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The Effect of Oral Administration of the Antibacterial Peptide MPX
on Intestinal Inflammation of Mice in Experimental Infection
with Escherichia Coli Strain O157: H7
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Article’s History: Abstract. Escherichia coli is a gram-negative bacterium, an intestinal pathogen
Received: 12.xx.2022 that can cause intestinal inflammation. Antimicrobial peptides are a class
Revised: 14.05.2022 of small molecule peptides, which has good antibacterial activity against
Accepted: 15.06.2022 avarietyofgram-positiveandnegativebacteria.Inthisregard,theauthorsaimed

to study the effect of the antimicrobial peptide MPX, which was administered
Suggested Citation: orally, on the intestinal wall of mice infected with the intestinal barrier

Zhao, X., Fotina, H., Fotina, T., Hu,J.,  function, which were infected with E. coli. Synthesis and purification of the
& Wang, L. (2022). The effect of  antimicrobial peptide MPX (H-INWKGIAAMAKKLL-NH2) was performed by Jier
oral administration of the antibac-  Sheng Hua (Shanghai, China). Mass spectrometry and liquid chromatography
terial peptide MPX on intestinalin-  (HPLC) were used for this purpose. Escherichia Coli (0157: H7 ATCC43889)
flammation of mice in experimen-  was isolated from human faeces in which haemolytic uremic syndrome was
tal infection with Escherichia coli  reported. Solid LB agar (Solarbio, China) was used to isolate enterohemorrhagic
strain O157: H7. Scientific Horizons,  E. coli. The culture was obtained from the Chinese Institute of Veterinary Drug
25(2),9-15. Control (Beijing, China). The results of necropsy found that using of an orally
administered MPX could alleviate the damage of E. coli to the liver, spleen,
and the lungs were less affected. According to H&E results in case of an
orally administered MPX group considerably relieved duodenum and organs
on day 7 and day 28. gRT-PCR results showed orally administered MPX could
reduce the inflammation-related factors in the mRNA expression of IL-2 and
IL-6 and TNF-a on day 7 and day 28. In addition, orally administered MPX
could significantly increase them RNA expression of tight junction proteins
Occludin and Zo-1 on day 7 and day 28. The results of immune histochemistry
further showed that an orally administered MPX could increase the mRNA
expression of MUC2 in jejunum. The above results showed that orally
administered MPX could alleviate the attack of E. coli on the intestinal tract
of mice, relieve intestinal inflammation, and improve the intestinal barrier
function. This study lays a theoretical foundation for adding antimicrobial
peptides to food. In orally administered MPX authors can see reducing the
mRNA expression of inflammation-related factors, thereby alleviating the
intestinal inflammation caused by E. coli infection in mice. Authors can add
that orally administered MPX shows an increase in mRNA expression of tight
junction protein in intestines and improves the intestinal barrier function. This
study lays the foundation for adding antimicrobial peptides to food to relieve
inflammation and improve barrier function in clinical practices

Keywords: antimicrobial peptide MPX, enterohemorrhagic E. coli, inflammatory
process, intestinal barrier, white mice
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BY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author




10

The effect of oral administration of the antibacterial peptide MPX on intestinal inflammation of...

INTRODUCTION

Escherichia coli is a bacterium whose colonies are regis-
tered in the lower intestine of mammals and birds.Under
certain conditions, they are pathogenic and cause dis-
ease (Tran et al., 2021). Some bacteria can move with the
help of flagella. On the surface of the cells there are fim-
briae, saws. There are stationary strains. Disputes do not
form (Nunayon et al., 2022). Escherichia coli is heat-re-
sistant and can survive in the wild for several months
(Lim et al., 2021). More than a hundred pathogenic sero-
types of Escherichia coli that cause diseases in humans,
animals, including birds have been systematised. Esche-
richia coli is resistant to antibiotics (Li et al., 2022). The
emergence of antibiotic-resistant strains of Escherichia
coli has caused economic losses to livestock (Khawaskar
et al.,2021). At present, the resistance of E. coli to antibac-
terial drugs has become an increasingly serious global
problem. Therefore, it is urgent to find drugs that can
fight against E. coli infection and are not easy to develop
drug resistance. Antimicrobial peptides have become
aresearch hotspot and considered to be one of the most
potential antibiotic substitutes.

Antimicrobial peptides are molecules made up of
amino acids produced by the body, they are an important
part of the body’s immune system (Vimberg et al., 2022).
Peptides have low molecular weight,broad antibacterial
spectrum, and endurance to resistance (Lin et al., 2021).
Peptide molecules consist of 12 to 100 amino acids (Suda-
dech et al., 2021). Both gram-positive (G+) and gram-neg-
ative (G-) bacteria have an inhibitory effect, most anti-
microbial peptides have bactericidal activity, and their
mode of action is specific to cellular targets (Peng et al.,
2019). With the expansion of research, people gradually
discovered antimicrobial peptide have a wide range of
effects and have attracted much attention in anti-inflam-
matory and intestinal barrier function. The earlier study has
found that intraperitoneal injection MPX could alleviate
the damage of E. coli to the intestines of mice, reduce the
mRNAexpression of inflammation-related factors and
improve the intestinal barrier function of mice (Zhao et al.,
2021). However, whether orally administered MPX can
also relieve intestinal inflammation and improve intes-
tinal barrier function in mice infected with E. coli is still
unknown.

The purpose of this study was to explore the effect
of orally administered MPX on intestinal inflammation and
intestinal barrier function in mice infected with E. coli.

MATERIAL AND METHODS

Ethics statement. BALB/c mice (6 to 8 weeks old, female)
were bought from Zhengzhou University. Animal studies
were conducted per the principles of humane treat-
ment of animals according to the International Guide-
lines for Biotic Standards and the requirements of the
International Science Committee and the Animal Ethics
Committee of the Henan Institute of Science and Tech-
nology (June 1,2021).

Antimicrobial peptide synthesis. MPX (H-INWK-
GIAAMAKKLL-NH2) was synthesised and purified by
Jiershenghua (Shanghai, China). High-performance liquid

Scientific Horizons, 2022, Vol. 25, No. 2

chromatography (HPLC) and mass spectrometry were
used to purify MPX. The purity of MPX was greater than
98 %. MPX was dissolved in dd H,0 and stored at -20°C.

E. coli strain culture. Escherichia coli (enterohemor-
rhagic Escherichia coli 0157: H7ATCC43889) were isolated
from faeces of patients who with symptoms of diarrhoea
and intestinal inflammation and obtained from the China
Institute of Veterinary Drug Control (Beijing, China). LB
(Solarbio, China) solid agar was used to obtain isolated
pure E. coli colonies. Single E. coli colonies were seeded
in 5 mL LB liquid medium with inoculation rings in an
aseptic operation room. Next, the cultures were placed
on a shake (Thermo, USA) at 180 rpm for 10 h at 37°C.
Then, 1 mL of E. coli-containing liquid was replaced in
a 1.5 mL centrifuge tube, then centrifuged at 8000 rpm for
5 min, and then resuspended in phosphate buffer (pH=7.4).
After diluting, the bacteria were smeared on an LB solid
plate for colony counting. Then, the LB plates were
placed ina 37°Cincubator for 12 h and counted after the
growth of visible single bacterial colonies. Authors first
set up three E.coli gradients of 4.5x10% CFU/mice;
4.5x107 CFU/mice and 4.5x10¢ CFU/mice for preliminary
experiments. According to the results, authors ultimately
found that the dose of 4.5x10% CFU/mice of E. coli infec-
tion. Finally, the bacteria were administered to mice at
4.5x10° CFU/mice in the experiment.

Animal experiment. A total of 48 BALB/c mice (aged
6-8 weeks, 18-20 g, female) were randomly divided into
4 experimental groups (control, MPX, E. coli,and MPX+E. coli;
12 mice per group, 6 mice at separate times). The mice
had ad libitum access to food and water. The MPX group
and MPX+E. coli group mice orally administered MPX
at a concentration of 100 ug/mL (200 pL/mouse) every day
for 7 consecutive days. The control group was intra-
gastrically administered 200 uL of normal saline for
7 days. Authors challenged mice with E. coli at 24 h after
an orally administered MPX.The E. coli and MPX+E. coli groups
were processed with E. coli via oral administration at
4.5x10° CFU/mouse. Mice showed diarrhoea, decreased
appetite, and were prone to gathering after E. coli infection.

Necropsy observation. Mice were euthanised via
CO, inhalation at different time points. After the mice
were killed by anaesthesia, the liver, lungs, and spleens
of mice were collected a septically with forceps, and
pathological observations were performed. Aseptic
operation was performed to observe the pathological
changes of the liver, spleen and lungs of the mice after
E. coli infection. The main pathological changes after
E. coli infection in mice.

H&E staining observation. Autopsy was performed
on dead mice after infection to observe the pathological
changes of mice organs. The lung, liver, spleen, and intes-
tines of mice were taken out with scissors, wipe them
clean with alcohol cotton, and put them ina 15 mL cen-
trifuge tube. Selected organs and intestines were fixed
in 4% paraformaldehyde, then paraffin-embedded, sections
were made, H&E was stained, and pathological changes
were determined (Su et al., 2021).

gRT-PCR. 0.1 g of jejunum tissue was weighed




and placed in liquid nitrogen for grinding. The ground
jejunum powder was placed ina 1.5 mL centrifuge tube.
1 mL RNA was added to each well for 10 min, 200 pL
of chloroform was added to each well. Shaked on the
instrument for 15 s, placed it on ice for 2~3 min, cen-
trifuged at 12000 rpm, 4°C for 10 min, slowly aspirated
the supernatant, added 500 pL of isopropanol and mixed
well, centrifuged at 12000 rpm, 4°C for 10 min, discarded
the supernatant, added 1 mL of 75 % ethanol to each
tube, centrifuged at 12000 rpm, 4°C for 5 min, slowly
discarded the supernatant, and allowed the RNA to dry
naturally for 10 min. Added a proper amount of DEPC
water, generally 20~30 uL, and the RNA concentration
was determined by NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, United States). 2 g of total RNA
was converted into cDNA. A reverse transcription kit (Thermo
Scientific, USA) was used for this purpose. The reaction
volume was 10 pl and included 5 pl of SYBR Green Master
Mix (QuantiNova, China), 0.5 pl of reverse primer (10 uM),
0.5 pl of direct primer (10 uM), 0.5 ul of cDNAand 3,5 pl
of ddH20. The reaction of the thermocycler took place
for 2 min at 95°C and included 40 cycles at 95°C for
20 s and at 60°C for 30 s, considering the melt curves
by fluorescence quantitative instrument (ABI7900,
America).The primer sequences of IL-2,1L-6, TNF-a,Z0-1,
Claudin-1, Occludin as bellow: IL-2, F:5-CCTGAG-
CAGGATGGAGAATTACA-3’, R:5-TCCAGAACATG-
CCGCAGAG-3’; IL-6, F:5-CTCTGGCGGAGCTATT-
GAGA-3’, R:5-AAGTCTCCTGCGTGGAGAAA-3"; TNF-aq,
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F:5-CTCATGCACCACCATCAAGG-3",R:5-ACCTGAC-
CACTCTCCCTTTG-3’; ZO-1, F:5~ACCCGAAACTGATGCT-
GTGGATAG-3’, R:5-AAATGGCCGGGCAGAACTTGTGTA-3’;
Claudin-1, F:5-AGCTGCCTGTTCCATGTACT-3', R:5-CTC-
CCATTTGTCTGCTGCTC-3’; Occludin, F:5-ACGGACCCT-
GACCACTATGA-3’, R:5-TCAGCAGCAGCCATGTACTC-3..

RESULTS

MPX relieves the pathological damage of E. coli to the
organs of mice

The results of necropsy found that E.coli infection
caused pathological changes in the liver and spleen
of the mice, such as congestion and necrosis, and the
pathological changes on day 7 were more serious than
that on day 28 (Fig. 1A). There was no obvious patho-
logical change in the lungs. Compared to E. coli group,
the liver, lungs, and spleen of the negative control mice
did not show the above adverse symptoms and orally
administered MPX can effectively alleviate the above
symptoms. Furthermore, H&E results found that the
liver, spleen, and lungs of the mice in the control group
had no lesions (Fig. 1B, C, D). E. coli infection leads to
necrosis in the liver, caseous necrosis in the spleen,and
insignificant pathological changes in the lungs. Orally
administered MPX could relieve liver and spleen damage.
The above results showed that orally administered MPX
can effectively alleviate the pathological damage of E. coli
to the organs of mice.

Control

MPX +E. cali

Control MPX E. coli MPX +E. coli

Control MPX E. coli MPX +E. coli

Figure 1. The results of necropsy and H&E staining of mice infected with E. coli after orally administered MPX.A:
Observation of autopsy results of liver, lung, and spleen of mice; B-D: Observation the results of H&E staining of liver,
lung, and spleen of mice. Lung, liver, and spleen are highlighted respectively by white arrows, black arrows and green

arrows to indicate lesions or normal parts. In addition, separate groups are indicated by different lowercase letters.
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MPX can effectively alleviate the intestinal morphology

As shown in Fig. 2, H&E staining of the duodenum showed
that the control group intestinal villi were arranged
neatly and there was no villi loss. E. coli infection in mice
causes damage to the structure of the duodenum, the
intestinal villi fall off, the arrangement is uneven, the

B Con ol _MX

Duodenrum
Day 7

Day 28

=

figure 2. Observation of the H&E staining pathologiéal results in duodenu

depth of the intestinal crypts increases,and the intestinal
villi become shorter. The orally administered MPX group
significantly relieved the above symptoms on day 7 and
day 28. The above results show that orally administered
MPX can effectively alleviate the intestinal damage caused
by E. coli infection.

E. coli MPX+E. coli

X

of E. coli infected mice after orally administered MPX

Orally administered MPX reduces the expression of
inflammation-related factors in duodenum

To study the effect of an orally administered MPX on
duodenum inflammation-related factors in mice, RT-gPCR
was used for detection of the effect of MPX on the mRNA
expression oflL-2, IL-6,and TNF-a in duodenum (Fig. 3A,
B, C). The results showed that the mRNA levels of
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inflammation-related factors IL-2,1L-6,and TNF-a increased
significantly on day 7 and day 28 after E. coli infection.
Orally administered MPX can inhibit the mRNA levels
of inflammation-related factors in the jejunum infected
with E. coli. This result shows that orally administered MPX
can reduce the mRNA expression of inflammation-related
factors and relieve intestinal inflammation.

ok

m Control
W Control

m MPX
m MPX

W E. coli
W E. coli

MPX+ E. coli
MPX+ E. coli

Fold change of TNF-a mRNA

Day 14 Day 28

Figure 3. The effect of an orally administered MPX on the mRNA expression
of inflammatory factor in the duodenum infected with E. coli

Orally administered MPX improves intestinal barrier
function

To study the effect of orally administered MPX on the
intestinal barrier function of mice. The mRNA expres-
sion of tight junction proteins Occludin, Claudin-1,Z0-1
were detected by RT-gPCR (Fig. 4A, B, C). Compared to

control group, E. coli infection resulted in decreased mRNA
expression of tight junction protein in the duodenum
of mice. While orally administered MPX could signifi-
cantly increase the mRNA level of intestinal tight junc-
tion proteins, thereby improving the intestinal barrier
function of mice.
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Figure 4. The effect of orally administered MPX on the mRNA expression
of tight junction protein of mice infected with E. coli
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Orally administered MPX increases MUC 2 protein in mouse
jejunum

In case of study the effect of an orally administered MPX
on MUC2 in jejunum, authors have used immunohisto-
chemistry for detection of the effect of an orally admin-
istered MPX on the intestinal barrier function of mice.
As shown in Figure 5, compared to control group, the

Control

DISCUSSION

This study found that after infecting mice with E. coli,
it caused organ damage, and orally administered
MPX could effectively alleviate the above symptoms.
E. coli infection in mice leads to increased expression
of inflammation-related factors,and orally administered
MPX could effectively reduce jejunum inflammation-
related factors. In addition, E. coli-infected mice disrupted
the mouse’s intestinal barrier function and reduced tight
junction protein and mucin levels, while orally admin-
istered MPX can increase tight junction protein and
mucin levels. This study lays the foundation for the use
of antimicrobial peptides as feed additives to prevent
the occurrence of diseases in the clinic.

Many studies have reported that antimicrobial
peptides are closely related to inflammation. The antimi-
crobial peptides Cathelicidin have been shown to reduce
the increased expression of anti-inflammatory cyto-
kines in the intestines of mice caused by LPS, compa-
rable results were obtained in experiments on porcine
macrophages (Fijalkowska et al., 2021; Ting et al., 2021).
The anti-inflammatory effect of LL-37 peptide has been
most thoroughly studied (Vera-Cruz et al., 2021). LL-37
can alleviate the inflammation caused by pathogenic
bacteria, LPS or other TLR agonists through a variety
of signalling pathways. Studies have found that antimi-
crobial peptide LL-37 not only has anti-inflammatory
effects, but also increases the expression of pro-inflam-
matory factors under certain conditions. For example, the
expression of IL-8 in macrophages and IL-6 in dendritic
cells may be enhanced by the peptide LL-37 (Mohanty
et al.,, 2021). Peptides such as defensins, LFP-20 inhib-
its the NF-kB signalling pathway and reduces inflam-
mation (Rodriguez-Carlos et al., 2021; Zong et al., 2015).
Therefore, antimicrobial peptides may have the function
of selectively regulating inflammation, thereby support-
ing the balance of the body’s immune system.The results
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mRNA expression of MUC2 decreased in the jejunum
after E. coli infection, and orally administered MPX can
effectively alleviate the decreased MUC2 mRNA expres-
sion caused by E. coli infection. Authors’ results showed
that via an orally administered MPX can considerably
increase MUC2 mRNA expression caused by E. coli infec-
tion in mice.

MPX

Figure 5. Immunohistochemical detection of MUC2 protein level in jejunum of mice

of this study found that the orally administered MPX can
effectively reduce the mRNA expression of inflammation-
related IL-2, IL-6 and TNF-a in the intestinal, thereby
alleviating the inflammation of the jejunum caused by
E. coli infection in mice.

Antimicrobial peptides have abilities to increase
the expression of tight junction of proteins. Antimicro-
bial peptides C-BF and LFP-20 reduce damage to dense
compounds, increase protein expression and protect
the physical barrier function of the intestine (Feng
et al., 2020; Han et al., 2013). Snake-derived antimicro-
bial peptide C-BF may increase the expression of tight
junction proteins Occlud in and ZO-1 in porcine jeju-
nal epithelial cells IPEC-J2through the MAPK signalling
pathway, and enhance the epithelial barrier function
(Feng et al., 2020). At the same time, studies have found
that the porcine antimicrobial peptide PR-39 enhances
the transmembrane resistance of small intestinal epi-
thelial cells, increases the expression of tight junction
proteins, and enhances the intestinal physical barrier
function. The mechanism may be through up-regulation
of the Rho-Rac 1 signalling pathway (Haiwen et al.,
2019). Authors’ results found that via an orally admin-
istered MPX expression of tight junction of protein can
increase in the intestine after E. coli infection in mice.
The above results showed that antimicrobial peptides
can regulate the intestinal barrier function.

CONCLUSIONS

In summary, in this study, necropsy and H&E staining
results showed that oral antimicrobial peptide MPX
could effectively alleviate the pathological damage
of E. coli in the intestine, liver, spleen and lung of mice.
RT-gPCR results showed that orally administered MPX
can reduce the expression levels of inflammation-related
factors IL-2, IL-6 and TNF-a mRNA, thereby alleviating
the intestinal inflammation caused by E. coli infection
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in mice. In addition, orally administered MPX could
increase the expression levels of tight junction pro-
tein Claudin-1,Z0-1 and Occlud in mRNA and improve
the barrier function in the intestine. Furthermore, jeju-
num immune histochemistry results showed that oral
administration antimicrobial peptide MPX could effec-
tively increase the mucin MUC2 protein expression lev-
els in the jejunum. The above results show that oral
antimicrobial peptide MPX could effectively alleviate
intestinal inflammation and enhance the intestinal
barrier function of mice caused by E. coli infection. This
study lays the foundation for adding antimicrobial pep-
tides in feed to relieve inflammation and improve barrier
function in clinical.
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BnsiMB opanbHOro 3aCTocyBaHHA aHTU6aKTepianbHoro nentnay MPX
Ha 3anaJjieHHd KMLWeYHUKA MULLEN NpPu eKCrnepuMeHTanbHin iHpekuii
Escherichia coli wutamy O157:H7

Croeuinb Yxao'?, laHHa AHaTtoniiBHa DotiHa?, TetaHa IBaHiBHa DoTiHa?, AHr Xy, Jli BoHr!

1XeHaHCbKMI IHCTUTYT HAYKK | TEXHIKK
453003, CxigHuii Xyan/lan npocn., M. CiHbcsiH, Kutan

2CYyMCbKMIA HaLiOHANbHUI arpapHUii yHiBepCcuTeT
40000, Byn. I. KoHapaTtbeBa, 26, M. CyMu, YKpaiHa

AHotauis. Escherichia coli - ue rpaMHeratMBHa 6akTepisi, KNWKOBUIM NATOreH, IKUIA MOXE BUKIMKATKU 3ananeHHs
KMLIEYHMKA. AHTUMIKPOOHI MenTuaM — Lie KNac nenTuAiB 3 HEBEIMKO MOJIEKY/IOH), IKi MakOTb XOPOLLY aHTUbaKTepiasbHy
aKTUBHICTb MPOTU PiZHOMAHITHUX FPaMNO3UTUBHUX | HEraTMBHKUX BakTepii. MeToto Liei poboTn Byno gocnianTm
BMN/MB NepopanbHOro BBEAEHHS aHTUMiKpobHoro nentuay MPX Ha 3ananeHHs KMLWeYHUKA Ta QYHKLIK KMLWKOBOIO
6apepy y muwen, iHdikoBanux E.coli. MPX(H-INWKGIAAMAKKLL-NH2) 6yB CMHTE30BaHMI Ta OUMULLEHWIA KOMMAHIED
Ji er Sheng Hua (WaHxaw, Kutai). ng ounweHHs MPX BukopuctoByBanu BUCOKOEhEKTUBHY piAMHHY XpoMaTorpadito
(BEPX) i mac-cnektpomeTpito. Kuwkosa nanuuka (eHTeporemopariyHa Escherichia coli O157:H7ATCC43889) byna
BUAiNeHa 3 Gekanii nauieHTa 3 reMoNiTMKO-ypeMiYHUM CMHOPOMOM Ta OTPUMaHa 3 KMUTaiCbKOro iHCTUTYTY BETEPUHAPHOIO
KOHTPO/O Haf, Nikapcbkimu 3acobamm (MekiH, Kntai). Ing oTpuMaHHS i301b0BaHNX YMCTUX E.coli KynbTyp BUKOPWUCTOBYBaNM
arap LB (Solarbio, Kutai). Pesynbtatvt po3TrHy nokasanu, o nepopanbHe BBeAeHHS MPX Moxe nonerwmTm ypaxeHHs
KMLUKOBOI MaNNYKOK NEYiHKK, CENe3iHKM Ta NereHb, Li OpraHn MeHLwWw noctpaxaanu. Pesynstatn H&E nokasanu, wo
3actocyBaHHsi MPX npu nepopanbHOMy BBEAEHHI 3HAYHO nonerwye BNAMB E. coli Ha ABaHAAUATUMNANY KULLKY Ta
opraHu Ha 7-i Ta 28-i peHb. qQRT-PCR pe3ynbrat nokasanu, Wo nepopasnbHe BBeaeHHS MPX Moxe 3MeHWwnTH
dakTopu, NoBA3aHi i3 3ananeHHsaM, ekcnpecito MPHKIL-2,1L-6 i TNF-a Ha 7 i28 peHb. Kpim Toro, nepopanbHe BBeAEHHS
MPX Moske 3HauHO 36inbwmnTh ekcnpecito MPHK 6inkiB winbHoro 3eaHaHHg Occludin i Zo-1 Ha 7 i 28 peHb. Pe3ynbratu
iMyHOriCTOXiMii TaKoX NoKa3anu, Lo nepopanbHe BBeaeHH MPX Moxe 36inbwmnti ekcnpecito MPHKMUC2 B nopoxHii
Kuwui. HaBeneHi Bulle pe3ynsTaTv NMokKasanu, Wo nepopanbHuin npuinoM MPX Moxe nocnabuti BRAMB KULLIKOBOI
MaAMYKM Ha KMULLUKOBMI TPaKT MULLEN,3MEHLINTU KULLKOBE 3amnafieHHs Ta NOKpawuTy GyHKLI0 KULWKOBOro 6apepy.
Lle mocnioxeHHs 3aknafae TeOpeTUYHY OCHOBY A1 A0AABAHHS aHTUMIKPOOHMX NenTuaiB A0 KOpMIB. [lepopanbHuit
npuiioM MPX mMoxe 3meHwWwnTn ekcnpecito MPHK dakTopis, NoB'A3aHMX i3 3ananeHHaIM, TUM CaMUM NOJerilyoun
KMLLKOBE 3ananeHHs, BUukankaHe iHdekuieto E. coli y muweit. Kpim Toro, nepopanbHe BBefeHHS MPX Moxe 36inbLunTy
ekcnpecito MPHK 6inka LWinbHOro 3eAHaHHS B KMLLIEYHMKY Ta MOKPALLMTM BapepHY PYHKLiH0 KMLeyHuKa. Lie nocnimkeHHs
3aK/1afa€ OCHOBY A1 AOAABAHHS aHTUMIKPOOHMX NENTUAIB Y KOPM AN 3HATTS 3anafeHHs Ta NoKpaLleHHs 6apepHoi
DYHKUIT B KNIHIYHIA NpakTULi

KntouoBi cnoBa: aHTMMiKpobHUiA nentua, MPX, eHTeporemMoparivHa E. coli, npoLec 3ananeHHs, KULWKoBMi 6ap'ep, 6ini Muwwi
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INTRODUCTION

Contamination of agroecosystems with heavy metals,
especially cadmium and lead, is a major concern in var-
ious countries around the world. Under various condi-
tions of agricultural production, the influence of abiotic
and biotic environmental factors, pollutants that have
accumulated in the soil easily migrate through the root
system of the plant, accumulating in it in quantities
that often exceed the established permissible levels
(Bigalke et al., 2017; Borah et al., 2018). Further, plants
are added by specialists to animal diets and affect the
physiological state, productivity, quality, and environ-
mental safety of products. They get into the manure,
and as an organic fertiliser, back into the soil. The high
concentration of heavy metals in livestock manure is
also a concern. Researchers from China (Xu et al., 2021)
prove that manure can pollute agricultural land when
animals are fed large amounts of mineral feed addi-
tives. China recently issued new regulations restricting the
use of high doses of mineral feed additives. To reduce
environmental pollution and increase the competitive-
ness of industrial enterprises in the market, researchers
highlight the importance of understanding the charac-
teristics of heavy metals in animal feed, in this case,
pigs, with an intent to develop some alternative and
more efficient approaches in conducting technological
processes. To do this, scientists analyse a large number
of research papers over the past twenty years. They found
that copper and zinc exceed the existing standards
established for feed used in feeding pigs. Researchers
suggest that organic and new inorganic mineral feed
additives can effectively replace high doses of inorganic
minerals, which, in turn, will reduce cases of diarrhoea
in piglets, improve animal productivity, growth and
development, and reduce pollution. The concentration
of Zn and Cu in pig manure will decrease by 8.21x107
and 3.23x107 kg, respectively, per year. In addition, the
quality and economic efficiency of production will improve,
and the income of breeding enterprises will increase
by USD 1.28x10% per year (Xu et al., 2021).

Researchers from Germany (Schone et al., 2017)
also indicate that milk can be a source of iodine intake
in the human body, but its value directly depends on
the iodine content in cow feed. The researchers focused
their attention on investigating the concentration
of this essential mineral element in cow feed and milk
in the German practice of animal feeding. The results
obtained were compared with the results of previous
monitoring of milk and experiments to investigate the
dependence of the iodine content in the diet and its
content in the milk of dairy cows. 73 samples of vari-
ous feeds were analysed, including 41 samples of con-
centrated feed, 32 samples of silage made from green
corn or grasses (haylage), 83 samples of vitamin and
mineral premixes and feed additives for iodine con-
tent, the daily intake with the diet of animals of this
trace element was determined. Grains of cereals and
legumes had a low iodine content. In silage, the ele-
ment content was slightly higher than in concentrated
feed. In general, researchers report the need for the
additional introduction of this mineral element into
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the diets of cows in Germany, if there is a shortage
of it in feed, which will support the health of animals
and ensure the production of milk with iodine content,
increase the intake of the essential element in the
human body with the product. Studies of the mineral
composition of feed were also conducted by research-
ers from England (Nicholson et al.,1999). They analysed
183 samples of animal feed and 85 samples of animal
manure from commercial farms in England and Wales.
The concentration of zinc, copper, lead, nickel,cadmium,
arsenic, chromium, mercury and other essential and
non-essential elements was determined. Zinc and cop-
per concentrations ranged from 150-2,920 mg Zn/kg
dm (dry matter) and 18-217 mg Cu/kg dm in pig feeds,
depending on the age of the pigs. In poultry feeds, con-
centrations ranged from 28-4,030 mg Zn/kg dm and
5-234 mg Cu/kg dm, with laying hen feeds generally
having higher heavy metal contents than broiler feeds.
Pig manures typically contained ¢.500 mg Zn/kg dm
and ¢.360 mg Cu/kg dm, reflecting metal concentra-
tions in the feeds. Typical concentrations in poultry
manures were ¢.400 mg Zn/kg dm and c.80 mg Cu/kg
dm, and in cattle manures c.180 mg Zn/kg dm and
¢.50 mg Cu/kg dm.

