential of triticale. Flag leaf can
accumulate almost up to half of the dry matter
of the seed under normal conditions, so the in-
crease in its content indicates an increase in
assimilation processes. Plants of different sow-
ing terms in a certain phase may have different

contents of photosynthetic pigments, have dif-
ferent ratios of chlorophyll species, and their
concentration will depend on the structure of
the leaf, area and nutrition. Time of anthesis will
be different, so the weather conditions will also
make their adjustments.

Content of chlorophyll A and B in the dry
matter of the flag leaf (mg/g) varied significant-
ly depending on the variety and sowing period
(Table 1and 2). Cultivar is one of the main factors
in the variation of chlorophyll A and B, as well as
their sum, it is necessary to consider each varie-
ty separately.

Table 1. Content of chlorophyll A and B in flag leaf at anthesis (average 2016-2019 years)

Pigment weight in dry matter
pdll o —
Cl,mg/g | Cl,mg/g ':1;/8“ cl/cl, Cl,g/m> | Cl,g/m? ga;mzb,
Pidzimok kharkivskiy
Bl 6.59< 1.08° 7.67% 6.1 40.0% 6.5b¢ 46.6%0 4.93
B2 6.69< 1.02° 7.71b 6.6 33.3%® 5.0 38.4%¢ 4.47
| B3 5.88% 0.73° 6.61% 8.1 28.4° 3.5° 31.9% 4.15
B4 7.79% 1.48¢ 9.27¢ 5.3 44, 43bc 8.4¢ 52,8 4.42
B1 5.11% 0.832 5.94° 6.2 27.3? 4.4® 31.7° 6.02
B2 4.15° 1.07° 5.22° 3.9 27.8* 7.2 34.9% 5.61
! B3 8.85¢ 1.38« 10.23¢ 6.4 48.3%¢ 7.6 55.8 5.02
B4 7.53¢% 1.30¢ 8.83¢cde 5.8 52.5¢ 9.1¢ 61.6¢ 5.41
Amur
B1 11.72¢ 2.45¢ 14.17¢ 4.8 43.6° 9.1° 52.8° 5.23
B2 10.64< 1.28* 11.92¢ 8.3 45.3° 5.4% 50.7%* 4.64
! B3 8.31% 1.35° 9.66% 6.2 40.2° 6.6 46.8% 4.17
B4 8.01*® 1.41° 9.42% 5.7 36.1° 6.4 42.4% 3.93
B1 8.46° 1.312 9.77%¢ 6.5 33.9° 5.3® 39.2% 4.75
B2 9.39¢b¢ 0.98° 10.37* 9.6 31.3° 3.3 34.6° 4.50
! B3 10.73« 2.01° 12.78% 5.3 45.8° 8.6° 54.4° 4.73
B4 6.47° 1.16% 7.63° 5.6 43.9° 7.9 51.8% 5.06
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Table 1, Continued

Pigment weight in dry matter
Sowing s e e B CGR, g/m?
term c +cl cl+Cl per day
a b’ 2 2 5 b’
Cl,mg/g | Cl,mg/g S clL/cl, Cl,g/m Cl,g/m A
Obriy mironivskiy
B1 13.83¢ 2.14¢ 15.97¢ 6.5 38.9° 6.0% 44.9% 4.25
B2 13.13¢ 1.97« 15.10¢ 6.7 43.8° 6.5 50.4® 4.71
|
B3 8.07** 1.23° 9.30% 6.6 36.8° 5.6% 42.3%® 3.95
B4 10.60¢ 2.12¢ 12.73¢ 5.0 39.0° 7.8 46.8% 4.22
B1 8.94° 1.77¢ 10.71° 5.1 44 .4° 8.8° 53.3° 4.56
B2 6.96° 1.112 8.07° 6.3 41.4° 6.6%° 48.0% 3.92
1]
B3 7.87% 1.17° 9.04%* 6.7 34.0° 5.1° 39.1° 3.50
B4 8.64° 1.48° 10.12° 5.8 43.7° 9.0¢ 52.7° 4.22
LsD,, 1.57 0.28 1.78 X 14.3 2.48 16.6
Note: CGR - crop growth rate
Table 2. ANOVA of chlorophyll content in flag leaf at anthesis
MS
Effect df
Cl, mg/g Cl, mg/g Cl..,mg/g Cl, g/m? Cl,g/m* | Cl+Cl,g/m?
Cultivar (C) 2 70.70%* 1.90** 95.58%* 45.6" 1.42m 58.9"
Sowing term (ST) 1 39.87** 0.72** 51.31%* 2.6M 4.24 13.6™
Fertile system (FS) 3 2.94* 0.54%* 4.66* 133.1™ 19.48** 247.6™
CxST 2 14.16** 0.36** 18.37** 40.7" 5.55™ 76.2"
CxFS 6 13.51** 0.59** 17.98** 163.3™ 9.13** 216.6™
FS x ST 3 25.18%* 0.84%** 34.85%* 285.3* 7.46% 374.5%
CxSTxFS 6 1.73 0.19** 2.44" 118.8" 9.23%* 183.7"
Error 48 0.92 0.30 1.18 76.0 2.29 102.0

Note: * - p<0.05; ** - p<0.01; ™ - factor/interaction insignificant at 95% level (p>0.05)

Cv. Pidzimok kharkivskiy is characterized by
a much lower content of chlorophyll A in the flag
leaf than other cultivars. Content of chlorophyll
A in the variants without nitrogen application
and at the rate of 25 kg/ha do not differ signifi-
cantly, because the habitus of plants is similar,
and the area of the flag leaf and its weight did not
differ significantly. The content of chlorophyll
A is significant in the plants of the first sowing
term only at the norms of 100 kg/ha, and such

effect was already at the norms of 80 kg/ha and
100 kg/ha in the second one. That is, the effect of
nitrogen was prolonged, the content of chloro-
phyll B also increased accordingly, but the ratio
of Cl.Cl, differed significantly, and its low value
is evidence of stress.

Cv. Amur has a different reaction to nitro-
gen fertilization according to the chlorophyll
A content depending on the sowing term. Con-
tent of Cl_ is significantly reduced at the rates of
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application of 80-100 kg/ha of nitrogen com-
pared to the options without application 25kg/ha
in plants of first sowing term. For other side, con-
tent of chlorophyll A increases when nitrogen is
applied at the rate of 25-80 kg/ha, but fertiliza-
tion at 100 kg/ha significantly reduces its content.

Cultivar Obriy myironivskiy was character-
ized by a much higher content of chlorophyll A
than other varieties, although the trends during
the first sowing period were similar to cv. Amur,
but the nitrogen rate of 100 kg/ha had a stimu-
lating effect. During the second sowing period,

the chlorophyll content did not have a significant
difference between the fone, and rates of 80 and
100 kg/ha, but significantly decreased at the rate
of 25 kg/ha of nitrogen.

Chlorophyll content (A and B) differed sig-
nificantly between cultivars, sowing terms, but
the effect of the fertilizer system was ambiguous
(Table 2). Content of chlorophyll A (figure 1) in the
cv. Amur and cv. Obriy mironivskiy did not differ
significantly, but the content of chlorophyll B
was higher in cv. Obriy mironivskiy compared to
other cultivars.

=

a

b0 o

® oo o o

-

s g

g 0 0 0 0 0 0 0 0
S I

Z A om I I B1 B2 B3 B4
g Cultivar Sowing term Fertile system

=

(3]

ChlorophyllA ™ chlorophyll B

Figure 1. Chlorophyll content depends on cultivar, sowing terms and fertile system

The interaction of FS x ST factors is one of
the strongest among other interactions (exclude
primeval factors), which indicates a different re-
action of crops of different sowing terms to the
fertilizer system, i.e., the lack of a specific al-
gorithm for fertilization for each variety. At the
same time, the interaction of C x ST and C x FS
also significantly affects the content of chloro-
phyll A and B. Interaction of primeval factors at
the same time was insignificant, which indicates
an independent reaction of each cultivar.

The weight of chlorophyll A and B per unit
area (g/m?) is almost independent of the fac-
tors and their interactions, but the FS x ST re-
lationship is significant for both the amount of
chlorophyll A, B and their sum. If the amount

of chlorophyll A was almost unaffected by the
main factors and their interactions, the amount
of chlorophyll B significantly depended on the
fertilizer system and its interaction with the va-
rietal factor, sowing term and their combination.

According to the results of ANOVA and post-
hoc Fisher's LSD found that plants of the first
sowing term formed more photosynthetic pig-
ments on average than the second term. The
effect of the fertilizer system was manifested in
a significant decrease in the content of chloro-
phyll A with increasing the rate to 80 and 100 kg/
ha compared to the fone, but insignificant com-
pared to the rate of 25 kg/ha of nitrogen.

The content of chlorophyll B decreased at the
norms of 25 and 80 kg/ha, while it did not have a
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significant difference with the fone at the rates
of 100 kg/ha, its content increased compared
to fertilization with lower rates. Change in the
amount of chlorophyll B is the plant’s response
to stressful conditions and the adaptation of the
photosynthetic system to these changes. It was
found in resent research (Spanic et al.,, 2013) that

the grain yield of winter wheat did not depend
on photosynthesis in optimal conditions, but on
other physiological process which might be re-
lated to the energy usage efficiency. The present
research showed a strong correlation between
chlorophyll content (Cl +Cl,) at anthesis with dry
matter accumulation after anthesis (Fig. 2).

A B
,,,,,,,,,,,,,,,,,,,,,,,,,,, 0O-- I
g pemmmemeemeeee ST-1
65 ~T[tutrotooreon TTTTTTTTTTTTTIIITITTTTTL gty T
g% Lr-oe % T2
g ° T Limear
,g‘ 55 ®°®°°Linear
Eﬁ 5
~
S 45
(9}
35
3 r T T T T r T T T r T T T T

25 35 45 55 65
Cl,+Cl,, g/m?

25 35 45 55 65 25
Cl,+Cl,, g/m?

35 45 55 65
Cl,+Cl,, g/m?

Figure 2. Relation between crop growth rate (CGR) in period “anthesis - wax maturity”
and chlorophyll content at anthesis
Note: Annex. Cultivars: A - Pidzimok kharkivskiy; B - Amur; C - Obriy mironivkiy. Sowing term: ST-1 - Il decade
of October, ST-2 - I1I decade of October; means presented with standard errors (SE)

Silva et al. (2014) established that chlorophyll
photosynthetic potential, characterizing the to-
tal amount of chlorophyll in the aboveground
plant parts during the vegetative period under
optimal environmental and climatic conditions
correlated with the yield. This statement is true
if the growth and development of triticale and
wheat follows a typical path. In a previous study
(Mazurenko § Novytska, 2020), it was found that
the accumulation of dry matter in those varieties
of triticale corresponded to the normal develop-
ment cycle, and the accumulation of dry matter
had a strong correlation with yield. All stud-
ied cultivars have a strong positive correlation
between chlorophyll content and dry matter ac-
cumulation in optimal condition (sowing term:
11 decade of October), but they have a difference

in these relations in unfavorable conditions.
Pidzimok kharkivskiy has a negative correlation,
when winter cultivars have a positive. The rea-
son for this phenomenon may be a significant
increase in chlorophyll in facultative triticale,
which does not play a photosynthetic role, but is
areaction to stress.

CONCLUSIONS
Winter cultivars have a strong positive correla-
tion between the content of chlorophyll and the
accumulation of dry matter in the post-anthesis
period. At the same time, this relation differs in
facultative triticale Pidzimoc kharkivskiy de-
pend on sowing term. Fertilizer system has a sig-
nificant effect on these indicators - an increase
in the rate of nitrogen leads to an increase in
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the content of pigments, which in turn increas-  so the reaction to the increase in the nitrogen
es the CGR in winter cultivars Amur and Obriy rate is ambiguous, as a larger quantity of pig-
mironivskiy. Cv. Pidzimoc kharkivskiy has high ments does not increase the accumulation of
CGR values in crops of the second sowing term, dry matter.
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b5.0. Ma3sypeHko

KaHamaaTt 6ionoriyHmx HayK, acMCTEHT Kadeapu POCAMHHMULTBA
HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

MpoAyKTUBHICTL TPUTHKANE 3aI€XHO Bif BMiCTy
doTOCUHTE3YyIoOuUMX NIrMeHTIB B aHTeue3ii

AHoTauif. OTOCHHTEeTUYHI ITiIrMeHTH BiZ[irpaloTh BaJXJIUBY POJIb Y HAKOIIMYEHHI CyX0l peYOBUHU
i MORyTB 6yTM MapKepaMu cTpecy. 3MiHa CITiBBifHOIIEeHHS Xjopodinie A i B cBiZuuTh I1po
¢izionoriuHi 3MiHM Ta afanTallilo OpraHisMy o 3MiH YMOB HaBKOJIUIITHBOI'O cepefoBUIla. CTPOKU
ciB6U Ta BHECEHHS a30THUX HOOPUB € JOBIOTPUBAIMMHU (aKTOPaMU, TOMY BMICT XJIOpPOdimiB
y [paloplieBOMy JIMCTKY BKa3ye Ha [JOBTOTPUBAJy alamTallilo GOTOCMHTETUYHOI CHCTEMU.
BCTaHOBJIEHHS B3a€MO3B 13Ky MK BMicToM xy10podisniB y dpasi Buxomy B TpybKy Ta HAKOITMYEHHAM
Cyxol peyoBUMHHU B Ilepiof, KYILIiHHS-KOJIOCIHHSI BKa3ye€ Ha COPTOBY peakllilo TpUTHUKaje Ha
ymo6peHHs Ta CTPOKU ciBbu. [TpoBemeHO TpudaKTOPHUM IMTOMBOBUM HOCIiZ,. JOCTimKyBamu aBa
03UMUX i OmUH GaKyIbTATUBHUM COPT TPUTHKAJIE, IBA OCIHHIX CTPOKY CiB6H Ta CUCTeMY YIO06peHHS
3 BHECEHHAM Ppi3HUX HOPM a30THUX AO6PUB y pi3Hi dasu po3BUTKY. BCTAHOBIIEHO, IO BMICT
$OTOCUHTETUYHMX ITIFMEHTIB ¥ KOKHOTO COPTY BiIpi3HABCS 3aJI€KHO Bifl CTPOKY CiB6U Ta CICTeMU
yIo6peHHs B IepepaxyHKy Ha MT Ha 1T cyxol pedoBUHU OJIT XJI0podiny A, B Ta cymu A+B. [Ipu
LIbOMY Pi3HULIA MK paKTOpaMu Ta iX B3aeMoZi€lo 6yyia HeCYTTEBOIO AJIf 3aTaJIbHOI MacH XJI0podiy
Ha OOMHULIO IUToli (r/M2) mia xaopodiny A Ta cymu A+B, aje JOCTOBIpHOIO A4 Xiopodiny B 3a
dakTopoM cucteMu ynobpeHHA. Lle CBiZUUTH IpPO Te, IO OCHOBHUM CTPECOBUM CHUTHAJIOM €
xj0podin B, TOMy CIiBBiIHOLIEHHS XJIOPOdiny A i B CyTTEBO BiApi3HANIOCS 3aJIEKHO Bif LIOTO
daxkTopa. CriBBigHOmEeHHH Cla: Clb 33 OITTHMaIBHOTO CTPOKY CiB6U CTaHOBUTH 5,3-8,1y cv. ITig3iMoK
XapKiBCbKUH, 4,8-8,3 y cv. AMypchKui Ta 5,0-6,7 y cv. O6pili MUPOHIBCHKUM. BCi COPTY MaIOTh CUIIBHY
TIO3UTHUBHY KOPEJIALio MiXK BMicTOM XJ10podiny B ¢pasi Buxomy B TPyOKY Ta HAKOIIMYEHHAM CyXO0l
pedYoBUHU B ITicaada3HUM Ilepiof 3a OIITUMAaIbHUX YMOB, ajie aKyabTaTuBHe TpUTHKae [1i13iMoK
XapKiBCHKUH Ma€ HETaTUBHY KOPEJIALIi0 32 HECTTPUATINBUX YMOB, IO ITOSCHIOETHCA 361IbIIIeHHAM
BMicTy xyiopodiny, 6e3 36inblIeHHS HAKOIMYEHHS Cyxol pedoBMHU. [ofmasblii ZOCIiIKeHHS
B33a€EMO3B'A3Ky MK BMICTOM XJI0podisiy Ta CUHTE30M ITepPBUHHUX i BTOPMHHUX MeTaboJITiB €
TIepCIeKTMBHUMU ITPpY BUBUEHHI COPTOBOI peaKliil Ha Zito CTPeCOBUX Ta arpOTeXHIYHUX GaKTOpiB

KnouoBi cnoBa: x10podis, Kopessliis, cyxa ped4oBrHa, GaKyIbTaTUBHE TPUTHKAJIE

22 Plant and Soil Science (12)2


https://doi.org/10.1016/j.rse.2004.01.017
https://doi.org/10.1016/S0176-1617(11)81192-2

Journal homepage: https://agriculturalscience.com.ua/en

Plant and Soil Plant and Soil Science, 12(2), 23-28
Science Received xx.xx.2021 Revised xx.xx.2021 Accepted xx.xx.2021

DOI: 10.31548/agr2021.02.023

UDC633.16:631.51

S.P. Tanchyk”
Doctor of Agricultural Sciences, Professor, Head of the Department

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

N.l. Babilia
Postgraduate Student

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

A.l. Babenko
PhD in Agricultural Sciences, Senior Lecturer at the Department

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Productivity of winter barley depending
on its predecessors in Transcarpathia of Ukraine

Abstract. Winter barley is a valuable food, fodder, and technical crop. The purpose of the study
is the establishing and developing of an economically and energetically feasible, adequate
bioresource potential for the yield of winter barley grain, depending on its predecessors in
Transcarpathia of Ukraine. Studies and calculations of the balance of available moisture in
the soil showed that in the conditions of Transcarpathia, it is negative and ranges from 250 to
1210 t/ha, or 25-121 mm. The accumulation and effective use of available moisture in the soil
depends on the amount of precipitation and its frequency, the alternation of crops in crop rotation
(predecessors), the system of tillage, fertilisation, and the extent of how weeded the fields are.
The largest reserves of available moisture in the soil during the sowing period of winter barley
were after winter rapeseed and buckwheat, the smallest — after sunflower and, especially, corn
for grain. During the autumn-winter period, the reserves of available moisture in the meter-
deep soil layer were replenished by 21-35%, but the pattern, according to its predecessors, was
preserved. The critical period of winter barley in terms of moisture occurs during earing -
grain ripening. Predecessors of early harvesting periods (winter rapeseed and buckwheat) have
a positive effect on the accumulation and preservation of moisture in the soil. Predecessors of
late harvesting periods (corn for grain and sunflower) reduce the content of available moisture
and its reserves by up to 18% compared to crops of early harvesting. On average, for three years,
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the highest yield of winter barley was after buckwheat and amounted to 5.9 t/ha, the lowest -
after corn for grain and was at the level of 4.9 t/ha, which is 0.8 t/ha lower than the control option

Keywords: available moisture content, winter barley, predecessor, yield

RELEVANCE

Winter barley is a valuable food, fodder, and
technical crop. Accordingto FAO,48% of the bar-
ley grain produced goes to industrial processing,
36% — to mixed feed, and 16% - to food purposes.
It is proved that the productivity of this crop de-
pends on providing plants with all the necessary
factors of life in the optimal amount and optimal
proportions. (Wicket § Yaloha, 2011; Moisienko &
Podolsky, 2019; Sokolovskaya & Al-Brud, 2010).