Thus, against the background of the problem of
accumulation of heavy metals in plants (feed), including
toxic ones, there is a problem of low content of essen-
tial mineral elements for the animal body, for example,
iodine, etc. The reasons for the lack of mineral elements
in feed can be any, not only caused by the content of an
increased concentration of antagonist elements in the
soil, which block the flow of iodine, calcium, and phos-
phorus through the root system. To ensure the nor-
mal physiological state of a dairy cow, seven mineral
elements such as calcium, phosphorus, magnesium,
sodium, potassium, chlorine, and sulphur must be pres-
ent in the diet in very large amounts every day (Goff,
2018). RJ.Van Saun (2022) lists nine mineral elements:
chromium, cobalt, copper, iodine, iron, manganese, sele-
nium, and zinc, which play a significant biological and
metabolic role in the body of dairy animals. Research-
ers (Séboussi et al., 2016) in an experiment on dairy
cows prove the positive role of diets with the addition
of selenium. In the experimental groups of cows, the
content of somatic cells in milk was significantly lower
than in the control groups of animals. Another group
of researchers also highlights the important role
of calcium and phosphorus in the diet of lactating
cows (Moreira et al., 2009), because a lack of elements
in the diet leads to hypocalcemia and hypophospha-
temia. Absorption of elements in the intestine occurs
mainly due to passive diffusion, when animals receive
a diet with a sufficient amount of minerals. Calcium
and phosphorus deficiency in the feed, and accordingly,
in the diet, will lead to resorption of elements from the
bones. This mechanism was studied at the southeastern
research station of the agricultural centre of the Uni-
versity of Louisiana, located in Franklington, Louisiana.

The nutritional value of feed included in the
diet of productive animals depends on their physiolog-
ical state, quality and environmental safety of the milk
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produced. A lack or excess of any mineral element can
negatively affect the homeostasis of the animal’s body,
its productivity.

Originality of the study. For the first time, the
content of essential mineral elements in plants (fod-
der), included in different types of diets of dairy cows
in farms located around the industrial centre, where
agroecosystems have an increased anthropogenic load
with heavy metals, was analysed.

The purpose of the study is to analyse the concen-
tration of essential and non-essential mineral elements
in various feeding rations of silage and root crops,
silage and hay, silage and haylage, and silage-haylage-
concentrate feeding types in agroecosystems located
around the industrial centre of farms and near sources
of anthropogenic pollution to assess new technological
methods for the production of environmentally safe,
pollutant-free cow’s milk.

MATERIALS AND METHODS

Testing of new technological methods for the produc-
tion of pollutant-free cow’s milk using special antitoxic
mineral and vitamin premixes requires a deep analysis
of the nutritional value of animal feed, especially with
respect to the content of essential and non-essential
mineral elements. For this purpose, average samples
of various feeds were selected, which were included
in the diets of dairy cows in four experimental farms: the
first — “Druzhba” specialised agricultural enterprise with
silage and root crop type of feeding cows; the second —
“Khoroshkivsky” agricultural production cooperative-si-
lage and hay; the third — agricultural limited liability
company “Svitanok” — silage and haylage; the fourth —
agricultural limited liability company “Uday” — silage-
haylage-concentrate feeding type. The rations included
such feed as alfalfa hay and legqumes, wheat straw, corn
silage, alfalfa haylage, fodder beet, and various types
of stock feed: barley, pea, and corn. Structure of diets
of experimental cows in animals with silage-haylage-
concentrate feeding type: hay and straw — 17.7%, silage
and haylage — 53.5%, concentrates — 28.8%; with
silage and hay type: hay and straw — 23%, silage and
haylage — 44%, root crops — 17%, concentrates — 16%;
with silage and root crops type: hay and straw — 19.8%,
silage and haylage — 41%, root crops — 22.8 %, con-
centrates — 16.4%; with silage and haylage type: hay
and straw — 22%, silage and haylage — 60.8%, concen-
trates — 17.2%. Agroecosystems of farms are located
around the industrial city, near the Kyiv — Kharkiv —
Dovzhanskyi highway (Ukraine), where there is a high
traffic intensity, as well as near natural gas production
fields and gas condensate enterprises, asphalt concrete
production enterprises, main oil and gas pipelines, etc.
Feed analysis and economic experiments on animals
to balance animal feeding with a special mineral and
vitamin premix MP-A together with subcutaneous injec-
tion of the biologically active drug BP-9 of plant origin
were conducted in Poltavska oblast during 2000-2007.
In the experiment, we were able to test new techno-
logical methods for feeding a specially developed
mineral and vitamin premix MP-A in combination with
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subcutaneous injection of the biologically active drug
BP-9 for the production of pollutant-free milk. The role
of premix was to introduce mineral elements of heavy
metal antagonists into its composition to prevent the
absorption of pollutants in the gastrointestinal tract,
essential elements to restore their balance in the body,
and vitamins, which are extremely important for an
intoxicated body.A biological product is developed from
an extract of 9 medicinal herbs. The role of herbal
preparation is to enhance the elimination of toxic met-
als that have been absorbed into the blood and block
their harmful effects at the cellular level, at the level
of organs and systems of the body. The drug has a hepa-
toprotective function, increases the excretion of cad-
mium and lead through the kidneys in the urine,and has
a rich mineral composition — partially contributes to the
restoration of the deficiency of essential elements in the
animal body caused by a lack of plant feed diets. For
the experiment, three groups of animals were formed
in each farm. First — control, second and third — exper-
imental groups. In the second experimental group, pre-
mix MP-A was fed as part of the diet, and in the third —
premix MP-A were fed along with the subcutaneous
injection of the biologically active drug BP-9.

The analysis of selected feed samples for the
content of mineral elements, including heavy metals,
was carried out by atomic absorption spectrophotome-
try (AAS-30 spectrophotometer) (Praice, 1972). The defi-
ciency of macro- and microelements in feed was estab-
lished relative to the average nutritional value of feed,
defined in detailed standards (Kalashnikov et al., 1985),
and considering the maximum permissible concentra-
tions of heavy metals established by the mandatory list
of raw materials, products of animal and plant origin,
mixed feed raw materials, mixed feed, vitamin prepa-
rations, etc., which should be carried out in state lab-
oratories of veterinary medicine and according to the
results of which a veterinary certificate (F-2) is issued
(Mandatory minimum list..., 1998).

Statistical data processing was performed in the
STATISTICA software suite version 10.0 for the Windows 7
operating system.

RESULTS AND DISCUSSION

Content of mineral elements belonging to the category
of heavy metals in the main diet

It is established that the permissible concentrations
of mineral elements belonging to the category of heavy
metals in the diet of cows are exceeded. In particular,the
concentration of cadmium in the diet of animals of the
first experimental farm exceeded the permissible levels
by an average of 2.1-3.2 times, lead — 2.4-5.7 times, cop-
per — 1.4-2.3 times, zinc — 1.2-2.4 times, respectively.
Cereal and legume hay had the highest concentration
of toxic metals — cadmium and lead, which exceeded
permissible levels by 3.2 and 5.7 times, respectively.
Copper is a heavy metal, which belongs to the category
of essential mineral elements, the maximum accumu-
lation was recorded in corn stock feed with an excess
of the norm by 2.3 times. Wheat straw accumulated an




excess of zinc, which exceeded the permissible level
by 2.4 times.

The influence of various environmental factors,
including anthropogenic ones — various pollutants and
different distances to the industrial centre, natural gas
production sites, transport highway, gas condensate
enterprise; the use of agrochemicals, in particular, mineral
fertilisers — significantly affected the content of mobile
forms of chemical elements in the soils where plants
were grown, which went to feed farm animals, since the
content of heavy metals in the feed of other exper-
imental farms fluctuated. In the diet of cows of the
second experimental farm, an excess of cadmium, lead,
copper, and zinc in fodder beet was found by 2.5, 3.4,
3.8, 4.1 times, respectively. As it turned out, of all the
feeds in the diet, fodder beets had the highest content
of heavy metals, in particular, including toxic ones such
as cadmium and lead.

The diet of animals of the third experimental
farm exceeded the permissible concentration of cad-
mium, lead, copper, and zinc. In comparison with the
analysis of feed from other farms, a high concentration
of zinc was recorded in oats and peas, which on aver-
age exceeded permissible levels by 6.3-6.8 times. Pea
stock feed was characterised by the highest accumula-
tion of cadmium and lead, and cereal and legume hay
accumulated the most copper, which exceeded the per-
missible level by 3.9 times.

The lead accumulation in the diet of dairy cows
was highest at the fourth experimental farm. The content
of the element exceeded permissible levels by 7.3 times,
which is due to the location of agricultural land actually
along the highway with heavy traffic Kyiv — Kharkiv —
Dovzhanskyi. The concentration of zinc exceeded per-
missible levels by 7.8 times, copper — 4.1 times, respec-
tively. At the same time, the feed of this farm had the
lowest level of contamination with cadmium. Among
the feed of the diet, hay and legumes had the highest
content of Cd, Pb, Cu,and Zn. However, the last essential
element accumulated the most in corn grain.

Among the studied mineral elements in feed,
cadmium and lead are not essential, unlike copper and
zinc. The ingress of cadmium and lead from the soil
into plants — animal feed, and then into the body and
milk — leads to the content of pollutants in products
that are consumed by humans. Cadmium and lead can
cause disruption of the body’s enzymatic, hormonal,
and other systems. Milk containing cadmium and lead
is dangerous for humans. Copper and zinc are essential,
vital mineral elements for the body, although they are
heavy metals. In the appropriate normalised amount,
they must necessarily enter the body of both animals
and humans. To develop new technological methods
for the production of environmentally safe cow’s milk,
it is necessary to investigate not only the content of
such ecocidal mineral elements as cadmium and lead,
but also the concentration of essential mineral elements
in the main diet of animals, because such mineral ele-
ments as calcium, phosphorus, magnesium, potassium,
iron, sulphur, cobalt, manganese, iodine, etc. have an
antagonistic effect on the absorption of toxic metals
in the gastrointestinal tract. The availability of detailed
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information about the content of essential macro- and
microelements in the diet will allow specialists to develop
appropriate effective feed additives, premixes, etc. — to
balance the diet to ensure intensive removal of harmful
elements from the body and support its vital physiolog-
ical functions against the background of intoxication.

Content of essential mineral elements in the animal feed

The lowest calcium content was found: in fodder beet
(47.5%) and wheat straw (31.4%) — in the first exper-
imental farm; in wheat straw (38.6%) and alfalfa hay
(22.6%) — in the second farm; corn stock feed (36%) —
in the fourth; pea stock feed (12.5%) — in the third
experimental farm; the rest of the feed had an average
calcium content of 1.4-31.4% lower than the average for
nutritional value (Fig. 1).
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Figure 1. Calcium deficiency in the diet: 1 - first
experimental farm; 2 - second experimental farm; 3 - third
experimental farm; 4 - fourth experimental farm
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The content of another mineral element phos-
phorus in the lowest concentration was found: in alfalfa
hay 62.3% and oat stock feed (46.2%) — in the third farm;
in alfalfa haylage (45%) — in the fourth and 31% — in
the first experimental farm; in corn silage (42.5%) — in the
second and (22.5%) — in the third farm; the rest of the
feed had a phosphorus content of 1.5-22.3% lower than
average (Fig. 2).
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Figure 2. Phosphorus deficiency in the diet:
1 - first experimental farm; 2 - second experimental farm;
3 —third experimental farm; 4 - fourth experimental farm
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Magnesium deficiency was observed in wheat
straw (51.3%) in the first farm, the most scarce relative
to this macronutrient was alfalfa haylage, which was
in the diet of cows of all four experimental farms. In the
second experimental farm, a significant magnesium
deficiency was observed in barley stock feed — 34%, the
rest of the feed had a magnesium deficiency on average
from 2.7% to 27.1% (Fig. 3).
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Figure 3. Magnesium deficiency in the diet:
1 - first experimental farm; 2 - second experimental farm;
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Potassium deficiency in the largest amount of 37.9% Sulphur in the feed of all farms was also at a low
was found in wheat straw and 26.8% in fodder beet level on average — from 2.3 to 48.8% (Fig. 5).
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Sulphur is a fairly important trace element in case
of intoxication of the body with heavy metals, especially
cadmium and lead, as it is a part of sulphur-containing
amino acids (methionine, cystine, cysteine) and sulfhy-
dryl groups that form chelated compounds with toxicants.
The content of sulphur in feed is very important, since its
deficiency can lead to a deficiency of trace elements in the
diet, which will be more dangerous for the health of cows

Line Plot of %
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and all the more affect the quality and safety of milk.

The reason for the low iron content in animal
feed, and especially in the plants from which it is made,
is the antagonism between Fe and Mn, Fe and Cu in the
soil. A significant role in this is played by the increased
concentration of mobile forms of copper in the soils
of farms. Iron deficiency in feed is observed, which aver-
aged 2-29.2% (Fig. 6).
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Figure 6. Iron deficiency in the diet:
1 - first experimental farm; 2 - second experimental farm; 3 - third experimental farm;
4 - fourth experimental farm

The absence of cobalt in feed may be conditioned
by their cultivation in wetlands and the presence in the
soil of a high concentration of cobalt antagonist elements,
which include cadmium and lead. Applying phosphorous
fertilisers to the soil can increase the supply of cobalt
to plants. Cobalt deficiency can affect its deficiency not
only in feed, but also in the diet, which will pose a danger
of increased intoxication with cadmium and lead, and the
death of the animal is also possible (the paradox is star-
vation with a sufficient amount of feed). The shortage
of cobalt in feed is quite high (Fig. 7).

The lowest deficiency was found in cereal and
legume hay (5%) — in the fourth experimental farm;
in other feed — at least 11.5% in barley feed of the second
farm, and beyond 15%, 20%, 40%, 50% and even 80%
in alfalfa haylage in the first farm. In such a situation,
a lack of cobalt in the diet and, as a result, in milk is very
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likely. In the ruminant’s body there is a struggle for
cobalt between rumen micro-organisms and enzyme
systems. This element is used for the synthesis of vita-
min B, in the body. The presence of this vitamin in milk
under such conditions is unlikely, which was confirmed
by the study. Content of vitamin B, in the milk of cows
of all control groups was at the level of “traces”.

The manganese deficiency in feed was relatively
insignificant and on average ranged from 2.2% to 11.7%,
22.5%, and 29%. But the greatest manganese deficiency
was distinguished by corn stock feed in the first and
fourth experimental farms, where it was 35.6% and 29%,
respectively.Under certain pH conditions in the soil,man-
ganese can show antagonism to cadmium, lead, cobalt,
and iron. Excessive amounts of mobile forms of cadmium
and lead in the soil affected a decrease in the absorption
of manganese by the root system of plants (Fig. 8).
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lodine deficiency in feed is caused by the presence
of its antagonists in the soil — lead. Moreover, this element
is part of the thyroid hormones, in particular, tetraiodothy-
ronine (thyroxine) and triiodothyronine, which regulate the

Line Plot of %
lodine deficiency in feeds the main diet of the first experimental farm 1v*6c
60

main types of metabolism in the body, growth and devel-
opment of the animal. lodine deficiency in feed from 4%
to 60.7% (Fig. 9) leads to a lack of it in the diet, and conse-
quently,in milk. Milk without iodine is not the best raw milk.
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Figure 9. lodine deficiency in the diet:
1 - first experimental farm; 2 - second experimental farm; 3 - third experimental farm;
4 - fourth experimental farm

The chemical analysis of feed showed not only an
excess of heavy metals, but also a low content of essen-
tial macro- and microelements in plants — antagonists
of cadmium, lead, copper, and zinc (Fig. 1-9). At the same
time, there was a significant fluctuation in the content
of macro-and microelements both in different feeds and
in different experimental farms, which is natural. The
problem is that the content of these elements did not
correspond to the average nutritional values according
to the detailed animal feeding standards. The results
of laboratory analysis of feed from all experimental
farms showed a characteristic low content of essential
macro — and microelements against the background
of an excess of dangerous heavy metals, especially cad-
mium and lead. In such circumstances, rationing and bal-
ancing rations becomes more difficult. There is a problem
with the production of environmentally safe high-quality
milk with the content of heavy metals within the permis-
sible levels provided for by the standards, and with the
content of essential elements important for the human
body: calcium, phosphorus, potassium, magnesium, sulphur,
iron, iodine, cobalt, etc., which bring dairy raw materials
into the category of biologically complete and functional
products.
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Microelements are necessary for the plant in small
amounts for normal development, unlike macronutri-
ents (Castro et al., 2018). They are not directly incorpo-
rated into the plant structure, but are involved in var-
ious enzymatic reactions, for example, as catalysts for
chemical reactions in living systems. The concentration
of iron in plants is insignificant and its physiological role
in plant life is that it is a part of enzymes, participates
in the synthesis of chlorophyll and metabolism. It plays
an important role in the process of plant respiration,
since it is an integral part of respiratory enzymes. With-
out iron, plant respiration is simply impossible. Since iron
can pass from an oxidising form to a nitrous one and vice
versa, it is involved in the redox processes that occur
in plants. The problem of low iron content in plants may
be related to pH problems. Iron is better absorbed at lower
pH values of 5.5-6.0, and at higher pH levels, especially
above 7.0, it is usually blocked. The introduction of min-
eral fertilisers into the soil,which reduce the pH, in farms
should not have caused a deficiency of the element
in plants — obviously, the antagonism between iron and
other elements, including heavy metals, affected the
iron intake in plants more. Excess copper in the soil can
lead to iron deficiency in plants. During this study, there




was a slight excess of copper in the soil and during migra-
tionin plants,in particular,in corn,the excess of the norm
was 2.3 times. Similarly, iron deficiency can cause prob-
lems with calcium and magnesium. Calcium deficiency
in plants (feed) of the first experimental farm ranged
from 17.6% to 47.5%, the second — from 6.5% to 38.6%,
the third — from 3.3% to 12.5%, the fourth — from 1.4%
to 36.0 %, the situation was similar in terms of magne-
sium content- 9.3-51.3%, 10.0-47.8%, 5.0-26.0%, and
2.7-64.4%, respectively. No external visible signs of iron
deficiency were observed on the plants. Bird droppings
can increase the pH of the soil, but on farms, cattle manure
is mainly used as organic fertiliser. Excess iron in plants
is very rare,and the growth and development of the root
system can stop. The leaves can die off and fall off without
any visible changes.

Manganese activates more than 35 enzymes and
participates in various reactions, including nitrogen
metabolism. In this regard, plants that are deficient in the
element have difficulty using nitrates as a source of nitro-
gen nutrition.Manganese is involved in the synthesis of
vitamin C, regulates the water regime, increases resistance
to adverse factors in the plant. Manganese, like iron, is
better absorbed at lower temperatures with a pH of 5.5-6.0.
If the pH level is very high in the soil, it can lead to a defi-
ciency of the element in plants (Orynyk, et al., 2020). For
all the years of research, the pH of soils in all farms
ranged from 6.0 to 6.7. Therefore, the reason for the
low content of manganese in plants (feed) is obviously
different and most likely conditioned by the excessive
amount of mobile forms of manganese antagonist ele-
ments in the soil. Excess manganese can lead to inter-
stitial chlorosis, signs similar to those with a significant
lack of magnesium, but no visible signs of this were
observed. In the plants (feed) under study, the manga-
nese deficiency ranged from 13.2% to 35.6% on the first
farm, 2.2-22.5% on the second, 3.5-13.3% on the third,
and 2.0-29.0% on the fourth farm, respectively.

Low soil pH, emissions of pollutants, and the use
of agrochemicals affected the accumulation of heavy
metals copper and zinc in plants (feed), including toxic
cadmium and lead. Cadmium can affect the redistribu-
tion of calcium in the structural elements of the plant
(leaves, stem), which is important for forage harvest-
ing, for example, hay, straw, silage or haylage, and grain
feed. Other studies (Morina & Kipper, 2020) found that
cadmium mainly accumulates in the veins and limits
the distribution of iron and zinc in the plant, and the
concentration of potassium increases throughout the
leaves. Cadmium did not affect the distribution of cal-
cium, but reduced its content in the leaves. This toxic
element disrupted the processes of photosynthesis, in
part, it may be the result of a selective violation of the
homeostasis of leaf nutrients.

Researchers from China (Zhao et al., 2020) point
to the global problem of mineral element deficiency
in plants, which can negatively affect human health. Sci-
entists focused on maintaining the proper concentration
of mineral elements in the corn grain. In 2017, a field
survey of four main areas of China’s corn production was
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conducted. 980 pairs of soil and grain samples were taken
from farm fields, and geospatial fluctuations in the concen-
tration of zinc, iron, manganese, and copper in the grain
were also investigated. Zinc and iron concentrations
were 18-89% lower. Top dressing of the soil with nitro-
gen fertilisers increased the concentration of copper and
zinc in the grain,and phosphorous fertilisers reduced the
content of zinc and iron. A decrease in the pH of the soil
and an increase in the content of organic substances,
according to researchers, can lead to an increase in the
accumulation of iron andmanganese in the grain.

Another problem that affects the level of mineral
elements in plants can be the pollination. Researchers
from Brazil (Porto et al., 2021) note that half of the nutri-
ents in plants and, accordingly,in animal feed and human
food depend on pollination. Concentrations of lipids,
vitamin By, and potassium are higher in pollinated plants.
Reducing the number of pollinators can lead to a loss
of 7.9-29.5% of nutrients. The researchers investigated
the relative differences in nutrient concentrations of 45
major crops grown in Brazil. Of the 45 crops, some were
classified as pollinator-dependent; some, on the contrary,
were independent. Researchers estimate that reducing
the number of pollinators can lead to total nutrient
losses of 4% to 18% for all macronutrients, 6.8-26.2% for
all minerals, and 2.4-31.5% for all vitamins. Scientists
emphasise the importance of maintaining the number
of pollinators, ensuring sustainable agricultural develop-
ment and food security of the country.

Excess of mobile forms of heavy metals in the
soil Cd, Pb, Cu,Zn, which are antagonists of essential ele-
ments: Ca, P, Mg, K, S, Fe, Co, Mn, |, affects their transfor-
mation into forms inaccessible to assimilation by plants,
which causes a lack of data on macro-and microelements
in them, which was revealed by US during laboratory
analysis of fodder.

A lack of essential elements in feed in the amount
of more than 50% can lead to a loss not only of milk
quality, but also to a decrease in cow productivity and
deterioration of animal health (Roche & Satter, 2022). With
a low intake of calcium and phosphorus in the animal’s
body, a disease develops — osteomalacia; a low intake of
potassium — allotriophagia; cobalt — pining (anemia-
acobaltosis), this element also participates in haemato-
poiesis, is part of vitamin B_,; copper — anemia; sulphur
deficiency causes a violation of ether-sulphur compounds
formed in the liver as a result of neutralisation of certain
toxic substances contained in the blood and urine in the
form of inorganic sulphates; magnesium activates many
enzymatic systems including those that catalyse synthe-
sis reactions associated with adenosine triphosphoric
acid, which is important in intoxication of the body with
heavy metals; iron — its most important physiological
function is that it is part of haemoglobin and some respi-
ratory enzymes, in the lungs easily combines with oxygen
to form oxyhaemoglobin; manganese — takes part in tis-
sue respiration affects the metabolism of carbohydrates
when there is a lack in the body slows down the growth
of the animal and worsens the skeletal development;
iodine — lack of it significantly affects the function of the
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thyroid gland, which produces the thyroxine hormone,
which includes iodine,and this, in turn,affects the calcium
and phosphorus metabolism in the body.

The low content of essential elements and an
excess of heavy metals in the studied conditions could
have been caused by a violation of the timing and types
of mineral fertilisers applied. At all experimental farms,
approximately 70-80% of mineral fertilisers are applied
to the soil in the spring due to various production and
economic reasons, instead of being applied with the
main tillage. Nitrogen fertilisers were mainly applied.
This creates not only organisational tension in spring
field work, but also reduces the effectiveness of fer-
tilisers to a certain extent. Studies (Vyrliev, 1986) have
established that the untimely application of fertilisers
and their uneven distribution reduces the efficiency of
nitrogen by 35-40%, phosphorus — by 20-25%, potas-
sium — by 15-20%, complex fertilisers — by 30-35%.

Anthropogenic pollution of the natural environ-
ment around industrial centres leads to a violation of the
cycle of substances, a decrease in the nutritional value
of feed, which makes it almost impossible to produce
high-quality environmentally safe milk and the raw
materials for the production of dairy products, without
the use of appropriate science-based technologies for
the restoration of the balance of mineral elements both
in the animal’s body itself and in products.All the studied
feeds were included in the main diets with different types
of feeding of dairy cows.

CONCLUSIONS

In conditions of local contamination of agroecosystems
with heavy metals, especially cadmium and lead, it is unac-
ceptable to balance the main diets of dairy cows with-
out considering the actual nutritional value of feed. The
production of environmentally safe, high-quality cow’s
milk is much more complicated without rationing the
content of heavy metals of cadmium, lead, copper, and
zinc in the feed that exceeds the permissible level of
pollutants and has a deficiency of essential mineral ele-
ments, such as calcium, phosphorus, magnesium, potas-
sium, sulphur, and among the trace elements of iron,
cobalt, manganese, iodine. The development of special
mineral and vitamin premixes or other new feed addi-
tives specifically adapted to such diets will reduce the
negative impact of toxic trace elements and compen-
sate for the lack of biologically important elements in
the body of highly productive animals, which will ensure
the production of pollutant-free milk and dairy raw
materials with a sufficient content of iodine, cobalt,
iron.Such feed additives would help to improve the health
of cows and prevent the occurrence of hypocalcemia,
hypophosphatemia, and other diseases characteristic of
lactating animals.

Further study will be aimed at environmental moni-
toring of the content of essential and non-essential min-
eral elements, including heavy metals, in plants (feed)
of various farms of the forest-steppe, steppe regions of
Ukraine and Donetska oblast, where dairy cows are kept.

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[°]

[10]

Scientific Horizons, 2022, Vol. 25, No. 2

REFERENCES
Bigalke, M., Ulrich, A., Rehmus, A., & Keller, A. (2017). Accumulation of cadmium and uranium in arable soils
in Switzerland, Environmental Pollution, 221, 85-93. doi: 10.1016/j.envpol.2016.11.035.
Borah, P, Singh, P,, Rangan, L., Karak, T., & Mitra, S. (2018). Mobility, bioavailability and ecological risk
assessment of cadmium and chromium in soils contaminated by paper mill wastes. Groundwater for Sustainable
Development, 6,189-199. doi: 10.1016/j.gsd.2018.01.002.
Castro, PH., Lilay, G.H., & Assuncao, A.G.L. (2018). Chapter 1 — Regulation of micronutrient homeostasis and
deficiency response in plants. In M.A. Hossain, T. Kamiya, DJ. Burritt, L-S.P. Tran, & T. Fujiwara (Eds.), Plant
micronutrient use efficiency (pp. 1-15). doi: 10.1016/B978-0-12-812104-7.00002-2.
Goff, J.P. (2018). Mineral absorption mechanisms, mineral interactions that affect acid-base and antioxidant
status, and diet considerations to improve mineral status. Journal of Dairy Science, 101(4), 2763-2813.
doi: 10.3168/jds.2017-13112.
Kalashnikov, A.P., Kleimenov, N.I., & Bakanov, V.N. (1985). Norms and racing feeding of agricultural abdominal
animals: Well-performance. Moscow: Agropromizat.
Mandatory minimum Llist of studies of raw materials, products of animal and plant origin, feed materials,
feed, vitamin preparations, etc., which should be conducted in state laboratories of veterinary medicine and
the results of which are issued veterinary certificate (f-2). (1998, November). Retrieved from https://zakon.
rada.gov.ua/laws/show/z0761-98#Text.
Moreira, V.R., Zeringue, L.K., Williams, C.C., Leonardi, C., & McCormick, M.E. (2009). Influence of calcium and
phosphorus feeding on markers of bone metabolism in transition cows. Journal of Dairy Science, 92(10),
5189-5198. doi: 10.3168/jds.2009-2289.
Morina, F., & Kipper, H. (2020). Direct inhibition of photosynthesis by Cd dominates over inhibition caused
by micronutrient deficiency in the Cd/Zn hyperaccumulator Arabidopsis halleri. Plant Physiology and
Biochemistry, 155, 252-261. doi: 10.1016/j.plaphy.2020.07.018.
Nicholson, F.A, Chambers, BJ, Williams, J.R., & Unwin, RJ. (1999). Heavy metal contents of
livestock feeds and animal manures in England and Wales. Bioresource Technology, 70(1), 23-31.
doi: 10.1016/S0960-8524(99)00017-6.
Orynyk, B.l., Brovko, 0.Z., Ohorodnik, H.M., Matviyiv, AM., & Fedorchak, Yu.T. (2020). Assessment of soil
acidity of Ternopil region. Collection of Scientific Works “Soil Protection” of the State Institution “Institute of Soil

Protection”, 10, 52-56.




Portiannyk et al.

[11] Porto, R.G., Cruz-Neto, O., Tabarelli, M., Viana, B.F., Peres, C.A., & Lopes, AV. (2021). Pollinator-dependent
crops in Brazil yield nearly half of nutrients for humans and livestock. Global Food Security, 31, article
number 100587. doi: 10.1016/j.gfs.2021.100587.

[12] Praice, W.(1972). Analitical atomic absortion spectrometry. London, New-York: Phein.

[13] Roche, R, & Satter, L.D. (2022). Feed supplements: Macrominerals. PL.H. McSweeney, & J.P. McNamara (Eds.),
Encyclopedia of dairysciences (3 ed.) (pp.518-526).Academic Press.doi: 10.1016/B978-0-12-818766-1.00149-5.

[14] Schone,F.,Sporl, K., & Leiterer,M.(2017).lodine in the feed of cows and in the milk with a view to the consumer’s
iodine supply.Journal of Trace Elements in Medicine and Biology, 39, 202-209. doi: 10.1016/j.jtemb.2016.10.004.

[15] Séboussi, R., Tremblay, G.F., Ouellet, V., Chouinard, P., Chorfi, Y., Bélanger, G., & Charbonneau, E. (2016).
Selenium-fertilized forage as a way to supplement lactating dairy cows. Journal of Dairy Science, 99(7),
5358-5369. doi: 10.3168/jds.2015-10758.

[16] Van Saun,RJ.(2022).Feed supplements: Microminerals and organic-chelated minerals. In P.L.H. McSweeney,
& J.P. McNamara (Eds.), Encyclopedia of dairy sciences (3 ed.) (pp. 527-539). Academic Press.
doi: 10.1016/B978-0-12-818766-1.00218-X.