Ultimately, the investigation of the features
oftheestablishmentofproductivityofwinterbar-
ley and the degree of reproduction of soil fertility
elements, depending on the optimisation of ele-
ments of cultivation technology, is now relevant
and hasled to the choice of aresearch algorithm.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The main task of modern agriculture is to en-
sure food security of the country by producing
the quantity and quality of products necessary
for society (Tanchyk, 2009). When growing win-
ter barley, an important task is to increase grain
production and yields, effectively use miner-
al and organic fertilisers, the best precursors,
and the preserving soil treatment. (Sinchenko &
Tanchik, 2018; Tanchik & Babenko, 2015)

The intensification of agriculture is accom-
panied by the degradation and depletion of soils,
contamination with chemical and biological
impurities, a drop in fertility, and a decrease in
the yield of cultivated crops. (Tanchik, 2009). In
modern conditions of agricultural development,
the role of crop rotations as the most effective
environment and ensuring high, stable, envi-
ronmentally, economically, and energetically
adequate winter barley yields is growing. Along

with this, modern technologies for growing this
crop have quite a few reserves of improvement,
considering not only the selection of varieties
adapted to the soil and climatic conditions of
a particular region, optimising the placement
of winter barley in crop rotations (of various
specialisations), but also the choice of effective
methods and depth of the main tillage to ensure
maximum crop productivity and cost recovery
(Tanchyk, 2009; Melnik § Govorun, 2014; Gama-
yunova § Litovchenko, 2017).

The purpose of the study consists in deter-
mining and developing regularities in the estab-
lishment of economically and energetically ex-
pedient, adequate to the bioclimatic potential of
the winter barley grain yield zone, depending on
its predecessors in Transcarpathia of Ukraine.
It was planned to solve the following tasks to
achieve this goal: establish the influence of vari-
ous precursors on the content of available mois-
ture in the soil, phytosanitary condition, and
productivity of winter barley. Provide an eco-
nomic and energy assessment of crop cultiva-
tion under different predecessors.

MATERIALS AND METHODS

Experimental studies on the influence of pre-
cursors on winter barley were conducted during
2018-2020intheexperimentalcroprotationofthe
separated subdivision “Mukachevo Agricultural
College of the National University of Life and En-
vironmental Sciences of Ukraine” of the Tran-
scarpathian region. The soils of the experimen-
tal field are podzolic gumbo turf, which contain
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 reach-
es1.0-1.7%. Formation on carbonate-free parent
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rocks and the influence of the podzolic process
of soil formation caused a high active and poten-
tial acidity of soils, the pH of salt extract ranges
between 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 (according to Kirsanov) -
130-160 mg/kg, mobile potassium (according to
Kirsanov) - 120-170 mg/kg. The soil is typical for
the area of the studies and is moderately pro-
vided with mobile forms of phosphorus, potas-
sium, and nitrogen. A qualitative assessment of
the surveyed soils showed that the soil requires
constant use of organic and mineral fertilisers,
liming, and the introduction of crop rotations.

The climate of the area is moderate with un-
stable humidity. The average long-term precipi-
tationrate fortheyearis 618.0 mm. Over the years
of the studies, the amount of precipitation for the
yearwas:2018-568.3mm, 2019 -558.1,and 2020 -
513.1 mm, which is 10-13% less than normal. The
following precursors were studied for the culti-
vation of winter barley: soy (control), winter rape-
seed, 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 m? Land plot placement is randomised.

The content of available moisture in the soil
was determined by the thermostatic-weight

method according to DSTU ISO 16586 : 2005;
actual contamination with weeds in the phase
of germination of cultivated plants and spring
restoration of vegetation was determined by
quantitative, and the earing phase - by quan-
titative-weight method. Crop accounting was
conducted by direct combining.

RESULTS AND DISCUSSION

Available moisture in the soil is one of the main
terrestrial factors of plant life. Many studies, in-
cluding this one, have established that in recent
yearsin Ukrainian agriculture, moistureisalim-
iting factor that negatively affects seed germina-
tion, the dissolution of mineral and organic sub-
stances in the soil, the maintenance of cellular
turgor, transpiration, the vital activity of micro-
organisms, and, ultimately, their productivity.

The study established that the initial re-
serves of available moisture in the soil and its
accumulation in the autumn-winter and grow-
ing seasons depend on the amount of precipita-
tion and predecessors. Thus, during the sowing
period of winter barley, the largest moisture re-
serves in 0-30 cm and a meter layer of soil were
30.0 and 121.0 mm after winter rapeseed, re-
spectively (Table 1). The smallest ones are after
corn for grain (25.0 and 109.0 mm, respectively).
This depends on the morphobiological and eco-
logical characteristics of the culture.

Table 1. Content of available moisture in 0-100 cm of the soil layer in winter barley crops, depending
on the predecessor, mm (average for 2018-2020)

Sampling period (phase)
Predecessor Soil layer, cm i i
g Sowing Spring vege.tatlon Earing Harvest period
restoration
0-30 26 32 24 21
Soy (control)
0-100 115 148 127 107
0-30 30 33 27 23
Winter rapeseed
0-100 121 147 129 111
0-30 29 32 25 22
Buckwheat
0-100 119 144 128 113
0-30 25 29 23 20
Corn for grain
0-100 109 133 113 99
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Table 1, Continued

Sampling period (phase)
Predecessor Soil layer, cm i i
E Sowing Spring vege.tatlon Earing Harvest period
restoration
0-30 27 30 24 22
Sunflower
0-100 112 140 119 109

Winter rapeseed begins the spring restora-
tion of vegetation in Transcarpathia of Ukraine,
in most cases, in the first half of April. The full
growing season ends in late June and early July.
This creates conditions for the economical use of
moisture by the crop, early releasing of the field
and promoting the accumulation and preserva-
tion of moisture for the next crop — winterbarley.

Corn for grain develops a powerful root
system that intensively uses moisture and nu-
trients dissolved in it throughout the growing
season. With the appearance of panicles, the
need for corn moisture increases sharply and
reaches its maximum from the beginning of
flowering to the beginning of milk ripeness.
This study proved that during this period, corn
uses approximately 70% of the total amount of
moisture consumed. All this leads to intensive
consumption of moisture from the soil and re-
duces its reserves, which negatively affects the
growth, development, and productivity of the
subsequent crop - winter barley.

Buckwheat is one of the hygrophilous
plants. The transpiration coefficient of buck-
wheat is 500-600. Buckwheat plants absorb
the greatest amount of moisture during mass
flowering - fruit formation. This period in buck-
wheat is critical in terms of moisture. Neverthe-
less, buckwheat is one of the precocious field
crops, the duration of the growing season is in
the range of 70-80 days. All this contributes to
the economical use of moisture from the soil, its
accumulation, and preservation of it for subse-
quent crops of crop rotation.

Soy is a hygrophilous short-day plant. After
sowing, soybean seeds consume at least 130-
160% volume of moisture compared to their

own mass. It is necessary to have a reserve of
moisture in the soil of about 30 mm in a soil lay-
er of 0-20 cm to get full shoots. The critical peri-
od of soybeans in terms of moisture is the period
of flowering - the formation and development
of beans. Hence, soybeans most intensively use
moisture from the soil in the second half of the
growing season. This usage is incurred by soy-
bean plants for transpiration and photosynthe-
sis, and soil evaporation, especially during the
ripening period of the crop.

Thus, soy, as a legume crop, has preserved
the properties of the legume plant to increase
soil fertility, especially the fixation of biological
nitrogen. However, soybeans are not a moisture
accumulator and in dry years do not provide
full shoots of winter barley, which leads to a de-
crease inits yield.

Sunflower is one of the controversial pre-
cursors of winter crops, including winter barley,
in Ukraine. This study established that sunflow-
er seeds takes approximately 250 kg of NPK per
1 ton of dry matter. During the growing season,
the root system penetrates the soil to a depth of
1.5-2.0 m or more. In the initial periods (before
the formation of 5-6 leaves), moisture and nutri-
ents of the sunflower plant are used from a soil
layer of up to 40 cm. During the period of basket
formation and flowering, the root system pene-
trates to a depth of more than 2.0 meters. It was
identified that at the beginning of the growing
season, the most active root system of sunflow-
ers is in the upper layer of the soil, while in the
second half of the growing season - in the low-
er layers. Hence, the most active soil factors of
plant life in the first half of the growing season
are used from the upper layers of the soil, which

26 Plant and Soil Science (12)2



Tanchyk et al.

are renewed due to the introduction of mineral
and organic fertilisers for the main, pre-sowing
treatment and plant care, and moisture is re-
newed due to spring-summer precipitation.

In the second half of the growing season, the
mostactiverootsystemofsunflowersisatadepth
of 60 cm and deeper. Hence, sunflower plants in-
tensively use the life factors of the soil, especially
moisture and nutrients. During this period, due

to precipitation, the application of mineral fer-
tilisers during plant care, the high activity of mi-
croorganisms, etc., the soil factors of plant life of
the upper 0-40 cm of the soil layer are restored.

Consequently, sunflower seeds use nutri-
ents and moisture more actively from the lower
layers during the growing season than from the
upper ones. Due to this, sunflower is not a criti-
cally negative precursor of winter barley.

Table 2. Yield of winter barley depending on its predecessors in Transcarpathia of Ukraine, t/ha

Predecessor Years Average for Deviation

2018 2019 2020 2018-2020 t/ha %

Soy (control) 6.2 5.7 5.3 5.7 0 0

Winter rapeseed 6.0 5.8 5.4 5.7 0 0
Buckwheat 6.3 5.8 5.7 5.9 +0.2 +3.5
Corn for grain 5.0 4.9 4.8 4.9 -0.8 -14.1
Sunflower 5.4 5.2 5.0 5.2 -0.5 -8.8

HIP,,, % 1.9

Thus, the accumulation of moisture in the
soil and its effective use is influenced by many
factors - the amount of precipitation, the intro-
duction of crop rotations, tillage, fertilisation,
etc. The correct strategy and tactics for manag-
ing the reserves of available soil moisture allow
for reducing unproductive costs to a minimum.

An intensive indicator of the effectiveness
of various predecessors for growing spring
barley is its productivity. The highest yield of
winter barley, on average for three years, was
after buckwheat and amounted to 5.9 t/ha, the

lowest — after corn for grain and was at the level
of 4.9 t/ha, which is 0.8 t/ha lower than the con-
trol option (Table 2).

CONCLUSIONS
In Transcarpathia of Ukraine, on turf-podzolic
winter soils, barley sown after buckwheat, soy-
beans, and winter rapeseed had the best indica-
tors of available moisture throughout the grow-
ing season. The crop spent it most economically
and efficiently during the growing season
compared to the predecessors of late harvesting
periods - sunflower and corn for grain.
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LOKTOP CinbCbKOrocnoaapcbKkMx Hayk, npodecop, 3aBiaysay Kadeapu
HauioHanbHMIA yHiBEpCcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHM
03041, syn. lrepois O6opoH#u, 15, m. Kunis, YkpaiHa

H.l. babina

AcnipaHT
HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

A.l. BabeHKo

KaHamaaT CinbCbKOrocnoaapcbkux Hayk, CTaplnii BUKnaaay kabeapm
HauioHanbHWI yHiBEpCUTET Biopecypcis i MPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#K, 15, m. Kunis, YkpaiHa

NMpoayKTUBHICTb AYUMEHIO 03UMOro
3aneXHo Bia nonepeaHuUKIiB B yMoBax 3aKapnaTtTs YKpaiHu

AHoTauia. uMiHP 03UMUM - IiHHA IIPOZOBOJIbYA, KOPMOBAa Ta TEXHIYHA KyJIbTypa. MeToro
IOCTI)XKeHHS € BCTAHOBJIEHHS Ta pO3poHKa EKOHOMIYHO Ta eHEepreTMYHO O6IPYHTOBAHOTO,
IOCTaTHBOTO 6iOpecypCHOTO TIOTEHIiay BPOKAMHOCTI 3epHA SUMEHI0O O03MMOTO 3aJIEJKHO Bif,
TIOTIEPEIHUKIB B yMOBaxX 3aKapIiaTTsd YKpaiHu. [oCTigKeHHA Ta po3paxyHKU 6aIaHCy JOCTYITHOI
BOJIOTM B I'PYHTI [IOKA3aJIH, III0 B yMOBAaX 3aKapIIaTTs BiH Bi/l €eMHMIT i KOJTMBaEThCA Bim 250 101210 T/ra,
a6025-121 MM. HarormueHHs Ta ebeKTUBHE BUKOPUCTAHHSA JOCTYITHOI BOJIOTY B TPYHTI 3aJIEKUTh Bif
KiJIBKOCTI OMafiB Ta ix MepioANYHOCTI, YepryBaHHA KyJIBTYp Y CiBO3MiHi (ITOTepeqHUKIB), cUCTeMU
06pOobITKy I'PyHTY, YOOOPEHHS, a TaKOX Bif cTymeHsa 3abyp'sHeHOCTI momiB. Haibinbii 3amacu
IIOCTYITHOI BOJIOTH B TPYHTI Ha I1epiof ciB61 03MMOT0 TYMEHIO 6YIIH ITiCIIs1 03MMOTO PillaKy Ta IPevKH,
HaMMEHII — TIiC/IA COHALUTHUKY i, 0CO6IMBO, KYKYPYZA3U Ha 3€pHO. 3a OCIHHBO-3UMOBUH IEpPiof
3ar1acy JOCTYITHOI BOJIOTH B METPOBOMY IIapi I'PYHTY NOIIOBHUNNCA Ha 21-35%, ajie 3aKOHOMIPHICTh
TI0 TIOTIEPeIHUKAX 36eperacsa. KpUTUUHUM Mepiof] 03UMOro SIYMEHIO 33 BOJIOr03abe3reyueHicTio
MIpUIIafac Ha Iepiofl KOJIOCIHHA - HOo3piBaHHA 3epHa. [IolepeIHUKY paHHIX CTPOKIB 36upaHHA
(03uMuI pimax Ta rpeyka) MO3UTUBHO BIUIMBAIOTh HA HAKONMYEHHS Ta 36epe)KeHHA BOJIOTH B
rpyHTi. [TonepeqHUKY ITi3HIX CTPOKIB 36MpaHHa (KyKypyZ[3a Ha 3epHO Ta COHSILIHWK) 3HIKYIOTh
BMICT JOCTYITHOI BOJIOTM Ta ii 3armacu [1o 18% MOpiBHAHO 3 Ky/IbTypaMU paHHIX CTPOKiB 36upaHHs. B
cepeIHbOMY 3a TPU POKY HAMBUIIA BPOJKAMHICTh TYMEHIO 03MMOTO 6yJ1a ITic/if rpevyKy i cTaHOBUIIA
5,9 T/ra, HAWHIKYA — IIiC/IA KYKYpPyZA3U Ha 3epHO i 6yna Ha piBHi 4,9 T/ra, mo Ha 0,8 T/ra HIDKUYe
KOHTPOJIBHOTI'O BapiaHTy

Kno4oBi cnoBa: BMiCT IOCTYITHOI BOJIOTH, TUMiHb O3UMUH, TTOTIEPEIHUK, YPOIKAMHICTD
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Spectral assessment of winter wheat varieties
and breeding lines in the autumn period

Abstract. The introduction of modern methods of field assessment of winter wheat genotypes is
an integral part of improving the quality of the breeding process. The creation, adaptation, and use
of innovative screening technologies in breeding are becoming increasingly popular and allow the
breeder to evaluate the original forms and newly created material more broadly and objectively. The
autumn period is important for winter crops, when under favourable weather conditions (a gradual
decrease in temperature) there is a slowdown in the growth rate of winter wheat, physiological and
biochemical processes in the plant's body change, which contribute to its transition to a state of winter
dormancy. The state of winter wheat crops (morpho-biometric indicators of plants) in the autumn
period is largely decisive in the development of a sufficient level of winter hardiness, and therefore
affects the further productivity of the crop. According to the results of the examination of morpho-
biological and spectral analysis data, it was identified that before overwintering, the best condition for
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the first sowing period was distinguished by plants of winter wheat varieties: MIP Lada (NDVI=0.48),
Erythrospermum 55023 line (NDVI=0.46), Lutescens 60049 (NDVI=0.46), varieties of MIP Vidznaka
(NDVI=0.46) MIP IUvileina (NDVI=0.46), MIP Dniprianka (NDVI=0.46), and Lutescens 55198 line (MIP
Darunok) (NDVI=0.47). In the standard Podolianka variety, the index value was at the level of 0.45.
During the second sowing period, the following varieties were identified: MIP Assol (NDVI=0.32),
Balada myronivs'ka (NDVI=0.32), Erythrospermum 55023 (NDVI=0.33), MIP Lada (NDVI=0.33), MIP
IUvileina (NDVI=0.32), Lutescens 55198 (MIP Darunok) (NDVI=0.32), and Lutescens 60107 (NDVI=0.32).
The NDVI index of the Podolianka variety was at the level of 0.32

Keywords: soft winter wheat, varieties, breeding samples, lines, autumn vegetation termination
time, NDVI, morpho-physiological analysis, phenotyping

RELEVANCE

One of the factors in the intensification of agri-
culture in Ukraine is the use of remote sensing
data. The introduction of modern methods for
evaluating source material is becoming an in-
tegral part of accelerating the breeding process.
It is necessary to analyse modern achievements
in science and technology and learn how to
use them to improve the research of new vari-
eties and promising lines. Every day, the rele-
vance of using UAVs (unmanned aerial vehicles)
equipped with modern high-resolution camer-
as that can photograph plants in the visible and
near-infrared spectra increases.

The development and implementation of
field spectral analysis as one of the methods
of plant phenotyping can increase the volume
of breeding samples under study and simulta-
neously improve the quality of morphological
analysis. The introduction of such diagnostic
methods in the breeding process allows the
breeder to comprehensively assess the state of
development of each individual genotype in a
relatively short period of time, and objectively
assess their resistance against certain factors
(drought resistance, frost and winter hardiness,
resistance against phytopathogens). Digitisation
of the obtained data becomes a replacement for
outdated exclusively ocular records and elim-

inates the influence of the breeder’s subjective
assessment during accounting.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The genetic potential of modern winter wheat
varieties, provided that favourable growing
conditions are created, is able to provide a yield
of 11.0-12.0 t/ha (Riznyk O.L et al., 1994; Kovaly-
shyna H.M. et al., 2020). Therewith, modern va-
rieties of winter wheat are characterised by in-
creased requirements for growing conditions
during the autumn growing season (Buhay S.M.,
1965; Bulavka N.V. et al., 2018). In conditions of
insufficient and unstable moisture, the study of
the development of plants in the autumn grow-
ing season, when the resistance of winter crops
to unfavourable conditions of the winter peri-
od and the size of the future crop are formed,
especially when growing after non-paired pre-
decessors, is important (Sayko V.F. et al,, 2002;
Pirych A.V. et al,, 2018; Pirych A.V. et al., 2021).