[17] Vyrliev,1.(1986).Estimation of uneven distribution of nitrogen fertilizers and its impact on yield. International
Agricultural Journal, 4, 38-42.

[18] Xu, Y, Li, J., OUYang, Z., & Zhang, H. (2021). Implications of feed mineral reduction and enhancement
for China’s feed standards. Resources, Conservation and Recycling, 168, article number 105342.
doi: 10.1016/j.resconrec.2020.105342.

[19] Zhao, O-Y., Xu, S-J., Zhang, W-S., Zhang, Z., Yao, Z., Chen, X-P., & Zou, C-Q. (2020). Identifying key drivers
for geospatial variation of grain micronutrient concentrations in major maize production regions of China.
Environmental Pollution, 266(Pt 2), article number 115114. doi: 10.1016/j.envpol.2020.115114.

DdocnipkeHHs BMICTy ecceHuUiaribHUX MiHepaibHMUX €/IeMEHTIB y KOpMaX paLuioHiB AIMHMUX
KopiB Ha POHI NiaBULLEHOI KOHLIeHTPAaLLii B poCc/IMHaX TOKCUMYHUX MeTanis Cd Ta Pb

Cepriii BacunboBuu MoptaHHuk?, Onekciit Muxaiitnosuu MameHko?,
FanuHa JleonipisHa MpycoBa?, Cepriit CepriioBuu Xpyubkuii'

1lep>xaBHMI BIOTEXHONOTIYHMI YHIBEPCUTET
62341, Byn. AkageMiyHa, 1, cMT Mana [laHuniBka, YkpaiHa

2|HcTuTyT TBapUHHMUTBA HAAH YkpaiHu
61026, Byn. TRapmHHuMKiB, 1A, M. XapkiB, YkpaiHa

AHoTauis. HeKOHTpoNbOBaHe HAAXOLXEHHS Yy AOBKiNNA 3abpyAHIOYMX PEYOBUH — BaXKMX METaNiB, CTBOPHOE
nepewKoau AN BUPOOHULITBA €KONoriYHO 6e3neyHoro, 6ionoriYyHo MOBHOLIHHOIO KOPOB'A40ro MOIoKa. AKyMynaLis
MOMOTAHTIB Y TPYHTI 3MEHLWIYE HALXOLXKEHHS B POC/AMHM €CCEHLiaNbHUX MiHEepaNbHUX €NeMEeHTIB, HeobXiaAHMX
LNns 3abe3neyeHHs MOBHOLiHHOI rofiBAi TBAPUH. Y TakKMX €KOMOTIYHUX CUTYaALLiSX BaXK/IMBE 3HAYEHHS MAE aHani3
KOPMIiB paLiOHIiB Ha BMICT eCCeHLiaNbHUX i HeecCeHUiaNbHUX MiHEpaNbHUX eNeMeHTIB. Y 4OTUPbOX A0CAIAHMX
rocnofapcrBax, fki crnewianiyroTbCs Ha BUPOOHMLTBI KOPOB'IYOro MOJIOKA, arpOeKoCUCTEMM PO3MilLleHi HAaBKO/O
NMPOMUC/IOBOIO LEHTPY i N0BAM3Y eKONOTiYHO HeCnpUSTANBUX OO EKTIB — aBTOLUAAXM, NiIANPUEMCTBA 3 BUA0DOYTKY
(nepepobkM) rasokoHAEHCATy TOWO, BifiOpaHO 3pa3kuM KOpMIB, WO BXOAM/IM A0 OCHOBHOMO pauioHy. MeTogom
ATOMHO-aAcopbuiHoi cnekTpodoToMeTpii NpoBeAEHO aHaNi3 iX Ha BMICT MiHepanbHUX enemMeHTiB. CTaTUCTUYHA
06pobka gaHux — STATISTICA Bepcii 10.0. Y kopMax BCTAHOB/MEHO NEPEBULLEHHS LOMYCTUMOI HOPMU MO KaAMit0
y cepenHboMy B 2,1—3,2 pa3u, cBuHU0O — 2,4—5,7 pa3u, miai — 1,4—2,3 pa3u, umHky — 1,2—2,4 pa3n. Y CiHi
311aKOB0O-60060BOMY KOHLEHTpaALlig KaaMito, CBUHLIO NepeBuLLyBana HopMy y 3,2 i 5,7 pa3u BignosigHo. Ha ubomy
(hOHi BCTaHOBNEHO LedilmT KanbLiito B KOPMax paLioHiB pisHMX TMNiB rogisni kopis Big 1,4 % no 47,5 %, docdhopy —
Big 1,5% no 62,3%, marHito — Big 2,7% no 64,4 %, kanito — Big 0,8% no 37,9%, cipku — Big 2,3% no 48,8 %,
cepep MikpoeneMmeHTiB, 3ani3a — Bif 2,3 % no 48,8 %, kobanbty — Big, 5,0 % no 80,0 %, viopy — Big 4,0 % no 60,7 %.
MpuunHa pediunty B pocanHax (KOpMax) XMUTTEBO BAXKIMBUX MIHEPANbHUX €IEMEHTIB HOCUTb Pi3HUI XapakTep,
WO BK/IKOYAE 3MiHM pH rpyHTy, ane nepeBaXKHO — aHTAroHi3M MiXK PyxoMuMMU HOpMaMU TOKCUYHUX €eMeHTIB Ta
ecceHuUianbHUMK enemMeHTamu. [Ing BUPOBGHMLTBA BMCOKOSIKICHOrO MOJIOKa HeoOXigHO 3A4iMCHIOBAaTM HOPMYBAHHS
TOKCMYHMX METaNIB y paLioHaX KOpiB 3 pi3HUMM TUNAMKM rOAiIBAI, NiKBiAYyBaTU AediunT MiHepaniB 3a JONOMOrow
cneuianbHO po3pobrieHnXx KOPMOBKMX A06aBOK (MiHEpanbHO-BITaMiHHMX MPEMIKCIB), WO [03BOMUTb 33a6e3neuntu
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INTRODUCTION

The soils of Ukraine have an average ability to provide
plants with phosphorus. Therefore, one of the import-
ant tasks of modern agricultural production is to restore
and gradually increase its content in soils to create an
optimal phosphate regime that ensures high and sus-
tainable crop yields (Soltangheisi et al., 2020; Ginzburg,
1981). In the forest-steppe, the area of chernozems
is podzolized by about 16% and they are most com-
mon on the Right Bank. Their profile is characterised
by a combination of genetic traits inherent in cherno-
zems typical of dark grey forest soils. The main processes
of chernozem formation are: sod-forming process and
migration of calcium bicarbonates along the profile.
These processes remain leading, but in ploughed cher-
nozems, they are quantitatively changed, because after
ploughing, the sod-forming process is significantly
inhibited due to a sharp decrease in the intake of plant
residues (Bulygin et al., 2016). This leads to a weaken-
ing of the humus accumulation process and, accordingly,
to the loss of humus by soils. According to H.M. Hospo-
darenko et al. (2018) the humus content in podzolized
chernozem depends on the intensity of fertiliser use
in the field crop rotation. With prolonged use of opti-
mal fertiliser systems, its agrochemical state gradually
stabilises.

In the chernozem zone, the effective fertility of
soils and the effect of fertilisers are most affected by the
supply of phosphorus to plants (Baluik et al.,2018). Even
D.N.Prianishnikov (1952) believed that in order to revive
the chernozems depleted by centuries-old agriculture,
it is necessary to add phosphorus. The problem of phos-
phorus in agriculture is still quite important today. The
phosphate level of soils is one of the important signs
of their fertility (Vasbieva et al., 2021; Miroshnichenko
et al., 2021; Nosko, 2017). Plants’ assimilation of the
optimal amount of phosphorus to produce a high yield
depends on its soil reserves, mobility, and a number of
conditions that affect its absorption (Marschner, 2012).

Experimental data on changes in the content of
gross phosphorus and its fractional composition in
podzolized chernozem under the influence of long-term
fertilisation is the theoretical basis for the effective use
of fertilisers in the right-bank forest-steppe of Ukraine,
and the potential capabilities of this type of soil to pro-
vide plants with phosphorus is the theoretical basis for
creating new standards for the rational use of high-cost
phosphorous fertilisers on a regional scale.

The phosphate state of the soil largely reflects
its genetic characteristics. The total phosphorus content,
the nature of the profile distribution, the proportion of
mineral compounds and their forms, and other indicators
determine the type of soil development and the degree
of soil cultivation (Menezes-Blackburn et al., 2018). This
is conditioned by the peculiarities of interaction of
phosphorus compounds with individual soil components
(cations of soil solution, free iron and aluminium oxides,
exchange bases of the soil absorption complex) with the
establishment of stable hard-to-dissolve compounds.
The content of phosphorus and its distribution by forms
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in soils has a zonal and subzonal character and is asso-
ciated with both geological processes and anthropo-
genic transformation of modern soils under the influ-
ence of various factors (Baliuk et al., 2018; Schneider
et al., 2019). In this regard, the study of the phosphate
regime of podzolized chernozem under long-term appli-
cation of different doses of fertilisers and fertiliser sys-
tems in the field rotation is relevant.

The main source of phosphorus in the process of
soil development is the parent rock. Due to bio-dis-
placement by plants,most of it accumulates in the upper
layers of the soil profile. Phosphorus has a number of
chemical properties that determine its versatile inter-
action with soil components, which contributes to the
formation of a large number of compounds. This makes
it difficult to develop methods for assessing the ability
of soils to provide agricultural crops with phosphorus
(Nosko, 2017; Kristenko, 2019). In phosphorus agrochem-
istry, the most important issue is the absorption of fer-
tiliser phosphates by the soil, the level of which and the
strength of the bond depends on the supply of plants
with this element. Phosphorous fertilisers introduced
into the soil undergo various transformations with the
formation of organic and mineral phosphates. The abil-
ity of plants to absorb phosphorus from fertilisers does
not depend on those compounds that were introduced,
but on those that were formed in the soil. Therefore,
to evaluate a particular phosphorous fertiliser and out-
line its rational use, i.e., the dose, method, and time
of application, it is necessary to know what transforma-
tions it undergoes during interaction with the soil and
what phosphates are formed in this case (Teicher et al.,
2018).B.S.Nosko (2019) found that fertiliser phosphorus
is distributed among phosphate fractions in the same
way as their distribution in virgin soil, but this cannot
be traced in all soils. For example, in chernozems, newly
formed phosphates form a structure of the phosphate
fund that is not identical to its natural counterparts
(Nunes et al., 2020). It has been shown that the fea-
tures of phosphorus conversion of organic and mineral
fertilisers, the properties of newly formed phosphates
depend on the mineralogical composition of the soil,
the content of organic compounds (Kyrychenko, 2015;
Lisoval et al., 1984), fertiliser doses and forms, soil cul-
tivation, but the main factor in these transformations
is the acidity of the soil environment (GInzburg, 1981;
Vasbieva, 2021; Sheil et al., 2016).

According to R.S. Truskavetsky & Yu.L. Tsapko (2016),
the use of mineral fertilisers increases the content of
potentially available phosphates in the soil. Residual
phosphates of applied fertilisers are more mobile than
natural compounds. In a long-term experiment, the degree
of provision of carbonate phosphates to chernozem
and changes in their group (qualitative) composition
depended on the doses and duration of fertiliser appli-
cation. At low doses of phosphorous fertilisers, changes
are usually insignificant, since doses that exceed the
removal of phosphorus by crops accumulate in all soil
residues, which are distributed among all fractions of
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soil phosphates (Volkogon et al., 2019; Zagorcha, 1990).
Consequently, the features of the distribution of phospho-
rus between them during fertiliser application remain
rather neglected and require further investigation.

The purpose of the study was to identify and the-
oretically substantiate the nature and line of changes
in the phosphate fund of podzolized chernozem after
the prolonged application of fertilisers in crop rotation.
The main task of the research is to characterise the
phosphate state of podzolized chernozem by identify-
ing patterns of changes under the influence of mineral,
organic, and organo-mineral fertiliser systems; to assess

the fractional composition of mineral phosphates in agro-
cenosis with different fertiliser systems in crop rotation.

MATERIALS AND METHODS

The study was conducted in a stationary experiment
(NAAS Certificate No. 88), laid in the experimental field
of the Uman National University of Horticulture (Zarysh-
niak et al., 2014), which is located in the Mankivskyi natu-
ral and agricultural area of the right-bank forest-steppe,
which is based on a 10-field crop rotation with a typical
set of field crops for the region, deployed in all fields
(Table 1) (Zaryshniak et al., 2014).

Table 1. Fertiliser distribution scheme for crops in a field crop rotation
in a stationary experiment (manure, t/ha; mineral fertiliser, kg/ha)

Exper'iment Ferti_liser Clover Winter  Sugar Corn Peas Winter Cfc:) rrn Winter  Sugar :;:[:;ﬂ
variant option wheat beet wheat silage wheat beet Clover
Control (without _ _ _ _ B _ _ _ _ _
fertilisers)
N - 45 90 50 10 45 50 45 90 25
N,P,.K,s PO, - 45 90 50 10 45 50 45 90 25
K,0 - 45 90 50 10 45 50 45 90 25
N 80 90 135 100 30 90 100 90 135 50
NgoPooKso PO, 80 90 135 100 30 90 100 90 135 50
K,0 80 90 135 100 30 90 100 90 135 50
N 50 135 180 200 60 135 200 135 180 75
N,4sP.sK,s PO, 50 135 180 200 60 135 200 135 180 75
K,0 50 135 180 200 60 135 200 135 180 75
Manure 9 Manure - - 30 - - 30 - - 30 -
Manure 13.5 Manure - - 45 - - 45 - - 45 -
Manure 18 Manure - - 60 - - 60 - - 60 -
N - 22.5 30 50 - 22.5 22.5 22.5 30 25
Manure PO, - 22.5 67.5 50 10 22.5 50 22.5 67.5 25
45 t+N,P Ky K,0 - 225 15 475 10 225 - 225 15 25
Manure - - 15 - - 15 - 15 -
N - 45 60 100 20 45 50 45 60 25
Manure PO, 25 45 135 100 20 45 50 45 135 75
9 N, Py, K,0 20 45 30 100 20 45 - 45 30 25
Manure - - 30 - - - 30 - 30 -
N - 67.5 90 150 20 67.5 75 67.5 90 47.5
Manure P,0. 50 67.5 202.5 150 30 67.5 100 67.5 202.5 75
135 NP K, | K0 175 67.5 45 150 30 67.5 - 67.5 45 50
Manure - - 45 - - - 45 - 45 -

The soil is classified as loessial podzolized heavy
loamy chernozem.Before laying the experiment in 1964,
a humus content according to the Tyurin method (DSTU
4289:2004,2005) was 3.31%; pH,, — 6.2; nitrogen con-
tent of easily hydrolysed compounds according to the
Tyurin-Kononova (Tyurin & Kononova,1934) — 48 mg/kg;
mobile compounds of phosphorus (122 mg/kg) and
potassium (135 mg/kg) according to the Chirikov (DSTU
4115:2002, 2003). The experiment uses organic, mineral,
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and organo-mineral fertiliser systems with single, double,
and triple levels of saturation with the main elements
of nutrition of the crop rotation area. Single-dose of
mineral fertilisers — N,.P,.K,., organic — 4.5 tonnes of
manure per 1 ha of crop rotation area. According to the
organo-mineral fertiliser system, the doses of the main
nutrients are equal to the corresponding variants of
the mineral system. The area of the experimental site

of the experiment variant — 180 m?, length — 18 m,and




width — 10 m. Semi-rotted cattle manure, ammonium
nitrate, granulated superphosphate, and potassium
chloride were used in the experiment. Since long-term
cultivation processes do not allow monitoring changes
in the soil from the natural state to the one that has
developed during land use, the method of comparison
with the natural analogue — the fallow near the site
was used for comparison.

For analytical studies, in 2020, soil samples were
selected from 0-20 cm layer in accordance with the
requirements of DSTU 4287:2004 and DSTU 1SO 11464:2007.
The gross phosphorus content was determined in accor-
dance with DSTU 4290 (DSTU 4290:2004, 2005). Min-
eral phosphates were determined by the Chang and
Jackson method in the Ginzburg & Lebedeva mod-
ification (Ginzburg & Lebedeva, 1971), the essence
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of which is to treat soil samples with various solvents
in the following sequence — 1% solution of ammonium
sulphate and 0.25% ammonium molybdate, 0.5% acetic
acid and 0.25% am-monium molybdate, 0.5% solution
of ammonium fluoride, 0.1 % solution of caustic acid
sodium, 0.5% sulphuric acid. Phosphorus determination
was performed photocolourimet-rically using the Denigs
method modified by Truog-Mayer (Tyurin & Kononova, 1934).

Statistical processing of the research results con-
tained was carried out using the Microsoft Office and
STATISTICA 12 software suites.

RESULTS AND DISCUSSION

Studies have shown that the use of manure and mineral
fertilisers causes changes in phosphorus reserves in the
soil (Fig. 1).
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Figure 1. Changes in gross phosphorus content in 0-20 cm soil layer after long-term (55 years)
use of fertilisers in crop rotation compared to fallow (1,008 mg/kg)

The phosphorus content in the soil varies depend-
ing on the doses of fertilisers and fertiliser systems.
There is a very strong correlation between its content
and the doses of phosphorus introduced (r=0.99). This
is explained both by the removal of phosphorus by crops,
and by its movement along the soil profile mechani-
cally during its cultivation and in the forms of complex
organo-mineral compounds.

Mineral phosphates in the 0-20 cm layer of fal-
low make up 61% of the gross phosphorus content,
or 615 mg/kg. In this case, phosphorus is distributed
between the fractions in the following ratio, %: Ca-P-5;
Ca-P -42; Ca-P -36; Al-P-9; Fe-P-8 (Fig. 2). High-base

calcium phosphates occupy the main share of mineral
phosphate compounds. The fertiliser does not affect the
structure of mineral phosphates. It mostly depends on
the acidity of the soil solution and the content of carbon-
ates in it (Ginzburg, 1981; Kristenko, 2019; Truskavetsky
&Tsapko, 2016). O.A. Biriukova et al. (2010) found that the
amount of phosphorus absorbed by plants depends on
the ratio of calcium exchange to the amount of total car-
bonates in the soil. There is a certain equilibrium between
the exchange calcium and the total content of carbonates
of various nature in these soils, the displacement of which
reduces the availability of phosphorus. This is explained
by the formation of hard-to-dissolve calcium phosphates.
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Figure 2. Fractional composition of mineral phosphates in 0-20 cm soil layer
after long-term (55 years) use of fertilisers in crop rotation, mg/kg

Long-term cultivation of crops without the use
of fertilisers did not significantly affect both the content
of mineral phosphates and their distribution between
fractions. This can be explained by the bio-displacement
of phosphorus from the lower soil layers by plant root
systems (Karengina et al.,, 2020). The phosphate content of
the fraction Ca-P, which is represented by phosphates
of alkaline and alkaline earth metals, is 28-118 mg/kg
ofsoil,dependingontheexperimentalvariantanddepends
on the content of gross phosphorus in the soil (r=0.98).
The content of dissimilar calcium phosphates (Ca-P,),
which is less accessible to plants, is much larger — 226-
791 mg/kg.A significant proportion of the amount of min-
eral phosphates is occupied by three substituted calcium
phosphates (Ca-P ) — 28-36%, depending on the exper-
iment variant. There is a close correlation between the
content of gross phosphorus in the soil and its distribution
in different fractions of mineral phosphates (r=0.89-0.99).

The use of organic and mineral fertilisers increases
the phosphorus content in all fractions of mineral phos-
phates. First of all, there is an accumulation of phos-
phates of the fraction Ca-P, which is the most valuable
for phosphorous nutrition, and also in the faction Ca-P,
which is its immediate reserve. According to (Menezes-
Blackburn et al., 2018), the intake of organic substances
into the soil with both organic fertilisers and plant resi-
dues, improves the water-physical properties of the soil,
increases their biological activity,and stabilises the nitro-
gen state. At the same time, the intensity of transforma-
tion processes of mineral and organic phosphates in the
soil changes accordingly, which contributes to their better
assimilation by plants.
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Attention is drawn to the almost identical con-
tent of Al-P and Fe-P fractions on the fallow and the
increase in the content of the latter with prolonged
use of fertilisers, especially mineral ones. This can be
explained by an increase in the binding of phosphate
ions to iron and a decrease in aluminium with the acid-
ification of the soil medium (Rosso et al., 1995). Notably,
aluminium-bound phosphorus is 1-6 times more acces-
sible to plants than iron phosphates, and iron phos-
phates are 8-18 times more accessible than calcium
phosphates (Sheil et al., 2016). This also explains the
change in the content of the fraction Ca-P . Despite
the increase in the content of this fraction in the soil
at high doses of fertilisers of the mineral and organo-
mineral systems to 440-566 mg/kg (with a content of
222 mg/kg on fallow), in the composition of mineral
phosphates, their content respectively decreased from
36 to 28-34 %. At the same time, for example, according
to the organo-mineral fertiliser system (option Manure
13.5 t + NP, ,K;,), phosphorus between the fractions
of mineral phosphates is distributed in the following
ratio, %: Ca-P-7; Ca-P -40; Ca-P -28; Al-P-11; Fe-P-14.
That is, in comparison with the fallow and plots with-
out fertilisers, the share of phosphorus in active forms
has increased. Similar data were obtained on carbon-
ate chernozem (Zagorcha, 1990). Long-term systematic
use of mineral fertilisers and their combination with
organic ones contributes to an increase in the amount
of mineral phosphates — in some variants of the exper-
iment (NP, K., NP, K Manure 9 t+N,.P K

90" 90" "90? 135" 135" 71357 45" 68 36’

Manure 13.5 t+N_P. K_,) up to 1,361-1,762 mg/kg with

68" 101 54

content in fallow of 615 mg/kg (Table 2).
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Table 2. Distribution by fractions of mineral phosphates in the soil layer 0-20 cm
after long-term fertilisation in crop rotation, 2020

Amount, mg/kg of soil CacPl 4+ Ca— PII 5 Ca— P
Experiment variant Mineral Active Ca-P Al-P+Fe-P Ca-PIII Al-P + Fe-P
phosphates forms
Fallow 615 393 507 108 1.28 4.69
No fertiliser (control) 579 382 467 112 1.37 4.17
N,.P,.K,. 707 468 564 143 1.36 3.94
NgoPooKog 1,361 921 1,134 227 1.58 5.00
NP K e 1,762 1,196 1,472 290 1.60 5.08
Manure 9 t 586 405 442 144 1.44 3.07
Manure 13.5t 571 402 433 138 1.56 3.14
Manure 18 t 562 406 419 143 1.69 293
Manure 4.5 t+ N, P K . 657 464 493 164 1.55 3.01
Manure 9t+N,P_ K., 1,376 925 1,137 239 1.61 4.76
Manure 13.5t+N_P, K 1,586 1,081 1,283 273 1.70 4.69

68 101 54

However, relative to the gross phosphorus content,
their number has changed less significantly — only at the
second and third levels of the mineral and organo-mineral
fertiliser systems, their content is 62-69%, while the
content on fallow — 61%. Fertiliser systems and fer-
tiliser doses have only a small effect on the distribution
of phosphorus between mineral phosphate fractions.
First of all, it is necessary to note an increase in the num-
ber of active forms in the composition of mineral phos-
phates — from 64% on the transfer to 66-72%, depend-
ing on the characteristics of the fertiliser. This is mainly
conditioned by the fractions Ca-P, and Fe-P.Thus, accord-
ing to the organo-mineral fertiliser system, the content
of phosphates of the fraction Ca-P, increased by 14-90,
and Fe-P — by 44-106 mg/kg of soil compared to untilled
virgin land. An increase in these fractions in the compo-
sition of mineral phosphates was also observed in other
subtypes of chernozems (Soltangheisi et al., 2020; Vas-
bieva, 2021).

The sum of active forms of phosphates in areas
without fertilisation, under the organic fertiliser sys-
tem and at the first levels of the mineral and organo-
mineral fertiliser system almost did not change and
was in the range of 382-468 mg/kg (with the content
of fallow of 393 mg/kg). This can be explained by the
negative balance of phosphorus and its bio-displace-
ment by the root systems of agricultural crops. The
increase in the content of calcium phosphates in the
soil was slower than the sum of aluminium and iron
phosphates (Al-P+Fe-P). However, the mobility of phos-
phates estimated by the indicator (Ca-P+Ca-P,): Ca-P,
significantly depended on fertiliser doses and less on
fertiliser systems. The highest rate of their mobility —
1.70 — was formed by applying 13.5 t/ha of manure +
N,:P.,.Ks, per 1 ha of crop rotation area. For fallow
areas and areas without fertilisers, this indicator is sig-
nificantly lower — 1.28 and 1.37, respectively.

With a negative balance of phosphorus in the soil
of crop rotation, the content of calcium phosphates avail-
able to plants (Ca-P+ Ca-P,) decreases, as do phosphates

of sesquioxides (Al-P+Fe-P) (Khristenko, 2019; Hospo-
darenko, 2002; Sheudzhen, 2018). In the test soil, most
phosphorus accumulates in the form of calcium phos-
phate, which is 3-5 times more, depending on the exper-
imental variant, than in other phosphates. Therefore, the
study of the fractional composition of podzolized cherno-
zem shows that with long-term cultivation of field crops,
there is an increase in the content of mineral phosphates
in the soil regardless of the systems and levels of fertiliser
application. Due to Fertilisers, the proportion of active
forms in their composition increases, primarily fractions
Ca-P,and Fe-P. The increase in the content of the Fe-P
fraction is explained by the acidification of the soil. The
application of phosphorous fertilisers in doses exceeding
the extraction of phosphorus from the soil affects all frac-
tions of its phosphate fund.

It is worth noting that podzolic chernozem fallow
contains only 65 mg/kg of mobile forms of phosphorus,
which indicates a possible high efficiency of using
phosphorous fertilisers. In the soils of the forest-steppe
zone, agricultural crops react to phosphorous fertilisers
with the content of mobile forms of phosphorus up
to 250 mg/kg (Kristenko, 2019). This is conditioned
by the high content of the Ca-P  fraction in the soil.
However, these phosphates have a low degree of mobil-
ity — 0.095 mg P,0./l and do not take a direct part
in plant nutrition, but pass into 0.5 m acetate extract
in large quantities. Therefore, based on the obtained
experimental data, it can be concluded that the optimal
content of mobile phosphates (150 mg/kg) accepted
for the podzolized chernozem of the right-bank forest-
steppe is underestimated and needs to be clarified.

CONCLUSIONS

1. Podzolized chernozem of the right-bank forest- steppe
has high potential capabilities in terms of the ability
to provide field crops with phosphorus. After 55 years
of applying various doses of fertilisers and fertiliser sys-
tems, the gross phosphorus content is 0.09-0.27% P,0,
(according to the content on fallow — 0.10%).
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2.Fertilisersystemsandfertiliser doses have little
effect on the distribution of phosphorus between min-
eral phosphate fractions. At the same time, the share
of active forms increases — from 64% on the transfer
to 66-72%, depending on the characteristics of the
fertiliser. This is mainly conditioned by the fractions
Ca-P, and Fe-P. According to the organo-mineral fer-
tiliser system, the content of phosphates of the fraction
Ca-P,increased by 14-90, and Fe-P — by 44-106 mg/kg
of soil compared to untilled virgin land.

3.The content and mobility of phosphorus com-
pounds in the soil significantly depend on the fertiliser
systems. Thus, in the organic fertiliser system, mineral

system — 64-72,and in the mineral system — 67-69% of
the gross phosphorus content.

4. Calcium phosphates predominate in the
composition of soil mineral phosphates. By content,
mineral phosphates make up the following series:
Ca-P,>Ca-P >Ca-P >Fe-P>Al-P.

5. The phosphate level of podzolized chernozem
can be significantly improved by creating a positive bal-
ance of phosphorus due to the introduction of organic
and mineral fertilisers. This is facilitated by a number of
factors: the preservation of phosphorus in compounds
potentially available to plants and the absence of migra-
tion along the soil profile.

phosphates make up 61-62%, in the organo-mineral
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dpakuinHmnm cknag MiHepanbHux ¢ocdaTiB HopHO3eMy onifasoneHoro nicns
TPUBAJIOro 3aCTOCyBaHHSA AO6PUB Y NONbOBIN CiBO3MiHi

Mpuropiii Mukonaiiosuu l'ocnopgapenko, OneHa OmutpisHa YepHo, Jllogmuna OnerisHa Ps6oBon,
KatepuHa lNMetpisHa JleoHoBa, AHApil IBaHOBKUY Jllo64YeHKO

YMaHCbKMIM HaLiOHaNbHUI YHIBEPCUTET CaAiBHMLTBA
20305, Byn. IHCTMTYTCbKA, 1, M. YMaHb, YKpaiHa

AHoTauis. DocdaTHU CTaH IPYHTY € BaXK/MBMM YMHHMKOM (DOPMYBAHHS MOr0 pOAKYOCTi. Y 3BM3KY 3 LUMMU
focnimkeHHs GochaTHOro CTaHy PisHMX NiATUNIB IPYHTIB Y Pi3HMX arpoLLeHO3aX € aKTyaslbHUM. EKcnepuMeHTanbHi AaHi
Npo 3MiHW BMIiCTy BanoBoro docdopy Ta Moro GpakLiiHUin CKNag, y YOpHO3EeMi OMifg301eHOMY Mif, BNAIMBOM TPUBANOro
yAOOpEHHS MaloTb BAaXK/IMBE 3HAYEHHN AN9 eDeKTUBHOro BMKOPUCTaHHS fobpue y MpaBobepexHomy Jlicocteny
YKpaiHu, BU3Ha4aoTb MOTEHL,iMHI MOro MOXIMBOCTI WOA0 3a6e3neyeHHs pocIuH POCHOPOM i € TEOPETUYHOK OCHOBOD
YTOYHEHHS HOPMATMBIB PaLLiOHANIbHOIO 3aCTOCYBAHHS BUCOKOBapPTiCHUX GochopHMX f06puB.MeTor foCNiAXKEeHb
CTaNio BUBYEHHS 3MiHM GPaKLIMHOIO Cknagy MiHepanbHUX GocdaTiB4OpHO3EMY OMiA30EHOMOMNOPIBHSHO 3 NEPENIOroM
Micna 3aCTOCYBaHHSA Pi3HMX CUCTEM yA0OpeHHs B NObOBIM CiBO3MiHI MNpaBobepexHoro Jlicocteny. Y FpyHTi 3 wapy
0—20 cMBM3HAYanu BMIcT MiHepanbHUx docdatie MeToaoM YaHra Ta [IxxekcoHa y Mogudikauii MH36ypr-Jlebenesoi
3 $HOTO KONOPUMETPUYHMM BM3HAYeHHAM Pocdopy 3a meToaoM [leHixxe moandikoBaHum Tpyor-Maiiep. [locnigpkeHHs
MoKasanu, Wo YOPHO3€eM ONiA30eHUI BaXKKOCYIIMHKOBUIM Ha fleCi MA€e 3HaYHi 3aMacy NOTEeHLiMHO AO0CTYMHOro Ans
XWBNEHHS pociuH docdopy. Yepes 55 pokiB y NonboBii CiBO3MiHI3anexHo Bif, 0cob6aMBOCTEN YA0OpPEHHS BMICT
“oro y rpyHTi 3MiHuBes Big 921 mr/kr o 2565 mr/kr PO, (3a Bmictynia nepenorom 1008 mr/kr).BMict dpakuii
MiHepanbHMX hocdaTis y YOpHO3€eMi OMia30N1eHOMY PO3MILLYETbCA Y Takik nocninosHocti: Ca-P >Ca-P >Ca-P >Fe-P>Al-P.
3acTocyBaHHs THOK i MiHepanbHUX [0OPMB CNpUsiE 36inblueHHI0 BMICTY docdopy B YCiX GpaKLisx MiHepanbHUX
tocdaris. Hacamnepen 3poctae yactka aktmeHux dpopm — Ca-P, i Ca-P, no 66—72% (3a BMicTy Ha nepenosi 64 %).
3a opraHo-MiHepasbHOi cucTteMu yaobpeHHs (BapiaHT MHin 13,5 7+ N P, K. ) dochop Mix ppakuismMu MiHepasibHWUX
docdartie po3noAINAETLCA B TaKOMy BigHowWweHHi, %: Ca-Pl-7; Ca-P -40; Ca-P -28; Al-P-11 i Fe-P-14. PyxnusicTtb
¢ocdaris, ouiHeHa 3a nokasHukom(Ca-P +Ca-P ): Ca-P,, Ginbluie 3anexmTb BiA 403 A06PHB, HIX Bif CUCTEM yA0BPEHHA.
Bucokuit BMIcT y yopHo3eMi onigsoneHoMy ¢pakuii Ca-P, Bkasye Ha HEOOXiAHICTb YTOUHEHHA OMTUMasIbHOMO BMICTY
pyxoMux cnonyk docdhopy

KntouoBi cnoBa: rpyHT, cucteMu yoobpeHHs, Banosuii pocdop, bocdatu kanbLito, pocdhaTy antoMiHito, pochatv 3anisa
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INTRODUCTION
Modern agricultural production is threatened by climate
change, which is characterised by rising temperatures,
changes in precipitation patterns,and frequent extreme
weather events (Arora, 2019; lvanyuta et al., 2020). The
consequences of global climate change are becoming more
and more noticeable in Ukraine.Analysis of the frequency
of extreme weather conditions, namely droughts, shows
an alarming trend of their increase. Over the past 20 years,
the average annual temperature has increased by another
0.8°C, and the average temperature in January and Feb-
ruary — by 1-2°C. The duration of the growing season
with a minimum threshold of 10°C over the past 30 years
in Ukraine has increased by 16 days, which has already
led to changes in the rhythm of seasonal phenomena —
spring floods, the beginning of plant flowering in winter,
snowfall in spring or autumn, etc. (Pisarenko et al., 2020).

According to the researchers, by 2070, wheat
yields in the steppe zone may decrease to 5.5 cent./ha,
so measures to develop effective adaptation should
focus on preparing this region for the expected climate
changes (Balabukh et al., 2017).

The Food and Agriculture Organization of the
United Nations proposes a “Save and grow” agriculture
intensification model to reduce the impact of climate
change on wheat production, which consists in a sus-
tainable increase in yields on existing agricultural land
(Graziano da Silva, 2016).

Durum wheat is of interest to the global grain
industry primarily as a raw material for pasta, baby food
products, and baking (Pompa et al., 2021; Peressini et al.,
2020). Compared to soft wheat, hard wheat has significant
advantages — it is less affected by diseases and pests,
does not crumble, is more resistant to lodging, is more
resistant to air drought, and provides stable yields on
a high agricultural background (Steiner et al.,2019; Kork-
hova, 2020). However, due to increased requirements for
agroclimatic conditions, its acreage in the world ranges
from 16 to 18 million hectares, which provides up to
8.0-10.0% of global wheat grain production (De Vita &
Taranto, 2019).

In Ukraine, the acreage of durum wheat is about
500 thousand hectares, although, the soil and climatic
conditions are favourable for growing and obtaining high
yields, especially the winter crop (Franchesko, 2013).
Modern varieties of durum winter wheat have a fairly
high genetic potential for productivity and quality, as
evidenced by the studies (Giunta et al., 2019; Stefanova-
Dobreva & Muhova, 2020). However, the yield of this
crop remains low due to abiotic and biotic stress factors,
which negatively affect photosynthesis and, as a result,
Llimit plant growth.

There is evidence that climate changes, namely
rising air temperatures and changes in humidification
during the growing season, negatively affect wheat
yields in many regions of the world (Raza et al., 2019;
Kucher, 2017; Sabella et al., 2020). Especially in recent
years, there has been an increase in temperature in the
autumn and winter period, the duration of the autumn
vegetation of winter crops is gradually reduced. Often
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in winter, there is a long-term restoration of vegetation,
and the final restoration of spring vegetation occurs two
to three weeks earlier than long-term periods, which
leads to a significant reduction in the winter dormancy
period. An increase in air and soil temperature in win-
ter contributes to better overwintering of winter durum
wheat plants. In this regard, in the zone of the southern
steppe of Ukraine, it is necessary to grow crops that can
adapt to the climatic realities of today in the conditions
of rainfall farming, which includes winter durum wheat
(Balabukh’s, 2018; Ostapenko & Kostyrya, 2020).

It is possible to balance the negative impact of
weather and climatic conditions by strictly observing the
recommended technologies for growing durum winter
wheat, which would take into account the genetic char-
acteristics of different varieties (Mereu, 2021; Kahiluoto
et al., 2019). The relevance of the subject matter is con-
ditioned by the fact that the choice of a variety adapted
to the climatic conditions of the region is the main strategy
for adapting agriculture to negative climate changes,
especially in the south of Ukraine. Currently, Ukraine
pays considerable attention to the investigation of the
productivity of spring durum wheat, while the influence
of weather conditions of the year on the yield of winter
durum wheat varieties has not been sufficiently studied.
The use of durum wheat varieties that are resistant to
drought and unfavourable winter conditions can effec-
tively increase grain productivity (Mengistu, 2019).

The purpose of the study was to determine the
degree of influence of changes in weather and climatic
conditions in the main interstage periods on the growth
and yield of winter durum wheat grain, depending on the
varietal composition.

LITERATURE REVIEW

Many researchers have proven that the yield of winter
durum wheat depends on weather conditions [16].V. Lubich
& |. Polyanetska (2021) in the Right-bank forest-steppe
of Ukraine, have determined that the yield of winter
durum wheat varied from 3.74 to 5.46 t/ha for the Kon-
tinent variety and from 4.63 to 7.99 t/ha for the Linkor
variety, depending on the year of study.

N.E. Samofalova et al. (2019) prove that the tem-
perature regime plays a crucial role in the yield of winter
durum wheat, and its productivity depends not on the
total amount of precipitation, but on their distribution,
the presence of moisture in the soil, and temperature.
However, these studies were conducted in different soil
and climatic conditions, which differ from the southern
steppe of Ukraine.

The seed germination phase is important in timely
obtaining full-sized seedlings, forming the density of
crops, and the future harvest of durum winter wheat
(Poltoretsky, 2020). Predicting the emergence of seed-
lings and determining the duration of the “sowing-
germination” interstage period is important in agri-
cultural practice, because late shoots of winter wheat
often lead to liquefaction of crops, weak tillering and plant
development, which significantly reduces crop productiv-
ity. Long-term studies have determined that with timely
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receipt of full-sized shoots of winter wheat, plants develop
well from autumn and create a secondary root system,
which contributes to overwintering and increases plant
resistance to drought (Zaiets, 2019; Zapisotska, 2021).

Based on the findings of A. Kovalenko et al. (2020),
conducted in the southern steppe zone of Ukraine, under
conditions of optimal soil moisture, the duration of the
“sowing-germination” period when growing winter wheat
on black fallow was 11 days, and in dry autumn, shoots
appeared on 47t day.

The growth and development of winter durum
wheat plants in the autumn period depend not only on
the timely emergence of seedlings but also on the date
of termination of the autumn vegetation. Too early or
late termination of the autumn vegetation of plants is
not favourable for sowing crops in the autumn-winter
period (Mostipan, 2019).

M.Mostipan et al. (2021) claim that the highest yield
of winter wheat (5.67 t/ha) for black fallow is formed in
years with the cessation of autumn vegetation in the
third decade of November.

Many studies have determined that the duration
of the autumn vegetation of winter wheat plants should
be from 40 to 60 days. During this period, plants should
have time to gain the sum of effective temperatures from
300 to 350°C, which will ensure the accumulation of
a sufficient amount of plastic substances in the tillering
nodes and contribute to better overwintering of wheat
plants and their resistance to adverse conditions of the
spring-summer growing season (Gulyanov et al., 2021).

The growth and development of winter wheat also
depend on the time of resumption of the spring growing
season (Miroshnychenko et al.,2021).n recent years, due
to the warming climate, the average date of vegetation
resumption has somewhat shifted. In recent years, in
Ukraine, in particular in Mykolaivska oblast, at the lat-
est (April 6),the restoration of vegetation of winter grain
crops was observed in 2003, which led to a significant
shortage of crops (Ministry of Agrarian Policy and Food
of Ukraine, 2022).

MATERIALS AND METHODS

Experimental studies were conducted over six agri-
cultural years (2014/2015-2019/2020) in the experi-
mental field of the MSAU Educational, Scientific, and
Practical Centre, which belongs to the southern steppe
zone of Ukraine. Agricultural technology in the experi-
ment was generally accepted, namely: the predecessor —
black fallow, the sowing period — October 1, the seed-
ing rate — 5 million pcs/ha. The experiment included
4 variants (varieties), which were placed randomly in
four repetitions. The area of the accounting plot — 25 m2.

The soil of the experimental field is typical for
southern chernozem residual-slightly alkalinised heavy
loamy on loess soil with a humus content (0-30 cm) from
3.1 to 3.3% and a neutral reaction of the soil solution
(pH - 6.8-7.2). The arable soil layer contained an average
of 15-25 mobile forms of nitrates (according to Grandval-
Lajoux), mobile phosphorus — 41-46 (according to Mach-
igin) and 389-425 mg/kg of exchange potassium (on a
semi-lamp photometer).
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The material for the research was durum wheat
varieties Linkor, Kreiser, Bosfor,and Havan owned by the
Plant Breeding and Genetics Institute — National Centre
of Seed and Cultivar Investigation (PBGI — NCSCI), which
are registered in the state register of plant varieties suit-
able for distribution in Ukraine in 2010-2011 (Ministry
of Agrarian Policy and Food of Ukraine, 2022; Gadzalo
etal., 2021).

The analysis of agroclimatic conditions was car-
ried out according to the Austrian-made PesslInstru-
ments (iIMETOS) weather station, which provides not
only high-precision local meteorological data, but also
a high-precision weather forecast for 6 days. The weather
station is equipped with sensors that determine such
indicators as: precipitation, air and soil temperature;
humidity level of air, soil, and leaf; wind speed, etc.

Phenological observations were carried out in
the main phases of plant growth and development
according to the “Methodology of state variety control of
agricultural crops” (Tkachuk et al., 2017). The beginning
of the phase was recorded when it occurred in 10% of
plants and full — in 75% of plants. The interstage period
was calculated as the time interval from the full previ-
ous phase to the beginning of the next phase; the dura-
tion of the growing season of the variety was calculated
from the date of full germination to the date of waxy
(economic) ripeness.

Winter durum wheat was harvested using
a Sampo-500 combine. After threshing each site, the
threshing machine of the combine was turned off, the
collected grain was weighed separately and transferred
to standard humidity (14%) and purity (100%).

The obtained results in the form of analytical
digital material were subjected to statistical and math-
ematical processing performed by the method of vari-
ance and correlation analysis using Microsoft Excel and
Agrostat software suites with the method of variation,
correlation, and variance analysis.

The years of research differed significantly in
weather conditions. Thus, the 2014/2015 and 2015/2016
agricultural years were medium-wet, with 337.5 and
358.5 mm of precipitation falling during the growing season,
respectively, while in 2016/2017 — 159 mm; 2017/2018 -
256.9 mm, 2018/2019 - 402.0 mm, and 2019/2020 -
308.9 mm. Consequently, 2018/2019 was more favour-
able in terms of weather conditions,and 2016/2017 was
less favourable. Such contrasting conditions allowed
investigating the influence of weather conditions on the
duration of interstage periods and the yield of durum
winter wheat.

RESULTS AND DISCUSSION

The first stage of organogenesis of winter wheat is cru-
cial for the development of crop density and plant yield.
Timely full-sized shoots are the key to good growth
and development of plants in the autumn period, and
weak and sparse crops almost always form low pro-
ductivity. Thus, the duration of the interstage period
“sowing-germination”is very important, since plants that
have time to form a powerful root system before the
onset of dormancy, as a rule, have better resistance to




overwintering and provide a high grain yield even with
insufficient precipitation in the summer months.

It is known that the duration of germination of win-
ter wheat seeds depends on the average daily air tempera-
ture. Therefore, the minimum temperature for germination
of winter wheat seeds is +1-2°C,and the optimal tempera-
ture is 12-18°C. However, in addition to the air tempera-
ture, the humidity of the sown soil layer during the sow-
ing of winter wheat is important, especially in the zone
of risky agriculture, which includes Mykolaivska oblast.
Winter wheat seeds can germinate quickly only if there
is 10-15 mm of moisture in the sown soil layer. In recent
years, especially in the steppe regions of Ukraine, soil
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drought is increasingly observed, which delays seed ger-
mination, so shoots can appear during thaws in winter, or
even in spring, which does not allow plants to open up
and leads to a significant decrease in grain yield.

Studies by V.F. Petrychenko et al. (2021) show that
winter wheat plants should accumulate the sum of effec-
tive temperatures of 116-139°C from sowing to full ger-
mination. However, this issue requires additional inves-
tigation due to global warming and the emergence of
varieties with a short period of vernalisation. In the years
of research, the average air temperature for the “sowing-
germination” period ranged from 7.2°Cin 2016/2017 to
12.5°Cin 2018/2019 (Table 1).

Table 1. Hydrothermal characteristics of the interstage period “sowing-germination” of durum winter wheat

. Year Average
Indicators
2014/2015  2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 | 2014-2020
Duration o.f the interstage 1 31 24 24 12 18.8
period, days
Average temperature (°C) +10.8 +9.5 +7.2 +11.7 +12.5 +12.4 +10.8
f effecti
sum of effective 70.0 158.0 86.6 176.0 176.0 89.1 1134
temperatures,°C
Precipitation, mm 0.0 13.0 23.0 14.0 31.0 14.0
Soil moisture, % 15.0 12.0 11.7 18.2 12.5 20.0 14.9

More precipitation during the interstage period
“sowing-germination” (31.0 mm) fell in the 2019/2020
agricultural year.In 2014/2015 and 2016/2017, moisture
supply was worse — 0.0 and 0.5 mm for the reporting period.

The air temperature and humidity of the sown
soil layer significantly affected the duration of the
“sowing-germination” period, which ranged from 11 days
(2014/2015) to 31 days (2015/2016). Plants have accu-
mulated the sum of effective temperatures from 70.0 to
176.0°C.Thus,the most favourable weather conditions
for the germination of winter durum wheat seeds were in
2014/2015,2016/2017,and 2019/2020, when seedlings
were obtained in the shortest period (11-12 days), while
the plants managed to accumulate the sum of effective
temperatures of 70.0, 86.6,and 89.1°C.

On average, for 2014/2015-2019/2020, the dura-
tion of the reporting period was 18.8 days, the average
air temperature was +10.8°C, the sum of effective tem-
peratures was 113.4°Cwith a humidity of the sown soil
layer of 14.9%.

According to the obtained data, it is established
that between the duration of the interfacial period
“sowing-germination”, the average daily air temperature

and the sum of effective temperatures, there is a direct
relationship with the average indicators of the correla-
tion coefficient (<0.5), while between the duration of
the interstage period from sowing to germination and
precipitation, this relationship is with high indicators of
the correlation coefficient (>0.5). That is, of the studied
factors, the greatest influence on the duration of the
interstage period “sowing-germination” of durum winter
wheat is the amount of precipitation.

Further growth and development of plants depend
on the date of termination of the autumn growing sea-
son.With the late termination of the autumn vegetation,
plants outgrow, are affected by diseases and pests, and
become less resistant to adverse wintering conditions. In
years with an early cessation of autumn vegetation, plants
can enter the winter unopened.

In 2016/2017, the termination of autumn vege-
tation occurred 1-2 weeks earlier than the long-term
average — November 14. Close to the long-term aver-
age were 2014/2015 and 2019/2020, when the date of
termination of the autumn growing season of winter
wheat occurred within the long-term average period —
November 21 and 24, respectively (Table 2).

Table 2. Dates of termination of autumn and resumption of spring vegetation of winter durum wheat, 2014-2020

Date of termination of the autumn

Years of research

Date of resumption of spring vegetation

vegetation
2014/2015 November 21 March 6
2015/2016 December 29 February 28
2016/2017 November 14 March 4
2017/2018 January 12,2018 March 31
2018/2019 November 17 March 6
2019/2020 November 24 February 18
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The autumn-winter period of 2017/2018 was
abnormal in temperature, winter wheat plants tempo-
rarily stopped growing several times, and the aver-
age monthly air temperature in December was +5.2°C,
which is 5.0-5.8°C higher than normal. The final cessa-
tion of vegetation of winter durum wheat plants occurred
3-4 weeks later than the long-term average — January 12.
The autumn vegetation of winter wheat should last
40-60 days, while plants should gain the sum of effec-
tive temperatures of 300-350°C from sowing to a stable

temperature transition through 5°C,which contributes to
the accumulation of a sufficient amount of plastic sub-
stances by crops.

In the studied conditions, the autumn growing
season of durum wheat lasted from 23 days (2016/2017)
to 80 days (2015/2016), while the plants accumulated
the sum of effective temperatures from 4.6 to 223.5°C.
More precipitation (69.0 mm) for the reporting period
was recorded in 2017/2018, less (5.9 mm) in 2019/2020
and completely absent (0.0 mm) in 2016/2017 (Table 3).

Table 3. Hydrothermal characteristics of the interstage period "germination-termination of autumn vegetation”
of winter durum wheat, 2014-2020

. Year Average
Indicators
2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 | 2014-2020
Duration of the interstage M 80 23 76 47 44 51
period, days
Average temperature (°C) +6.9 +23.3 +2.3 +5.0 +9.4 +9.6 +9.4
sum of effective 133.0 159.0 46 101.0 2000 2235 1369
temperatures,°C
Amount of precipitation for 470 490 0.0 69.0 17.0 59 31.3

the interstage period, mm

Based on the observations, it was found that the
best conditions for the growth and development of winter
wheat plants in the autumn period were in 2014/2015
and 2018/2019, and the worst — in 2016/2017.

On average, for six years of research (2014/2015/
2019/2020), the duration of the interstage period
‘germination-termination of autumn vegetation” of win-
ter durum wheat was 51 days with an average daily air
temperature of 9.4°C, the sum of effective tempera-
tures — 136.9°C,and the sum of precipitation —31.3 mm.

It is established that there is a high positive rela-
tionship (>0.5) between the duration of the interstage
period of ‘germination-termination of autumn vegetation”
of durum winter wheat and average daily temperatures
and precipitation.

The duration of winter dormancy also affects the
growth, development, and yield of durum wheat plants,
which depends on the time of resumption of spring veg-
etation. Observations prove that the recovery time of
spring vegetation significantly affects the growth and
development, density, and grain yield of wheat plants.
With the early resumption of vegetation on February 18,
2020 — plants grew more actively, but they bushed for
a longer time and rooted more intensively,and in the years
from late-March 31, 2018, there was a sharp transition
from winter to summer.

Studies have determined that the duration of
the winter dormancy period of plants on average for
2014/2015-2019/2020 was 97 days and ranged from 61
(2015/2016) to 110 days (2016/2017) (Fig. 1).
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Figure 1. Duration of winter dormancy of durum winter wheat, days
(2014/2015-2019/2020)

During the interstage period of “termination of
autumn-restoration of spring vegetation’, the 2016/2017
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agricultural year was drier over the years of research,
when only 21.0 mm of precipitation fell in 110 days,




while in 2014/2015 - 110.0 mm; 2015/2016 — 101.0 mm;
2017/2018 - 116.0 mm. The lowest average daily air
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temperature during this period (-2.1°C) was observed in
2018/2019,and the highest (+2.6°C) —in 2019/2020 (Fig. 2).
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Figure 2. Average air temperature (°C) and precipitation amount (mm) for the interstage period “termination
of autumn-restoration of spring vegetation” of winter durum wheat

There is a low negative correlation between the
duration of the dormant period of winter durum wheat
plants and the average daily air temperature and pre-
cipitation (r=-0.27 and -0.20, respectively), that is, with
an increase in the average daily temperature and pre-
cipitation, the duration of the dormant period decreases.

The period of “restoration of spring tillering-stem
elongation”on average in Ukraine lasts 29-44 days. In the
years of research, the average duration of the reporting
period was 43 days with an average daily air temperature
of +8.0°C, the sum of effective temperatures of 134.8°C,
and the sum of precipitation of 41.6 mm (Table 4).

Table 4. Hydrothermal characteristics of the interstage period
‘restoration of spring vegetation-stem elongation” of winter durum wheat plants, 2014-2020

. Years Average
Indicators
2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 | 2014-2020
Duration o.f the interstage 51 48 47 14 45 54 43
period, days
Average temperature (°C) +71 +7.9 +7.9 +10.5 +7.5 +7.1 +8.0
Sum of effective 1255 1482 135.9 130.5 125.2 1436 1348
temperatures,°C
Amount of precipitation, mm 117.0 33.5 21.0 0.0 52.0 21.0 40.8

The shortest duration (14 days) of the interstage
period “restoration of spring vegetation-stem elonga-
tion” of winter durum wheat plants was recorded in
2017/2018, and the longest — 54 days in 2019/2020.
In addition, in 2017/2018, there was no precipitation
during this period, and the average daily temperature
exceeded the long-term average, the sum of effective
temperatures was within the long-term average. Thus,
close to the optimal indicators for the reporting period
was 2018/2019, the duration of vegetation was 45 days,
with an average daily air temperature of +7.5°Cwith the
sum of effective temperatures of 130.5°C and the sum
of precipitation of 52.0 mm.

There is a high negative correlation (r=-0.98)
between the duration of the interstage period “resto-
ration of spring vegetation-stem elongation”and average
daily temperatures, and the sum of effective temperatures
and precipitation — a positive average (r=0.42 and r=0.49,

respectively, the confidence level P=0.01). That is, the
average daily temperature has the greatest influence on
the duration of the study period of winter durum wheat.

It is known that the duration of the “stem elongation-
earing” period is more affected by the air temperature.
The higher the temperature, the shorter this period.
With a reduced average daily air temperature, the inter-
stage period “stem elongation-earing”, on the contrary,
is extended.

Analysing the interstage period “stem elongation-
beginning of earing”, it was found that its average dura-
tionin 2014/2015-2019/2020 is 34 days, with an aver-
age daily air temperature of +14.3°C, with the sum of
effective temperatures of 303.9°C, and the sum of pre-
cipitation — 36.8 mm. This period was shorter (27 and
26 days) in 2014/2015 and 2018/2019, and longer (40
and 41 days) in 2019/2020 and 2016/2017, respectively
(Table 5).
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Table 5. Hydrothermal characteristics of the interstage period “stem elongation-beginning of earing”
of winter durum wheat plants, 2014-2020

Years Average
2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 201972020 | 2014-2020

Indicators

Duration of the interstage

. 27 37 41 33 26 40 34
period, days
Average temperature (°C) +15.7 +14.1 +13.6 +16.7 +13.0 +12.8 +14.3
sum of effective 295.5 3137 3345 3776 1972 306.9 303.9
temperatures,°C
Amount of precipitation, mm 28.0 78.0 62.5 5.8 19.0 27 36.8

It was found that in 2018/2019 there was arelatively ~ duration of the interstage period “stem elongation-
low average daily air temperature (+13.0°C),so plantsin  beginning of earing” of winter durum wheat plants and
a shorter period gained the sum of effective tempera- the sum of effective temperatures and precipitation
tures of 197.2°C, despite the fact that the amount of pre-  (r=0.54 and r=0.57, respectively), and the average nega-
cipitation for this period was less than the average for tive correlation between the duration of the interstage
the years of research. 2016/2017 was characterised by  period and the average daily temperature (r=-0.32).
relatively low average daily temperatures, but the sum Analysing the duration of the interstage period
of effective temperatures for 41 days was 334.5°Cwith  “earing-milk ripeness of grain” of winter durum wheat
precipitation significantly higher than the average values  plants, it was found that its average duration over the
for the years of research. years of research was 21 days with the sum of effective

In 2017/2018, the highest sum of effective tem-  temperatures accumulated by plants — 276.5°C. This
peratures (377.6°C) and the highest average daily air  period was shorter (16 days) in 2014/2015 with the
temperature (+16.7°C) were observed with the lowest  sum of effective temperatures — 214.0°C. The longest
precipitation (5.8 mm), while the interstage period was interstage period of ‘earing-milk ripeness of grain” was
close to average in duration. established in 2019/2020 (25 days), which significantly

There is a high positive correlation between the differed from the long-term average indicators (Table 6).

Table 6. Hydrothermal characteristics of the interstage period ‘earing-milk ripeness of grain”
of winter durum wheat plants, 2014-2020

Years Average
2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 | 2014-2020

Indicators

Duration of the interstage

. 16 20 21 23 20 25 21
period, days
Average temperature (°C) +20.4 +17.3 +17.3 +18.7 +20.0 +17.5 +18.5
sum of effective 2140 2535 307.7 2915 2944 298.0 276.5
temperatures,°C
Amount of precipitation, mm 20.0 49.0 21.0 30.0 49.0 53.0 37.0
The years of research also differed significantly in After analysing the duration of the interstage

the average daily air temperature, which ranged from 17.3°C  period “milk-wax ripeness of grain” of winter durum
(2015/2016 and 2016/2017) to 20.4°C (2014/2015). wheat plants for six years of research in the southern
A higher amount of precipitation (53 mm) for the report-  steppe zone of Ukraine, it was determined that the stud-
ing period ‘earing-milk ripeness of grain”was recorded in  ied indicator ranged from 16 (2016/2017 and 2019/2020)
2019/2020, which is 16 mm (30.2%) more than the aver-  to 23 days (2017/2018), which was affected by heteroge-
age for the years of research,and the smallest 20.0 mm —  neous weather conditions in terms of temperature and
in 2014/2015. precipitation. The average daily temperatures differed
According to the results, it was found that between  slightly from the average values of 22.7°C, and ranged
the duration of the interstage period “earing-milk ripe-  from 21.2°Cin 2016/2017 to 23.9°Cin 2018/2019.The
ness” of winter durum wheat plants and the sum of effec-  lowest values of the sum of effective temperatures
tive temperatures, there is a high positive relationship ~ (258.4°C) were accumulated by plants in 2016/2017,and
(r=0.79),an average positive correlation for the duration  the highest (419.0°C) in 2018/2019, which significantly
of this interstage period with precipitation (r=0.48) and  distinguished them from the average values for all years
a high negative correlation with an average daily tem-  of research (Table 7).
perature (r=-0.62).
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Table 7. Hydrothermal characteristics of the interstage period “milk-wax ripeness of grain”
of winter durum wheat plants, 2014-2020

Years Average
2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 | 2014-2020

Indicators

Duration of the interstage

. 22 19 17 23 22 16 20
period, days
Average temperature (°C) +21.6 +23.3 +21.2 +22.7 +23.9 +23.4 22.7
sum of effective 364.5 317.0 2584 388.0 4180 2873 3389
temperatures,°C
Amount of precipitation, mm 15.5 35.0 3.3 13.1 176.0 78 53.5

The southern steppe of Ukraine is characterised  the duration of the interstage period “milk ripeness-wax
by a heterogeneous distribution of precipitation during  ripeness of grain” of winter durum wheat plants and
the growing season, especially during the grain-filling  the average daily temperature and precipitation (r=0.39
period. Over the years of observations, the lowest amount  and r=0.31, respectively). A high positive relationship
of precipitation was recorded in 2016/2017, which was  was established between the duration of the interstage
only 3.3 mm, and the highest — in 2018/2019, which  period and the sum of the effective temperatures (r=0.88).
reached 176 mm. Calculating the duration of the growing season of

Thus, in 2017 and 2019, the sum of effective tem-  winter durum wheat, it was determined that on average
peratures and precipitation during the interstage period  for 2014-2020, this figure was 278 days and ranged from
“milk-wax ripeness of grain” had significant deviations. 261 days in 2016/2017 to 296 days in 2015/2016. During

Analysis of the results obtained shows that an  the entire growing season, plants accumulated the sum
average positive correlation was established between  of effective temperatures of 1,202.5-1,464.6°C (Table 8).