Currently, methods of phenotyping winter
wheat are the main ones in breeding this crop
in leading breeding institutions of developed
countries of the world. All spectral studies are
conducted using the basic NDVI index, which
is the basis for assessing biomass (Normalised
Difference Vegetation Index. Rouse B]. et al,
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1973). Recent studies show a close correlation
between NDVI obtained during winter wheat
flowering and yield results (Duan T. et al., 2017).

Given that the operation of collecting im-
ages using UAVs is less time-consuming, and
due to the higher accuracy than the proximal
sensing without the image previously used, it
is expected that multispectral sensing based on
aerial UAVs will increase the efficiency of high
bandwidth phenotyping (Maimaitijiang M. et al.,
2017; Tattaris M. et al., 2016).

Spectral assessment of winter wheat va-
rieties, with parallel morpho-physiological
analysis during the end of the autumn growing
season, allows for fully assessing the state of au-
tumn development of each individual genotype.

The purpose of the study is to conduct a
spectral field and morpho-physiological as-
sessment of winter wheat varieties and lines
in the Forest-Steppe of Ukraine and assess the
state of autumn development of the genotypes
under study.

MATERIALS AND METHODS

The research was conducted during 2018-2020
in the crop rotation of the winter wheat breed-
ing laboratory of the V.M. Remeslo Myronivka
Institute of Wheat of the National Academy of
Agrarian Sciences of Ukraine. Sowing was con-
ducted after the soybeans in two terms: 2018 -
September 25 and October 5; 2019 and 2020 -
October 5 and 15.

Spectral evaluation of varieties and lines
was performed using a Mavic zoom 2 UAV using
a Parrot Sequoia multispectral camera. Pix4D-
capture and Pix4Dmapper software were used
to form the orthophoto plan. For the high-quali-
ty formation of the orthophoto plan, photofixing
with a multispectral camera was conducted at a
height of 30 m above the level of the object un-
der study with an overlap of 80% of the images
with a time interval of 2 seconds.

Morpho-biological analysis was conducted
according to the method of F.M. Kuperman (Ku-
perman F.M,, 1977), and according to the scien-
tific paper of the Mironivka Institute of Wheat
(Kolyuchuy V.T., 1977).

RESULTS AND DISCUSSION

The study was conducted during 2018-2020 in
the crop rotation of the winter wheat breeding
laboratory of the V.M. Remeslo Mironivka Insti-
tute of Wheat of the National Academy of Agrar-
ian Sciences of Ukraine. Sowing was conducted
after the predecessor of soybeans in two sowing
periods: 2018 - September 25 and October 5;
2019 and 2020 - October 5 and 15. Contrasting
weather conditions during the research peri-
od allowed for obtaining objective results. The
autumn period of 2018 was excessively humid
(GTC=176), and the temperature regime in Sep-
tember-October was very warm: the average air
temperature was 16.6 and 10.6°C, respectively
(the multi-year average - 14.2 and 8.3°C). In No-
vember, the average monthly temperature was
1.1°C below the climatic norm. The condition of
the crops was assessed as good, the plants de-
veloped normally, which contributed to their
successful overwintering. Weather conditions
in the pre-sowing and sowing period of 2019
were quite dry: the amount of precipitation in
August-October was 28.7 mm (the multi-year
average value - 163.2 mm). Plants did not re-
ceive enough moisture for normal growth and
development, and for rooting and forming a
proper aboveground mass. The total amount
of precipitation in August-September 2020/21
of the growing year reached only 10-20% of
the norm. Weather conditions in October were
quite favourable for the autumn development of
winter wheat, rapid growth and development of
plants were noted.

Seven new varieties and four breeding lines
of winter wheat were used as the source ma-
terial: MIP Assol, Balada myronivs'ka, Hratsiia
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myronivs’ka, Erythrospermum 55023 (Auro- 7.34 and 3.59 pcs., the mass of one plant - 4.59
ra myronivs'’ka), MIP IUvileina, MIP Lada, MIP and 2.76 g, the vegetative mass after sampling
Dniprianka, Lutescens 55198 (MIP Darunok), and absolutely dry 25 plants - 14.35 and 6.22 g,
Lutescens 37519 (MIP Vidznaka), Lutescens 250 and 1.19 g, respectively. The greatest veg-
60049, Lutescens 60107, and standard Podo- etative mass before the start of wintering was
lianka variety. developed by winter wheat plants during the

The dates of morpho-biometric analysis first sowing period in the 2018/19 growing year.
of winter wheat plants and spectral survey of Depending on the genotype and weather con-
crops are 21.11.2018, 29.11.2019, and 10.112020. ditions, the plant height was in the range of
For three years of the studies, it was established 6.10 cm (Lutescens 60107) and 9.10 cm (Hrat-
that the value of biometric indicators of plants  siia myronivs’ka) in 2019/20 g.y.; 13.63 cm (Po-
of varieties and breeding lines before wintering  dolianka standard) and 21.28 cm (MIP Assol)
depended on the hydrothermal regime in the in 2020/21 gy,; 19.91 cm (Lutescens 55198)
pre-sowing and sowing periods, during the au- and 25.63 cm (MIP IUvileina) in 2018/19 gy. In
tumn growing season: the amount of precipita- 2019/20 g.y. before wintering, plants of the first
tion and uniformity of their distribution, mois- sowing period formed an insubstantial vegeta-
ture reserves in the soil, air temperature and its ~ tive mass - 6.92 and 2.35 g (Lutescens 55198) and
differences. 3.65 and 6.92 g (Erythrospermum 55023). The

As a result of the conducted studies, it was  lowest indicators of aboveground mass accord-
identified that the height of plants after the end ing to the experiment were identified in plants
of the autumn growing season on average in during the second sowing period of 2019/20,
the experiment was 10.24 cm (the first sowing which negatively affected their resistance to ad-
period) and 8.11 cm (the second), the number verse conditions of the cold period (low air tem-
of shoots per plant varied in the range of 3.35- peratures in the absence of snow cover) (Table 1
3.10 pcs., respectively, the number of leaves - and Table 2).

Table 1. Weighted average morpho-physiological and spectral characteristics of winter wheat
varieties and lines for 15t sowing period (Myronivka Institute of Wheat, 2018-2020)

Weight of
Variety, line Number of | Number of .Plant Weight of 1 | Weight 25 | absolutely NDVI
stems, pcs. | leaves, pcs. | height, cm plant, g plants, g dry 25
plants, g
MIP Assol 1.72 441 16.75 0.58 14.74 2.69 0.45
Balada 1.94 5.24 15.63 0.70 17.14 2.89 0.44
myronivs’'ka
Hratsiia
- 1.63 4.06 15.87 0.55 14.62 2.68 0.45
myronivs’ka
Erythrospermum
55023 1.88 5.28 15.07 0.62 14.92 2.70 0.46
MIP IUvileina 1.30 3.85 16.38 0.54 12.98 2.37 0.46
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Table 1, Continued

Weight of
Ve (i Number of | Number of _Plant Weight of 1 | Weight 25 | absolutely NDVI
stems, pcs. | leaves, pcs. | height, cm plant, g plants, g dry 25
plants, g
MIP Lada 1.72 4.61 16.11 0.65 15.17 2.63 0.48
MIP Dniprianka 1.82 5.04 16.30 0.58 14.08 2.56 0.46
Lutescens 55198
(MIP Darunok) 1.95 5.17 16.97 0.65 16.75 3.03 0.47
Lutescens 37519
(MIP Vidznaka) 1.75 4.56 15.81 0.58 14.55 2.49 0.46
Lutescens 60049 1.87 4.96 13.32 0.53 12.94 2.37 0.46
Lutescens 60107 1.71 4.65 16.62 0.52 13.03 2.37 0.45
Podolianka St 1.72 4.64 13.07 0.47 11.28 2.04 0.45

Table 2. Weighted average morpho-physiological and spectral characteristics of winter wheat
varieties and lines for 2*d sowing periods (Myronivka Institute of Wheat, 2018-2020)

Weight of
. . Number of | Number of Plant Weight of 1 Mass absolutely
VRIS (M stems, pcs. | leaves, pcs. | height, cm plant, g 25 plants, g dry 25 NbvI
plants, g
MIP Assol 1.04 2.32 11.46 0.23 5.77 1.06 0.32
Balada 1.24 2.59 11.49 0.31 6.68 131 0.32
myronivs’ka
Hratsiia 1.00 2.15 10.46 0.27 5.77 1.14 031
myronivs’ka
Erythrospermum
55023 1.08 2.41 10.62 0.28 5.86 1.12 0.33
MIP IUvileina 1.20 2.58 11.82 0.30 6.42 1.14 0.32
MIP Lada 1.07 2.43 11.37 0.29 6.42 1.31 0.33
MIP Dniprianka 1.24 2.84 11.37 0.31 6.80 1.28 0.30
Lutescens 55198
(MIP Darunok) 1.13 2.55 11.59 0.33 6.83 1.32 0.32
Lutescens 37519
(MIP Vidznaka) 1.00 2.21 11.71 0.31 6.39 1.29 0.31
Lutescens 60049 1.31 2.77 9.98 0.29 5.79 1.07 0.30
Lutescens 60107 1.39 3.04 11.21 0.30 6.00 1.14 0.32
Podolianka St 1.23 2.55 10.93 0.26 5.87 1.15 0.32
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According to the results of the examination
of morpho-biological and spectral analysis data,
on average for three years, before overwinter-
ing, the best varieties of winter wheat during the
first sowing period were: MIP Lada (NDVI=0.48),
MIP IUvileina, MIP Dniprianka (NDVI=0.46),
and the lines Erythrospermum 55023 (Aurora
myronivs’ka), Lutescens 37519 (MIP Vidzna-
ka), Lutescens 60049 (NDVI=0.46), and the
Lutescensline 55198 (MIP Darunok) (NDVI=0.47).
In the Podolianka standard variety, the index
value was lower (NDVI=0.45). These varieties
dominated the standard for several biometric
indicators (Table 1).

During the second sowing period, the MIP
Lada variety and the Erythrospermum 55023
(Aurora myronivs'’ka) line were highlighted
(NDVI=0.33). Varieties MIP Assol, Balada my-
ronivs'’ka, MIP IUvileina, and lines Lutescens
55198 (MIP Darunok) and Lutescens 60107
had index values at the level of the Podolianka
standard variety (NDVI=0.32) (Table 2). In the
future, the data of biometric indicators of winter

wheat plants and spectral assessment during
the resumption of spring vegetation and flow-
ering will be analysed, followed by establishing
their relationship with grain yield.

CONCLUSIONS

Based on the data obtained, the following con-
clusions can be drawn: before entering the win-
ter, the best varieties and lines of winter wheat
during the first sowing period were MIP Lada
(NDVI = 0.48), MIP IUvileina, MIP Dniprianka
(NDVI = 0.46), Erythrospermum 55023 (Auro-
ra myronivs'ka), Lutescens 37519 (MIP Vidzna-
ka), Lutescens 60049 (NDVI = 0.46), and line
Lutescens 55198 (MIP Darunok) (NDVI = 0.47);
on the second - MIP Lada and line Erythrosper-
mum 55023 (Aurora myronivs’ka) (NDVI = 0.33),
while for the variety of the Podolianka standard,
the NDVI Index is determined at the level of 0.45
and 0.32, respectively.

These results will help to form methodolog-
ical recommendations for spectral diagnostics
of winter wheat.
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KaHAmAaaT CinbCbKOrocnoAapcbKMx HayK, CTapLwmnil HayKoBMIA CNiBPOBITHMK

MMWPOHIBCbKMUIM IHCTUTYT NweHKnLi imeHi B. M. Pemecna HaujioHanbHOi akageMmii Hayk YKpaiHum
08853, Byn. LleHTpanbHa, 68, M. LleHTpanbHe, YKpaiHa

A.B. l'ymeHuK

KaHamaaT cinbCbKOrocnoaapcbkux HayK 3asigysay nabopatopil

MMWPOHIBCbKUIM IHCTUTYT MNieHuLi imeHi B. M. Pemecna HaujioHanbHoi akaaemii Hayk YKpaiHu
08853, Byn. LleHTpanbHa, 68, cmT. LleHTpanbHe, YKkpaiHa

I. M. KosanuwuHa

[OKTOp CiflbCbKOrocnoAapcbKMx HayK, CTapLlwmMii HayKoBWUIA CiBpobITHWK, Npodecop
HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM

03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

CneKkTpanbHa ouUiHKa copTiB i cenekuinHuX niHin
nweHuui o3MMoi B OCiHHIN nepioa

AHoTauia. BripoBa[yKeHHSI Cy4YacHUX METOZIB ITOJIbOBOI OLIIHKYA TeHOTHUIIB 03UMOi IIIeHUIT
€ HeBiJl'eMHOI0 YaCTVHOW IIiABUIIEHHS AKOCTi CEJIeKLIMHOro Ipollecy. CTBOpEHHS, aJalTallisg
Ta BUKOPUCTAaHHA iHHOBALMHUX TEXHOJIOTiM CKPUHIHTY B ceJeKuii HabyBaloTb Bce 6ibiIol
TIOMYJIIPHOCTI i JO3BOJIAIOTH CEJIEKILiOHepy OiNbIl IIMPOKO Ta O6'€KTUBHO OLIHIOBATH BUXimHI
dopMU Ta HOBOCTBOPEHUM MaTepiaj. [ 03MMUX KyJIbTYp BKJIMBUM € OCiHHIN Ilepiof, KOIu 3a
CIPUATINBUX [TOTOAHUX YMOB ([TOCTYIIOBE 3HWKEHHS TEMIIEPaTypy) BiT6yBaeThCa YIIOBUIBHEHHS
TEMIIIB POCTY 03UMOi IIIIEHUIT, 3MiHIOIThCA ¢izionoro-6ioxiMiuHi mpolecy B opraHisMi pociuHy,
AKi CIIPUSIOTH Ii TTepexofy IO CTaHy 3MMOBOTO CIIOKOI0. CTaH IOCIBIiB MineHUI] o3uMol (Mopdo-
6ioMeTpUYHi TOKa3HUKY POC/IVH) B OCIHHIM Iepiof] 3HaYHOI0 MipOi0 € BUSHAYAJIBHUM § PO3BUTKY
IOCTaTHBOTO PiBHSA 3MMOCTIMIKOCTI, & OT’Ke, BIUIMBAE Ha MOJAJIBITY IIPONYKTUBHICTD KYIETYPU. 3a
pesynbTaTaMy BUBYEHHS AaHNUX MOP}O-6i0I0riYHOro Ta CIIeKTPaIbHOTO aHaIi3y BCTAHOBJIEHO, 110
repez nepe3uMiBieio HalKpalliM CTAaHOM [IJIs IIEPIIOT0 CTPOKY CiB6U BUPi3HAINCA POCIMHY COPTIiB
TIIIEHUIT 03uMoi copTy Jlama: MITI Jlama (NDVI=0,48), miuii Erythrospermum 55023 (NDVI=0,46),
Lutescens 60049 (NDVI=0,46), coptiB MIII Bin3uaka (NDVI=0,46), MIII IVBineiina (NDVI=0,46), MIIT
Iuinpsnga (NDVI=0,46) Ta minii Lutescens 55198 (MIITI JapyHok) (NDVI=0,47). V cTaHAapTHOT'O COPTY
[MomonsHKa 3HAYeHHS iHAeKcy 6ymo Ha piBHi 0,45. ITim yac Ipyroro CTpoKy ciB6u 6ynu BUmineHi
HacTymHi copty: MITT Accons (NDVI=0,32), Baiaga MupoHiBcbka (NDVI=0,32), EputpocriepMym 55023
(NDVI=0,33), MIII Jlaga (NDVI=0,33), MIII lysinerna (NDVI=0,32), TtoTecuenc 55198 (MIII lapyHOK)
(NDVI=0,32) i TioTeciierc 60107 (NDVI=0,32). V copty ITomonauka ingexc NDVI 6y Ha piBHi 0,32

KniouoBi crioBa: MIIeHUIls M'SIKa 03WMa, COPTH, CEJIEKLIMHI 3pasKy, JIiHil, Yac IMpUIUHEHHSA
ocinHbOI Beretarlii, NDVI, mopdo-disiomoriyHui aHanis, GeHOTUITyBaHHSA
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Productivity of seed potatoes with local application
of phosphorous and potassium fertilisers

Abstract. Ukraine occupies a leading position in potato production, being one of the top three
producing countries and ranks second in the world in terms of potato consumption per capita,
second only to Belarus - 139 kg per year per 1 person, with a global average of approximately 33 kg/
person/year. According to the UCAB, in recent years, the area under potatoes has increased by 2.7%
to 1,325 thousand hectares. However, the average yield over the past three years was at the level of
15.8 t/ha. In some advanced farms in Ukraine, the yield reaches 30-40 t/ha due to the introduction of
scientific findings into production. However, in general, in Ukraine, the potential for the economic
productivity of potatoes now remains unused to the full extent. Potato plants are demanding in
terms of the availability of nutrients in the soil. They should be in an accessible form and in sufficient
quantity. This is largely due to the biological characteristics of potatoes. The effectiveness of mineral
fertilisers depends on the methods and quality of their application. The conventional method of
fertilisation involves spreading fertilisers on the surface and then covering them with soil. As
aresult of the uneven placement of fertiliser granules in the soil layer, nutrients transition to a form
inaccessible to plants, which leads to uneven development and maturation of tubers. Therefore, one
of the ways to improve potato nutrition, reduce nutrient losses, and obtain high, stable crop yields
is to apply mineral fertilisers locally to the root system of plants. Local application of phosphorus
leads to its better availability throughout the growing season, which ensures accelerated growth
and development of roots and shoots, and the formation of an optimal number of tubers. Local
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placement of potassium improves its availability and provides enhanced synthesis and transport of
carbohydrates in plants, increases the absorption of moisture and nutrients by roots, strengthens
their resistance to diseases, and improves the quality of tubers. The purpose was to examine the
efficiency of using phosphorus and potassium in various methods and norms of fertiliser application
and to establish the effect on the productivity of seed potatoes. The studies were conducted in
the field experiment by the Department of Agricultural Chemistry and Quality of Plant Products
named in honour of O.I. Dushechkin of the National University of Life and Environmental Sciences
of Ukraine on the territory of Biotech Ltd. (Boryspil district, Kyiv region) during 2019-2020. An early-
maturing Tyras variety was chosen for the research. The area of the sown plot was 495 m?, accounting
plot - 312 m?. The experiment is repeated four times. The placement of options was systematic. As
aresult of the experiment, it was identified that local application of phosphorous and potassium
fertilisers provided such a level of the yield of potatoes of the Tyras variety, which was not inferior
to the option with a spreading method. The yield increase in variants with local application ranged
from 0.6 t/ha to 2.9 t/ha, depending on the norm. Application of local fertiliser with the P60K135
norm caused the highest yield of seed potatoes among the variants (33.4 t/ha), and the highest yield

of the seed fraction - 31.6 t/ha

Keywords: potatoes, phosphorus, potassium, local application, fertilisers, yield

RELEVANCE

Ukraine occupies a leading position in potato
production, being one of the top three producing
countries. In recent years, China has the highest
potato production volumes (93 million tonnes),
India (51 million tonnes), and Ukraine (23 million
tonnes), which together accounts for approxi-
mately 45% of global production. Countries such
as the United States, Russia, Bangladesh, Ger-
many, Poland, The Netherlands, Canada, and Be-
larus are increasing their production volumes,
which together produce approximately 23%
(Indexbox, 2021; Lomovskykh L., 2021). Ukraine
ranks second in the world in terms of potato
consumption per capita, second only to Bela-
rus - 139 kg per year per 1 person, with a glob-
al average of approximately 33 kg/person/year.
These data allow understanding the importance
of potatoes for Ukrainians (Agroportal, 2021).

According to the UCAB, in recent years, the
area under potatoes has increased by 2.7% or 35
thousand hectares, to 1,325 thousand hectares.

However, the yield, for example, in 2018 was
at the level of 16.8 t/ha, in 2019 - 15.2 t/ha, and
in 2020 - 15.6 t/ha. In the leading countries of
the world, such as the United States, this figure
reached the level of 49 t/ha, Canada - 43 t/ha,
Holland - 40 t/ha, France - 39 t/ha, Germany —
36 t/ha. In some advanced farms in Ukraine, the
yield reaches 30-40 t/ha due to the introduction
of scientific findings into production. Howev-
er, in general, in Ukraine, the potential for the
economic productivity of potatoes now remains
unused to the full extent (Kolodiazhnyi I., 2020;
Grados D. et al., 2020).

Problem statement. Obtaining high pota-
to yields involves the use of substantial stand-
ards of nutrients. According to the conventional
method of application, fertilisers are spread on
the surface of the field and mixed with the soil.
This method is very common but simultane-
ously has many disadvantages. One of them is
the uneven distribution of fertilisers, especially
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with a problematic granulometric composition,
which causes variegation of fields, and, conse-
quently, uneven germination, growth, and de-
velopment of potato plants. It is also important
to understand that mixing fertiliser pellets with
a large volume of soil activates the process of
their dissolution, absorption, and binding of nu-
trients by the soil.

The optimisation of the fertiliser application
method is required. One of the ways that con-
tribute to this is the local application of phos-
phorous and potassium fertilisers. With this
arrangement, food elements become more ac-
cessible, which allows plants to fully receive nu-
trients during the growing season and leads to a
high yield with good quality indicators.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
Long-term studies conducted in many countries
convincingly prove the importance of the proper
use of mineral fertilisers, which provide a sub-
stantial increase in yield (Bykin A.V. et al.,, 2021;
Hnatiuk T.O., 2018).

Potato plants are demanding in terms of the
availability of nutrients. They should be in the
soilin an accessible form and in sufficient quan-
tities. This is largely due to the biological charac-
teristics of potatoes, and, above all, an underde-
veloped root system located mainly in the upper
layer of the soil (Ostrenko M.V. et al., 2020).

The effectiveness of mineral fertilisers di-
rectly depends on the methods and quality of
their application. According to the conventional
method, fertilisers are distributed over the soil
surface using spreaders. About 50% of fertiliser
pellets are placed in a soil layer of 0-15 cm and a
substantial part of them may be poorly accessi-
ble to plants. The reason for this is that the root
system of potatoes during the growing season in
search of moisture and nutrients develops and
is located deeper than this layer. In addition, no

less important is the fact that the climatic con-
ditions in Ukraine are changing, and a fairly fre-
quent meteorological phenomenon is drought,
which provokes drying out of the top layer of soil
inwhich fertilisers are placed. This increases the
proportion of inaccessible nutrients for the root
system mainly due to improper granulometric
composition. Quite often, when spreading fer-
tilisers, there is an uneven distribution of their
distribution. In production conditions, it is even
more difficult to maintain the necessary inter-
vals between the spreader passes without using
special equipment, so the quality of fertiliser ap-
plicationis sharply reduced. Uneven distribution
of nutrients in the soil causes uneven germina-
tion of plants, their development and matura-
tion, and as a result, a shortage of yield and de-
terioration of their quality. During the spreading
of fertilisers, the soil is compacted with equip-
ment, which further causes a negative impact
on the growth and development of potato plants.
Itis established that up to 50% of the total area is
compacted (Sergeyev N.S., Zapevalov M.V, 2012).

An important technological technique is the
introduction of fertilisers into the soil. The time
interval between fertiliser spreading and cover-
ing should not exceed 6 hours. Late mixing of fer-
tilisers with the soil leads to high nutrient losses
and environmental pollution. It is worth noting
thattheintensive mixing of fertilisers with alarge
volume of soil activates the processes of binding
nutrients and their transition to hard-to-reach
forms (Sergeyev N.S., Zapevalov M.V, 2012).

Increasing the availability of nutrients and
reducing costs is possible only through fertil-
iser optimisation. Therefore, one of the ways to
improve potato nutrition and reduce nutrient
losses, eliminate the negative impact of fertil-
isers on the environment, and obtain high, sta-
ble crop yields is the local application of mineral
fertilisers in the area of the root system of plants
(Ponomarenko N.O. et al., 2016)
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Local fertilisation has a positive effect on
potato plants, their nutrition, development, and
yield formation. According to the local method,
the development of roots in the fertiliser appli-
cation area increases, but the total mass may
vary slightly. It was identified that the root sys-
tem is mainly concentrated in nutrient-rich ar-
eas. With this method of application, there is an
increase inthe utilisation rates of nutrients com-
pared to the spreading one. The high content of
nutrients in the soil in a state accessible to plants
with local fertilisation persists for a long time,
providing more substantial yield increases. This
method enables the creation of favourable con-
ditions for the mineral nutrition of plants and
makes better use of nutrients. However, the ef-
fectiveness of this method of application is influ-
enced by a number of factors: fertiliser proper-
ties, soil fertility, its granulometric composition,
moisture supply of plants, and varieties (Ab-
dulnatipov M.G., 2019; Lichman G.I. et al., 2018)

The placement of fertilisers in this way has a
positive effect on the ability of agricultural crops
to withstand stressful conditions, improves the
synthesis of storage substances, and reduces the
use of nutrients by weeds. Water consumption
of plants per unit of production is reduced by 10-
15%. According to generalised data, the increase
in potato yield from local fertiliser placement is
on average 3-4 t/ha (Paskal' V.N., Zubovich D.G,,
2020; Zubovich D.G. Tymoshenko V.YA., 2017).

Local application of phosphorus provides
accelerated growth and development of roots
and shoots, energy supply for such processes as
ion absorption and transportation. Due to their
local placement, phosphorus compounds be-
come more accessible during the growing sea-
son. This leads to the formation of the optimal
number of tubers. Applying potassium fertil-
iserslocally increases the supply of potassium to
plants. Optimal potassium nutrition ensures the

synthesis and transport of carbohydrates in
plants, improves the absorption of moisture and
nutrients by the roots. Potassium regulates water
metabolism in plants, strengthens their resist-
ance to diseases, and improves the quality of tu-
bers(Rosen,C.].etal.,2014;Kelling, K. A.etal.,2020).

Thus, the development of a technology for
the local application of phosphorous and po-
tassium fertilisers is justified since it is able to
optimise the nutrition of potatoes and provide a
substantial increase in the yield of high quality.

The purpose of the study. Investigate the ef-
fectiveness of using phosphorus and potassium
invarious methods and norms of fertiliser appli-
cation and establish the impact on the produc-
tivity of seed potatoes.

MATERIALS AND METHODS
The studies were conducted in the field experi-
ment by the Department of Agricultural Chemis-
try and Quality of Plant Products named in hon-
our of O.I. Dushechkin of the National University
of Life and Environmental Sciences of Ukraine
on the territory of Biotech Ltd. (Boryspil district,
Kyiv region) during 2019-2020 according to the
developed experiment scheme (Table 1).

An early-maturing Tyras variety was cho-
sen for the research. The area of the sown plot
was 495 m?, the registered area was 312 m? and
the repetition rate of the experiment is four-
fold. The placement of options was systemat-
ic. The soil of the experimental site is dark grey
podzolic coarse-dusty light loamy. It was char-
acterised by a slightly acidic reaction of the soil
solution (5.48), a high degree of provision of mo-
bile compounds of phosphorus (246 mg/kg) and
exchange potassium (224 mg/kg), increased
content of exchange magnesium (2.64 mg/100 g),
an average content of calcium (793 mg/100 g), a
low content of mobile sulfur (3.64 mg/kg) and
mineral nitrogen (14.5 mg/kg).
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Table 1. Scheme of a field experiment to examine the effectiveness
of various methods of fertiliser application, 2019-2020

Method and rate of fertiliser application
No.
spreading local
1 leo Pso K180 -
2 N150 PSO KlBO
3 NlSD P60 K135
4 NlSD P4O KQO

The following fertilisers were used in the
studies: UAN-25: N - 25%, S - 2.4% (TU U 24.1-
00203826.024-2002); LCF 8: 24: N - 8% PO, -
24% (TU 2186-627-00209438-01), potassium
chloride:K,0-60% (TU 2184-042-00209527-97),
magnesium sulfate: MgO - 16% (TU 2141-073-
00206457-2007), calcium nitrate - N - 15.5%
Ca - 19% (TU U6-13441912.004-99). Pre-plant-
ing treatment of tubers with growth stimulants
was conducted: Gros Rootgrowth (1.5 1/t), Ecoline
phosphite (K) (11/t) using an applicator on the in-
spection table.

Nitrogen fertilisers in the form of UAN-25
were applied as a background in all variants
in the N,, norm on the surface of the soil with
their subsequent covering. In the version with
the spreading method, the LCF was applied
with a John Deere 6195M unit with a mounted
JAR-MET sprayer (Lechler nozzles), potassium
chloride using John Deere 6195M and an MVD
1000 spreader, followed by their covering with
a Vanderstad Carrier CR 400 discator to a depth
of 10-15 cm. Local fertilisation was conducted
by JohnDeere 8300 and the Peliper multifunc-
tional unit with the application of phosphorous
fertilisers to a depth of 15 cm, and potassium
fertilisers to 18-20 cm with a strip width of 10-12
cm. Samples of soil and potato plants were taken

during the following growth and development
phases: germination, budding, flowering, “green
berry”, and technical ripeness.

Selection and preparation of soil samples
for analysis were conducted in accordance with
DSTU ISO 10381-2:2004 and DSTU ISO 11464-
2001. Harvesting was conducted mechanically
from the entire experimental site in the phase
of technical ripeness according to generally ac-
cepted methods. Mathematical processing of
research results was performed using statistical
(variance and correlation) analysis using the MS
Excel computer programme.

RESULTS

The research established that in the control,
where the use of fertilisers was conducted in
a spreading way in the N, P, K - norm, the
yield was 30.5 t/ha. Local introduction of the full
P, K, norm on the background of N led to an
increase in this indicator to the level of 311 t/ha,
which exceeds the above option by 0.6 t/ha (Fig.1).

Reduction of the norm of phosphorous and
potassium fertilisers to P, K .. and their place-
ment locally provided an increase in yield to
334 t/ha, which is 2.3 t/ha more than in variants
with a similar method of application in the full

normof P, K. .
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Figure 1. Yield of seed potatoes (t/ha) by various methods of fertilisation, 2019-2020

Local application of phosphorous and po-
tassium fertilisers in the P, K, norm led to an
increase in yield to the level of 32.9 t/ha, which
is 1.8 t/ha more than the full norm of phospho-
rous and potassium fertilisers in the same way.

The structure of the yield is one of the
components that determine its value. The re-
sulting yield must meet the requirements of
DSTU in terms of size and must not deviate
from the established indicators. The uniform-
ity and size of potato seed material are impor-
tant for the correct establishment of the rate
and quality of planting, and also affect the cost
per hectare of seeds.

In the conditions of this experiment, in
the variant with spreading of NP, K. the
yield of standard tubers was 22.6 t/ha, and the
non-standard part - 7.89 t/ha (Table 2).

Local application of the same rate of phos-
phorous and potassium fertilisers contribut-
ed to an increase in the share of seed fraction
in the yield compared to the spread appli-
cation by 6.5 t/ha to the level of 29.1 t/ha. The

non-standard part of the yield under these
conditions was smaller compared to the option
where fertilisers were applied in a spreading
method and amounted to 2.01 t/ha. Simultane-
ous reduction of the norm of phosphorus and
potassium to P, K .. and their introduction lo-
cally allowed obtaining the highest yield of the
seed fraction in the experiment - 36.1t/ha. The
non-standard part of the yield was at the level
of 1.85 t/ha. Local application contributed to a
better supply of phosphorus and potassium to
plants during the growing season, which had
a positive effect on tuber formation. Further
reduction of the norm for local application to
P, K,, caused the production of 26.3 t/ha of
standard tubers, which is 9.8 t/ha less com-
pared to the local introduction of phosphorus
and potassium in P, K .. norm.

Thus, the use of a local method of applying
phosphorous and potassium fertilisers in the
P, K,,. norm, on the background of N, is advis-
able since it causes a substantial increase in the

productivity of seed potatoes.
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Table 2. Structure of the seed potato yield using different fertiliser application methods, 2019-2020

non-standard

%

25.9

6.50
5.50
20.0

t/ha

7.89
2.01
1.85
6.60

>55

%
80.9

44.7

55.7

82.0

t/ha

6.39
0.90
1.03
5.41
0.49

<28

%
19.1

55.3

44.3

18.0

2.9

t/ha

1.50
1.11
0.82
1.19
0.14

%

74.1

93.5

94.5

80.0

Tuber fraction, mm

t/ha

22.6

29.1

31.6

26.3

1.9

45-55

%
329

41.6

41.5

374

t/ha

7.44
12.1

13.1

9.86
1.17
1.4

standard

35-45

%
49.5

49.1

50.1

49.5

t/ha

11.2

14.3

15.8

13.0

0.9
0.9

28-35

%

17.6

9.34
8.43
13.1

t/ha

3.99
2.72
2.66
3.45
0.17

0.8

Application
rate, kg/ha

a.s.

Pyo Kigo"
Peo K180*
Poo Kizs™
P Ko*

Fertiliser
application

method

Spreading

Local

HIP
Sx.%

Note: * - against the background of introduction of N, |

CONCLUSIONS

Local application of phosphorous and potassi-
um fertilisers provided such a level of the yield
of potatoes of the Tyras variety, which was not
inferior to the option with a spreading method.
The yield increase in variants with local applica-
tion ranged from 0.6 t/ha to 2.9 t/ha, depending
on the norm. Application of local fertiliser with
the P, K .. norm caused the highest yield of seed
potatoes among the variants (33.4 t/ha), and the
highest yield of the seed fraction - 31.6 t/ha.

In the conditions of intensive farming, the
introduction of local fertilisation in the tech-
nology of growing agricultural crops has great
prospects.
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LOKTOP CiNbCbKOrocnoaapcbKMx Hayk, Npodecop, Y1eH-KopecnoHAeHT
HauioHanbHOT akagemii arpapHmx HayK YKpaiHM, HayKOBMIA KOHCY/IbTaHT
HauioHanbHWIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, syn. lrepois Ob6opoH#u, 15, m. Kunis, YkpaiHa

T.B. MaHuyK

AcnipaHT

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#n, 15, m. Kinis, YkpaiHa

NMpoAayKTUBHICTb HaciHHEBOI KapTonni .
3a nNoKanbHoro BHeceHHa pochopHUX i KanintHUMX gOo6pmB

AHoTauina. YRpaiHa 3ariMae IpoBigHi o3ullii y BUpOOHULITBI KAPTOILTi, BXOAAYY A0 TPiMKM KpaiH-
BUPOOHUKIB Ta II0Ciiae Apyre Miclie y CBiTi 3a piBHEM CITOXKMBAaHHS KapTOTLIi Ha AyIIy HaceTeHH,
IIOCTYIIa04KCh Juiie Binopyci — 139 Kr Ha pik Ha 1 0coby, IIpU CepeqHBOCBITOBOMY ITOKa3HUKY
65113bK0 33 Kr/ocoby/pik. 3a manuMu YKAEB, 3a oCTaHHi pOKY IIOCiBHI IIIOIII ITifi KapTOILIeo
36inmpnrcsa Ha 2,7% mo 1325 Tuc. ra. OZHAaK cepeHA BPOXKAaMHICTh 38 OCTAHHI TpU poKU byia
Ha piBHi 15,8 T/ra. V IegRUX ITepeoBUX FOCIIONapCTBax YRpaiH BpoykalHicTh gocsarae 30-40 T/ra
3aBASAKM BIPOBAIKEHHIO HAYKOBUX PO3PO6OK y BUPOOGHUIITBO. OfHAaK, B IiyioMy, B VKpaiHi
TI0TeHIIiaJ eEKOHOMIUHOI IPOAYKTUBHOCTI KApTOILIi 3apa3 3a/IMIIAEThCSI HEBUKOPUCTAaHMM II0BHOIO
Mipoo. POCIMHY KapTOILUIi BUMOITIMBI 0 HAABHOCTI ITIOXKUBHUX PEYOBUH Y I'PYHTi. BOHY ITIOBUHHI
6yTU B JOCTYIIHIM dopMi i B JocTaTHIM KibKOCTI. Lie 3HaYHOI0 Mipoio MOB'I3aHO 3 6iooTiyHUMU
0CO6IMBOCTAMU KapTOIUTi. EGeKTUBHICTh MiHepaJIbHUX NO6PUB 3aJIe3KUTH Bifl CIT0CO6iB Ta SKOCTI
ix BHeceHHS. TpaJULIiMHUY CITOCi6 BHECEeHHS NOo6PHUB IT0JIITa€E B PO3KUIaHHI JOOPUB I10 ITOBEPXHi
i momapLUIOMY 3acCUIIaHH] IX I'PYyHTOM. B pe3ynbTaTi HepiBHOMIpHOTO pO3MillleHHS rpaHy Jo6pUB
y Iapi I'PyHTY II0KUBHI peYOBUHU ITePEXOASATD Y HELOCTYIIHY 171 POCINH GOopMy, L0 ITPU3BOAUTD
IO HepiBHOMIPHOTO PO3BUTKY i I03piBaHHS 6y1b6. TOMY OIHUM i3 IIIAXiB TOKpAIeHHS JKUBJIEHHS
KapTOIUTi, 3MEHIIIEHHS BTPAT [IOKMBHUX PEYOBUH Ta OTPUMAaHHS BUCOKUX, CTA61IBHUX BPOJKAiB €
JIOKaJIbHE BHECEHHS MiHepaJbHUX JOOPUB Il KOPEHEBY CUCTEMY POCIVH. JIOKaJIbHE BHECEHHS
docdopy mpHU3BOAUTE 10 KpaI[ol KOr0 JOCTYITHOCTI IIPOTATOM YChOI'O BETreTalliliHOTO IIepiofy, o
3a6e3IeuyenpUCKOPEHUHN PiCTi pO3BUTOKKOPEHIBTaMaroHis, GopMyBaHHA OIITUMAJIbHOIKiTBKOCTI
6y7156. JIoKaJIbHE BHECEHHS KaJIiio IOKPALIYeE MO0 JOCTYIIHICTh Ta 3a6e3Ie4ye TIOCUIEHUM CUHTE3
i TpaHCIIOPT BYIVIEBOZIB y POCIMHAX, IIiABUIIYE IOINMWHAHHS BOJOTU Ta IOKUBHUX PEYOBUH
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Public associations in the field of medical tourism: role and international experience