Table 8. Hydrothermal characteristics of the growing season of winter durum wheat plants, 2014-2020

Year Average
2014/2015  2015/2016  2016/2017 2017/2018  2018/2019 201972020 | 2014-2020

Indicators

Duration of the growing

273 296 261 272 288 276 278
season, days
Sum of effective
o 1,202.5 1,349.4 1,127.7 1,464.6 1,410.8 1,348.4 1,317.2
temperatures,°C
Precipitation, mm 3375 358.5 159.0 256.9 402.0 308.9 303.8
More precipitation for the reporting period fell According to the findings and observations, it was

in 2018/2019-402.0 mm, which is 32.3% more than the  determined that the highest grain yield of the studied
long-term average. The driest growing season for all the  varieties of winter durum wheat (6.63-7.91 t/ha) was
years studied was 2016/2017,during which only 159.0 mm  obtained in 2015/2016,which is 17.3-30.7 % higher than
fell, which is 52.3 % less than the long-term average data.  the long-term average yield (Fig. 3).
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Figure 3. Winter durum wheat grain yield depending on the variety, 2014-2020
Note: LSD=0.03 t/ha
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The yield of winter durum wheat in 2019/2020 was
the smallest — 3.73-4.15 t/ha, which is 77.7-90.6 % less
thanin 2015/2016; 65.4-71.3 % less than in 2018/2019;
26.3-63% more than in 2016/2017; 26.3-37.6 % more
than in 2014/2015; 2.4-6.3% more than in 2017/2018.

Among the studied varieties of durum winter
wheat, the highest yield of grain (4.02-7.69 t/ha) was
formed by the Kreiser variety, and the Linkor variety
was less productive — 3.73-6.73 t/ha.In 2014/2015 and
2015/2016, a higher yield of winter durum wheat was
obtained in the Havan variety — 5.71 and 7.91 t/ha, and
a lower yield — 4.71 and 6.71 t/ha, respectively, in the
Linkor variety. In 2016/2017 and 2019/2020, the Bos-
for variety produced the highest grain yields — 6.78 and
4.15 t/ha, while in 2015/2016 and 2017/2018, the low-
est —6.63 and 3.95 t/ha, respectively. The Kreiser variety
formed the highest yield indicators in 2014/2015 and
2015/2016-5.71 and 7.91 t/ha, while in 2017/2018 and
2018/2019, the lowest — 3.82 and 6.17 t/ha.

Similar results were obtained in the steppe zone
during the state variety control. Thus, according to the
economic and biological characteristics, the studied vari-
eties of winter durum wheat belong to the medium-
early ripeness group with a growing season dura-
tion of 270-273 days and an average grain yield of
4.71-6.00 t/ha (Gadzalo et al., 2021; Ministry of Agrar-
ian Policy and Food of Ukraine, 2022). In the years of
research, when the duration of vegetation of plants of the
studied crop was reduced to 272-276 days, the yield was
obtained at the level of 3.73-5.71 t/ha. On the contrary,
when the duration of the growing season increased to
288-296 days, the yield of durum wheat grain increased
and reached the level of 6.17-7.91 t/ha,depending on the
variety. Other researchers claim that the length of the
growing season of winter durum wheat is almost inde-
pendent of the weather conditions of the year (Lubich
& Polyanetska, 2021).

CONCLUSIONS

Studies conducted in the conditions of the southern
steppe of Ukraine with four varieties of durum winter
wheat during 2014-2020 determined that weather
conditions during the growing season of plants signifi-
cantly affect the duration of interstage periods and crop
development. The duration of the “sowing-germination”
period is more influenced by the amount of precipita-
tion.The duration of the interstage periods ‘germination-
termination of vegetation”, “stem elongation-beginning
of earing” and “milk-wax ripeness” depended more on
the sum of effective temperatures and precipitation. The
average daily air temperature had a greater impact on the
duration of the dormant period and “restoration of spring
tillering-stem elongation”

The highest yield was obtained in 2015/2016 -
7.24t/ha,the duration of the growing season was 296 days,
and the amount of precipitation was 358.5 mm.This is 8.3%
more thanin 2018/2019; 21.1 % more than in 2016/2017;
27.6% more than in 2014/2015; 43.5% more than in
2017/2018, and 45.2 % more than in 2019/2020. Thus,
a pattern has been established that the longer the grow-
ing season of plants, the higher the yield of winter durum
wheat grain.

Thus, it is determined that the yield of winter durum
wheat grain is significantly influenced by the duration
of interphase and growing seasons and the amount of
precipitation. Thus, in the favourable years 2015/2016
and 2018/2019, the duration of the growing season of
plants was the greatest — 296 and 288 days, respectively,
with the amount of precipitation for the reporting
period — 358.5 — 402.0 mm, and in unfavourable —
201772018 and 2019/2020, the growing season was
272 and 276 days with the amount of precipitation of
256.9 and 308.9 mm.
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Bnnue norogHMxX yMoOB Ha TpuBanicTb MbXdasHUxX nepioais
Ta ypOXXaMHICTb NeHuui TBepaoi o3mmMoi

Maprapura MuxainisHa KopxoBsa, Bipa lNeoprieBHa Mukonaiuyk

MUWKONAIBCbKMIM HALiOHANbHUI arpapHuUii yHiBepcuTeT
54000, syn. leopria loHragse, 9, M. Mukonais, YkpaiHa

AHoTauis. [lonpu BUCOKMI reHETUUYHMI NOTeHLiaN NPpOAYKTUBHOCTI HOBUX COPTIB, yPOXKAMHICTb NIIEHULL TBEPAOI 03UMOI
32/MIIAETBCS HM3bKOH. OOHI€EI i3 NPUYMH LIbOMY € HELOTPUMAHHS PEKOMEHL0BAHMX TEXHOOTIY BUPOLLYBaHHS, ki 6
BPaX0OBYBa/IM reHETUYHI 0COBMMBOCTI Pi3HUX COPTIB, iX MPUCTOCYBAHHS L0 KNiMAaTUUHKUX YMOB perioHy. Yepes HeaoCTaTHi
NPpOBEAEHI HAYKOBI [OCNIAXKEHHS BNIMBY NOroAHUX YMOB Ha NPOOYKTUBHICTb MNLUEHULL TBEPAOT 03UMOI 3 BpaXyBaHHIM
OCHOBHOI CTpaTerii aganTauii CinbCbKOro rocnofapcTea A0 HEraTMBHMX 3MiH KnimMaTy Ha iBaHI YkpaiHu, TeMa LOCNiAXeHb
€ aKTyanbHO0. MeTo pob0TH 6YN0 BU3HAUMTU CTYMiHb BMIMBY 3MiH NOTOAHO-KAIMAaTUUHUX YMOB B OCHOBHI Midkda3Hi
nepioau Ha picT i pO3BUTOK Ta YPOXKAMHICTb 3€pHa MLLEHULL TBEPLAOT 03MMOI 3aN1EXHO Bif, COPTOBOro CKAaay. YNpoaoBx
wectu pokis (2014/2015—-2019/2020) Ha gocnigHoMy noni HaB4anbHO-HayKOBO-MPAKTUYHOTO LLeHTPY MUKOIAiBCbKOrO
HauioHanbHoro arpapHoro yHisepcutety (HHIMLL MHAY) npoBoamav nonboBi AOCAIAKEHHS 3 YHOTUPMA COPTaMu MLUEHML
TBEPAOi 03MMOI.Y X0Ai fOCNiAKEHHS OYNIM BUKOPUCTAHI 3araslbHONPUIHATI METOLM: CUCTEMHUMIA NiAXIL | CUCTEMHMIA aHani3,
MOHorpadiyHMii, aHani3 i CMHTE3, MONbOBMI Ta CTaTUCTUYHUIA. [TonepesHUK — YOpHMIA Nap, CTPOK CiBby — 1 0BTHS. 3a
pe3y/nbTaTamMu AOCNIAKEHb BUSHAYEHO, L0 Ha GOPMYBaHHS BPOXAMNHOCTI 3epHa MLUeHUL TBepA0i 03UMOI 3HAYHMI BNIMB
Mana TpuBanicTb MixkdasHuMX i BereTaLiMHOro nepiofis Ta cymMa onaais. binbl cnpUATAMBI AN MPOPOCTAHHA HACIHHA
nweHuLi TBEpAOi 03MMOI cknanucs norogHi ymosu 2014,2016 ta 2019 pp., konu pocnnHu Habpanu cymy epekTUBHUX
Temnepatyp 70,0—89,1°C, TpuBanictb MixdasHoro nepiony «cieba-cxoau» nNpu LbOMy CTaHOBMB nuwe 11—12 ni6.
Y cnpustamemx 3a BpoxarHicTio 2016 p.ta 2019 p. TpuBanicTb BereTauiinHoro nepiofly pocivH 6yna HabinbLiow —
296 i 288 pib BiANOBIAHO 3 CyMOKO ONaaiB 3a 3BiTHUI nepiof — 358,5—402,0 MM, a HecnpuaTamemx 2018 p.1a 2020 p.
BereTaLinHWIM nepiog ctaHoBuB 272 i 276 ai6 3 cymoto onaais 256,9 i 308,9 MM. Buuy cepefiHio no copTam BPOXKaMHICTb
3epHa MnieHuLi TBepLoi 03MMoi chopmoBaHo y 2016 p.— 7,24 1/ra, wo Ha 8,53—43,5 % — HiX Y iHLWIi foCNigKyBaHi poku

KniouyoBi cnoBa: nieHunus TBepaa, COPTU, MbKPasHUiA nepioa, cyma epekTMBHMX TEMMNepaTyp, CyMa OMnagis, ypoXKanHIiCcTb
3epHa
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INTRODUCTION

The first priority of agro-industrial production has
always been and will always be to provide food for
the world’s population (Olifir et al., 2021). Buckwheat
is an important food crop, the main purpose of grow-
ing which is to produce cereals that are characterised
by high taste and nutritional qualities and contain an
average of 8.9% protein, 71% starch, 1.6% fat, and
0.3% sugar (Ciesarova et al., 2016; Debski & Horbo-
wicz, 2020). Buckwheat can synthesise rutin, an antiox-
idant that stimulates the human cardiovascular system
(VojtiSkova et al., 2012).

The need of any agricultural crop, including buck-
wheat, for nutrition elements, depends on its chemical
composition and the removal of nutrients with the
harvest. According to Rubin (1970), buckwheat requires
88 kg of nitrogen, 51 kg of phosphorus, and 151 kg
of potassium to produce a yield of 2 t/ha. Before flow-
ering, it consumes up to 60% nitrogen and potassium,
40% phosphorus, and the remaining nutrients — during
the flowering-maturation period (Petrychenko & Lyk-
hochvor, 2022). The root system of buckwheat is able
to absorb phosphates in a hard-to-dissolve form, which
should be taken into account when setting fertiliser
application standards.

Analysing the studies by Ukrainian and foreign
researchers, there is a significant difference in the rec-
ommended standards and methods of application
B. Parkhuts (2018) studied the buckwheat fertiliser
system in the conditions of the Western forest-steppe
of Ukraine on dark grey light loamy soil. The maximum
yield was recorded in the variant with N P, K, -
1.87 t/ha. Application of fertilisers in the amount
of NP, K, and NP, K, has led to a decrease in the
yield to 1.76 and 1.62 t/ha, respectively. YuV. Mashchenko
(2010) recommends applying fertilisers in the amount
of N, P...K,,, in the conditions of the Kirovohradska
oblast on ordinary, light loamy chernozems with
low humus content I.D. Tkalich & Y.V. Tkalich (2019)
emphasise the importance of observing the economic
feasibility of the proposed fertiliser options and consider
the amount of N, P, . and N, P, to be optimal, because they
provide the cheapest grain. O.F. Tymchyshyn & V.V. Lyk-
hochvor (2009) in the conditions of the western forest-
steppe, studying the effect of mineral and biological
fertilisers on buckwheat productivity, recommend apply-
ing mineral fertilisers in the amount of N P, K, in
combination with the use of nitrogen-fixing and
phosphorus-mobilising preparations, which contributes
to an increase in leaf surface area by 71%, net photo-
synthetic productivity by 20 %, and an increase in yield
by 118% (up to 2.59 t/ha). The retail method of apply-
ing nitrogen in the form of foliar dressing is sup-
ported by V.F. Kaminsky & R.I. Grishchenko (2011) and
V.Ya.Bilonozhko & A.P.Berezovsky (2010). The first dress-
ing of buckwheat is carried out in the budding phase
(stage VI of organogenesis) with a rate of up to 25% of
the total demand and mainly on wide-row crops, the
second — at stage |X of organogenesis during the mass
flowering phase at a rate of 15-20 kg/ha, while the
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yield increase is up to 0.3 t/ha and a larger grain with
a high core yield is formed.

The issue of buckwheat fertiliser also attracts
the attention of foreign researchers, in particular
F. Xiaomei (2018), studying the nitrogen fertiliser sys-
tem of the Yougiao 2 variety in China, came to the con-
clusion that the maximum stem thickness, the number
and weight of 1,000 grains, the yield of the buckwheat
plant is formed with fertilisation rate of N, , increasing
it to N, led to a decrease in the yield. Ya. Wang (2018),
growing buckwheat variety Ninggiao 01 in Japan, con-
cluded that an increase in nitrogen fertiliser rates does
not lead to an increase in yield, but contributes to plant
lodging. M.R. Sobhani (2014) recommends nitrogen
application rates of 100 kg/ha in the Arak region (Iran),
which provides a yield of 2.5 t/ha and protein content
of 15.24%. G. Podolska (2011) conducted a study in the
fields of the IUNG-PIB experimental station and claims
that buckwheat does not require more than 30 kg/ha
of nitrogen to form high yields.

The physiological role of trace elements is reve-
aled by B.A. Rubin (1970), VV. Lykhochvor & V.F. Pet-
richenko (2021), P.I. Anspok (1990), M.L. Tyrus (2018),
V.M. Katelevsky (2017) et al. The theory and practice
of using microfertilisers has gone through a rather long
evolutionary path from the use of metal salts in fertilisers
that were introduced into the main fertiliser, seed treat-
ment, to leaf dressing with chelated highly effective
microfertiliser suspensions (Debski & Horbowicz, 2020;
Olifir et al, 2018; Priadkina, 2020).

The study of buckwheat leaf dressing with trace
elements has become widespread in the world agro-
nomic science, so, in particular, Y.Jiang (2015) investi-
gated the effect of selenium on buckwheat growth pro-
cesses during 2012-2013 in the fields of the Chifeng
Academy of Sciences. T. Knapowski & E. Majcherczak (2016)
recommend using Vigor fertiliser, which contains 90% S
in a tank mixture with Micro Plus fertiliser — (B — 0.3%,
Cu — 0.15%, Fe — 2.4%, Mn — 1.0%, Mo — 0.06%, Zn —
0.4%). R. Tobiasz-Salach & B. Krochmal-Marczak (2018)
recommend applying Herbagreen at a rate of 2 kg/ha
in different phases of vegetation: BBCH 33, BBCH 59,
BBCH 67. The use of microfertilisers is an element
of the technology of growing agricultural crops, which,
with a small investment, provide an additional crop
(Veremeenko et al., 2020)

The purpose of the study was to clarify the norms
and methods of applying mineral fertilisers and the
features of foliar dressing of buckwheat in the forest-
steppe conditions of Western Ukraine.

MATERIALS AND METHODS

In order to improve the buckwheat fertiliser system in the
experimental fields of Lviv National Agrarian University
(Pasmove Pobuzhya 49°53'46” N 24°05°33" E) a two-factor
experiment was carried out according to generally
accepted methods and in compliance with: the princi-
ple of unified logical declension, the typicality of the
experiment, the ability to reproduce research results
in identical conditions, the availability of necessary




documentation (field journals), and statistical processing
of experiment data. Structural analysis was carried out
according to the “Methodology of state variety testing
of agricultural crops, 2000”. The weight of 1,000 grains
was determined according to the state standard 10842-82.
Buckwheat yield was recorded in the full ripeness phase
by threshing with a Sampo-500 combine and weighing
from each accounting area.

The soil of the experimental sites is dark grey
podzolic and light loamy. In the soil layer of 0-20 cm, the
humus content according to the Tyurin method in the
Nikitin modification (DSTU4289:2004) is 2.2-2.3%,
easily hydrolysed nitrogen according to the Kornfield
method (DSTU 7863:2015) — 98 mg/kg, phosphorus and
potassium according to the Chirikov method (DSTU4115-
2002), respectively, 116-134 mg/kg and 125-135 mg/kg
of soil, hydrolytic acidity according to the Kapen method
(DSTU7537:2014) is 5.8-6.0, the content of mobile sul-
phur is low, and other trace elements are at a sufficient
level.

The hydrothermal conditions of the research years
were characterised by certain differences both among
themselves and in comparison with the long-term average
data, mostly favourable and were not a limiting factor
for the formation of the buckwheat crop.In 2018, it was
warm — an average of 9.1°C per year, which is 1.3°C
higher than the long-term data. The annual precipita-
tion also exceeded the norm by 146 mm and amounted
to 818 mm in 2020.

In 2020, the annual temperature also exceeded
the long-term temperature by 1.0°C. Yields in 2020
decreased due to uneven precipitation distribution. If
in April-May the amount of precipitation was 36 mm
less, then in June it fell 153 mm, which is 69 mm more
than normal. This led to the displacement of air from
the soil, created a lack of oxygen for the root system,
and a decrease in grain yield.

In 2021, the annual temperature exceeded the
long-term one by 0.8°C. Precipitation fell evenly through-
out the growing season. Hydrothermal conditions were
favourable for buckwheat harvest.

The field experiment was based on the study
of the action and interaction of two factors:

o factor A (mineral fertiliser rate);
« factor B (foliar dressing).

Variants were placed by the method of split
sites. The accounting area of the elementary plot — 50 m?,
three-fold repetition. Method of sowing buckwheat —
row with spacing of 15 cm The seeding rate is
3.5 million tonnes of seeds of the Oranta variety per
hectare (originators — NSC Institute of Agriculture
of the National Academy of Sciences and TOV NVMP
Antaria). The technology of buckwheat cultivation cor-
responds to the recommended one for this zone, with
the exception of agricultural measures, the influence of
which was studied in this paper.

In the experimental plots, winter wheat was the
precursor during the years of research. After harvest-
ing, BDT-3 + T-150 stubbles were peeled to preserve
moisture and provoke the growth of weeds. After the
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regrowth of weeds, they were destroyed using glypho-
sate at a rate of 5 |/ha, then phosphorus-potassium fer-
tilisers (potassium chloride and superphosphate) were
applied under ploughing (MTZ-82+PN-3-35) with a depth
of 20-22 cm according to the experiment scheme.

In the spring, when the soil was physically ripe,
harrowing was carried out with heavy harrows BZTS-1.0
across the ploughing direction to preserve moisture. Fur-
ther tillage included two cultivations with the MTZ-82+
KPS-4 cultivator. Before carrying out the second (pre-sow-
ing) cultivation, nitrogen fertilisers were applied accord-
ing to the experiment design in the form of ammonium
nitrate. Sowing was carried out with a SN4B seed drill
at a given seeding rate.

The foliar dressing was carried out during the
budding phase according to the experiment scheme
Vuksal Boron — 2 l/ha (produced by Aglukon Spe-
zialdinger GmbH & Co KG) and Intermag Legumes —
2 l/ha (produced by Intermag). Spraying was carried out
with a satchel sprayer at the rate of 200 litres of work-
ing solution per 1 ha, in the first half of the day in calm
weather, to avoid spraying of drugs to neighbouring
areas. In variants where foliar dressing was not used,
spraying was carried out with water. At the beginning
of the flowering phase, nitrogen was fed in the form of
ammonium nitrate in the corresponding variants of the
experiment.

Sheaf samples were taken the day before har-
vesting plants from sites with an area of 1 m?, which
were arranged to determine the density of plants. During
the analysis of the sheaf material, the following parame-
ters were measured: the number of first-order branches
(pcs.); number of inflorescences and flowers (pcs.); num-
ber of grains (pcs.), including developed and underde-
veloped; the weight of full-size grains from 1 plant (g);
the weight of 1,000 grains (g). Harvesting was carried out
separately when 70-80% of the grains were disturbed
and the plants were previously mowed into swaths.
After 4-6 days, with the grain humidity of 16-18%, har-
vesting was carried out by a combine harvester. After
threshing, the grain was cleaned and dried to a humidity
of 14-15%.

Mathematical processing of results was performed
using Statistica and MS Office Excell software suites.

RESULTS

Methods of achieving an increase in buckwheat yield
in the zone of sufficient moisture in the forest-steppe
of Western Ukraine by increasing only fertiliser rates are
considered ineffective. Therefore, the authors proposed
an experiment design where nitrogen fertilisers were
applied both for pre-sowing cultivation and during the
beginning of flowering. In addition, the effect of min-
eral fertilisers is studied in combination with foliar
dressing, while special attention is paid to the boron
trace element.

The results of studies on the influence of min-
eral fertilisers and foliar dressing standards on the
development of the buckwheat crop structure allow
establishing the following regularities (Table 1).
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Table 1. Influence of mineral fertilisers and foliar dressing on the elements of the buckwheat crop structure (on average for 3 years)

Number of 2 Weight .
Fertiliser variant f:):satr-‘::‘i: p%:j:t:xt Number of grains, pcs./plant of ;:;:.lnssl,ze o‘?’i',ggto
grains, g
pes./plant | |hfiorescences | Flowers | Full-size | Underdeveloped g/plant
Without foliar dressing
NP, Ky 1.51 9.57 891 27.70 12.30 0.75 26.93
P, K,,+N,, (foliar dressing) 1.44 8.81 833 30.83 13.13 0.83 27.03
N,P.Ke 1.53 10.41 980 35.43 11.13 0.97 27.37
P, KN, (foliar dressing) 1.46 8.90 868 3727 12.63 1.03 27.80
N, P. K 1.56 10.68 1,011 39.23 9.93 1.08 27.67
P K *N,, (foliar dressing) 1.48 9.04 903 41.23 11.37 1.15 28.00
Intermag Legumes 2 |/ha
N,.P.Kye 1.52 9.58 891 28.37 12.07 0.76 26.93
P, K, *N,, (foliar dressing) 1.44 8.81 833 31.57 12.87 0.85 27.03
N,P..K.o 1.53 10.41 981 36.20 10.87 0.99 27.37
P KN, (foliar dressing) 1.46 8.92 868 38.17 12.40 1.06 27.80
N, P. K 1.56 10.68 1012 40.17 9.70 1.11 27.67
P K. *N,, (foliar dressing) 1.48 9.05 904 42.07 11.10 1.17 28.00
Vuksal Boron 2 l/ha
N,.P.Kyg 1.51 9.59 892 29.53 11.60 0.79 26.93
P, K, *N,, (foliar dressing) 1.44 8.83 834 32.83 12.37 0.89 27.03
NP K. 1.52 10.41 980 3743 10.80 1.03 27.37
P, KN, (foliar dressing) 147 8.91 868 39.43 11.93 1.10 27.80
N P.K., 1.57 10.69 1012 41.40 9.37 1.15 27.67
P K. +N, (foliar dressing) 1.50 9.05 904 43.47 10.63 1.21 28.00

1. The maximum number of first-order branches
(pcs./plant), the number (pcs.) of inflorescences and
flowers are provided by options with the introduc-
tion of nitrogen fertilisers in pre-sowing cultivation
N,,P,K,, —1.51,9.57,891;N, P, K, —1.53,10.41,980;

20" 2 40" 40 "40

wPeoKe — 1.56, 10.68, 1,011, respectively. The use
of nitrogen fertilisers on similar phosphorus-potassium
backgrounds in foliar dressing during the phases of the
beginning of flowering reduces the indicators men-
tioned above, and this trend is observed in all variants
of the experiment.

2. The use of Vuksal Boron and Intermag Legumes
in foliar dressing at the rate of 2 l/ha did not significantly
affect the number of first-order branches, inflorescences,
and flowers.

3. A positive effect of foliar dressing on the indi-
cators of the buckwheat crop structure was observed,
while the use of Vuksal Boron 2 l/ha was more effective
compared to the introduction of Intermag Legumes
2 |/ha.Thus, the number of full-size grains (43.47 pcs.),
their weight (1.21 g) was the largest when combined
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with the application of mineral fertilisers P, K, +N
(foliar dressing) and foliar dressing with Vuksal Boron
2 l/ha. This is 1.40 pcs., and 0.04 g more compared
to the variant P, K, +N_ (foliar dressing) + Intermag
Legumes 2 l/ha and 2.24 pcs., and 0.46 g more com-
pared to the same variant for applying mineral fer-
tilisers, where the foliar dressing was not carried out.
Notably, the foliar dressing did not affect the weight
index of 1,000 grains;

4. Elements of the buckwheat crop structure
increase with an increase in the fertiliser application rate
from NP, K, to N P, K, and at the same time they
vary widely: the weight of 1,000 grains is in the range
of 26.93-28.00 g; the weight of full-scale grains —
0.75-1.21 g; the number of full-scale grains — 27.70-
43.47 pcs.

The level of buckwheat yield is the result of a com-
plex interaction of the genetic potential of plants with
a complex of environmental conditions, which includes
hydrothermal conditions and factors that were studied:

fertiliser rates and foliar dressing (Table 2).
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Table 2.Yield, t/ha of buckwheat depending on the norms of mineral fertilisers and foliar dressing

Fertiliser variant Years Average for 3 years
2018 2020 2021
Without foliar dressing
N,.P,oKyg 1.63 1.29 1.63 1.52
P,.K,o + N, (foliar dressing) 1.79 1.47 1.79 1.68
N,.P..K.o 2.17 1.72 2.24 2.05
P K, * N, (foliar dressing) 2.29 1.86 2.36 217
N, P.Ke 2.47 1.98 2.53 2.33
P.K, + N, (foliar dressing) 2.63 2.15 2.68 2.49
Intermag legumes 2 l/ha
N,.P.oKs 1.68 1.32 1.69 1.57
P,.K,, + N, (foliar dressing) 1.84 1.50 1.87 1.74
N,.P.oK.o 2.24 1.78 2.31 211
P oK, * N, (foliar dressing) 2.36 1.94 2.45 2.25
N P.K, 2.53 2.04 2.63 2.40
P K, * N, (foliar dressing) 2.70 2.21 2.75 2.55
Vuksal boron 2 l/ha
N, .P..Kyg 1.71 1.34 1.81 1.62
P,K,, + N, (foliar dressing) 1.87 1.58 1.97 1.81
N,P.Ke 2.28 1.88 2.44 2.20
P..K, + N, (foliar dressing) 2.40 2.00 2.58 2.33
N P.K, 2.60 2.14 2.74 2.49
P K, * N, (foliar dressing) 2.77 2.28 2.88 2.64
LSD, . t/haA 0.06 0.15 0.07
LSD, . t/ha B 0.04 0.11 0.05
LSD,, . t/ha A+B 0.10 0.23 0.12

005

After analysing the obtained research data, it can
be argued that:

1. The maximum yield levels were provided by hydro-
thermal conditions of 2021. The yield varied depending
on the variant in the range of 1.63-2.88 t/ha. In 2018
and 2020, the yield indicators ranged from 1.63-2.77
and 1.29-2.28 t/ha, respectively.

2. An increase in the norms of nitrogen and
phosphorus-potassium fertilisers leads to an increase
in buckwheat yields, which reach maximum values
in variants N P, K. (2.33 t/ha) and P, K, + N,/ (foliar

60" 60 60 60" "60

dressing) (2.49 t / ha);

3. The use of nitrogen fertilisers in the flowering
phase ensured an increase in the yield and reached its
maximum values on average for three years of research
in the following variants: P, K, +N, (foliar dressing) —
2.49 t/ha; P, K, *N., (foliar dressing) + Intermag
Legumes 2 l/ha — 2.55 t/ha; P, K, +N,, (foliar dress-
ing) + Vuksal Boron 2 l/ha — 2.64 t/ha. The yield
increase in variants where nitrogen fertilisers were
applied at different rates during the flowering phase
is 0.16-0.97 t/ha (without foliar dressing), with the use
of microfertilisers, this growth was even more signif-

icant (Fig. 1).

1.12
1.2 + 407097103
0 88U.7/ V.77
1 0.81 0.81 g
08 | 0.68 0 650'73 B Without foliar dressing
0353959 : M Intermag Legumes 2 I/ha
0.6 - : B Vuksal Boron 2 I/ha
0.4 1 o 100.220'29
02 | 005 0L 4
0
N,P,.K,, P, K, N, N,P,.K,, P.40K40+Ngn Ny Py Ky Py K ™Ng
(foliar dressing) (foliar dressing) (foliar dressing)

Figure 1. Increase in buckwheat yield depending on the norms of fertilisers and foliar dressing
in comparison with option N,.P, K, (without foliar dressing)
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4. A positive effect of using foliar dressing with
chelated microfertilisers in the budding phase was
noted. Thus, the option of applying mineral fertilisers
in the amount N, P, K, on average, during three
years of research, provided 2.05 t/ha of buckwheat.
The use of mineral fertiliser Intermag Legumes 2 l/ha
allowed additionally obtaining 0.06 t/ha, and the
yield increase for the use of Vuksal Boron 2 l/ha was
0.15 t/ha, that is, the introduction of Vuksal Boron
2 |/ha is more effective than the introduction of Intermag
Legumes 2 l/ha.

The relationship between buckwheat yield and
weight of 1,000 grains is described by the regression
equation:

Y=252496+1,0516X

where Y — yield t/ha, X — weight of 1,000 seeds, pcs.

Coefficient of determination R?=0.9049. Strong
correlations between these indicators R=0.9513 were
noted. The relationship between buckwheat yield and
the number of full grains is described by the regression
equation:

Y=-0,5461+0,07324X

where Y — yield t/ha, X — number of full-size grains, pcs.

Coefficient of determination R?=0.9966. Strong
correlations between these indicators R=0.9983 were
noted.

DISCUSSION

The nutritional value of buckwheat and the increase
in yield under the influence of fertilisers are noted in
many sources. Buckwheat groats (Fagopyrum esculentum
Moench) are an excellent source of nutrients, as they
contain high levels of essential amino acids, minerals,
and B vitamins compared to other cereals (Linh et al,
2014). Microorganisms and trace elements effectively
affect the yield of buckwheat (Jaroszewska et al., 2019).

One of the technological problems in growing
buckwheat is its relatively low resistance to lodging.
This feature is especially important to consider in con-
ditions of sufficient and excessive moisture in the west-
ern forest-steppe. Increased fertilisation rates, especially
nitrogen fertilisers, can increase the risk of lodging.
Therefore, it is promising to improve the technology of
growing buckwheat to find ways to increase the resistance
of plants to lodging.