KOPiHHAM, TIOCUJIIOE iX CTIMKICTh O XBOPO6, MOKpaIIye SKiCTh 6yIb6. MeTO JOCIiIKeHb 6yI10
BUBUUTU ePEKTUBHICTD BUROPUCTAHHSA pocdopy i Kaito 3a pisHMX crtocobiB i HOpM BHECEHHS
IO06PUB Ta BCTAHOBUTH BIUIUB Ha IPOYKTUBHICT HaCiHHEBOI KapTOILIi. JIOCIIiI>KeHHSA ITPOBOIUIIN
B ITOJILOBOMY IOCHiZi Kadempu arpoximii Ta SKOCTi MpoAyKuii pociuHHUITBA iM. O.1. [[ylIeukiHa
HaijioHaJIbHOTO YHiBepcuTeTy 6iopecypciB i MpUpOZOKOPUCTYBAaHHA YKpaiHM Ha TepUTOpii
TOB «BioTex» (BopuCIiIbCBRUN p-H, KuiBcbKa 0611, M. Bopucming). (BOpUCITIIBCBRKUN PaKoH,
KuiBcpKa 065acTh) rnpotaroM 2019-2020 pokis. s mociifkeHs 6y10 06paHO PaHHbOCTULITUI
copt Tupac. [Iy1o111a MoCiBHOI AIIHKY cTaHOBMIIA 495 M?, 06J1iKOBOI — 312 M2 TTOBTOPHICTb JOCITiTy
JoTHpUpPa30Ba. Po3MimeHHs BapiaHTIB 6yJI0 CCTeMaTUYHUM. V pe3yibsTaTi JOCIIiy BCTAHOBIIEHO,
110 JIOKAJIbHEe BHeCeHH pocdHOopHUX i KaIiHNUX Jo6pUB 3a6e31eYII0 TaKUI PiBeHb YPOKaHOCTI
KapTori copty Tupac, KU He IIOCTYIIaBCA BapiaHTy 3 PO3KUAHUM crocoboM. ITpubaBka
BpOJKAI0 y BapiaHTax 3 JIOKAJIBHUM BHECEHHSM CTAaHOBMIIA Bix 0,6 T/ra mo 2,9 T/ra 3ayekHO Bif
HOPMHU. 3aCTOCYBaHHs JIOKAJIbHOTO BHECEHHS JobprBa B HOpMi P60K135 3a6e3meunyio HalBUILy
cepeq] BapiaHTIB BpOXKaMHiCTh HaCiHHEBOI KapTOIli (33,4 T/ra), a TAKOK HaMBUILY BPOKANHICTH
HaciHHeBoi dpakiii - 31,6 T/ra

KnouoBi cnosa: kapToruis, pocdop, Kajil, JoKalIbHe BHECEHHS, JOOPUBA, YPOXKaMHICTh
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Methodological approaches to identifying plants on high
resolution images of multispectral monitoring using UAVs

Abstract. Plant growers need accessible and effective information about the state of crops to
implement crop management. The purpose of the study is to develop a method for identifying plants
on high-resolution multispectral images for continuous sowing crops, using the example of winter
wheat. The studies are conducted in the Left-Bank Forest-Steppe zone, on industrial crops of winter
wheat, Mulan variety. At the time of remote monitoring through UAVs (2019.03.17), the plants were
in the tillering stage. Monitoring from an altitude of 100 meters is conducted using the Slantrange
3p spectral system installed on the DJI Matrice 600 UAV. A full-screen copy of the snapshot window
is made to extract reference graphic data from the SlantView programme. Statistical processing
of graphical data of spectral monitoring results is performed in the MathCad programme. It is noted
that reliable determination of the spectral portrait of the soil for its pixel filtration from multispectral
images is a difficult task, since its colour substantially depends on the state of moisture and may
differ in open and shaded areas. A fundamentally new way to filter out random inclusions is to use
a spectral portrait of plants based on the intensity ratios of their components. A promising parameter
for assessing the condition of crops is the estimation of their horizontal surface area, which can be
determined by pixel-by-pixel image analysis. A filtering option that requires debugging is suggested.
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In further studies, it is advisable to consider the issue of methodological support for assessing the
quality of filtering data from spectral monitoring of plantings.

Keywords: Slantrange, crop identification, filtering

INTRODUCTION

The relevant criterion of optimality for crop
production in a market economy is the ration-
al consumption of funds and energy, which
implies the introduction of precision farming
technologies. Crop management is one of the
key trends in the modernisation of technol-
ogies in crop production. Plant growers need
accessible and effective information about
the state of crops to implement crop manage-
ment. The monitoring technologies currently
used require serious methodological findings.
For ground-based equipment such as the Yara
N-Sensor presented by (Matveenko et al., 2017)
data is available because it can be obtained
promptly in the right place in a format accept-
able for technical implementation, but inef-
ficient because it is not adapted to industrial
scale. Setting up such ground-based equip-
ment provides for the optimal criterion - max-
imum yield. Satellite technologies are effective
because they will allow getting information for
the entire field, but are limited because they
depend on weather conditions and have a high
cost even with an average image resolution.
Unmanned aerial vehicles (UAVs) also have
their limitations, but for crop monitoring, this
is undoubtedly a revolutionary solution. Unlike
satellite technologies, they can work under the
cloud and allow getting high-resolution images
at an affordable price. One of the reasons con-
straining the introduction of these monitoring
technologies is the complexity of using spectral
sensor equipment for measurement purposes
to make a decision on the use of ground-based

equipment. In the initial stages of vegetation,
when it is possible to effectively manage the
crop, vegetation indices will depend on the
condition of the soil and the presence of plant
residues recorded in the images (Pasichnyk et
al.,, 2020), which affects the reproducibility of
the results. There are serial multispectral sys-
tems, such as Slantrange, where developers in
proprietary software offer a system for filtering
soil and foreign objects, but its configuration
is based on a visual assessment of the image,
while the filtering algorithm implemented by
the developer is closed. In general, existing
remote air and satellite monitoring technolo-
gies have substantial problems, primarily of a
methodological nature. Thus, according to the
results of the study (Duan et al., 2017) by com-
bining data from GreenSeeker ground-based
equipment and a UAV-mounted RedEdge cam-
era, a substantial difference was recorded for
the NDVI index, which had both static and dy-
namic components, which was recorded at dif-
ferent stages of vegetation. The authors made
adjustments to consider old leaves to increase
the correlation, but in the initial stages of veg-
etation, when the plant dome is not dense and
a substantial percentage of soil is captured,
reproducibility will decrease. This phenome-
non is due to the fact that the spectral param-
eters of the soil, both in the visible and infra-
red ranges, depend on the state of its moisture
content, which can change over several hours.
The results were confirmed in the experiments
(zhelezova et al., 2016), where it was identified
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that during the autumn and spring tillering
period, the results of measurements from the
GreenSeeker® RT200 ground sensor and the
Canon S110 NIR camera installed on the UAV
were close in row spacing of 12 cm, and for 18
cm they had a substantial difference. During the
tillering growing stage, a stable difference inin-
dicators was present, regardless of the width of
the row spacing, which the authors explain by
different lighting conditions. This explanation
is debatable, since the monitoring height did
not depend on the stage of vegetation, and the
characteristic difference in sensor indicators
was recorded with a larger row spacing width.
A possible explanation for this is soil capturing
during aerial monitoring. Soil can be identified
by the pixel-by-pixel analysis, as shown in the
papers (Komarchuk et al., 2019; Xiuliang Jin et
al., 2017). An example of such indices for wheat
identification are the ExG, EGVI, and ERVI pre-
sented in the paper, which were used by devel-
opers for the image resolution of 0.2 mm/pixel.
However, for industrial monitoring systems,
lower resolution image distinguishing is more
suitable, as shown in the paper (Linyuan et al,
2018). The infrared range is used as part of the
ground line concept to identify plants from
satellite imagery, so it can also be effective for
UAVSs, which needs to be checked. Based on this,
the purpose of the study is the development of a
method for identifying plants on multispectral
images of high resolution for continuous sow-
ing crops, using the example of winter wheat.

MATERIALS AND METHODS

The above survey was conducted on2019.03.17 on
industrial crops of winter wheat, Mulan variety,
geographically in the Left-Bank Forest-Steppe
zone (50216 ‘N, 30258'E). The plants were in the
tillering stage. The exposed areas of soil were in
an air-dry state. Two areas without vegetation

were selected (dried lowland - “saucer”) were
used to conduct research on the effect on the
spectral parameters of wet soil, one of which
was previously abundantly moistened so that 15
minutes before the flight, the puddles would not
be visible from the ground level.

Aerial monitoring was conducted using the
Slantrange 3p spectral system installed on the
DJI Matrice 600 UAV. The flight altitude is 100
meters, which provided a spatial resolution of
14 mm/pixel for each of the channels. The Slan-
trange 3p system has 4 monochrome measure-
ment channels (Green, Red, RedEdge, iRed) and
a standard lighting correction system based on
an areal sensor. Specialised SlantView software
allows calibrating the results of photography by
lighting and positioning and creates maps of the
distribution of vegetation indices (VI). Since the
programme does not provide access to the dis-
tribution map by source channels, an additional
interface of the snapshot window was used. Fig-
ure 1 shows the SlantView snapshot windows in
the green channel (left) and in pseudo-colours
(right), with the areas under study highlighted
directly in the programme.

A full-screen copy of the snapshot window
was made to extract reference graphic data from
the SlantView programme, which was saved in
the Windows 7 pro Paint image editor in bmp
format (24 bits). Cropping the image with posi-
tioning on reference points was done in the MS
Office Picture manager programme. Statistical
processing of graphical data of spectral mon-
itoring results was performed in the MathCad
(veri14) programme according to the method-
ology presented in the paper (Pasichnyk et al,
2019) [8]. In the programme, the original bmp or
jpegimage was first converted to a matrix, which
allowed clearly identifying each pixel of the im-
age, and then the number of pixels for each of the
256 gradations of colour intensity was counted.
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Figure 1. SlantView snapshot window interfaces:
on the left - a monochrome image in the green channel (530-570 nmy), on the right - an image in pseudo-colours
(without the blue channel). Designations on placemarks set by the operator: a - open ground in an air-dry state,
w1 - without prolonged action of herbicides, w2 - poorly affected areas, w3 — areas with maximum plants affected.

RESULTS colour components for the selected area to set
A programme was written that counted the up sail filtration during the analysis. The results
number of pixels based on the intensity of the obtained are shown in Figure 2.
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Figure 1. Distribution of the number of pixels depending on the intensity of the colour component
where: 1-3 - wheat, g - dry soil, and gv - wet soil
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Given the results obtained, it is problematic
to reliably determine the soil parameters for fil-
tration exclusively through a separate channel. If
there are matches for an area with sparse veg-
etation for the iR channel with dry soil, but not
with wet soil, then the opposite happens for the
red one. A possible reason for this is the different
topography of the soil in arable land and lowland.
Inaddition, the soilin the shade of plants can also
have an intermediate state of drying. When con-
sidering the prospects for the industrial applica-
tion of this technology, it is necessary to consid-
er the difficulties in determining soil filtration.

Considering possible variations in soil
types and subtypes, a greater versatility of the
identification method can be obtained by filter-
ing not soil from the total mass, but by the spec-
tral portraits of the plants. For the plants under
study, the value of the G component is lower or
closeto iR, in contrast to dry or wet soil. Accord-
ing to this assumption, to identify plants, it is
proposed to filter out pixels for which the iR-G
> F condition is not met. The value of F is config-
urable and can be determined by the character-
istics of the variety (crop). The results obtained
are presented in Table 1.

Table 1. Dependence of the spectral parameters of plots
and the calculated plant area (S) on the plot on filtration parameters

1 2 3
F
G R Re iR S,% G R Re iR S,% G R Re iR S,%
-20 |94 81 110 |111 |100 103 | 111 | 128 97 83| 93 110 98 77 18
-15 |94 81 110 |111 |100 103 | 110 | 129 100 67| 94 109 | 102 82 4
-10 |94 81 110 112 |99 102 | 109 | 129 102 50| 93 108 | 104 86 0.5
-5 |94 81 110 |112 |98 101 | 108 | 129 104 33| 93 108 | 104 86
-0 |94 80 110 |112 |95 101 | 107 | 129 107 20| 93 108 | 104 86

By evaluating the effect of filtering on spec-
tral parameters, it was identified that the larg-
est adjustment occurred in the R and iR chan-
nels, which will affect the vegetation indices
based on them. Interesting are the results of
the calculated horizontal area of plants, which
has changed substantially, which can be used to
assess the condition of plants as an additional
parameter.

THE PROSPECTS OF FURTHER RESEARCH
The authors proposed a filtering option, which,
just like in solutions implemented in the Slant-
View software, requires debugging.Debugging
is conducted in expert mode, which determines
subjectivity, and there are no objective criteria

for evaluating the quality of filtering. Therefore,
in further studies, it is advisable to consider the
issue of methodological support for assessing
the quality of filtering data from spectral moni-
toring of plantings.

CONCLUSIONS

n Reliable determination of the spectral
portrait of the soil for its pixel-by-pixel filtra-
tion from multispectral images is a difficult task
since its colour substantially depends on the
state of moisture, which can vary in open and
shaded areas.

n A more promising way to filter out random
inclusions is to use a spectral portrait of plants,
namely the intensity ratios of their components.
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n A promising parameter for assessing the terials of the “Identification of plants in images

condition of cropsis the estimation of theirhori-  using unmanned aerial vehicles” of the interna-
zontal surface area, which can be determined tional scientific-practical conference dedicated

by

pixel-by-pixel image analysis. Preliminary to the 125th anniversary of the birth of T.S. Malt-

results of the study were presented in the ma- sev, 5.11.2020, the city of Kurgan, Belarus [6].
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MeTtoamuHi niaxoam po ineHTudikauii pocnuH
Ha 3HIMKaX BUCOKOiI po3AinbHoi 3a4aTHOCTI
6araTocneKTpanbHOro MOHITOPMHry 3 BUKOpPUCTaHHAM BIJ1A

AHoTauUif. POCIMHHUKY MOTPe6YIOTh HOCTYITHOI Ta edpeKTHBHOI iHdopMallil Mpo CTaH IOCiBiB
IUIS 3IiMICHEHHS YIIpaBIIiHHA ITociBaMu. MeToo po60oTH € po3pobKa MeToLy imeHTudiKalii pocaH
Ha MYJIBTUCIIEKTPaJIbHUX 3HIMKax BHUCOKOL PO3ZiIbHOIL 3IaTHOCTI JIJISl KY/IBTYP CYLIIJIBHOTO IIOCIBY
Ha TIPUKJIAaZ] 03UMOi MieHuL. JocmigkeHHS TPOBOAAThCA B 30Hi JliBobepeskHoTO JlicocTerry, Ha
TIPOMMCJIOBUX ITOCiBax 03MMOI MIIeHUIl copTy MynaH. Ha MOMeHT IIpoBelleHHS IUCTAHIIiNHOIO
MOHITOPHUHTY 3a JoroMororo BITJIA (2019.03.17) pocnunu riepebyBainu y ¢asi KyujiHHa. MOHITOpUHT
3 BucOoTH 100 MeTpiB IPOBOAUTHCA 3a LOIIOMOTIOI0 CIIEKTpaJibHOI cucteMu Slantrange 3p,
BCTaHOBJIeHOI Ha BIIJIA DJI Matrice 600. [ToBHOeKpaHHAa KOITig BiKHA 3HIMKa POOGUTHCH I
BWIyYEHHS eTaJIOHHUX IpadidyHmX AaHuX 3 IporpaMu SlantView. CTaTuCTHUUHY 06pO6KY rpadiuHix
IaHUX pe3yJbTaTiB CIIEKTPaJIbHOTO MOHITOPMHTY BUKOHAHO B nporpami MathCad. Bim3HadeHo,
1[0 ZOCTOBipHe BU3HAUEHHS CIIEKTPAJIBHOTO IIOpTpeTa IPyHTY [JIS MOro IiKcenbHOI GinbTpaliil 3a
6araToCreKTpaJIbHUMU 3HIMKaMHU € CKJIaJHUM 3aBIAHHAM, OCKUIBKY FOTO KOJIP CYTTEBO 3aJIEXKUTh
BiJ, CTaHy 3BOJIO’KEHHS 1 MOJKe BiZpi3HATHCS Ha BIOKPUTUX 1 3aTiHeHUX IOiIAHKaX. [IpUHLIUIIOBO
HOBUM CII0CO60M (inbTpariil BUMTaJKOBUX BKIIIOUEHb € BUKOPUCTAHHS CIIEKTPAJIBHOTO IIOPTPEeTa
POCIIMH Ha OCHOBi CIIiBBiZHOIIEHHS IHTEHCUBHOCTEM IXHiX KOMIIOHEHTIB. I[lepClIeKTUBHUM
ITapaMeTpOM JJIf OLIiHKY CTaHy MTOCIBiB € OLiHKa IO iX TOpM30HTaIBHOI ITOBEPXHI, IKa MOJKe 6y TU
BU3HAYeHa IUIAXOM ITOMIKCEeIbHOro aHasi3y 306paskeHHs. 3allpollOHOBaHO BapiaHT ¢QinbTpaliii,
AKUM TOTpebye HaJAro[pKeHHs. Y IONAJBIINX JOCTIIKEHHAX IOLIBHO PO3MIAHYTU ITUTAHHS
METOAMYHOTO 3abe3redeHHs OLiHIOBAHHS IKOCTi GUIBTpallil JaHUX CTIEKTPaJIbHOTO MOHITOPUHTY
HaCaJ’)KeHb

KnouoBi cnoBa: KocoKyTHUI paziap, izeHTrdiKallis CilbCbKOr0CIIOAapChbKUX KyIBTyp, Ginbrpartisa
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Antagonistic activity of dominant bacteria
isolated from the rhizosphere of spring barley against
phytopathogenic micromycetes

Abstract. The purpose of the study was to examine the manifestation of representatives of
the bacterial biome that dominate the spring barley rhizosphere, antagonistic activity against
phytopathogenic micromycetes. The standard difftuse method of double culture in Petri dishes was
used to examine the antagonistic properties of bacterial strains,dominating the rhizosphere. The level
of antagonistic activity of microorganisms was evaluated by indicator (%) of inhibition of growth and
development of mycelium of micromycetes Fusarium sporotrichioides Sherb. 23.2, Alternaria alternata
(Fr.) Keissl. 3.45, Nigrospora oryzae (Berk. § Broome) Petch. 18.77. As a result of the conducted studies,
it was identified that bacteria Bacillus methylotrophicus 10 had an inhibitory effect on Fusarium
sporotrichioides Sherb. 23.2 - 77,4%, Alternaria alternata (Fr.) Keissl. 3.45 — 66.6% and Nigrospora oryzae
(Berk. & Broome) Petch. 18.77 — 86.7%, while bacteria Phyllobacterium ifrigiyense 1 showed activity
against phytopathogens by 451%, 63.1%, and 65.0%, respectively. Thus, both strains of dominating
rhizospheric bacteria have high antagonistic activity against phytopathogenic micromycetes,
which gives grounds for their further study
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INTRODUCTION

Nature haslaid down all the mechanisms for con-
trolling the most important biosphere processes:
nitrogen fixation, antagonism of certain micro-
organisms to pathogens, synthesis by microor-
ganisms of biologically active substances that
can substantially affect the physiological state of
plants and their immunity, etc. (Andreiuk, 1992).
Intheroot zone of plants, all the positive and neg-
ative aspects of inter-microbial and plant-micro-
bial interaction are most active (Kiroiants, 2020).

During the study of the features of the for-
mation of the microbial complex of chernozem
typical in the agrophytocenosis of spring barley,
a comparative characterisation of the number
of the main physiological and taxonomic groups
of microorganisms is conducted. The qualita-
tive composition, structure, and diversity of the
microbial complex formed in the ontogenesis
of spring barley under various farming sys-
tems are analysed (Novikova, 2011). Microbiota
formation is analysed using the Shannon and
Simpson biodiversity indices in various phas-
es of spring barley ontogenesis, and strains of
microorganisms dominating the spring barley
rhizosphere are identified. Laboratory molecu-
lar-biological methods identified the dominat-
ing bacteria — Bacillus methylotrophicus 10 and
Phyllobacterium ifrigiyense 1 (registered in Gen-
Bank database MK947056, MK947049 (Berg et

al, 2016); https://www.ncbinlm.nih.gov/nuccore/

MK947056; https://www.ncbi.nlm.nih.gov/nuc-
core/MK947049.

a) b)

Rhizospheric bacteria can exhibit high an-
tagonistic activity against phytopathogenic mi-
croorganisms due to the synthesis of exome-
tabolites of various chemical nature, and act as
potential elicitors with which it is possible to
control and reduce the level of phytopathogen-
ic damage at the stages of plant ontogenesis
(Goudjal, 2016).

The study of the properties of highly active
microorganisms as potential bioagents of drugs,
in particular, protective action for use in envi-
ronmentally safe agricultural technologies, is
one of the priority tasks of modern agroecology.

The purpose of the study was to research the
manifestation of representatives of the bacterial
biome that dominate the spring barley rhizos-
phere, antagonistic activity against phytopatho-
genic micromycetes.

MATERIALS AND METHODS

The studies used identified and classified strains
of dominant microorganisms — Bacillus methy-
lotrophicus 10 and Phyllobacterium ifrigiyense 1
(GenBank MK947056, MK947049). Strains
of phytopathogenic micromycetes Fusarium
sporotrichioides Sherb. 23.2, Alternaria alterna-
ta (Fr.) Keissl. 345, Nigrospora oryzae (Berk. &
Broome) Petch 1877 (Fig.1) were provided from
the collections of the Plant Biochemistry and
Bioenergetics VFE. Peresypkin Department of
Phytopathology of the National University of Life
and Environmental Sciences Of Ukraine.

c)

Figure 1. Phytopathogenic micromycetes
Note: a) Fusarium sporotrichioides Sherb. 23.2; b) Alternaria alternata (Fr.) Keissl. 3.45; ¢) Nigrospora oryzae (Berk.

& Broome) Petch. 18.77
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Antagonistic properties were determined
by the diffuse method of double culture in Petri
dishes on a glucose-peptone agarose medium
(GPA-Zviagintsev). The studies used the classical
block method (Ehorov, 2004) involving dominant
rhizospheric bacteria Bacillus methylotrophicus
10 and Phyllobacterium ifrigiyense 1.

During the study of rhizospheric bacteria,
they were cultured at 28°C for a day for the for-
mation and accumulation of biologically active
metabolites in an agarose nutrient medium.
Sample preparation of ten-day test cultures of
phytopathogenic micromycetes was conducted
under incubation conditions by the block meth-
od and the temperature range from 24 to 28°C.

The antagonistic activity of rhizospheric
prokaryotes was evaluated by the degree of inhi-
bition of growth and development of test micro-
mycetes. The colony diameter was measured on
day 14, and the percentage of growth inhibition
of fungi colonies was determined by the formula:

Growth inhibition (%) = DRD;}?O x 100%,
where: D, - diameter of the fungal colony in the
control, mm; D, - diameter of the mushroom
colony in the experiment, mm.

The colony diameter was measured twice on
radially opposite sides, and the arithmetic mean
was calculated.

The degree of antagonistic activity of the
tested rhizosphere bacteria strains was defined
according to the size of the test strain growth in-
hibition zone around the agar block. Growth re-
tardation zones were considered after 3 and 10
days of cultivation.

Statistical processing was performed using
Microsoft Excel.

RESULTS AND DISCUSSION
The results of studies of the inhibitory activity
of bacterial strains against phytopathogenic mi-
cromycetes are presented in Table 1.

Table 1. Inhibitory activity of dominant spring barley rhizosphere bacteria

Bacillus methylo- | Phyllobacterium N Inhibitory activity P (%)
. e Phytopathogenic micromycetes
trophicus 10 ifriqiyense 1 (control), Dk (mm) Bacillus methylo- | Phyllobacterium
Do day 10 (mm) Do day 10 (mm) trophicus 10 ifrigiyense 1
Fusarium sporotrichioides
+ + +
34+1.6 14+0.8 Sherb. 23.2 62+3.8 45.1 77.4
21424 1913 Alternaria alternata (Fr.) | o7, ; 5 63.1 66.6
Keissl. 3.45
Nigrospora oryzae (Berk. &
+ + +
29+14 11+1.9 Broome) Petch. 18.77 83+3.6 65.2 86.7

Note: D, - diameter of the fungal colony in the control, mm; D, - diameter of the fungus colony in the experiment,

mm; P - indicator of inhibition

As a result of the conducted studies, it was
identified that bacteria Bacillus methylotrophi-
cus 10 and Phyllobacterium ifrigiyense 1inhibited
the growth of phytopathogenic micromycetes
Fusarium sporotrichioides Sherb. 232 — 451%
and 774%, respectively, test cultures Alternaria
alternata (Fr.) Keissl. 345 — 63.1% and 66.6%, Ni-

grospora oryzae (Berk. & Broome) Petch. 1877 —
65.2% and 86.7%. The conducted studies of
antagonistic activity indicate (Fig. 2) that rhizos-
pheric bacterial agents of Bacillus methylotroph-
icus 10 and Phyllobacterium ifrigiyense 1 inhibit
the growth of micromycetes, which is evidence
of their antifungal activity.
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a)

Figure 2. Antagonistic activity of rhizospheric bacterial strains, (day 10)
Note: a) Bacillus methylotrophicus 10;b) Phyllobacterium ifrigiyense 1

Bacteria Phyllobacterium ifrigiyense 1 pop-
ulate the substrate more quickly and use nu-
trient resources accordingly, while micromy-
cetes lose the ability to grow and do not have
the opportunity to populate the substrate fur-
ther away, and there is a tendency to die. Thus,
evidently, the detected antagonistic activity is
associated with competition. In natural con-
ditions, antagonism of this type is most often

observed in the soil environment of the plant
rhizosphere, where there is competition be-
tween microorganisms for food sources (root
exudates) (Hadzalo, 2015).

The intensity of growth and development of
bacteria dominating the rhizosphere of spring
barley plants around agar blocks of phytopatho-
genic micromycetes on days 3 and 10 of the ex-
periment is presented in Table 2.

Table 2. Determination of the growth retardation zone of phytopathogenic micromycetes
under the influence of dominant bacteria on days 3 and 10 of the experiment

Phytopathogenic micromycetes (control, Bacillus methylotrophicus 10 Phyllobacterium ifrigiyense 1
mm) Day 3 (mm) Day 3 (mm) Day 3 (mm) Day 10 (mm)
Fusarium sporotrichioides
+ + + + +
Sherb. 23.2 62+14 3+0.2 1+0.1 9+0.6 2+0.1
Alternaria alternata (Fr,) 5740.9 11:0.6 3£0.2 13:0.8 540.4
Keissl. 3.45
Nigrospora oryzae (Berk. &
+ + + + +
Broome) Petch. 18.77 83+2.2 5+.4 2+0.1 11+0.7 7+0.5

Based on the results obtained, bacteria Ba-
cillus methylotrophicus 10 and Phyllobacterium
ifrigiyense 1 on day 3 of the experiment sup-
pressed the growth and development of phy-
topathogenic micromycetes, in particular, the
zones of growth retardation of micromycet-
es were as follows: Fusarium sporotrichioides
Sherb. 23.2 — 3 and 9 mm, respectively, Alter-
naria alternata (Fr.) Keissl. 3.45 — 11 and 13 mm,
and Nigrospora oryzae (Berk. § Broome) Petch.
1877 - 5 and 11 mm, respectively. On the 10%

day of the experiment bacteria Bacillus methy-
lotrophicus 10 and Phyllobacterium ifrigiyense 1
inhibited the growth of fungi Fusarium sporo-
trichioides Sherb. 23.2 — 1 and 2 mm, Alternaria
alternata (Fr.) Keissl. 345 — 3 and 5 mm, and Ni-
grospora oryzae (Berk. & Broome) Petch. 18.77 -
2 and 7 mm, respectively.

Consequently, the antagonistic activity
of the bacterial strains dominating the rhiz-
osphere of spring barley was manifested al-
ready on the third day of the experiment and
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increased its influence on the growth and de-
velopment of phytopathogenic micromycetes
during the experiment.

CONCLUSIONS

Rhizospheric bacteria Bacillus methylotrophicus
10 and Phyllobacterium ifrigiyense 1, have antag-
onistic activity against phytopathogenic micro-
mycetes, and also they have an inhibitory effect
on the growth and development of phytopath-

ogenic micromycetes, and therefore the ability
to compete with specific plant phytopathogens
under study.

Therefore, further research of these bacte-
ria and the search for new effective ones with
polyfunctional action are promising for the de-
velopment of biotechnologies for their use as
preparative forms for crop production (alterna-
tive ecological technological means for chemical
plant protection and mineral fertilisers).
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AHTaroHicTMYHa aKTUBHICTb AOMIHAHTHUX 6aKTepiNn,
BMAINEHUX 3 pusochepu SUMEHIO Aporo,
wono ditonaTtoreHHUX MiKkpoMiueTis

AHoTaUif. MeToI0 JOCIiIReHHS 6yJI0 BUBYEHHS ITPOABY IIpeJcTaBHMKaMU 6aKTepiasbHOTo 6ioMa,
110 AOMiHYIOTB Y pu3ocdepi SUMEeHI0 Sporo, aHTaroHiCTUYHOI aKTUBHOCTI 1I0A0 GiTOMaToOreHHUX
MiKpoMilieTiB. [IJiS BUBYEHHS aHTarOHICTMYHUX BJIACTUBOCTEN INTaMiB 6aKTepil, 10 JOMIHYIOTh
y pusocdepi, BUROPUCTOBYBAIN CTaHAAPTHUN OUPY3HUN METOJ, ITOABIMHOTO KY/IBTHBYBAaHHS B
yamKax [leTpi. PiBeHb aHTaroHiCTUYHOL aKTUBHOCTI MiKpOOPIaHi3MiB OLIHIOBa/IU 38 [IOKa3HUKOM
(%) mipurHiyeHHsa pocTy i pO3BUTKY Millesiio MikpowmitieTie Fusarium sporotrichioides Sherb. 23,2,
Alternaria alternata (Fr.) Keissl. 3.45, Nigrospora oryzae (Berk. & Broome) Petch. 18.77. B pesynbrari
MIpOBeEeHMUX AOCIiAKeHb BCTAHOBJIEHO, 1110 6arTepii Bacillus methylotrophicus 10 Mau iHTi6youmit
BIUIUB Ha Fusarium sporotrichioides Sherb. 23,2 - 774%, Alternaria alternata (Fr.) Keissl. 3,45 - 66,6% Ta
Nigrospora oryzae (Berk. & Broome) Petch. 18,77 - 86,7%, Tomi Ak 6akrepii Phyllobacterium ifrigiyense
1 IposIB/IANIN aKTUBHICTh IIPOTHU piTonaToreHiB Ha 45,1%, 63,1% Ta 65,0% BiAIoBigHO. TAKUM YKHOM,
obuaBa mTaMU ZOMiHYIOUMX pru30chepHUX GaKTepill MaroTh BUCOKY aHTAarOHICTUYHY aKTUBHICTb
IpoTHU $iToImaTOreHHUX MiKpOMIIIETIB, IO Ja€ MMiACTaBHU 714 IX ITOAAJIBIIOr0 BUBYEHHS

KmwouoBi cnoBa: Bacillus methylotrophicus 10, Phyllobacterium ifrigiyense 1, aHTaroHiCTHUYHi
BJIACTUBOCTI, iTOnaToreHHi MiKpoMiLleT!
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Influence of fertiliser systems with elements
of biologisation and cultivation on the yield,
economic and energy efficiency of spring barley

Abstract. The influence of the use of fertiliser systems with elements of biologisation and tillage
on the yield, economic and energy efficiency of spring barley is investigated. The purpose of the
study is to identify the impact of the implemented tillage systems with elements of minimisation
and fertiliser with elements of biologisation on the productivity and economic indicators of spring
barley. It is established that in the conditions of the Right-Bank Forest-Steppe of Ukraine, the
aftereffect of applying high rates of organic and mineral fertilisers on typical chernozem has
a positive effect on the yield of spring barley, increasing it, in comparison with the control, by
0.55-1.10 t/ha for ploughing, by 0.65-1.35 t/ha for deep chisel cultivation and by 0.55-1.30 t/ha for
shallow. It was identified that the highest yield of the crop (3.85 t/ha) was obtained against the
background of shallow flat tillage and the aftereffect of organo-mineral fertiliser using manure.
The use of fertilisers contributed to an increase in the protein content of spring barley grain. The
influence of tillage systems on the content of barley protein was reliably observed only in the
fertiliser variant with the introduction of straw, green manure, and mineral fertilisers. The use of
shallow chisel tillage against the background of organo-mineral fertiliser provides a reduction
in the prime cost of production by UAH 142.9/tonne, an increase in conditional net profit by UAH
886/ha, and a 21.2% reduction in energy costs compared to ploughing
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RELEVANCE

Ukraine belongs to the leading agricultural
countries of the world, where grain crops have
been grown and grain exported since ancient
times. According to statistics, Ukraine owns ap-
proximately 12% of the world market in grain
trade, and it is also one of the top 5 grain export-
ing countries. Due to this potential, the state
manages to meet not only internal needs in the
food sector, but also export a substantial part of
the grain crop to many countries in Europe and
around the world.

Among the crops that are conventional-
ly grown in Ukraine, barley is one of the most
productive and valuable grain crops with a high
yield potential and is only behind winter wheat,
rice, and corn in terms of acreage. In Ukraine,
barley is sown on an area of approximately 3
million hectares (Kohut M., § Kohut S.G., 2018).
According to the Ministry of Economic Develop-
ment, Trade, and Agriculture, the barley harvest
in 2020 amounted to 7.81 million tonnes. Experts
conclude that it is quite difficult to substantially
minimise the impact of climate change on global
agriculture, but new approaches to management
will help the situation (Ivanyshyn V.V. et al., 2020).
In this regard, the tasks of introducing new find-
ings and improving modern technologies for
growing spring barley in the Forest-Steppe zone
of Ukraine, which would be economically and
energetically justified, ensured high and stable
yields of high-quality grain, are urgent.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
Spring barley (Hordeum sativum) - a crop with
highgeneticpotential, whichischaracterisedbya
wide range of changes in the resulting grain yield
(up to 40%), depending on the influence of biotic
and abiotic factors on it. Under favourable con-
ditions, the grain yield can reach up to 10.0 t/ha.
However, the available bioclimatic resources

are not sufficient to fully realise the productivity
potential of spring barley varieties (Hamaiuno-
va VV, Kasatkina T.0., 2018). It is known that the
yield of barley depends on the elements of in-
tensification of cultivation technology, and bar-
ley also has the ability to make good use of the
aftereffect of organic and mineral fertilisers that
were applied for the predecessor. If spring bar-
ley is sown after well-fertilised row crops, then
to obtain a yield of 5 t/ha, applying fertilisers
directly under the barley is not necessary (Lyk-
hochvor V, 2018).

Barley is quite sensitive to a lack of nutrients
and moisture in the soil. The application of ni-
trogen fertilisers is reduced, and high yields are
achieved by increasing the density of the stem
and stimulating phosphorus-potassium nutri-
tion of plants to obtain grain with high brewing
qualities. According to researchers of the ESC
“Institute of Agriculture of the National Acade-
my of Agrarian Sciences of Ukraine”, the com-
bination of mineral fertilisers and foliar top
dressing of plants contributed to an increase in
the yield of barley grain from 0.79 to 0.95 t/ha
(Kamins'ka V, 2016). It is established that the
effect of foliar top dressing increases under
stressful weather conditions (Rozhkov A., 2014).
If there is a shortage of conventional types of
organic fertilisers, grain straw and cruciferous
green manure should become alternative sourc-
es of soil replenishment with organic substanc-
es (Sendets’kyy V.M., 2014). Their widespread use
is an important element of the biologisation of
modern agriculture, which improves soil fertil-
ity and the ecological state of the agroecosystem
(Ivanyshyn V.V, 2016).

It is necessary to adhere to the appropriate
tillage system, which should consider soil fer-
tility, climatic, and weather conditions, terrain
features, and agrotechnological maps for each
crop rotation field to obtain high yields of barley.
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Such a system consists of primary (autumn) and
pre-sowing tillages and depends on the prede-
Cessors.