In this study, the yield of buckwheat increased
under the influence of fertilisers by more than a tonne
(Table 2). Most of all, crop growth was affected by
the weight of grain from the plant and the weight of
1,000 grains (Table 1). Under the influence of fertilisers,
the weight of 1,000 grains also increased in studies
conducted in Iran (Fallah et al.,2016) and India (Maruti
et al.,2018).According to the data (Bunchak, 2018), the
application of organic fertilisers in the Elena variety
provided an increase in field germination by 4.4-8.1%
and plant density by 0.184-0.324 million pcs./ha.

In Turkey, five types of fertilisers were studied
for buckwheat varieties Aktash and Gunesh, the highest

Scientific Horizons, 2022, Vol. 25, No. 2

yield was provided by the introduction of mineral fertiliser
urea, enriched with trace elements of copper, iron, and
manganese (Curuk et al., 2020). According to Indian
researchers (Hulihalli & Shantveerayya, 2018), the high-
est yield of buckwheat grain was formed when mineral
fertilisers were applied at the rate of NP, K, .
According to Italian researchers (Mariotti et al.,
2016), in the Mediterranean, buckwheat is only an alter-
native crop. Only in very early spring sowing periods
can 2 t/ha of seeds be collected. Later sowing dates
are unsuitable for growing buckwheat due to the neg-
ative impact of high summer temperatures on the set-
ting and germination of seeds. Due to global warming,
in some years similar climatic conditions are also typical
for Ukraine. Therefore, certain elements of technology,
especially the nutrition system, should be used to create
conditions for intensive buckwheat development and
fruiting before the onset of heat. This is confirmed
by studies conducted in Serbia (Kolari¢ et al, 2021),
where four fertiliser rates were investigated (N P K,

N,P2oKz0 N P oK s NooPoo Kso) When growing the Novosadska
variety. The maximum yield of buckwheat grain was
obtained by applying N, P, K. Yield significantly positively
correlated with such structural indicators as the number
of seeds per plant, the weight of seeds per plant, the

height of plants, and the number of side branches.

CONCLUSIONS

Increasing the rate of application of mineral fertilisers
fromN, P, K, to N, P, K, helpstoincrease the amount
and weight of full-scale grains, respectively, from 27.70
to 41.23 pcs., and from 0.75 to 1.15 g, the weight of
1,000 grains — from 26.93 to 28.00 g. When nitrogen
fertilisers are applied to dressing (the beginning of the
flowering phase), the number of first-order branches,
inflorescences, and flowers decreases, but the number
and weight of full-size grains and the weight of 1,000 grains
increases, which reach their maximum with fertiliser
variant of P, K, +N_ (foliar dressing) —41.23 pcs.,1.15 g,
and 28.00 g, respectively.

The use of foliar dressing has a positive effect on
the development of elements of the buckwheat structure,
while this growth is more significant than the introduc-
tion of Vuksal Boron at a rate of 2 l/ha. The largest number
of full-size grains (43.47 pcs.), their weight (1.21 g),and
weight of 1,000 grains (28.00 g) were obtained in variant
P, KN, (foliar dressing) + Vuksal Boron 2 I/ha.

Increasing the norms of mineral fertilisers, apply-
ing nitrogen fertilisers to foliar dressing (the beginning
of the flowering phase) and applying foliar dressing
(the budding phase) have a positive effect on the buck-
wheat yield indicator. The maximum yield on average
for three years of research was obtained in the variant
where nitrogen fertilisers are in the norm of N, was
applied to foliar dressing (the phase of the beginning
of flowering) on a phosphorus-potassium background
of P, K,, for the use of Vuksal Boron 2 |/ha — 2.64 t/ha.
Such a fertiliser system is recommended for production.

The use of nitrogen fertilisers in foliar dressing
during the beginning of flowering (and not for pre-sowing
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tillage) will be of practical importance, since the vegeta-  potash and, especially, nitrogen mineral fertilisers in the
tive mass and the risk of lodging plants are reduced. In  cultivation of buckwheat will be economically impractical.
addition, “late nitrogen”will be used to form the regenerative ~ Further study on improving the buckwheat fertiliser
part of the plant, which will ensure a higher grain yield.  system will be aimed at investigating the effectiveness
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BnnuB HOpM MiHepanbHUX AO6PUB Ta IMCTKOBUX NiMPKUBIIEHb Ha YPOXKaUHICTb rpeyuKmn

OnekcaHap Mukonaiosuu ukuii, Bonogumup Bonogummuposuu Jinxousop, Tapac IBaHoBuu baraii

JIbBiBCbKMIM HaLiOHANbHWI arpapHU YHIBEPCUTET
80381, Byn. Bonoanmumpa Benukoro, 1, M. [lybnsaHu, YkpaiHa

AHoTauif. 3HauyHO Npo6aeMoto y BUPOLLYBaHHI FPEYKM € HU3bKA BPOXKAMHICTb, TOMY aKTyaNlbHUM € YAOCKOHANEHHS
e/1eMeHTIB TEXHO/OTii BUPOLLYBaHHS i€l KynbTypu. MeTol pocnigkeHb 6yno ycTaHOBUTM ONTUMANbHI HOPMM Ta
CTPOKWM BHECEHHSI MiHepanbHMX A0OPUB Ta NUCTKOBUX MiAXMBAEHb XENaTHUMU MiKpooobGpuMBaMM B YMOBAX
INicocteny 3axigHoi YkpaiHu, B 30Hi JOCTAaTHLOIO 3BOJIOKEHHSA 4151 OTPMMAHHS CTabiNbHMX Ta BUCOKMX BPOXKAiB 3€pHa
rpeyku. [1ng uboro Ha gocniaHunx nonsax JIbBiBCbkoro HawLioHaNbHOrO arpapHOro yHiBepCUTETY Ha TEMHO-CipoOMy
0Mif30/1eHOMY NerkoCcyrIMHKOBOMY I'PYHTI ByB 3aKnageHui ABOMAKTOPHMIA LOCIA, SKUI BKOYAB HOPMUY 006PMB:
N,oP,oKog PooKoot N, (mimxuenenns), N, P, K, , P, K, +N,  (nigxusnenns), N, P, K., P, K. +N,, (nigxusnenHs) ta
JMCTKOBI NiZKMBNEHHSA: KOHTPONb (6€3 NMcTKoBOro nigkunenexHs), Bykcan bopow 2,0 n/ra, Intepmar bobosi 2,0 n/ra.
MeToan OOCNiIOKEHHS: NONbOBUIA — A9 BU3HAYEHHS B3aEMOAIT 06€KTA AOCNIAXKEHD 3 MOrOAHUMM BaKTOpamMu Ta
€/1eMeHTaM1 CUCTEMU YA0OPEHHS; pO3PaxyHKOBO-BAaroBMiA — BCTAHOBNEHHSI MApaMeTpiB NOKA3HUKIB CTPYKTypH
BPOXaA Ta BU3HAYEHHS BPOXAMNHOCTI Fpeykn; MeToaM MaTeMaATUUHOT CTaTUCTUKKM — AMUCNEePCiMHUI, KOpensauinHUi,
perpecvBHUi Ta rpadiyHe BigoOpaxKeHHa pe3ynbTaTiB AOCNiLKEHb. 3pOCTaHHS HopM aobpwue Big N, P, K~ no

NP, K,, 3abe3neunno 36iNbleHHs yCiX NMOKA3HWUKIB eNeMeHTIB CTPYKTYpU BpOXatlo rpeyku. bes ;Oméngoosmx
NiAXKMBIEHb BOHM A,0CATaAM TaKMX 3HAYEHb: KiNbKiCTb rifIoK nepworo nopsaaky — 1,56 wt/pocauHy, KinbKicTb
CyUBiTb Ta KBiTOK BignosigHo 10,68 Ta 1011 wT, KinbKicTb NOBHOLHHMX 3epeH Ta pyasKy (WWT/pOCAMHY) BiANOBIAHO
41,23 1a 11,37, Maca noBHoLiHHMX 3epeH — 1,15 rta maca 1000 3epeH — 28,00 . BapTo BiAMITUTYU, LLLO BHECEHHS
A30THUX BO6PMB Y NigKMBNEHHS (ha3a NoyaTKy LBITIHHA) MA€ CYTTEBI MepeBarn NOPiBHAHO 3 BHECEHHSM a30Ty Nig,
nepeanociBHy KynbTuauito. OOHUM i3 AOKA3iB LbOro CYAXXEHHS € 3pOCTAaHHSA MOKA3HMUKIB KiNbKOCTI 3epeH, ix
macu Ta Macu 1000 3epeH BianosiaHo Bia 35,43 wt., 0,97 rta 27,37 r (BapianT BHecenHa N, P, K, ) no 37,27 wr.,
1,031,27,80 r (BapiaHT BHeceHHa P, K, +N, ). Taka TeHaeHUia xapakTepHa Ang yCix BapiaHTis gocniay. Cnoctepirascs
MO3UTUBHWIA BMAMB JIMCTKOBUX NiLKMBAEHb MIKPOAOOPUBAMK Ha eNeMeHTU CTPYKTYpu Bpoxato. binbll edekTMBHUM
BMSABMJIOCb 3acTOCyBaHHA Bykcan BbopoHy 2 n/ra. Maca NOBHOLiIHHWMX 3epeH MakcuManbHo Oyna y BapiaHTi
P Ko +N,, (nimkuenenHs) + Bykcan bopoH 2 n/ra — 1,21 r, Toaj sk 3actocyBaHHa npenapaty IHtepmar bo6osi 2 si/ra Ha
aHanoriyHomy GoHi MiHepanbHUX A06PMB 3abe3neunno Lei NnokasHuk Ha piBHi 1,17 r.JocnigkeHHAMM yCTaHOBNEHO
MO3UTUBHWUIA BM/IMB BHECEHHS a30Ty METOAOM MNiAXMBNEHHA 33 Ga3n Mo4YaTKy LBITIHHSA Ha piBEHb BPOXato, TaKOX
BPOXaMHICTb rpeyku 3pocTana 3i 36iNbleHHAM HOPMU BHECEHHS MiHepanbHux fobpwms Bia N, P, K, ao N, P, K, Ta
nig BNAMBOM JIMCTKOBMX MNigKMBNEHb MiKPOA06PMBaMUK. MaKCUManbHUIA NOKA3HWUK YpOXat Yy cepeaHboMy 33 Tpu
POKM LOCNiIKEHb, OTPMMaHKIA y BapiaHTi P, K. +N, (nigpxueieHHs) + Bykcan bopoH 2,0 n/ra — 2,64 7/ra

KniouoBi cnoBa: rpeyka, XMBneHHs, MikpofobprBa, CTPyKTypa, MPOAYKTUBHICTb
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Antypova, L. (2022). Energy aspects  comparison, and field experiment were used. The study investigated the
of alfalfa seed production in Southern  varieties Nadezhda, Veselka, and Unitro for cultivation using conventional
Ukraine. Scientific Horizons, 25(2),55-64.  technology (without manual and chemical weeding), which included
manual weeding without herbicides and a chemical method to reduce crop
contamination. It is established that the production of alfalfa seeds requires
a significant expenditure of energy-intensive non-renewable resources for
the reliable protection of crops from weeds. It was found that the energy
intensity of the technology with chemical weeding of alfalfa crops in the first
year of life increased by 32.1-32.4% compared to the control (without weed
destruction). Energy consumption reached 13,706 MJ/ha (Nadezhda grade,
yield 1.46 centner/ha) against 10374 MJ/ha (yield 0.43 centner/ha) in the
control. At the same time, due to the introduction of herbicides, 2.6 times
less energy was consumed per 1 centner of seeds (9,388 MJ) compared to the
control (24,126 MJ). The energy efficiency coefficient (K_) for chemical
weeding of crops increases from 1.28 to 2.99 (Nadezhda variety) and from
1.35 to 3.13 (Unitro variety). Labour costs are reduced by 2.9 or more times
due to chemical weeding of crops. Thus, in the control areas, 25.3 (Nadezhda
variety) — 23.3 person-hours were consumed per 1 centner of seeds (Unitro
variety), and with the introduction of herbicides, this indicator decreases
to 8.8, 8.4 person-hours, respectively. The practical significance of the study lies
in the proposal of an energy-saving technology for growing alfalfa for seeds

Keywords: alfalfa for seeds, herbicides, manual weeding of crops, energy

efficiency
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INTRODUCTION

Energy analysis in agricultural research is important
since it allows substantiating various options for exper-
iments in terms of both profitability and energy-saving,
which occupies a special place in terms of economic
profit in the market (Zhuchenk et al, 1983; Kalash-
nikova et al., 1986). The bioenergy method has become
popular in practice as a universal method for assessing
anthropogenic energy flows in agroecosystems. It allows
expressing all the diversity of both human and mechanic
labour in uniform indicators according to the “CI” system
in Joules (J). Determining the balance of energy, both
consumed for production and produced, allows for quan-
tifying the energy efficiency of growing various crops
(Medvedovsky & Ivanenko, 1988; Poisa et al., 2016).

Perennial grasses are plants that not only pro-
vide farm animals with high-protein feed, but also play
a very important role in the biologisation of agricul-
ture, because they have a positive impact on soil fer-
tility and the state of the environment, replenish the
soil with organic and biologically environmentally
friendly nitrogen, and therefore energy. The activation
of biological processes in the soil during the produc-
tion of perennial grasses should be significant enough
to leave a certain reserve to prevent the negative impact
of any anthropogenic factor on the environment. Alfalfa
is one of the crops that can improve the production
of high-quality feed to provide animals with the necessary
proteins and at the same time contribute to the biologi-
sation of agriculture (Pachev, 2014; Kvitko et al., 2021;
Vasileva & Antipova 2021).

An important biological feature of alfalfa is the
structure of the root system, which plays a crucial role
in the nutrition system. In the process of its ontoge-
netic development, this plant forms a root system up
to 3,and sometimes up to 5 meters deep. At the same
time, alfalfa poorly utilises nutrients from such a deep
soil profile, because it is poorly supplied with nutrients
(Holoborodko & Tyshchenko, 2011).

The most significant factor for choosing a lequme
perennial grass is drought resistance, since the devel-
opment of the root system significantly affects this
property of the crop and determines the level of its pro-
ductivity. A.P. Tkachuk study found that alfalfa roots
penetrate deeply into the soil and are placed horizon-
tally (Tkachuk, 2021). Alfalfa has a large root neck thick-
ness and many lateral roots. These features contribute
to the plasticity, durability, and productivity of its crops.

In the experiments by N.M. Galchenko, energy
efficiency coefficient (K_) for the production of green
alfalfa mass was 5.4-6.6, haylage — 4.3-6.1. This fig-
ure was highest for growing alfalfa for hay — from
6.2 to 7.6. When using brome grasses, K_ decreased
by 30.3-33.3 %, because nitrogen fertilisers were used,
which are quite energy-intensive (Halchenk, 2016).

The purpose of the study is to establish regulari-
ties of changes in the coefficient of energy efficiency
of growing individual varieties of alfalfa for seed purposes
based on energy analysis of various technologies of its
production in non-irrigated conditions.
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LITERATURE REVIEW

A literature review shows that to determine the effec-
tiveness of both individual elements and crop culti-
vation technologies, it is important to carry out not
only energy calculations of total energy consumption
for production, but also energy calculations for the
energy intake with the crop. Thus, in the experiments of
R.A.Vozhehova et al. (2019) on the dark chestnut soils
of the experimental field of the Institute of irrigated
agriculture of the NAAS of Ukraine, when comparing
energy indicators, it was found that the energy intensity
of white sweet clover of the annual Pivdennyi variety
is less than the use of the Donetskyi variety. When sowing
the Pivdennyi variety, the energy coefficient value was
higher in the variant without mineral fertilisers. This
indicator ranged from 1.59-1.77. Fertilisation caused its
deterioration.

Application of phosphorus-potassium fertilisers
(P,,0K o) to alfalfa under irrigation conditions with
a high sensitivity of the crop to phosphorus-potassium
nutrition and low energy equivalent contributed
to a significant reduction in energy costs for the pro-
duction of 1 centner of seeds. This figure was 3,276 MJ
for alfalfa in the first year of fruiting, 5,266 MJ in the
second year, and 7,514 MJ in the third (Holoborodko &
Tyshchenko, 2011).

N.M. Halchenko (2016) found that alfalfa culti-
vation (Medicago sativa L.) mixed with medium wheat-
grass (Elytrigia intermedia Host.) and a boneless bonfire
(Bromus inermis Leyss) contributed to an increase in the
energy efficiency coefficient (K_) to the level of 4.3-5.9.
Since this indicator is significantly higher than 1, this
indicates a high efficiency of feed production from peren-
nial grasses in a grass mixture with alfalfa.

A.S. Shpakov et al. (2001) proved that perennial
grasses provide cheap fodder. The total energy consump-
tion for their cultivation and mowing was 6.8 GJ/ha per
mixture of clover and timothy. Kee reached the level
of 9.9 in terms of yield of 67.3 GJ/ha of exchange energy.
At the same time, it was noted that perennial grasses are
an important source of soil replenishment with organic
matter and nitrogen. Thus, the legume-cereal mixture
provided an average of 94 centners/ha of organic bio-
mass, that is, 21% more than the single-species agro-
phytocenosis of legumes.

Researchers of the Institute of Feed Research and
Agriculture of Podillya of the NAAS have found that the
yield of legume seeds strongly depends on the envi-
ronmental factor (52-75%). Diseases and pests account
for 10-15%, and varieties — 15-25%. It is indicated that
the “outsized” use of phosphorus and potash fertilisers
for three years was more effective than their annual
application in a dose of P, K, and provided an increase
in yield in the range of 20-28% (Antoniv et al., 2018).

Researchers claim that for the surface improve-
ment of meadows and pastures in the conditions
of floodplain mountain meadows of the Carpathians,
it is mandatory to apply various types of fertilisers and
seeds to the sod of mixtures of cereals and legumes that
are long-lasting (Kurhak et al., 2021). The productivity




of grass stands depends on the methods of soil treat-
ment (Karbivska et al., 2020).

. Nikolova & N. Georgieva (2019) emphasise that
alfalfa prevents wind and water erosion, improves agro-
physical indicators of soil fertility, and is the best precur-
sor of many agricultural crops due to the fixation of envi-
ronmentally safe biological nitrogen in the atmosphere.

During studies in the northern part of the forest-
steppe of Ukraine, it was found that symbiotic nitrogen
accumulates the most in alfalfa plants (1.91-2.66 cent-
ner/ha), and the least — in meadow clover plants (Kurhak
etal., 2020).

V.H.Didora & M.M.Kluchkevych (2021) determined
that in the Polissya region, up to 3.57-4.00 centner/ha of
biological nitrogen are fixed from the air by soybean plants,
while up to 1.17-1.60 centner/ha remain in the soil profile.

An important factor that significantly reduces the
“nitrogen fixation activity of legume-rhizobial symbiotic
systems” is insufficient water supply (Kots et al., 2021).

In the experiments by AV. Tishchenko et al. (2020)
conducted in the steppe zone (Inguletsky irrigated Massif),
irrigated alfalfa of the second year of vegetation (Zoryana
variety) formed 3.02 centner/ha of seeds, and the Uni-
tro variety — significantly more (3.91 centner/ha) and
accumulated air-dry root mass at the level of 51.40
and 51.00 centner/ha; symbiotic fixation of 2.05 and
2.00 centner/ha, respectively.

At the same time, insufficient research has been
conducted on the energy efficiency of alfalfa seed pro-
duction, which is one of the main forage crops among
perennial legumes.

MATERIALS AND METHODS

A study to determine the most energy-efficient technol-
ogy for growing alfalfa for seed purposes in non-fertile
agrophytocenoses of arid conditions was conducted
in the southern massif of Ukraine, in a branch of the
Mykolaiv National Agrarian University. The sown area
was 50 m?, and accounting area — 30 m2.

Soils — southern chernozems are residual slightly
saline, heavy loamy, containing humus (according to
Tyurin, DSTU7855:2015) in the arable layer of 0-30 cm
on average 2.9%. The reaction of the soil solution is close
to a neutral value: the pH of the salt extract ranges from
6.8.100 g of soil is provided on average with: nitrates —
1.2 mg, mobile phosphorus — 8.5 mg, and exchange
potassium -18 mg.

The density of 0-60 cm soil layer is 1.25 g/cm?,
wilting humidity — 11.4 %. Underground water lies deeper
than 20 m and does not affect the process of soil for-
mation. An average of 400 mm of precipitation falls per
year, and the hydrothermal coefficient is 0.7-0.8.

The predecessor of alfalfa was winter barley, and
after harvesting it, stubble was cleaned. In autumn, the
soil was loosened with a KPE-3,8 cultivator to a depth
of 12-14 cm.

Alfalfa varieties Nadezhda, Veselka, and Unitro
were studied.All these varieties are suitable for growing
in non-irrigating conditions. They are included in the State
register of plant varieties of Ukraine.

Antypova

In the spring, mineral fertilisers were applied
(nitroammofoska — 1 centner/ha) and pre-sowing cul-
tivation was carried out by harrowing with the KPS-4G
cultivator. Varieties without cover were sown in the
third decade of March 2018, 2019, and 2020 with row
spacing of 70 cm. The depth of seed embedding is 2-3 cm,
the seeding rate is 3 kg/ha.

Weeding (chemical) was carried out with the
herbicide pivot manually with a satchel sprayer at the
rate of 1 l/ha in the phase of the 1%t trigeminal leaf
in alfalfa on plots according to the experimental design.

After the appearance of full shoots in the exper-
iment, row-to-row tillage with a KRN-4.2 cultivator
was carried out on the entire array. Working bodies —
razors.

Weeding of crops manually was carried out twice:
the first time, when weeds grew en masse, and the second
time — 2 weeks after the first only in areas for manual
weeding according to the experimental design.

The second row-to-row loosening of the soil in the
entire experiment was carried out during the period of
mass germination of weeds. Desiccation of crops was
carried out by Reglon Super, and the seed yield was
accounted for by the Sampo-500 combine. Before des-
iccation, sheaf samples were taken at all sites of the
experiment to determine the crop structure.

Weather conditions varied over the years. 2018
was more favourable for the grass yields. In March,
75.5 mm of precipitation fell, and in April-July, another
179.4 mm was added. The average daily air tempera-
ture during April-July ranged from 10.2-23.3°C. 2020
turned out to be the driest. The above indicators are
listed at the level of 8.5 mm, 118.0 mm, 10.4-24.2°C.
In August 2020, there was no rain at all, which adversely
affected the productivity of alfalfa.

The experiments were conducted according to
generally accepted methods, considering the publica-
tions “Fundamentals of scientific research in agronomy”
and “Methodology of field experience” by B.O. Dospek-
hov (Yeshchenko et al., 2005; Dospekhoyv, 1985).

The energy efficiency was analysed using tech-
nological maps and energy equivalents (Eeq), defined
by Medvedovsky A.K., Ivanenko P.I. for machinery, elec-
tricity, fuel, fertilisers, pesticides, transportation, pro-
cessing, and storage of agricultural products, labour
costs, etc. (Medvedovsky & lvanenko, 1988).

To calculate labour productivity, the direct labour
costs of tractor drivers, combine harvesters, workers,
etc. were taken into account.

Energy efficiency coefficient (K_) is calculated
by equation (1):

K,, = OE:YE (1)

where OE - exchange energy of the crop, MJ; Y E -
amount of total energy spent on growing alfalfa, MJ.

The obtained data were processed by the method
of variance analysis, which was carried out using the
software and information complex Agrostat (Ushkarenko
et al.,2008).
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RESULTS AND DISCUSSION

High and stable yields of alfalfa seeds are obtained only
when all innovative agronomic measures are applied
to the seedlings, developed considering the biological
characteristics of this plant. Neglecting at least one
of the planned types of work can reduce total energy
costs, but at the same time, it can lead to a significant
decrease in the productivity of alfalfa for seed purposes.

Main soil treatment methods play an important
role in energy saving. In previous years, experiments
were conducted to investigate the influence of this fac-
tor on alfalfa seed productivity (Antypova, 2008). The

experiment scheme is shown in Table 1. Calculations
indicate the energy efficiency of shallow (12-14 cm)
loosening of the soil with an anti-erosion cultivator
(KPE-3.8),that is,without a barrow.The use of this option
in the autumn period leads to a decrease in energy con-
sumption in the production of alfalfa seeds. This method
should be attributed to energy-saving agrotechnical
in comparison with the conventional shelf with a depth
of 28-30 cm, which was taken as control. At the same
time, the total energy intensity of labour resources
decreases from 57.7 to 29.0 MlJ/ha, that is, almost twice.

Table 1. Energy intensity of basic cultivation methods for alfalfa®

Main soil treatment

Energy intensity, MJ/ha

Output
Methods Depth, cm for 1 person — hour, ha r::obt:'lc‘;s Fuel Total c otn:‘r)ol
Control - tillage 28-30 1.06 57.7 1,006.5 1,064.2 0
Tillage 22-24 1.08 56.7 901.5 958.2 -106.0
Without tillage 28-30 1.37 44.7 758.4 803.1 -261.1
Tillage 22-24 141 43.4 663.0 706.4 -357.8
Tillage 12-14 2.11 29.0 357.8 386.8 -677.5

Note: calculated by the author based on technological map and energy equivalents for machinery, fuel, and labour costs

It was found that during shallow sweep tillage,
fuel consumption is 13.6 kg/ha less compared to deep
ploughing. The cost of such a non-renewable resource
as fuel, which is an energy carrier, is reduced from
1006.5 (control) to 357.8 MJ/ha, that is, by 2.81 times,
and the total cost of total energy, which includes
labour with fuel, is reduced by 2.75 times (from 1064.2
to 386.8 MJ/ha, respectively).

Considering the fact that there was no signifi-
cant difference in seed productivity between the con-
sidered options, it can be concluded that among the
methods of basic tillage, sweep tillage to a depth of
12-14 cmis preferred in terms of energy efficiency. Alfalfa
seed production also requires a significant expenditure

of energy-intensive non-renewable resources (in particu-
lar fuel and herbicides) to reliably protect crops from
weeds. The spread of unwanted plants in the agrophy-
tocenosis significantly reduces the productivity of crops,
especially in the first year of life of alfalfa seeds, when
it grows slowly and cannot compete with weeds.

The highest yield of alfalfa seeds and dry matter
was formed in 2018 due to more favourable weather
conditions for plant growth and development. On
average, 1.24 centner/ha of seeds and 15.9 centner/ha
of dry matter were collected in the experiment in 2018.
For drier weather conditions in 2020, these indicators
are in the range of 1.11 and 12.9 centner/ha, respec-
tively (Table 2).

Table 2.Yield of alfalfa for seed purposes depending on the studied factors

Technology Variety Yield by year, centner/ha
(factor A) (factor B) 2018 2019 2020 Average
Seeds
Control - Nadezhda 0.49 0.42 0.38 0.43
Without herbicidgs and manual Veselka 051 044 041 045
weeding

Unitro 0.50 0.49 0.42 0.47

Nadezhda 1.61 1.57 1.43 1.54

Manual weeding Veselka 1.64 161 1.49 1.58

Unitro 1.74 1.67 1.54 1.65

Nadezhda 1.50 1.48 1.40 1.46

Application of herbicide Veselka 1.56 1.58 142 1.52

Unitro 1.61 1.59 1.48 1.56

Average in the experiment 1.24 1.21 1.11 1.18
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Table 2, Continued

Dry matter
Control - Nadezhda 7.1 5.2 4.8 5.7
Without herxggf;ga”d manual Veselka 72 5.3 49 5.8
Unitro 7.5 5.7 4.8 6.0
Nadezhda 19.9 19 16.6 18.5
Manual weeding Veselka 20.3 19.1 17.3 18.9
Unitro 214 19.7 17.7 19.6
Nadezhda 19.2 16.8 16.2 174
Application of herbicide Veselka 19.9 16.8 17 179
Unitro 20.5 17.5 16.9 18.3
Average in the experiment 15.9 13.9 12.9 14.2

On average, over three years of study, in areas
without herbicides and without manual removal of com-
peting plants, the seed yield ranged from 0.43-0.47 cent-
ner/ha. Due to the introduction of herbicides, the con-
tamination of crops decreased, and the yield increased
to 1.46-1.56 centner/ha. The best protection of crops
from weeds is manual weeding. According to this model
of seed production, the highest yield was obtained
(1.54-1.65 centner/ha). The Unitro variety had an advan-
tage in this indicator. The Veselka variety has fewer seeds
per unit of sown area.

Due to the existing shortage of energy resources
and high prices for agrochemicals and modern agricultural

machinery, it is necessary to justify the efficiency of crop
production technologies not only from the standpoint
of economic feasibility but also based on accounting for
energy equivalents (Misiuk, 2013).

The energy analysis shows that with the chem-
ical weeding of alfalfa crops in the first year of life,
the energy intensity increases by 32.1-32.4% com-
pared to the control, where the crop was not pro-
tected from weeds by either herbicide or manual
weeding. Energy costs reached 13,706 MJ/ha (Nade-
zhda variety) — 13,758 MJ/ha (Unitro variety) against
10,374-10,395 MJ/ha, respectively, for varieties on
control plantings (Table 3).