According to many researchers, the best
way to cultivate the soil for spring barley is au-
tumn ploughing tillage with preliminary stubble
peeling, which gives substantial grain increases
compared to other methods of tillage, especially
in dry years (Kyrylyuk VP. et al., 2019). Accord-
ing to the recommendations of researchers of
the Plant Production Institute named after V.Ya.
Yuriev of the National Academy of Sciences of
Ukraine, it is undesirable to conduct chisel till-
age, since many weed seeds remain on the sur-
face,andbarleyseedlings willbelevelled and thin
out due to a large amount of plant residues (Ky-
rychenko V, Kostromitin V, 2011). However, there
are also opposing opinions on this issue. The use
of ploughing and chiselling provides an almost
equivalent yield of barley grain at the level of
2.69-3.35and 2.35-3.32 t/ha, respectively. Disking
the soil reduces the yield of grain crops by 0.14-
0.48 t/ha (5.9-17.8%) due to the immobilisation of
nitrogen by microorganisms during the decom-
position of plant residues (Tsylyuryk O., 2016).

Due to the general tendency to minimise
tillage, it was established that in recent decades
the use of minimum and zero tillage technol-
ogies is promising for structural, well-drained
soils, that have substantial advantages due to
mulching the surface with plant residues in arid
conditions, which preserves the moisture con-
tent in the arable layer (Nosenko Y, 2010). Shal-
low mulching tillage, which involves the use of
by-products of previous crops, increases labour
productivity, reduces prime production costs,
protects soils from erosion, increases humus
content, and preserves soil moisture by reduc-
ing physical evaporation (Tsylyuryk O., Shapka V,
2013; 2014). VF. Sayko § A.M. Maliyenko suggest
differentiating the cultivation of spring barley
after row predecessors, ie. ploughing is more

expedient to use in favourable humidity years,
and surface tillage - in dry ones (Sayko V, Mal-
iyenko A., 2007).

Considering the contradictory views of re-
searchers regarding the feasibility of using var-
ious methods of tillage for spring barley against
the background of general heterogeneity of soil
cover, changes in climatic conditions, and the
manifestation of erosion processes, improving
soil protection technologies for growing this
crop is a promising area. These technologies are
based on reducing total costs per unit of produc-
tion, introducing alternative fertiliser systems,
and minimising cultivation, selecting, and op-
timising growing conditions through the use
of promising varieties, plant growth regulators,
which will contribute to the realisation of the ge-
netic potential of spring barley varieties.

Purpose. Examine the influence of minimis-
ing tillage and fertilising systems with elements
of biologisation in the crop rotation link on the
yield and quality indicators of spring barley
grain, economic, and energy efficiency of culti-
vation technologies.

METHODS

The study was conducted in a two-factor sta-
tionary experiment of the Professor M.K. Shy-
kula Department of Soil Science and Soil Con-
servation of the National University of Life
and Environmental Sciences of Ukraine in the
educational and experimental farm named af-
ter O.V. Muzychenko of the Fastovsky district
of the Kyiv region. Three tillage systems and
three fertiliser systems were analysed in exper-
iments (Table 1). Observations were conducted
in the crop rotation link: winter wheat - sugar
beet - spring barley with the sowing of peren-
nial grasses. The repetition of the experiment
is threefold, the placement of variants is ran-
domised in repetitions. The soil of the experi-
mental plots is typical low-humus coarse-dusty
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medium-loamy chernozem. Accounting of the
harvest of barley grain of the Vakula variety was
conducted by plots. The protein content in bar-
ley was determined using a grain analyser “In-
fratec 122". The economic and energy efficiency
of various technologies for growing spring bar-
ley was determined according to technological
maps and relevant recommendations and ac-
cording to the methods of Yu.O. Tarariko.

RESULTS

Barley cultivation should be based on elements
of technologies aimed at ensuring high pro-
ductivity of the crop and realising the genetic
potential of the variety, depending on the area
of use. Therewith, modern technology should
save resources and minimise the negative im-
pact on the ecological state of the natural en-
vironment. The introduction of elements of
biologisation aims to reduce the chemical and

anthropogenic burden on agroecosystems and
meet the requirements for a gradual transition
to organic farming in the context of regional
climate changes. It is possible to achieve this
goal by improving modern technologies for
growing agricultural crops with their adap-
tation to environmental requirements, so the
area of these studies is relatively new and re-
quires further study.

In this experiment, spring barley was sown
in stationary plots after sugar beet in crop rota-
tion. The good aftereffect of barley’s use of high
rates of organic and mineral fertilisers applied
for beet is notable (Table 1). The yield of barley
substantially depended mainly on soil fertilis-
ation systems, where the most effective after-
effect had the application of 12 t/ha of manure
+N.P,.K,.. Thus, during ploughing, the yield of
barley was 3.45 t/ha, which is 46.8% more than
in the control (without fertilisers).

Table 1. Influence of fertiliser systems with elements of biologisation on the yield of spring barley
grain under various tillages, t/ha (average data for 4 years)

. o Increase inyield, %
Soil fertilisation system (per1 Yield, t/ha e i e
ha of crop rotation plot)
t/ha %
Ploughing to a depth of 23-25cm
Control (without fertilisers) 2.35 - - 10.2
Manure (12 t/ha) + NP, K, 345 +110 46.8 116
Manure (6 t/ha) + straw
12t/ha+ N, + N, P K, 3.00 +0.65 277 125
Straw (2.4 t/ha) + NP, K, 270 +0.35 14.9 1.8
Straw (1.2 t/ha) + N, + green 290 +055 934 10
manure +N_P K,
Flat tillage to a depth of 23-25 cm
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Table 1, Continued

. o Increase inyield, %
Soil fertilisation system (per1 Yield, t/ha st G,
ha of crop rotation plot)
t/ha %
Control (without fertilisers) 240 - - 10.6
Manure (12 t/ha) + N..P,.K,. 375 +1.35 56.3 11.8
Manure (6 t/ha) + straw
12 t/ha+ N,+N.P K, 3.05 +0.65 271 14
Straw (24 t/ha) + N, P, K, 310 +070 29.2 1.2
Straw (1.2 t/ha) + N, + green 320 +0.80 333 11
manure +N_P K,
Flat tillage to a depth of 10-12 cm
Control (without fertilisers) 2.55 - - 10.5
Manure (12 t/ha) + NP, K, 3.85 +130 510 13
Manure (6 t/ha) + straw
12t/ha+ N, + N, P K, 3.20 +0.65 255 12.2
Straw (24 t/ha) + NP, K, 355 +1.00 392 1.9
Straw (12 t/ha) + N,, + green 310 +055 216 15
manure+N_P, K,

Note: for fertiliser 0.23; for tillage 0.20

Application of alternative fertiliser sys-
tems for ploughing (straw 2.4 t/ha + N.,P,.K,.)
and (straw 1,2 t/ha +N,, + green manure +
N..P,K,) were noticeably lower, where their
effectiveness was 14.9-23.4%. Fertiliser sys-
tems worked most effectively for the use of
deep and shallow chisel tillages, the yield on
the background of fertilisers manure is 12 t/ha
+ N, P,.K, was 375 and 3.85 t/ha, respectively.
A slightly lower yield was observed on variants
where part of the manure was replaced with
straw, and the yield of barley grain on them

was in the range of 3.05-3.55 t/ha. Comparative

analysis of barley cultivation shows that with
alternative fertiliser systems using straw and
green manure, the option of tillage with chisel
tools to a depth of 10-12 cm was more effective,
where the yield increase was 0.55-1.00 t/ha or
21.6-39.2%, compared to the control.

The prospects for applying new and im-
proved technologies for growing agricultural
crops require economic, energy, and environ-
mental justification. From the standpoint of eco-
nomic benefits, the largest net profit from the use
of fertilisers under ploughing conditions was ob-

tained on the manure variant 12 t/ha + N.P K,
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which was 2895 UAH. Using chisel tillages, the allows for increasing the yield of spring barley
economic effect was noticeably higher and while reducing the prime cost of 1 tonne of grain
amounted to 3572 and 3781 UAH/ha, respective-  and increasing the level of profitability of produc-
ly. The use of a nutrient-adaptive growing system  tion, compared to intensive technology (Table 2).

Table 2. Economic and energy efficiency of spring barley cultivation depending
on fertiliser and tillage systems

Economic indicators Energy indicators
Fertiliser variant Prime cost of 1 Net profit, coni:emri‘t,'ion Energy output, Kee
tonne, UAH UAH/ha per 1 tonne, M) MJ/ha
Ploughing to a depth of 23-25 cm
Without fertilisers (control) 510.8 2090 3887.1 61223 4.12
Manure (12 t/ha) + N_P, K, 560.8 2895 6120.0 76998 3.70
Manure (6 t/ha) + straw 643.2 2270 6189.9 75308 3.27
(1.2 t/ha) + N_P,K,,
Straw(2.4 t/ha) + N55P45K45 800.3 1439 6293.1 72115 2.72
Straw (2.4 t/ha) + green 663.5 2136 6698.1 66481 3.24
manure + NP, K,
Flat tillage to a depth of 23-25 cm
Without fertilisers (control) 391.8 2420 3396.4 62162 5.81
Manure (12 t/ha) + NP, K, 445.0 3572 5009.1 85825 5.35
Manure (6 t/ha) + straw 545.9 2605 5452.7 80378 4.41
(1.2t/ha) + NP, K,
Straw(2.4 t/ha) + NP, K, 534.0 2684 5440.2 77749 4.64
Manure (2.4 t/ha) + green 519.1 2819 6276.5 68923 4.73
manure + NP, K,
Flat tillage to a depth of 10-12 cm
Without fertilisers (control) 344.1 2692 3316.1 59533 7.52
Manure (12 t/ha) + N_P K, 417.9 3781 4820.3 88642 6.42
Manure (6 t/ha) + straw 499.6 2881 5927.0 70237 5.50
(1.2 t/ha) + NP, K,
Straw(2.4 t/ha) + NP K, 448.9 3376 5955.1 67045 6.25
Manure (2.4 t/ha) + green 515.1 2743 5874.5 70425 5.38
manure + N_P, K
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Energy costs for growing 1 tonne of barley
grain increased from 3396 MJ in the control
without fertilisers to 5009-6277 MJ] when us-
ing various nutrient-mineral fertiliser systems.
The highest energy yield of 88,642 MJ/ha was
obtained with a manure fertiliser aftereffect
of 12 t/ha + NP, K,  for shallow chisel tillage.
From an ecological standpoint, tillage with
chisel tools contributes to the preservation of
crop residues on the soil surface, and this also
protects it from water and wind erosion, reduc-
es the physical evaporation of moisture from
the soil.

CONCLUSIONS

Systematic use of resource-saving technolo-
gies for growing crops in the crop rotation link
with minimisation of tillage and the use of al-
ternative fertiliser systems with elements of
biologisation contributed to an increase in the
yield of spring barley and an improvement in
grain quality indicators while reducing energy
costs for growing products and, accordingly, the
prime cost, which contributed to the growth of
conditionally net profit.

1. The highest yield of spring barley grain
(3.75-3.85 t/ha) was observed after the applica-

tion of 12 t/ha of manure + NP, K, per 1 ha of
crop rotation plot with shallow and deep chisel
tillage systems.

2. The use of nutrient-mineral fertiliser
helped to increase the protein content in the
grain of spring barley. Since this variety of barley
is used in brewing, the protein content in it on
fertilised agricultural zones was also relatively
low (11.0-12.5%). A substantial effect of tillage on
the protein content was identified when fertil-
ising the soil with mineral fertilisers with straw
and green manure.

3. For the Right-Bank Forest-Steppe of
Ukraine, aftereffects of applying 12 t/ha of ma-
nure and NP, K, per 1ha of crop rotation area
were economically effective for shallow chisel
cultivation, which provided a conditionally net
profit of UAH 3,781 per hectare. The cost of pro-
duction using this technology was the lowest
and amounted to 4179-445.0 UAH/tonne. The
use of manure and straw against the background
of mineral fertilisers was identified to be the
most energy-consuming. The highest energy
yield was observed when applying manure and
mineral fertilisers during shallow, chisel culti-
vation, where the advantage over ploughing was
21,385 MJ/ha.
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KaHanaaT CiibCbKOroCcnoAapCbKMxX HayK, AOLEHT

HauioHanbHWIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

€.M. bepexHAK

KaHAmAaaT CinbCbKOrocnoaapcbkMx HayK, AOLEHT

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#u, 15, m. Kinis, YkpaiHa

Bnnue cucteM yao6peHHs 3 eneMeHTamMum Gionorisauii
Ta KyNnbTUBaLii Ha BPOXXalHICTb, EKOHOMIUHY Ta €HepreTU4Hy
edeKTUBHICTb SUMEHIO Aporo

AHoTauis. JlociTifikeHo BIUTUE 3aCTOCYBaHHSA CHCTEM YIOOpeHHS 3 eleMeHTaMu biosorisariii Ta
06pob6iTKY I'PYHTY Ha BPOKAMHICTh, EKOHOMIUHY Ta €HEepreTUYHy epeKTUBHICTh BUPOIIYBaHHA
AYMEHIO ApOoro. MeTa OCTiIKeHHI — BUSABUTHU BIUIUB BIIPOBaKEHUX CUCTEM 06pOGITKY I'pyHTY
3 eJleMeHTaMM MiHiMai3allii Ta ymobpeHHs 3 eleMeHTaMu 6iosorisallii Ha TTPOOYKTHUBHICTE i
€KOHOMIUHI TOKAa3HUKU UMEHIO IPOT0. BCTAaHOBJIEHO, 10 B yMOBax I[IpaBobepeskHoro JlicocTery
VKpainu micaamis BHECEHHS BHCOKMX HOPM OpTaHivyHuMX i MiHepaJapHUX AO6pUB Ha YOpPHO3EMi
TUIIOBOMY ITO3WUTHMBHO BIUIMBAa€E Ha BPOXKAVHICTh AUMEHIO SpOro, MiIBUIIYIOUM Ii, IIOPIBHAHO 3
KOHTposneM, Ha 0,55-1,10 T/ra 3a opaHKy, Ha 0,65-1,35 T/ra 3a IMH60KOro YM3eJIbHOI'O 06p061TKy Ta
Ha 0,55-1,30 T/ra 3a MiJIKOro. BCTaHOBJIEHO, 110 HAWBUINY BPOXKAMHICTh KyAbTypH (3,85 T/ra) 6yI1o
OTpHMaHO Ha POHI MIJIKOTO IIOCKOPi3HOTO 06PO6ITKY I'PYHTY Ta MicAil opraHo-MiHepaabHOTO
yIo6peHH 3 BUKOPUCTAHHSM IHOI0. 3aCTOCYBaHHS JOOPUB CIIPUSJIO MiJBUIIEHHIO BMicTy 6i1Ka B
3epHi SUMeHI0 Iporo. BIIUB crcTeM 06po6iTKY IPYHTY Ha BMICT 61J1Ka B 3epHi AUMEHIO IOCTOBIpHO
CIocTepiraBcs Juiie y BapiaHTi ymo6peHHs i3 BHECEHHAM COJIOMU, CUAEPATiB Ta MiHepabHUX
IO6pUB. 3aCTOCYBaHHA MIJIKOTO YM3EJIBHOTO 06pOb6ITKY IPyHTY Ha GOHI opraHo-MiHepaJbHOTO
ymobpeHHs 3abe3reuye 3HMKEHHS cobiBapTocTi mpoxykuii Ha 142,9 TpH/T, 36iMbLUIEHHS YMOBHO
YyCcTOro MpuOYTKY Ha 886 IpH/TA Ta 3HIDKEHHA eHEepreTUYHUX BUTpaT Ha 21,2% MOpiBHAHO 3
OPaHKOIO

KnwoyoBi cnoBa: spui SuMiHb, O06pO6ITOR TIPyHTY, IPyHT, HO6pHBA, AKICTE 3epHa,
eHeproedeKTUBHICTh
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Abstract. Commercial products of parsnip were formed in the conditions of the Right-Bank Forest-
Steppe of Ukraine within the sum of effective temperatures of 1356 1495°C, precipitation amounts
0f 171 318 mm, and relative humidity of 57 64%. The yield value had an inverse relationship with the
sum of temperatures and a direct relationship with the amount of precipitation, relative humidity,
and hydrothermal coefficient. The highest yield in the conditions of the Right-Bank Forest-Steppe
of Ukraine is provided by Stymul and Pul's varieties with a total yield of 46.2 and 44.8 t/ha, and
a marketability of root crops of 89 and 88%, respectively. Pul's and Stymul varieties had the highest
breeding value of genotype in terms of yield (BVGi = 46.2 and 44.8, respectively), high ecological
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stability (Sgi = 343 and 1.96, respectively), and plasticity (bi = 1.47 and 0.89%, respectively). The highest
indicator of general adaptive ability for plant productivity was observed in the Stymul (GAA=3.12) and
Pul's (GAA=176) varieties. According to the indicator of specific adaptive ability, the Stymul variety
(SAA =2.52) and Pul's (SAA = 0.78) were highlighted. According to the biochemical composition of
root crops, the varieties under study did not exceed the control. However, in the Borys variety, the
content of dry matter - 25.1%, dry solute - 15.8%, and sugar content — 6.4% was at the control level.
All varieties were identified to have a high content of vitamin C - 8.9 10.1 mg/100 g. The varieties
did not tend to accumulate nitrates and their content ranged from 67 to 80 mg/kg and was below
the maximum allowable level (MAL 250 mg/kg). The highest tasting score of 5.6 points was given by
the Pul's variety. It is recommended to grow highly productive varieties of parsnip - Stymul and Pul's
to obtain a consistently high yield of root crops (44.8 46.2 t/ha) and their marketability at the level
of 88 89% with a high content of basic biochemical components in the conditions of the Right-Bank

Forest-Steppe of Ukraine on medium-podzolic coarse-pollinated light loamy turf soil

Keywords: yield, quality indicators, stability, plasticity, breeding value of the genotype

RELEVANCE

Providing the population with high-quality and
environmentally safe products is one of the main
socio-economic problems of modern times (En-
galycheva, LA. et al., 2021). Parsnip seed is a val-
uable vegetable crop (A¢imovi¢, M.G., 2017). The
chemical composition of parsnip is quite mul-
tifaceted and includes a substantial number of
biologically active compounds that determine a
wide range of its biological properties, which can
effectively affect various organs and systems of
the body and maintain their health (Shimoro-
va, J.E. et al,, 2017)

The problem of selecting and using environ-
mentally plastic variety samples is an important
element of adaptive vegetable growing. Its cor-
rect solution enables the efficient using material
and natural resources and reduces production
costs (Gaplaev, M.Sh., 2016).

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
Since each variety, depending on the grow-
ing conditions, realises its genetic potential
differently, it is advisable to choose ones of

intensive type that differ in biological charac-
teristics within the same soil and climate zone
toreduce the risks associated with weather in-
stability (Gaplaev, M.Sh., 2014; Potapskyi, Y.V,
2015; Khareba, V.V. § Komar, 0.0., 2017). Breed-
ing is equally important for product quality.
The concept of quality includes various prop-
erties, starting from the biochemical compo-
sition, which determines the nutritional value,
taste properties, and transportability, suita-
bility for storage (Cherkasova, VK. § Shabet-
ya, O.N., 2014).