Table 3. Energy costs for the production of alfalfa seeds in the first year of life,
depending on the studied factors (on average for 2018-2020)

. Yield, centner/ha Energy costs, MJ
Technology Variety
(factor A) (factor B) Seeds Dry matter Per 1 hectare Per 1 centner
seeds
Control - Nadezhda 043 5.7 10,374 24,126
Without herbicides
and manual weeding Veselka 0.45 5.8 10,384 23,076
Unitro 0.47 6.0 10,395 22,117
Nadezhda 1.54 18.5 15,341 9,962
Manual Veselka 158 189 15,362 9,723
weeding
Unitro 1.65 19.6 15,447 9,362
o Nadezhda 1.46 17.4 13,706 9,388
Application Veselka 1.52 17.9 13,737 9,038
of herbicide
Unitro 1.56 18.3 13,758 8,819
LSD ., centner/ha for factor A 0.03 0.54 - -
LSD, centner ha for factor B 0.03 0.54 - -
LSD ., centner/ha for AB interaction 0.05 0.94 - -

It was found that energy costs for seed produc-
tion significantly decreased due to the introduction
of the herbicide (in the range of 2.5-2.6 times) and
amounted to 8,819 MJ/centner (for the Unitro vari-
ety) — 9,388 MIJ/centner (for the Nadezhda variety)
compared to the control plots (herbicide-free technol-
ogy), where fluctuations in this indicator were recorded
in the range of 22,117 and 24,126 MJ, respectively, for

the above-mentioned varieties. Due to the higher pro-
ductivity of alfalfa sowing for seed purposes using her-
bicides, that is, by reducing the number of weeds, the
content of energy accumulated by plants in the stud-
ied crop increases 3.1 times compared to the control
and averages 42,060 MJ/ha for factor A. This indicator
was slightly higher (3.3 times) when manually weeding
crops — 44,689 MJ/ha (Table 4).
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Table 4. Energy accumulation of alfalfa seeds in the first year of life,
depending on the factors studied (on average for 2018-2020)

Energy content in the crop from 1 ha, MJ

Technology (4 Variety (B) Seeds Dry matter Total Avfearcigf;or A\;grcatgf ;or
. o Nadezhda - control 869 12,443 13,312 32,581
aﬁvét;"a‘;tu';f@'ece'gf;g Veselka 909 12,661 13,570 13,643 33,389
Unitro 949 13,098 14,047 34,422
Nadezhda 3,111 40,386 43,497
Manual weeding Veselka 3192 41,259 44 451 44,689
Unitro 3,333 42,787 46,120
Nadezhda 2,949 37,984 40,933
Application of herbicides Veselka 3,070 39,076 42,146 42,060
Unitro 3,151 39,949 43,100

Most of the energy was generated by Unitro plants
during manual weeding of crops (46,120 MJ/ha). On
average, for factor B in the production of seeds of this
variety, 34,422 MJ/ha of energy was accumulated in the
yield, which is 5.7% more than the control variety
Nadezhda (standard).

According to S.P. Holoborodko & A.V. Tyshchenko,
(2011), the production of alfalfa seeds in the South
of Ukraine in the average dry (within 75%) and dry (within
95 %) years without irrigation during the growing season
led to significant expenditures of total energy for grow-
ing 1 centner of seeds, which caused the unprofitability
of seed production. Energy consumption for seed produc-
tion (Khersonskaya 7 variety) under natural conditions
of moisture in the first year of fruiting (second year of life)

was 11,144 Ml/ha and 20,262 MJ/centner of seeds, and
Nadezhda variety — 11,144 MJ/ha and 16,151 MJ/cent-
ner of seeds, respectively. The implementation of vege-
tation irrigation once in the period from the beginning of
regrowth to the beginning of budding increases energy
consumption by 2,255 MJ/ha. At the same time, the energy
intensity of 1 centner of seeds decreases by 4,768 and
3,774 M), respectively, for the above-mentioned varieties.
These figures are considerably better when watered twice
during the growing season. Notably, the energy efficiency
coefficient (Kee) for chemical weeding of crops increases
from 1.28 to 2.99 (for the Nadezhda variety) and from
1.35 to 3.13 (Unitro variety). Consequently, the energy
costs of applying herbicides contribute to the conserva-
tion and more efficient use of total energy (Fig. 1).
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m Veselka ® Unitro
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Figure 1. Coefficients of energy efficiency (Kee) of alfalfa seed production in the first year of life,
depending on the studied factors (on average for 2018-2020)

When manually weeding the agrophytocenosis,
the coefficient of energy efficiency of seed production
of the studied alfalfa varieties of the first year of life
was slightly lower compared to chemical weed control.
For plants of the Nadezhda variety, it fluctuated on aver-
age over three years of research at the level of 2.84,
and for the production of Unitro seeds, it increased by
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0.15 units, or by 5.3 %. As for the Veselka variety, it had
minor advantages over the Nadezhda variety, but they
were not reliably confirmed.

It is appropriate to calculate labour productivity,
that is, the ability of a particular type of work when grow-
ing alfalfa to form a certain amount of products (seeds)
in one working hour. This indicator may increase if alfalfa




seed production increases by one working hour, or if
labour costs per unit of the generated crop are reduced.
Labour costs were expressed in person-hours. During the
production of agricultural products, in this case, alfalfa
seeds, direct labour costs of tractor drivers, combine
harvesters, workers, etc. are determined.

Antypova

According to the technology with the use of her-
bicides, the highest level of labour productivity was
observed: 11.89 (Unitro variety), 11.66 (Veselka variety),
11.30 (Nadezhda variety) kg of seeds/person-hour were
obtained compared to the control: 3.96, 4.13, 4.30 kg
of seeds/person-hour, respectively (Fig. 2).
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Figure 2. Labour productivity for the production of alfalfa seeds of the first year depending
on the studied factors (on average for 2018-2020), kg of seeds/person-hour

The technology, which includes manual weed-
ing, is 1.6 times inferior to the chemical weeding model
in terms of the above indicator, but labour produc-
tivity was 1.7 times higher compared to the control:
6.94-7.37 kg of seeds were obtained per 1 person-hour.

The analysis of the data in Figure 3 indicates
that labour costs are reduced by 2.9 or more times due
to chemical weeding of crops. Thus, in the control areas,
25.3 (Nadezhda variety) — 23.3 (Unitro Variety) person-
hours were consumed per 1 centner of seeds. With the
introduction of herbicides, this indicator decreases to
8.8 (Nadezhda variety), 8.6 (Veselka variety), 8.4 (Unitro
variety) person-hours.

When using the technology with manual weeding
of crops, the energy intensity increases by 11.9% (up to
the level of 15,341 MJ/ha), labour intensity of the per-
centage of seeds for growing Nadezhda variety increases
from 8.8 to 14.4 person-hours and in the Unitro variety —
from 8.4 to 13.6 person-hours compared to the technol-
ogy that is based on the use of chemical weed control.
The growth of Kee shows the advantages of chemical
weeding technology, especially in the Unitro variety, over
other seed production technologies studied.

It should be noted that biological nitrogen enters
the soil during the cultivation of alfalfa, which causes
a replenishment of the meter layer with total energy.
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Figure 3. Labour costs for the production of alfalfa seeds in the first year of life,
depending on the factors studied (on average for 2018-2020), person-hour/ centner of seeds

As evidenced by the results of research by Bul-
garian researchers I. Nikolova and N. Georgieva 2019,
alfalfa most of all fixes nitrogen against the control
(untreated) crop with combined treatment with biological
preparations Agricol with Nagro and Litovit, which were
used for spraying crops against aphids. The increase in

nitrogen fixation was 2.77 and 2.95 kg/kg of dry matter.

N.V. Tsurkan (2014) determined the coefficient of
conversion of alfalfa hay crop to nitrogen (K), which
gets into the soil. This indicator in the conditions of the
Southern Steppe for recalculation is 0.025. Considering
the above-mentioned coefficient for the transfer of the
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formed alfalfa hay yield to the nitrogen recorded and
trapped in the soil, the intake of this element, and therefore
energy, into the soil profile of the root layer,was determined.

The study calculated that as a result of nitrogen

fixation, the soil was most replenished with environmen-
tally friendly nitrogen (51.48 kg a.s./ha) using a technology
based on manual weeding of alfalfa crops in the first year
(Table 5).

Table 5. Energy supply to the soil depending on the studied factors (average for 2018-2020)

Entered the soil per 1 ha
Technology  Variety (factor Nitrogen, kg of active substance Total energy, MJ
(factor A) B) Total Average for Average for Total Average for Average for
factor A factor B factor A factor B
Without control - 1533 3753 1,330 3,257
L Nadezhda
herbicide and 1571 1363
manual Veselka 15.63 : 38.45 1,356 ’ 3,338
weeding Unitro 16.18 39.65 1,404 3,442
Nadezhda 50.10 4,348
Manual Veselka 51.20 51.48 4,444 4,468
weeding
Unitro 53.13 4,611
Nadezhda 47.15 4,093
Application Veselka 48.55 4845 4214 4,206
of herbicides
Unitro 49.65 4,310

Note: the energy equivalent (Kee) of 1 kg of active substance of nitrogen fertilisers is 86.8 M/ (Medvedovsky & Ivanenko, 1988)

For chemical weeding of crops, this indicator was
slightly lower — 48.45, and in crops that were not protected
from weeds, nitrogen fixation was even lower (15.71 kg
of active substance of nitrogen per 1 ha).

There is a tendency for greater nitrogen fixation
by plants of the Unitro variety — 39.65 kg a.s./ha, which
is 2.12 kg a.s./ha more compared to the control Nadezhda
variety.

An identical pattern was established in the flow

6; 0.6%
5;2.4%
4;4.9%

7, 5,5%

1;27.7%

3;17.4%

2;41.5%

a)

Control — without herbicide and manual

of total energy into the soil conditioned by nitrogen fix-
ation. This property of alfalfa plants should be consid-
ered when calculating both the energy and economic
efficiency of its production.

The results of the analysis of the energy struc-
ture show that when growing alfalfa for seeds without
weeding and herbicides (control), the share of fuel
(in conditions of acute energy shortage) reaches 41.5%,
and mechanisms — 27.7% (Fig. 4).

6;0.4%

5:1.6% 7;35.9%

4;3.3%

3;11.8%

2;28.2%
1;18.8%

b)

Manual weeding

8;19.9%

7, 4.5%
6; 0.4%

5; 1.8%

4;3.7%

3;13.2%

1;22.0%

2;34.4%

<)

Introduction of herbicide

1 — mechanisms; 2 — fuel; 3 — fertilisers (phosphorous); 4 — insecticides; 5 — desiccant;
6 — seeds; 7 — human labour (labour resources); 8 — herbicide

Figure 4. Specific weight of energy consumption by alfalfa seed cultivation technology in the first year of growth
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Asmaller part is spent on mineral fertilisers (17.4%),
insecticides (4.9%), and desiccants (2.4%).

Although the share of human labour using this
technology is reduced to 5.5%, the development of the
crop, as noted above, was the worst compared to the
areas that were cleared of weeds.

The share of fuel and equipment in the structure
of energy consumption during manual weeding with
wide-row sowing decreases to 28.2 and 18.8%, respec-
tively. At the same time, the main energy consumption
falls on labour resources (35.9%), which does not justify
a slight increase in seed productivity of the crop com-
pared to chemical weeding.

CONCLUSIONS

The level of energy consumption per unit of produc-
tion depends primarily on the year of growth, technol-
ogies that are implemented, and the equipment used
in growing and harvesting alfalfa for seeds.

With sweep tillage to a depth of 12-14 cm, 13.6 kg/ha
less fuel is consumed, the total energy costs of human
labour are reduced by almost 50%, and the total energy
costs (labour resources + fuel) are 2.75 times less com-
pared to deep ploughing by 28-30 cm for sowing alfalfa
for seeds.

The formation of crop productivity significantly
depends on weather conditions during the growth and
development of alfalfa.

When using herbicides, the productivity of alfalfa
for seed purposes increases from 0.43 (control without

Antypova

herbicides and manual weeding) to 1.46 entner/ha
of seeds, especially with the Unitro variety (from 0.47
to 1.56 centner/ha). Due to the release of crops from the
weed component by chemical method, the collection
of dry matter also underwent changes and amounted
to 5.7,17.4,6.0,and 18.3 centner/ha, respectively.

Since manual weeding of the agrophytocenosis
accounts for the main share of energy costs in labour
resources (35.9%), this technology should not be offered
to production. Energy consumption for the production
of 1 centner of seeds during chemical weeding is reduced
by 2.5-2.6 times compared to the control (without her-
bicides and weeding), and Kee is 2.99-3.13 against the
control level of 1.28-1.35.

The change in the energy efficiency coefficient
from 1.28 (for the technology without weeding of the
Nadezhda variety, which is taken as a control) to 3.13
(for the technology of growing alfalfa for seed purposes
of the Unitro variety with the introduction of herbicides)
indicates the advantages of the latter model based on
energy analysis of various technologies for the produc-
tion of seed material in non-irrigated conditions.

During the production of alfalfa seeds of the
Unitro variety in the first year, protected from weeds
by chemical weeding of crops, 49.65 kg of active sub-
stance of nitrogen/ha accumulates in the soil, which
is 3.2 times more compared to the control. The property
of alfalfa plants to accumulate nitrogen in the soil should
be taken into account when calculating both the energy
and economic efficiency of its products.
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EHepreTnyHi acneKTu BUpo6HMLUTBA HAaCiHHA NIlOLUEepPHU Ha NiBAHI YKpaiHU

Ninia KnumisHa AHTMNOBa

MUWKONAIBCbKMIM HALiOHANbHUIM arpapHuUii yHiBepcuTeT
54000, syn. leopria loHraase, 9, M. Mukonais, YkpaiHa

AHoTauiga. Y uiin poboTi npeactaBneHi pe3ynsTatM AOCNIAXKEHb LWOAO BU3HAYEHHS €HEPreTUYHOT e(eKTUBHOCTI
BMPOOHMLTBA HACIHHS IHOLLEPHM NEPLLOro POKY XMUTTS Ha NiBAHI YKpaiHM 3@ Pi3HUMM TEXHOMOTISIMU, LLO € aKTYaNbHUM
[LNg afeKkBaTHOT iX OLiHKM 33 YMOB eHeprosbepexxeHHs HeMnoHOB/OBAHMX pecypciB. MeTok pocnigkeHb 6yno
BM3HAUYEHHS HaMbiNbLL eHeproe@eKTUBHOI TEXHOMOTIT BUPOLLYBAHHS COPTIB JIOLEPHM Ha HACiHHSA. BukopucToByBanm
MeToAM CNOCTePEXEHHS, NOPIBHSHHA Ta NONLOBOro ekcnepumenTy. locnimxkysanu coptv Hapexaa, Becenka, YHiTpo
33 BMPOLLYBaHHS 3 BUKOPUCTAHHAM TPAAMLLMHOI TexHonorii (be3 pyyHoro i XiMiYyHOro NponooBaHHS), ika BKIKYana
py4YHe nponosntoBaHHs 6e3 BHeceHHs repbiumaiB i TEXHONOrIT 3 3aCTOCYBaHHAM XiMIYHOro MeToAy 3MEHLIEHHS
3abypaHeHoCTi nociBiB. BcTaHOBNEHO, WO BUPOOHMULITBO HACIHHA NIOLEPHM NOTPebYE 3HAYHMX BUTPAT EHEPrOEMHUX
HeBiZAHOBNOBAHMX pecypCiB AN HAZIMHOrO 3aXMCTy MOCiBIB Bif OYp'aHiB. 39COBAHO, WO €HEeProEMHICTb TEXHONOTI|
3 XiMiYHMM NPOMOIOBAHHSM MOCIBIB NOLEPHM NEPLIOTO POKY XMUTTS 3pocna Ha 32,1-32,4 % nopiBHAHO 3 KOHTPONEM
(6e3 3HUWEeHHS BypaHiB). ButpaTtu eHeprii pocarnn 13706 MIx/ra (copt Hapexnaa, ypoxaiHicte 1,46 L/ra) npotu
10374 MOx/ra (ypoxaiHictb 0,43 1/ra) Ha KOHTponi. BogHouac 3aBAsKM BHECEHHIO repbiumais Ha 1 1 HaciHHS Byno
BUTpaYeHo eHepriiy 2,6 pa3u MeHwe (9388 MIx) nopiBHAHO 3 KOHTponeM (24126 M ). KoediLieHT eHepreTUUHOI
edekTmeHocTi (KEE) 3a xiMiuHOro nponontoBaHHs nocieiB 36inbwyeTbes 3 1,28 no 2,99 (copt Hapgexpa) Ta 3 1,35
n0 3,13 (copT YHiTpo). 33 paxyHOK XiMi4HOi NPOMNO/KM MOCIBiB BUTPATK NpaLi 3MeHLwWyTbea y 2,9 i Binble pasis.
Tak, Ha KOHTPOMbHUX AiNsiHKax Ha 1 1 HaciHHA BuTpavanocs 25,3 (copt Hapexaa) — 23,3 nwoa/rof. (copt YHITpO),
a 3 BHeCeHHAM repbiumiiB Lel NoKasHMK 3MeHWyeTbCa Ao 8,8, 8,4 nwoa./rof. BiANOBiAHO. MpakTUYHA LiHHICTb
[OCNiOKEHHS NONSrae B Npono3uLii eHepro3bepirato4oi TEXHONOTIT BUPOLLYBAHHS JIOLLEPHU HA HACiHHS

KntouoBi cnoBa: ntouepHa Ha HacCiHHA, repbiunam, pyvyHa Nponoska nocieiB, eHeproedekTUBHICTb
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INTRODUCTION

The transformation of natural landscapes, anthropogenic
pressure, and climate anomalies have serious implica-
tions for the conservation of biological diversity. The
response of species to global climate change and anthro-
pogenic pressure has a wide range of manifestations:
from rapid population growth, habitat expansion, and
establishment of new types of interspecific ties, to
a decrease in its number and extinction. Some popula-
tions respond positively to changing environmental con-
ditions. They fill free ecological niches, move to new ter-
ritories,and effectively use the available trophic resource,
which contributes to the rapid reproduction of the spe-
cies and the formation of dominant cells. At the same
time, displacement or loss of less adaptable native spe-
cies can deal damage to agriculture, forestry and the
national economy, and cause uncontrolled outbreaks of
infectious diseases in a rapidly growing population (Vetter
etal., 2020).

Factors of influence are divided into external
(availability of available resources, population size of
predators and parasitic organisms) and internal, associ-
ated with density-dependent regulatory mechanisms
(changes in gene-and phenotypic composition, biochem-
ical and behavioural reactions). A population responds
to external influences with positive and negative feed-
back, and to internal influences with ecological mecha-
nisms for regulating its own abundance by forming an
oscillatory mode of population waves. Adaptive endog-
enous mechanisms in populations create additional sta-
bility in their structural and functional organisation. At
the population level, the cyclicity of different species
and the ecological features of their spectra as an ele-
ment of the overall adaptive structure are of prognostic
significance and require additional research (Froehly
etal., 2020).

The leader among the growth rates of the mam-
malian population of the European continent is the wild
boar or wild pig (Sus scrofa L., 1758). The species is char-
acterised by adaptability, flexible eating habits, great
reproductive potential, high survival rates among young
animals under favourable climatic conditions, and in
unfavourable conditions — physiological adaptations to
low temperatures with the development of alternative
thermogenesis, unique survival among females and their
fertility. Only one female Sus scrofa gives birth to up to
14 piglets in one litter (Ruf et al., 2021).

The wild pig is a eurytopic species that poses eco-
nomic threats and leads to the transformation of eco-
logical systems, and its geographical range has gone far
beyond the primary (Southeast Asia, the Far East, and
Asia Minor). Nowadays, the species is distributed on all
continents except Antarctica. At the same time, over the
past century, the wild boar has significantly expanded
its range to areas with high winter temperatures
(up to -30°C) and has been seen near the Arctic Circle
(Ruf et al.,, 2021).

On the territory of European countries, a constant
increase in the population of Wild Boars has been
recorded since the 1960s and 1970s. In the period from
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1980 to 2010, the number of wild boar increased 6-fold
in Germany and Slovenia, 5-fold — in Austria and France,
4-fold — in the Czech Republic and lItaly, 2.5-fold — in
Belgium (Tack, 2018). As of 2017, the number of wild
boars in Poland reaches 228 thousand with a constant
upward trend. The expansion of the hunting license in
the period from 1975 to 2015 and about 3 thousand ani-
mal units lost from African swine fever (ASF) did not sig-
nificantly affect the situation (Pejsak et al., 2018).
In general,today in Europe the population of wild boars
exceeds the figure of 10 million units (ENETWILD, n.d.).
In Canada, signs of exponential growth in the wild boar
population within 9% per year were recorded mainly in
agricultural regions, and in the state of Florida (USA)
near freshwater bodies, which is associated with the
degradation of 19% of wetlands (Wong, 2021).

The purpose of the study was to analyse scien-
tific developments on the ecological mechanisms of
population regulation of an invasive species of Sus
scrofa and to establish its effectiveness in retrospect in
the conditions of Ukraine and Chernihivska oblast, in
particular.

To achieve this goal, the following tasks were
defined:

 to analyse the current state of investigation of the
issue of ecological features of an invasive species of
Sus scrofa under conditions of anthropogenic pressure
on natural biocenoses and the role of biotic mecha-
nisms of population regulation in the global expansion
of the species;

 to assess the reasons for changes in the dynamics
of the wild boar population in hunting farms of Ukraine
for the period from 2015 to 2020, and Chernihivska
oblast for the period from 2010 to 2020;

¢ to evaluate the effectiveness of population reg-
ulation mechanisms of Sus scrofa on the example of
Chernihivska oblast.

The results obtained are aimed at practical solu-
tions to the issue of biological monitoring, environmen-
tal control, and the development of effective measures
to prevent the biological hazard associated with the
spread of African swine fever based on universal envi-
ronmental mechanisms for population control.

LITERATURE REVIEW

A sharp increase in the population size and expansion
of the habitat of wild boar in most countries of the world
is associated with high rates of biotic potential and
reproduction among ungulates (2.0), as well as adapta-
tion to various habitats (Croft et al., 2020). According to
D. Liu et al. (2022), the reasons for the expansion of the
species lie in indirect factors, in particular, the nutritional
value of the available food ration, ecological relation-
ships between habitat types, interspecific co-actions,
genetic diversity, population structure, etc. Thus, over
the past 30 years, American researchers have noticed
a rapid increase in mixed populations of wild pigs. The
vast majority of the studied livestock had a genotype of
oligonucleotide polymorphism of mixed origin, with
dominant genetic associations with Western breeds of




domestic pigs and European wild populations (Nied-
ziatkowska et al., 2021; Smyser et al., 2021).

One of the hypotheses regarding the promotion
of the species to new territories is associated with the
liberation of ecological niches by other species of wild
animals and adaptation to a wide range of climates.
The researchers suggest that wild boar infestation on
all continents does not show signs of an evolutionary
niche, and the innovative potential of the species is
associated with reproductive, trophic and morphological
characteristics combined with behavioural thermoreg-
ulation (Sales et al., 2017).

At the same time, the development of an adaptive
complex was recorded, which manifested itself as the
response of the species to an increase in average annual
temperatures, precipitation, relative humidity, availa-
bility and caloric content of food (Brivio et al.,2017).As
a result of a decrease in the body’s need for energy
expenditure, a tendency to reduce body weight in adult
animals and a smaller number of newborns in Central
European wild boar populations were observed (Vetter
et al., 2020; Ruf et al., 2021).

Spatial strategy of Sus scrofa, the size and shape
of the habitat depend on the landscape characteristics,
the size of the area, meteorological conditions,and access
to water and food. Cases of migration of the species
to megacities and suburban areas in the autumn-winter
period are associated with attractive warm locations and
the search for easily accessible food resources (human
food residues) (Amendolia et al., 2019), and moving to
nature reserves is associated with feeding of wild ani-
mals (Brogi et al.,2020). Increasing population density in
certain areas (along water bodies, in nature reserves, in
urban areas) is important for monitoring species and pre-
dicting foci of zoonotic infections (Amendolia et al.,2019;
Clontz et al., 2021).

Due to its high adaptive property, the species eas-
ily switch to nocturnal activity under increased anthro-
pogenic pressure, while increasing the size of their
population. In addition, phenotypic plasticity allows
the species to quickly adapt to local conditions, which
indicates behavioural adaptation of Sus scrofa to the
circadian rhythm. There is a temporary diurnal diversifi-
cation of ecological niches between humans and wild
boar in the absence of other mechanisms of interaction.
This fact poses new challenges to find effective methods
to counteract species and protect them from entering
undesirable territories (Brivio et al.,2017; Johann et al.,
2020).

Mechanisms of artificial containment of epizoot-
ics, in particular, species-specific African swine fever
(ASF), today in 80% of cases are focused on depopula-
tion of wild boars (Vetter et al.,2020). Thus, the study of
the “Reserve effect” by J. Colomer et al. (2021) showed
the effectiveness of wild boar population control, mit-
igation of conflict caused by the species, and localisa-
tion of ASF foci in areas with hunting bans. The results
obtained by E. Jori et al. (2020), confirm the effectiveness
of the buffer and transition zones in the elimination of
ASF foci with subsequent culling of animals. According
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to A.Yang (2021), there is an effective culling zone
within a radius of 2 kilometres around the epizootic
focus, while high culling pressure threatens to intensify
interpopulation contacts and spread the disease to large
areas. Studies by Jo & Gortazar (2021) confirmed an
increase in the risk of spreading the disease when mov-
ing people and vehicles in the area of ASF focus, in par-
ticularm natural biogeocenoses (Jo & Gortazar, 2021;
Gortazar, 2019).

Conventional methods of controlling the number
of wild boars are shooting, trapping, and the use of tox-
icants. At the same time, hunting is declining in most
countries,and in some regions, there is a direct ban on
hunting and trapping animals. The use of toxic sub-
stances to control the species contradicts animal welfare
regulations and threatens the environment. This is the
situation, against the background of a rapid increase in
the population size of Sus scrofa, it is necessary to review
effective means of reducing them quickly. In this regard,
individual researchers focus their efforts on develop-
ing mathematical models for population reduction using
fertility controls in combination with culling. According
to the researchers, this would allow achieving the target
reduction in the number of animals by half. The use of
birth control alone has a threat of the “placeholder
effect” when infertile animals occupy areas inaccessible
to fertile ones (Croft et al., 2020).

A whole complex of adaptive advantages and
opportunities for uncontrolled growth of the species
population invariably triggers regulatory mechanisms
based on the principle of reverse feedback. These mech-
anisms are poorly understood, especially in the context
of the transformation of the climate system and anthro-
pogenic pressure on natural biocenoses, which opens up
wide opportunities for researchers for analytical, fun-
damental, and applied research.

Thus, the analysis of available sources indicates
the urgency of the problem of controlling a rapidly grow-
ing population of Sus scrofa in many countries of the
world and the search for ways of effective management
based on the study of the ecology of the species and
favourable environmental factors of abiotic, biotic, and
anthropogenic origin.

MATERIALS AND METHODS

A systematic approach was used to determine the eco-
logical prerequisites and mechanisms for regulating
the population size Sus scrofa, including manifestations
of emerging infections in the population on the territory
of Ukraine and Chernihivska oblast, in particular. Con-
ventional methods of retrospective analysis, synthesis,
environmental, general biological,and epizootic research
were used.

The analysis of the dynamics of the wild boar
population in hunting farms in Ukraine covered the
period from 2010 to 2020. Registration of outbreaks of
African swine fever in Ukraine covers the period from
2012 to 2022.

As basic materials for analytical generalisations
about the population of Sus scrofa in Ukraine, the study
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used the reporting data of the Environmental passport
of the regions of Ukraine for the period 2016-2020 and
the Environmental passport of the Chernihivska oblast
for 2012-2020 (Ministry of Environmental Protection and
Natural Resources of Ukraine, 2021), data of the Cherni-
hiv Regional Department of Forestry and Hunting
(Chernihiv Regional Department of Forestry and Hunt-
ing, 2016), the report on the state of the natural envi-
ronment in the Chernihivska oblast for 2020 (Chernihiv
Regional State Administration, 2020) and open data from
the website “African swine fever” of the State Service of
Ukraine for Food Safety and Consumer Protection (The
official website of the African swine fever, 2021).

A bibliographic review of classical and modern
literature on the adaptive mechanisms of wild boar, their
behavioural reactions, containment mechanisms,and meth-
ods of artificial population control adopted in international
practice was conducted.

RESULTS AND DISCUSSION

Nowadays, human activity has become the driving force
that affects the transformation of landscapes and, conse-
quently, changes in the structural and functional organi-
sation of biocenoses and biological diversity. Key factors
contributing to the population growth of Sus scrofa
include: forest restoration, increasing the availability of
food resources for the species in the form of crops, feed-
ing in winter in forestry,and mitigating climatic conditions
(Croft et al., 2020).

Uncontrolled growth of the wild boar population
is accompanied by the transformation of natural ecosys-
tems and the impact on biological diversity, economic
damage to agriculture and farms, colonisation of settle-
ments and urban neighbourhoods, damage to public
parks, sports grounds, cemeteries, collisions with vehi-
cles on roads, the spread of zoonotic infectious diseases
among companion species.

Manifestation of species-specific adaptive reac-
tions inherent in Sus scrofa, in combination with favour-
able climatic conditions and wide access to food, has led
to the low effectiveness of measures aimed at controlling
the wild boar population. In some regions, farmers inde-
pendently struggle with attacks by wild boars on live-
stock and raids on fields with agricultural crops.

Researchers study and use a variety of strategies
to control the rapidly growing wild boar population to
develop effective management mechanisms that would
slow down this process and prevent potential environ-
mental threats and conflicts conditioned by the pene-
tration of animals into urban ecosystems and agro-
cenoses (Vetter et al., 2020).

Today, the following options for managing the
wild boar population are used:

1) recreational hunting, with a transition to targeting
certain age groups (1-2 years), longer or year-round hunting
periods;

2) culling and use of traps;

3) measures in the long term, namely reducing the
capacity of the habitat, that is, restricting access to a food
resource (stopping feeding animals and fencing fields,
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using electric fencing and other means to restrict access
to crops) (Tack, 2018; Gortazar, 2019).

At the same time, the issue of artificial species
control is quite controversial. On the one hand, some
researchers suggest that for the structural and functional
organisation of biocenoses, significant reduction or
removal of Sus scrofa is harmful. This is conditioned by
a violation of the balance in the predator-prey system,
since the wild boar is an important element of the trophic
chain, an ecosystem engineer, and is able to influence
soil properties, soil processes, and the cycle of nutrients
in the forest floor through digging activities. In addition,
the species plays a sanitary role, especially valuable in
reforestation. On the other hand, according to D.R. Risch
et al. (2021) and Johann et al. (2020) the large distribu-
tion and high population density of wild boar poses
a threat to rare species of flora and fauna. Thus, studies
conducted in 54 countries revealed a threat to 672 taxa
of vulnerable populations caused by the transformation
of the wild boar habitat, including 345 plant species (out
of 59 families), 123 representatives of herpetofauna (out
of 25 families), 96 birds (out of 38 families), 84 inverte-
brates (out of 22 families), and 24 mammals (out of
11 families), including their natural habitats (Risch et al.,
2021).