Parsnip, as an object of breeding, are char-
acterised by narrow genetic diversity and lower
genetic variation in comparison with other root
crops (Fedorova, M.I. et al., 2017) Varietal popu-
lations and hybrids F, of parsnip must have a
number of mandatory characteristics, such as
high and stable yield of root crops and seeds,
improved product quality, good suitability for
storage, cold resistance, suitability for mech-
anised harvesting, high resistance to adverse
environmental conditions (Fedorova, M.I &
Stepanov, V.A., 2017, Sokolova, D.V,, 2018).
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Thus, the most effective and profitable is the
widespread introduction of varieties and hy-
brids with a genetically determined level of ad-
aptation to soilclimatic zones of their cultivation
(Komar, 0.0. et al., 2020)

The purpose of the study is the selection
of the most adapted, high-yielding varieties of
parsnip with a high content of basic biochemical
components.

MATERIALS AND METHODS

Experimental studies were conducted during
2015-2019 in the field experiment of the De-
partment of Vegetable Crops in the EL “Fruit and
vegetable garden” of the National University of
Life and Environmental Sciences of Ukraine in
the conditions of the Right-Bank Forest-Steppe
of Ukraine. The soil of the experimental site
is turf-medium-podzolic, coarse-dusty, light
loamy. Humus content - 1.8%, total absorbed
bases - 6.43 mgEq/100 g of soil, content of easily
hydrolysed nitrogen - 42.1 mg/kg, mobile phos-
phorus - 52 mg/kg, and potassium - 41 mg/kg.
The reaction of the soil medium is close to neu-
tral (pH of the salt extract is 6.1).

The following varieties were studied: Petryk
(control), Stymul, Borys, and Pul's. The size of the
accounting experimental plot was 11.3 m?, the
repetition is fourfold. Variants in the experiment
were placed systematically. The predecessor for
parsnip was cucumber. Sowing was carried out
in the second decade of April according to the
45x10 cm scheme to a depth of 1.52 cm with a
seeding rate of 3 kg/ha. In the phase of two true
leaves, the final density of plants was formed.

RESULTS

It was established that commercial products of
parsnip were formed in the conditions of the
Right-Bank Forest-Steppe of Ukraine during
the growth period of shootstechnical ripeness
during 2015-2019 within the sum of effective

temperatures of 13561495°C, precipitation
amounts of 171318 mm, and relative humidity of
5764%. The yield value had an inverse relation-
ship with the sum of temperatures and a direct
relationship with the amount of precipitation,
relative humidity, and hydrothermal coeffi-
cient. An increase in the sum of effective tem-
peratures by 1°C provided a decrease in yield
in the Borys variety by 6.0 kg, Stymul - 6.3 kg,
Pul’s - 7.2 kg with a control indicator of 10.5 kg.
An increase in the amount of precipitation by 1
mm contributed to an increase in yields in the
Stymul variety by 12.2 kg, Borys - 9.1 kg, and
Pul’s - 8.5 kg with a control indicator of 11.8 kg.
An increase in relative humidity by 1% provid-
ed an increase in yield in the Stymul variety by
244 kg, Borys — 171 kg, and Pul’s - 130 kg with a
control indicator of 199 kg. An increase in the
hydrothermal coefficient by 0.1 contributed to
an increase in yield in the Stymul variety by
327 kg, Borys - 251 kg, and Pul's - 231 kg with a
control indicator of 317 kg.

Varietal characteristics affected biometric
indicators in parsnip plants (Table 1). In terms of
technical ripeness, the largest number of leaves
on the plant (9.6 pcs.) were identified in the Pet-
ryk variety (control), and the smallest amount -
(8.0 pcs.) in the Borys variety, which is 1.6 pcs. less
than the control. In the Stymul and Pul’s variety,
this indicator was 87 and 8.3 pcs., which is 0.9
and 13 pcs. less than the control, respectively.
The height of the plant in the studied varieties
ranged from 53.0 cm to 627 cm. However, the
plant was higher in the Stymul variety, and lower
in the Petryk variety (control).

The largest mass of leaves to the total mass
of plants was determined in the Stymul (32.6%)
and Pul's (30.5%) varieties, which is 3.9% and
1.8% more than the control, respectively. In the
Petryk (control) and Borys varieties, this indi-
cator was 287% and 29.1%. The largest length
of root crops (28.2 cm) was characteristic of the
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Petryk variety (control), while the diameter of
root crops was 7.6 cm, and the shape index was
3.72. The smallest length of root crops (23.2 cm)

was identified in the Borys variety, while the di-

ameter of root crops was 6.8 cm, and the shape
index was 3.42.

Table 1. Biometric indicators of parsnip plants

in the technical ripeness phase (average for 2015-2019)

. Variety
Indicator

Petryk (c)* Stymul Borys Pul’s

Number of leaves, pcs. 9.6 8.7 8.0 8.3
Plant height, cm 53.0 62.7 55.4 57.6

Leaf weight, g 73 102 78 90
Leaf weight (% of total plant weight) 28.7 32.6 29.1 30.5
Root crop length, cm 28.2 26.5 23.2 24.7
Diameter of root vegetables, cm 7.6 8.5 6.8 9.4
Form index 3.72 3.10 3.42 2.63
Marketability of root vegetables, % 81 89 86 88
Weight of root vegetables, g 181 210 190 205

Note: (c)* - control

Stymul and Pul’s varieties were character-
ised by the highest weight and marketability of
root crops, which is 29 g and 24 g, respectively,
and 8.0% and 7.0% more than the control.

A substantial amount of dry matter was
accumulated in the varieties under study -
24.725.4% (Table 2). Root crops of the Petryk
variety (control) accumulated the most dry
matter - 254%. Borys root crops were char-
acterised by a high dry matter content (25.1%),
which is within the control range. The content

of dry solute in the varieties under study
ranged from 14.4% to 16.5%. The highest sug-
ar content (6.7%) was observed in the Petryk
variety (control), and the lowest in the Sty-
mul variety (6.0%). The content of vitamin C
in root vegetables was highest in the Petryk
variety (control) - 10.1 mg/100 g. Thus, in the
Borys, Stymul, and Pul's varieties, the vitamin
C content was 8.9 mg/100 g, 9.2 mg/100 g, and
9.6 mg/100 g, respectively, which is substan-
tially less than the control.

Table 2. Main biochemical parameters
and tasting assessment of parsnip root crops (average for 2015-2019)

Content
q d o Tasting score,
Variety ry matter, % sugars (sum), vitamin C, nitrates, mg/ Units
general soluble % mg/100 g kg
Petryk (c)* 25.4 16.5 6.7 10.1 75 4.7
Stymul 24.7 14.4 6.0 9.2 60 5.1
Borys 25.1 15.8 6.4 8.9 80 5.4
Pul’s 24.9 15.0 6.1 9.6 67 5.6
HIP 0.43 0.13 0.39 0.37 2.31

Note: (c)* - control
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Among the safety indicators of fresh vege-
table products, special attention is paid to the
content of nitrates in them. At the same time,
the presence of nitrates in the plant and their
accumulation in food organs is a biological ne-
cessity for the nutrition and photosynthetic ac-
tivity of plants.

Parsnip roots of the Stymul variety were
characterised by the lowest nitrate content -
60 mg/kg, the Borys variety had the highest
(80 mg/kg). The nitrate content in the varieties
under study was below the maximum allowable
level (MAL 250 mg/kg). According to organoleptic

parameters, the best among the studied assort-
ment was the Pul’s variety, which received the
highest score of 5.6 points during the tasting.
The Petryk (control), Stymul, and Borys varieties
also scored a high tasting score of 47,51, and 5.4
points, respectively.

A substantial variation in the yield of pars-
nip by year (2015-2019) was identified in the
Stymul and Petryk varieties. Over the years
of research, it was 8.6% or 4.2 t/ha and 6.3% or
2.6 t/ha, respectively. In the Pul's and Borys vari-
eties, this indicator reached 5.6% or 2.6 t/ha and
5.3% or 2.3 t/ha, respectively (Table 3).

Table 3. Parameters of adaptive capacity, ecological stability,
and plasticity of parsnip varieties by yield (average for 2015-2019)

Yield, t/ha @ Adaptive ability . N )
S o 5 Z 3
€S > b~ =3
Variety . - s = | saA 2 = g3
- = S S o
min max X £z GAA (Vi) (CACi) 5 é § Q
- -
E @ & | s
Petryk (c)* 38.4 41.0 39.6 2.6 -3.42 0.65 2.03 0.81 22.6
Stymul 44.7 48.9 46.2 4.2 3.12 2.52 3.43 1.47 46.2
Borys 40.8 43.1 41.6 2.3 -1.45 0.71 2.03 0.83 41.6
Pul’s 43.9 46.5 44.8 2.6 1.76 0.78 1.96 0.89 44.8
HIP,, 2.62

Note: (c)* - control

During 2015-2019, a substantial difference
in yield was identified in Stymul (46.2 t/ha) and
Pul's (44.8 t/ha) varieties, which is 6.6 t/ha or
16.7% and 5.2 t/ha or 13.1% more than the control,
respectively. The yield of the Borys variety was at
the control level and amounted to 41.6 t/ha.

The Stymul (GAA =3.12) and Pul's (GAA=176)
varieties were characterised by the highest gen-
eral adaptive ability (GAA), reflecting the preser-
vation of genotype traits under various environ-
mental conditions. The lowest GAA is noted in

the varieties Borys (GAA =145) and Petryk (con-
trol) (GAA=3.42).

According to the indicator of specific adap-
tive ability (SAA), which indicates the plastici-
ty of the variety, i.e. adaptability to individual
conditions, the Stymul (SAA =2.52) and Pul’s
(SAA = 078) varieties had better stability. The
worst varieties in this parameter were Borys
(SAA=071) and Petryk (control) (SAA=0.65).

The relative stability index ranged from 1.96
to 3.43. Thus, all the varieties of parsnip under
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study can be attributed to a highly stable group.
It was identified that the Petryk (control) and
Borys varieties had the lowest sensitivity to
growing conditions. Thus, with an increase in
the average yield level by 1 t/ha, the increase in
root crops was 0.81 and 0.83 t/ha, respectively.
The changes in the growing conditions affected
the Stymul and Pul’s varieties the most (with an
increase in the average yield level by 1t/ha, the
increase in root crops was 1.47 and 0.89 t/ha, re-
spectively).

By BVG indicator, the best in descending or-
der were parsnip varieties of seed Stymul, Pul’s,
Borys, and Petryk (control).

CONCLUSIONS

Itis recommended to grow highly productive va-
rieties of parsnip - Stymul and Pul’s to obtain a
consistently high yield of root crops (44.846.2 t/
ha) and their marketability at the level of 8889%
with a high content of basic biochemical com-
ponents in the conditions of the Right-Bank
Forest-Steppe of Ukraine on medium-podzolic
coarse-pollinated light loamy turf soil. In con-
nection with the forecast of experts on climate
aridification, it is promising to create varieties
that are comprehensively resistant to drought,
extreme temperatures, acidity, salinity, and oth-
er environmental stress factors.
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0.0. Komap

KaHAmaaT CinbCbKOrocnoaapcbkix Hayk, CTaplinii BUKAaaau
HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

B.B. Xapeba

Akazemik HaluioHanbHOT akademii arpapHUX HayK, JOKTOP Ci/IbCbKOroCcnoAapCbKux Hayk, npodecop
HauioHanbHWIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

1.0. ®epocin

KaHAamaaT CinbCbKOrocnoAapcbkix Hayk, AOLEHT, 3aBiaysady kKadeapu
HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#n, 15, m. Kinis, YkpaiHa

0.B. Xapeba

[OKTOp CiZIbCbKOrocnoAapcbknx Hayk, npodecop
HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lepois ObopoHK, 15, m. Kuis, YkpaiHa

OuiHkKa copTiB nacTtepHaky (Pastinaca sativa L.)
3a NPOAYKTUBHICTIO Ta aganTUBHICTIO
B ymoBax NpaBo6epe)xHoro Jlicocteny YKpaiHu

AHoTauia. ToBapHa IIPOAYKIIia macTepHaKy ¢opmyBasacs B yMoBax [IpaBobepeskHoro Jlicoctery
VKpaiHu B MeKax cCyMU epeKTUBHUX TeMIlepaTyp 1356 1495 °C, KinbkocTi omazis 171 318 MM Ta
BimHOCHOI BOJIOTOCTI TIOBITPST 57 64%. BenuurHa BPOXKaMHOCTI Mayia 06epHEHY 3aJIeKHICTh Bif
CyMHU TeMIlepaTyp 1 NpaAMy 3aJIeKHICTh Bif KUIBKOCTI OIafiB, BIIHOCHOI BOJIOTOCTI IIOBITpA Ta
rigpoTepMiuyHOTO KOedilieHTa. HaMBUILy BpOKaMHICTE B yMoBax IIpaBobepeskHoro JlicocTerry
VKpainu3abesneuniv copTy CTUMyTi[TybCi33araibHOI0 BpOKaNHICTI046,2144,8 T/raTaTOBapHIiCTIO
KopeHeIU1oZiB 89 i 88% BianosinHo. CopTH IIynbce i CTUMYN Majly HAaMBUIIY CeNeKIiNHY LiHHICTh
TeHOTHITY 38 BpoyKaiHicTio (BVGi=46,2 i44,8 BiAMOBIAHO), BUCOKY €KOJIOTIYHY CTabiIbHICTh (Sgi=3,43
i 1,96 BimmoBimHO) Ta racTU4HIicTh (bi=1,47 i 0,89% BigmoBiAHO). HalBUILMI IOKA3HUK 3arajbHOl
aJanTUBHOI 3MAaTHOCTI 3a IPOAYKTUBHICTIO POCIWH CIIOCTepirases y copTiB Ctumyn (GAA =312) Ta
ITynbe (GAA =176). 3a ITOKa3HUKOM CIIeludiYHOI afarlTUBHOI 3MaTHOCTI BULITMINCA COPTH CTUMYIT
(SAA =2,52) ta ITynbc (SAA=0,78). 3a 6i0XiMIYHNM CKIIaZ0M KOPEHEIUIOAIB JOCIIKyBaHi COPTU He
TepeBUIIyBai KOHTPOJIb. [IpoTe y copTy Bopuic BMICT Cyx0l pedoBHUHU — 25,1%, CyXUX PO3YNHHUIX
PeYoBHH - 15,8% Ta 1yKpiB - 6,4% 6yB Ha piBHI KOHTPOJIIO. BCi COPTYU XapaKTepPU3yBaIUCA BUCOKUM
BMicToM BiTaminy C - 8,9 10,1 Mr/100 1. CopTu He 6y/Iu CXWIBHI I0 HAKOTIMYEHHS HiTpaTiB, iX BMicT
KOJIMBABCA Bif 67 10 80 MI/KT i 6YB HMKYKMM 3@ MAKCUMAJIBHO AOMYCTUMUY piBeHb (MIP 250 Mr/
Kr). HaliBUILy AerycTaliifiHy OLiHKy 5,6 6aia oTpuMaB copT ITyibc. PEKOMEHIOBaHO BUPOLIYBATH
BUCOKOITPOIYKTHUBHI COpPTH TacTepHaky — CTuMys i [TyyibC OIS OTpMMaHHA CTabiIbBHO BUCOKOI
BPOKAMHOCTI KOpeHerioAis (44,8 46,2 T/ra) Ta ix TOBapHOCTI Ha piBHI 88 89% 3 BUCOKUM BMiCTOM
OCHOBHUX 6i0xiMiYHMX KOMITOHEHTiB B yMoBax IIpaBobepeskHoro JlicocTery VkpaiHu Ha
CepeHbOIII30/IMCTOMY KPYITHOIIWIYBAaTOMY JIETKOCYITIMHKOBOMY IePHOBOMY I'DYHTI

KnouoBi cnoBa: yposkaiHiCTh, MOKA3HUKU AKOCTi, CTAbiNbHICTh, MIACTUYHICTD, CENIEKIiMHa
LIiHHICTb FeHOTUITY
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JI. M. BypKo, L. B. CBHCTyHOBA, C. I1. ITonToperpruii, T. I. [IpopoyeHKO

OCOo6IMBOCTI POCTY Ta PO3BUTKY JIFOLIEPHO-37IAKOBUX TPABOCTOIB
3aJIeKHO BiJ] BUZOBOTO CKIIJy Ta yI06pEeHHS 5

B. 0. Ma3ypeHKoO

[TpOLyKTUBHICTb TPUTHKAJIE 3aJIEKHO BiJl yMiCTy GOTOCHHTE3YIOUNX IIIrMeHTiB y ¢a3y LBIiTIHHSA
C.I1. TaH4uK, H.I. Babins, A.I. BabeHKO
ITpOAyKTUBHICTD TYMEHIO O3MMOTr0 3aJI€3KHO Bif] ITOIIepeIHMKIB y 3aKapHarTi YKpaiHu 23

P.1. Tonko, I. B. BostorgiHa, O. B. 'yMmeHI0K, I. M. KoBanuimiHa

CIieKTpasIbHa OL[iHKA COPTIB Ta CeJIeKLIIMTHUX JIiHiM ITIIIeHULIi 03MO] B OCiHHIM ITepiof, 29

A.B.BukiH, T. B. [TaHuyK

[TpoAyKTUBHICTb HACIHHEBOI KAPTOILI 38 JIOKAJILHOTO BHECEHHA GOCHOPHUX i KATIINHUX IOOPUB .....covvveeeeeeeerenee 37
H. A. TTaciuHuK, B. I1. JIiceHKo, 0.0. ONpHIIKO

MeTonuuHi migxonu monaoe ineHTUdIKaLiil pocIMH Ha 3HIMKaX BUCOKOTO PO3pi3HEHHS

3a MyJIBTUCIIEKTPaJIbHOI'O MOHITOPHHTY 3a AorioMoro BITIIA 47

M.O. Kipoasu, T.I ITaTuka, M.B. ITaTuka
[3071bOBAHUX i3 pU30chepy SIMEHIO APOTO MO0 diToaToreHHMUX MiKpoMilleTiB 54

K.C. Kapabay, €.M. Bepe;xHAK

BIUIHB CUCTEM YIOO6peHHd 3 eleMeHTaMu 6ioorisatiii i 06po6iTKy Ha yposKarHICTb,

eKOHOMIUHY 1 eHepreTU4YHy eGeKTUBHICTb SUMEHIO IPOTro 60
0.0.Komap, B. B. Xape6a, I. 0. egociii, O. B. Xapeba

OujHKa COpTiB macTepHaky mociBHoro (Pastinaca sativa L.) 3a IPOAYKTUBHICTIO Ta aJAMTUBHICTIO B yMOBaX
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