In natural conditions, the regulation of the number
of species is provided by multiple types of regulating
interspecific and intraspecific relationships. Biotic mech-
anisms of population regulation include functional and
numerical responses (predator-prey regulation), out-
breaks of infectious and parasitic diseases, and intraspe-
cific competition.

In the case of the Sus scrofa population, environ-
mental regulatory mechanisms are not of decisive impor-
tance and are temporary. This is associated with a whole
range of factors, namely, the complete absence or an
insignificant number of natural predators. In particular,
in the predator-prey system, the main regulator of the
wild boar population is the wolf (Canis lupus) (Tack,
2018).

C.Nores et al. (2008) proved that the wolf predator
provides a key ecosystem service in forest ecosystems by
influencing populations of Sus scrofa, and one wolf can
kill about 50-80 wild boars a year. Studies conducted in
Spain during 2000-2014 show a significant role of wolves
in regulating the number of wild boars. In areas where
wolves live, the population density increased from 1.65
to 2.55 individuals per km?, while without them — from
1.2 to 3.6.

According to Resolution 6 of the Bern Convention
on the Conservation of European Wildlife and Natural
Habitats, the wolf is under strict protection. In the Euro-
pean habitat, the diet of wolves consists mainly of wild
ungulates (wild boar, deer, roe deer) and agricultural ani-
mal species (goats and sheep). In some European regions
(Italy, Spain), wild boar is the dominant prey of wolves
and accounts for 3 to 31% of their diet, mainly piglets
(up to 75%) (Nores et al., 2008). According to experts,
wolf predation affects 4.5% of the wild boar population
and reaches 12% in terms of causes of death (Nores et al.,




2008; Petridou et al., 2019). Studies conducted in
2018-2021 in Belgium found that wild ungulates make
up about 69 %,and wild boar — almost 23% of the wolf’s
diet (Van Der Veken et al., 2021). The restoration of the
wolf population in Greece in 1980-1990 has led to an
increase in their population and an expansion of their
habitat. At the same time, easy access to livestock
for grazing in agricultural landscapes and low popula-
tion density of wild ungulates in natural biocenoses led
to a substitution of up to 25% in the wolf’s diet for
domestic animals (Petridou et al., 2019).

Some researchers suggest that predation does
not depend on the population density of wild boars, but
is inversely related to the availability of alternative prey
species and has a non-significant impact on the popu-
lation of wild ungulates compared to factors such as low
winter temperatures, availability of food resources, and
hunting (Nores et al., 2008).

In a sense, in ecosystems with a low density of
the species Canis lupus, the hunters took over the role
of the predator. At the same time, interest in hunting
in many countries decreases every year and often hunt-
ing licenses remain unused. For example, as of 2017 in
Poland, the number of wild boars reached 228 thousand
units with a constant growth trend. The expansion of the
hunting license in the period from 1975 to 2015 and
about 3 thousand animal units lost from ASF did not
significantly affect the situation (Pejsak et al., 2018).

The ineffectiveness of the predator-prey system
and hunting led to the start of epizootics as the next
stage of the population regulation mechanism. As a rule,
infectious diseases in wild animal populations occur
when the victim population reaches such a high number
that it goes beyond the influence of predators. In the
case of Sus scrofa, a highly contagious viral disease, Afri-
can swine fever (ASF), has manifested itself in European
countries (Croft et al., 2020).

The body of wild boar is a source and carrier of
a large number of pathogens of infectious and parasitic
diseases (zoonotic, species-specific, and with a wide
range of hosts). Among them: tuberculosis, trichinosis,
African swine fever, and others that lead to significant
economic losses.

African swine fever (ASF) or Montgomery’s dis-
ease is a viral emergent infection of wild and domestic
pigs included in List A of the World Organization for
Animal Health (WOAH). Due to its rapid cross-border
spread and high mortality rates among patients (mor-
tality in 98-100% of cases), there is a real threat to human
health, animal welfare, and food security (Agricultural
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Research Service, 2021). At the same time, despite pro-
active measures to control the population size of Sus scrofa
in agroecosystems and ecosystems of mixed forests and the
ASF epidemic, in some countries, the wild boar population
does not stop increasing (Khwarahm et al,, 2022).

ASF is a difficult process to control in the wild boar
population. The measures used for mass depopulation,
removal of wild boar carcasses, poisoning,and construction
of fences turned out to be ineffective and unethical. The
creation and development of predictive models of the
spread of ASF showed that the determining prognostic
risk factor in the models is the population size and the
availability of a suitable environment for its habitat. At
the same time, the population density in the transmission
and spread of the disease is contradictory. The experience
of the Czech Republic and Belgium in countering ASF
shows the positive impact and reality of integrated efforts
to eliminate ASF using individual approaches (Sauter-
Louis et al., 2021).

Today, in the epidemiology of ASF, there are
4 models of the virus transmission mechanism: “wild
boar-wild boar”, “wild boar-environment”, ‘corpse-wild
boar”,and “wild boar-argass ticks of genus Ornithodoros”,
which are independent, although inter-cyclical transmis-
sion of the disease periodically occurs. The prevalence of
ASF in the population remains at the same level <5% with
characteristic local persistence. In the Baltic states, the
virus was recorded in about 85% of corpses, while in cap-
tured animals the proportion of detected cases of damage
was low (up to 3%) (Chenais et al., 2018).

Penetration of any new type of pathogen or its
strain into the biocenosis can affect not only the popu-
lation itself, but also the trophic network, various types
of coactions, and overall stability of the biocenosis, while
compensating for mortality from the absence of preda-
tion (Voloshyn et al., 2022).

In Ukraine, studies of the dynamics of changes in
the wild boar population are fragmentary. Data on the
population size of wild animals are presented in the
environmental passports of regions, which is an analyt-
ical collection on the state of the natural environment
and its components, including the animal world, in par-
ticular, the retrospective dynamics of the number of
the main species of hunting animals and their extraction
(Voloshyn et al., 2022; Pavlenko, 2018).

The analysis of the dynamics of the number of
wild boars in the hunting grounds of Ukraine and the vol-
ume of their withdrawal under the license for 2015-2020
is shown in Figure 1 (Ministry of Environmental Protection
and Natural Resources of Ukraine, 2021).
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Figure 1. Dynamics of the number of wild boars in hunting grounds
of Ukraine and the volume of withdrawal under the license for 2015-2020

The decline in the population size by more than
six times in the period from 2015 to 2019 is associated
with the epizootic ASF in Ukraine (the first cases began
to be registered in 2012).

The analysis of changes in the dynamics of the
wild boar population on the example of Chernihivska
oblast of Ukraine is presentable from the standpoint of
optimal conditions for the existence of the population,
since the forest fund of the region reaches 31,903.0 km?,
with a forest cover index of 20.9%. The area of forest
plots is 708,063.7 hectares, of which almost 15% are
under environmental protection. Chernihivska oblast
accounts for 8.75% of the state’s territory in terms of
the total volume of nature reserves (7.86) and the num-
ber of territories and objects of the nature reserve fund
(667). 2,733,224 hectares (more than 85%) are allo-
cated for hunting and economic activities, where the main
ungulates for hunting are deer, roe deer, and wild boar
(Ministry of Environmental Protection and..., 2021).

According to A.V. Pavlenko (2018), trends in the
population density of wild boar in Chernihivska oblast
were +4.4%, with the volume of withdrawal in the range
of 10-12%, which indicates the well-being of the popu-
lation. The loss of livestock in the range of 46% occurred
in 2014-2015 is conditioned by the occurrence of an
epizootic of African swine fever in the region. At the
same time, during the study period, 0.6-1.3% of the forest
area of Chernihivska oblast was lost due to deforestation
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and forest fires, which led to a decrease in the forest
cover indicator by 24.7% from the original value and had
no negative consequences for the number and density
of the wild boar population. The abrupt decline in the
number of wild boar in hunting farms of Chernihivska
oblast almost by five times in the period 2015-2017
coincides with the outbreak of ASF in the region, and
trends toward population recovery in 2019 and 2020 are
associated with the high biotic potential of the species
(Pavlenko, 2018).

A favourable factor for population recovery of
Sus scrofa in Chernihivska oblast is a large number of
objects of the nature reserve fund and objects of the
Emerald Network, of which there are 16 in the region.
The presence of populations within these territories
provides them with access to food and protection due
to the European Environment Agency (n.d.).

At the same time, the dynamics of the wild boar
population and the volume of withdrawal under the
license in Chernihivska oblast (according to the Environ-
mental passport of Chernihivska oblast for 2012-2020)
(Fig. 2) show an abrupt decrease in the wild boar popu-
lation almost five times in the period 2015-2017, which
coincides with the outbreak of ASF in the region. 2019
and 2020 are marked by the same rapid trend toward
population recovery, which is explained by the high biotic
potential of the species (Chernihiv Regional State Admin-
istration, 2020).




Voloshyna et al.

4,500
4017 4063
4,000 3,842 P04
3,500 3,275 3,275
g
2 3,000
5
2 2,500
E 5000 1,984
‘(_‘3 b
g 1.4 1,492
= 1,500 39
<
1,000
693 |55 |66
500
0 !0 37/ 60 B115
0 72010 [2011 [ 2012 [ 2013 | 2014|2015 | 2016 2017 | 2018 | 2019 | 2020
Total animal units 4017 | 4063 | 3842 | 3964 | 3275| 3275| 693 | 555 | 663 | 1492 | 1934
Killed animal units 683 | 626 | 545 | 537 | 576 | 1439 0 0 37 60 115

Figure 2. Dynamics of the wild boar population in hunting farms of Chernihivska oblast

According to A.V. Pavlenko, interspecific competi-
tion and predator-prey interactions in the faunal com-
plex of Chernihivska oblast do not function, but there
are unrelated changes in the population density of
large mammals in the ecosystem. According to the find-
ings, conservation activities to preserve in-situ biodiver-
sity are environmentally effective for the wild boar pop-
ulation and allow it to recover quickly. In addition,
a positive effect is manifested from ploughing land for
corn (R, =0.824), oilseeds (R, =0.682) and sunflower
(Remp=0.760), which is a food resource for the species,
and unfavourable — from ploughing agricultural land
for cereals (Remp=—0.664), fodder grasses (Remp=—0.841)
(Pavlenko, 2018).

The main factors influencing the static distribu-
tion and dynamics of wild boar population density in
Chernihivska oblast are: demographic indicators (density
and volume of withdrawal) and dominant external influ-
ences (concern factor due to deforestation and forest fires,
agricultural activities) (Pavlenko, 2018).

In the absence of natural predators in the area, it
is logical to manifest the mechanism of epizootic devel-
opment in fast-growing animal populations. Thus, since
2012, the first isolated cases of the disease have been
registered in Ukraine, and in 2014, out of 16 recorded
cases, 12 were found in wild pigs (The official website
of the African swine fever, 2021).

In total, 553 cases of ASF were registered in
Ukraine from 2012 to 2022, 120 of them were wild pigs.
Analysis of the dynamics of ASF epizootology develop-
ment in Ukraine confirmed the existence of a direct link
between ASF cases in different sectors of the economy.
The presence of a correlation between the number of
cases in private farms of the population and in the wild
(R=0.8, P-value=0.045, R?=0.6, n=7) indicates the syn-
chronicity of a single infectious process and a decrease
in cases of the disease in constant proportions on farms,
private farms, and the population of wild pigs in the period
2017-2018 (Fig. 3) (The official website of the African swine
fever, 2021).
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Figure 3. Total number of ASF outbreaks in Ukraine and number of cases among wild animals in 2014-2020
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Cases of ASF outbreaks among wild boars were
recorded mainly in regions with high forest cover and
border areas (Fig. 4). 34 outbreaks of ASF were detected
in Chernihivska oblast for the period from 2012-2021,
11 of them in wild animals (32%), the pathogen attack

Ukraine
for the period from 2012-2021
Note: green — detected sick wild pigs; orange — in the private
sector, lilac — at the enterprise

In officially registered epizootic units of various
types in the time spectrum in the period from 2014 to
2020, most cases of ASF were registered in 2017 (163 cases)
and 2018 (145 cases). The risk assessment model with
geographical visualisation of attack rates for wild pigs
has an indicator of 83 %, with a high probability of the
highest risk of ASF outbreaks in remote areas with low
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rate was 0.0015 among wild boars and 0.0028 in the
region in general. Most ASF outbreaks were recorded in
areas bordering Belarus (Fig. 5) (The official website of
the African swine fever, 2021).
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Figure 5. Map of ASF outbreaks in Chernihivska oblast
for the period from 2012-2021
Note: green — detected sick wild pigs; orange — in the private
sector, lilac — at the enterprise

rural population densities. The areas marked on the map
(Fig. 6) in red are areas with the maximum risk of ASF
spread, which allows timely measures to be taken in
hunting farms, namely: to raise awareness of hunters
about biosafety when hunting, conduct diagnostic studies,
and ensure an appropriate level of passive monitoring of
the wild boar population.

Figure 6. Model for assessing the risk of ASF introduction in wild pig populations with
an average annual attack rate (AR*100=% of localities where ASF can be detected per year)
Note: red — in the wild; orange — in the private sector, green — at the enterprise, blue — average

Scientific Horizons, 2022, Vol. 25, No. 2




Analysing the collected statistical data, it can be
noted that the biotic mechanisms of regulation of the
wild boar population on the example of Chernihivska
oblast indicate a temporary effect of the ASF pathogen
on the population of the species with a tendency to its
rapid recovery. The manifestation of the effect of “unex-
pected increase in pathogenicity”, complication of
immune mechanisms, and synchronisation of behav-
ioural programmes stimulate the development of adap-
tive processes in partners in the “parasite-host” system
and reflect the acceleration of the rate of evolution in
parasitic systems characteristic of transformed ecosys-
tems, which is confirmed by the resumption of growth
in the wild boar population in the conditions of Ukraine.

The lack of regulatory environmental mechanisms
will lead to a transition to the next level in the future
and will manifest itself in acute competition for availa-
ble resources and the development of stressful mani-
festations in the population (aggressive behaviour,endo-
crine response of mammals, etc.).

The outbreak of hostilities throughout Ukraine
since February 2022 has become an uncontrolled factor
affecting ecosystems and populations of wild animals
in particular. The experience gained on the dynamics
of wild animal populations in the period 2014-2022 in
the temporarily occupied territories of Ukraine in Donet-
ska and Luhanska oblasts, in particular, in the National
Nature Park “Sviati Hory”, shows an increase in the num-
ber of wild boars and foxes, despite aerial shelling and
explosions, flights of air transport. Mass migration of the
species was not recorded. This was facilitated, according
to the researchers, by the reduction of anthropogenic
impact after the end of the intensive phase of hostilities,
the restriction of hunting and forestry activities (Ukrainian
Helsinki Human Rights Union, 2017).

As of 04/01/2022, due to military operations,
1/3 of the nature reserve fund of Ukraine is in danger,
which includes 900 territories and almost 200 territo-
ries of objects of the Emerald Network (Ministry of Envi-
ronmental Protection and Natural Resources of Ukraine,
2020). Chernihivska oblast was at the epicentre of
active military operations. In particular, in forest eco-
systems, through forest fires and active hostilities, irrep-
arable damage to valuable natural objects and natu-
ral monuments is already registered, including the
destruction of natural dwellings, rare and endangered
plant and animal species, a decrease in biological diver-
sity, loss of biological stability of forests, an increase in
damage to stands by stem pests. In the forests of the
region, wild animals were “in the line of fire”,and a large
number of detonated missiles and unexploded ordnance
pose a potential threat to people and animals (Ministry
of Environmental Protection..., 2022).
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Part of the wild boar population is likely to be
destroyed, while the other is forced to temporarily migrate
to safer territories due to the alarm factor from explo-
sions, artillery attacks and bombardments, forest fires,
loss of habitat, formation of belligerent landscapes,
expansion of areas unsuitable for the habitation of the
species. Restoring ecosystems, returning populations,and
keeping records of wild animals in such areas will be
difficult over a long period of time.

An effective tool for restoring unique natural
objects and biodiversity in the natural ecosystems of the
state is the creation of a unified state environmental
monitoring system for monitoring at 4 levels — from
national to object. The Draft Law of Ukraine “On Amend-
ments to Certain Legislative Acts of Ukraine Concerning
the State Environmental Monitoring System”was approved
on 04/28/2022 (2022).

CONCLUSIONS

The rapid increase in the wild boar population in many
countries is of concern for several reasons: first,damage
to livestock and crop production and urbanised land-
scapes; second, the spread of African swine fever and
other zoonotic diseases. Retrospective analysis of pop-
ulation dynamics of Sus scrofa in Ukraine, in particular,
in Chernihivska oblast, allows the study to establish clas-
sical mechanisms of biotic regulation of the population
size of the species and the influence of concomitant fac-
tors associated with anthropogenic activities. The rapid
decrease in the population size in Chernihivska oblast
in the period from 2015-2017 is associated with a tem-
porary manifestation of the effect due to the mechanism
of population regulation in the absence of predators on
the considered territory and the manifestation of species-
specific zoonotic infection — African swine fever. At the
same time, the influence of regulatory mechanisms tends
to coadaptation in the “parasite-host” system and move on
to the next stage — aggravation of intraspecific compe-
tition, which is confirmed by this study and the recovery
of the wild boar population is noted.

Investigation of natural mechanisms for controlling
the dynamics of the wild boar population and the causal
relationships of the epizootic process in the natural and
climatic conditions of Ukraine requires a thorough scien-
tific search based on a systematic approach to preserve
the structure and function of natural biocenoses and
biological diversity in the future.

During the preparation of the material, the war
on the territory of Ukraine and active hostilities in the
Chernihivska oblast began.The consequences of military
operations for wild animals in the coming years will be
unpredictable, which encourages the author to investigate
the above issue in unpredictable conditions.
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EkornoriuyHi MexaHiaMu perynsauii YmcenbHocTi nonynsuii Sus scrofa B cydacHUX yMoOBaXx

Hatanisa OnekciiBHa BonowwuHa?, Onekciit lpuropoeuu Bonowmn?, Amutpo KOpiitoeuu Cywko?,
Denuc BanepiiioBuu Ay6iHcbkuit’, FOpiit OnekcanapoBuy KapneHko?

'HauioHanbHMI neparoriyHuii yHiBepcuTeT iMeHi M.I1. JparomaHoBa
01601, Byn. lMuporosa, 9, M. Kuig, YkpaiHa

2HauioHanbHuit yHiBepcuteT «YepHiriscbkuii koneriyms» iM. T.I. LLieBueHka
14013, Byn. letbmaHa Mony6oTka, 53, M. YepHiris, YkpaiHa

AHortauis. Monynauis avkoro kabaHa Buay (Sus scrofa) 36inbLYETbCS CTPIMKMMKM TeMNaMmM B BiNbLIOCTI KpaiH CBITY
YNPOJOBX OCTAHHIX AeCaTUNITb. IHBa3MBHMIA BMT, BONOAIE BUCOKMMM NMOKA3HMKaMM BiATBOPEHHS Ta 406pe po3BUHEHUMM
aAanNTUBHWMM peaKLi MK, O A03BOSE MOMY YCMILLUHO PO3LUMPHOBATM MEXi CBOrO apeany, CTBOPHOBATU 3HAYHI EKOHOMIYHI
30UTKM CiNbCbKOMY i CafOBOMY roCnofapCcTBaM, ypboekocmcTeMaM, 3arpoxye BTpaTi 6ion0riyHoro pisHOMaHiTTa Ta
MOLUMPEHHIO 300HO3HMX iHDeEKLN. MeToto cTaTTi 6yn0 NpoaHanisyBaTM YMHHUKM, SKi CNPUAKOTb eKCaHcii BuaYy Sus scrofa
Y CBIiTi, BU3HAUUTK EKOMOTIYHI MEXaHI3MU perynsuii YncenbHoCTi NoNynsLii Ha GOHI CTPIMKOT aHTPONOreHHoi TpaHchopMalLlii
cepefoBMLLA ICHYBAHHA Ta rMOBGanbHUX KNIMAaTUYHUX aHOMaNii; OLiHUTU 3MiHW AMHAMIKM YMCENBHOCTI nonynsuii B
MWUCIMBCBbKMX rocnopapcTeax YkpaiHm 3a nepioa 3 2010 no 2020 poku i YepHiriBcbkoi 061acTi, 30KkpeMa. 3acToCcoByBanm
TPaAMUIViHi MeToAM PeTPOCNEeKTUBHOIO aHani3y, CUHTE3Y, eKONOTNYHUX, 3aranbHO-6i0N0riYHKX, eMi300TUYHUX METOAIB
pocnigxeHHs. NpoaHanisoBaHo CBITOBMIM AOCBIA Ta BM3HAYEHO OCHOBHI YMHHMKM HU3bKOI eheKTUBHOCTI cTpaTerii
KOHTPO/II0 33 LIBWMAKO 3pOCTaloyoto Nonynsuieo kabaHa AMKOro B arpoeKkocMcTeMax, eKoCMCcTeMax MillaHuX NiciB Ta
ypboekocucTeMax. 3a paxyHOK YHiKabHUX 0c0BMBOCTEN (OPMYBAHHS XXUTTEBOI CTpaTerii BUA, Sus scrofa neMoHCTpye
YCMiLHWIA PO3BUTOK, PO3LUMPEHHS apeany Ta CNeKTpy AOCTYMHUX Xap4y0BKX pecypciB, edhekTMBHE BUKOPUCTaHHS A060BOI
amBepcudikaLii eKonoriYHMX Hiw B yMOBAX TPaHCHOPMOBAHMX €KOCUCTEM Towo. BCTaHOBNEHO, WO NPUYMHOK
HeebeKTUBHOCTI eKOMOMYHMX MEXAHI3MIB TUCKY Ha NMONYAALLIIO BUAY B CUCTEMI «XMXKAK-KEPTBA» € BIACYTHICTb BENNKMX
XWMXaKiB B JICOBMX ekocucTeMax YepHiriBcbkoi obnacti. BogHouac, BiACYTHICTb CTPUMYHOUMX MEXAHI3MIB B CUCTEMI
KXMKAK-KepTBay 3a6e3neunno MaHidecTawito MexaHi3MiB HACTYMHOro piBHS,a caMe HopMyBaHHS ocepeaKiB ahpUKAHCbKOT
4yMM CBMHEW 3a NiCOBMM LIMK/IOM B NPUPOAHMX BioLieHO3ax perioHy. PeakLig-BianoBsigbs NonynsLii Npossmnacs CrpiMKuMm
KOPOTKOYACHUM 3HUXKEHHSIM YMCeNbHOCTI nonynsuii Sus scrofa, 9K TUMYACOBUI CTPUMYIOUMIA edeKT 3 HACTYMHO
TeHAeHLUI€E [0 BigHOBNEHHA.OTpUMaHI pe3ynsTaTv MOXYTb BYTV BUKOPUCTaHI y po3pobLi NPakTUYHMX peKoMeHAaLin
o0 6ioNOriYHOr0 MOHITOPMHTY, €KOOTIYHOTO KOHTPOJIH Ta PO3P0OKM ePEeKTUBHMX 3aX0AiB MEHEIKMEHTY NiCOBOrO
rocnoaapcTsa Woo 3anobiraHHs GionorivHiv 6esneLi, NOBA3aHil 3 HEKOHTPO/IbOBAHUM MOLUMPEHHAM BUAY Sus scrofa
Ta abpMKaAHCbKOT YyMU CBUHEN Ha OCHOBI YHIBEPCANIbHUX EKONOMIYHUX MEXAHI3MIB perynsLii YncenbHoCTi nonynsuii

KntouoBi cnoBa: iHBa3MBHMI BUA, apean, abpuMKaHCbKa YyMa CBMHEMN, eni300Tis, 6i0TMYHI MexaHi3Mu perynauii
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INTRODUCTION

Food security — provision of the physical and economic
availability of food for present and future generations —
is the biggest challenge of modern development. Due to
the need to increase food production, the intensification
of agriculture seems to be the only way to achieve food
security goals, with the use of fertilisers as an integral
part. According to some estimates, the expected popu-
lation growth in the coming decades will increase the
burden on agricultural production by 50-80%, which will
lead to an increase in the sector’s dependence on fertiliser
use (Yang et al., 2017). Intensive agricultural practices,
which allow increasing or reducing the cost of food pro-
duction, simultaneously threaten the balance of agroe-
cological systems (Pandey & Diwan, 2018) and lead to
increased pollution of agricultural resources,a decrease
in the quality of agricultural products and food. Thus, soil
health and sustainable fertiliser management should be
an important part of the investigation of environmental
aspects of food security (Kolesnyk et al., 2018; Ramanku-
tty et al., 2018). The most difficult part is finding a com-
promise between producing enough food at affordable
prices through fertiliser application and the associated
negative impact of agriculture on the environment, eco-
systems, and public health. The global fertiliser man-
agement initiative, launched in recent years, is a way to
address this problem.

The purpose of the study is to define the main con-
ceptual components and principles of forming a compre-
hensive system for ensuring sustainable fertiliser man-
agement at the national level.

LITERATURE REVIEW

Despite the fact that the problems of soil fertility as
a component of achieving food security, the problems
of the impact of anthropogenic activities (agricultural
production) on the components of the environment and
the state of soils are not new, these issues have recently
remained behind the scenes of global actions towards
achieving the goals of sustainable human development.
A number of global initiatives have been launched only
since 2016, aimed at drawing public attention to the
problems of soil health, nutrients, and fertilisers. Thus,
in September 2016, at the 25 session of the Committee
on Agriculture (COAG), a call was made to the Food and
Agriculture Organisation of the United Nations (FAO)
regarding the need for more intensive action toward
ensuring food safety, in particular, in terms of the safe
use of fertilisers and pesticides (FAO, 2016). Within the
framework of the Global Soil Partnership (GSP) initia-
tive, voluntary Guidelines for Sustainable Soil Manage-
ment were presented together with the FAQ, aimed at
addressing the problems of nutrient imbalances and
soil pollution caused, among other things, by unstable
fertilisation (excessive, insufficient, or polluting). (FAO,
2017). The result of a long multilateral process of dis-
cussion and agreement, the search for compromise
solutions on the issues raised in these documents was
the release of an International Code of Conduct for the
Sustainable Use and Management of Fertilisers (FAO,

Mishenin et al.

2019), containing a set of voluntary standards for gov-
ernment, industry, researchers, users, and other stake-
holders in the use and management of fertilisers, the
implementation of which should ensure sustainable
agricultural production and food security in terms of
nutrient management (FAO, 2019). Ultimately, under
the auspices of the United Nations in 2019, Sri Lanka
approved the Colombo Declaration, which sets the task
for the signatories to develop a Roadmap for Action on
Sustainable Nitrogen Management 2020-2022, consid-
ering it as one of the mechanisms of interconnection
and coordination for better and more sustainable nitro-
gen management (Colombo Declaration on Sustaina-
ble Nitrogen Management, 2019). The focus on nitro-
gen emissions, to a certain extent, is a consequence of
active global actions in the context of climate change,
but similar initiatives are also being developed for sus-
tainable management of phosphorus (Brownlie et al.,
2021; Garske & Ekardt, 2021) and other nutrients. In
the summary of the contents of the UN Declaration and
Initiative on International Nitrogen Management Sys-
tem (INMS), the task set is to halve nitrogen emissions
(Sutton et al., 2019; UNEP, 2019) — is, first of all, critical
from the standpoint of countering climate change, ensur-
ing food security,and ecosystem health (Pandey & Diwan,
2017;Yin et al.,2020).And secondly, it can only be solved
within the framework of a comprehensive system of
actions for sustainable management of nutrients and
fertilisers in general, because the efficiency of using
one element is inseparable from managing a complex
of nutrients.

Thus, a certain conceptual framework has now
been formed at the global level and a global discussion
and joint actions have been initiated to address the prob-
lems associated with soil pollution, and one of the rea-
sons for this is the use of fertilisers. At the same time,
mechanisms for operationalising these global decisions
at the national (and, accordingly, regional and local) levels
need to be developed.

Commenting on the content of the Code (FAO,2019)
and Declarations (Colombo Declaration on Sustainable
Nitrogen Management, 2019) the Code establishes the
complexity and multi-level system of sustainable fer-
tiliser management, the need to involve various groups
of stakeholders in this process,among which government
structures play a decisive role. A comprehensive system
of sustainable fertiliser management should contain
various functional components: assessment, analysis,
justification, knowledge, information, timely monitor-
ing and control, support for implementation, etc. (FAQ,
2019). Proper management and use of fertilisers should
cover operations at all levels of the value chain: respon-
sible production, storage, transportation, use to improve
plant growth or other parameters while maintaining
or improving the health of fertilisers and minimising
negative environmental impact (FAO, 2019). The code
of conduct covers the following areas: soil fertility and
plant nutrition; fertiliser use and management; nutri-
ent reuse and recycling; composition, restriction, and
testing; access, distribution and labelling; information,
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consultation, and dissemination of information on sus-
tainable fertiliser management; implementation of the
code (all governments, supported by FAO and other
organisations, are expected to be involved in this process
to the fullest extent possible, although this code is also
voluntary). And in all areas, the role of the government
component is the most significant, consisting mainly in
the development of policies that promote sustainable
fertiliser management (FAO, 2019).

According to the approved Declaration (Colombo
Declaration on Sustainable Nitrogen Management, 2019),
governments are called upon, as far as possible: to
develop and implement appropriate policies for sustain-
able nitrogen management; to develop roadmaps in
accordance with these policies to halve nitrogen emis-
sions by 2030; to assess the quantitative and qualitative
apsects of nitrogen management policies and conditions;
to encourage innovation for nitrogen reuse in accordance
with the principles of the circular economy; to encourage
populations and best practices for better nitrogen man-
agement; to develop partnerships and report on prog-
ress in this area (Colombo Declaration on Sustainable
Nitrogen Management, 2019).

Many technological solutions have already been
developed to improve fertiliser management practices
and enhance fertiliser efficiency (Srinivasarao, 2021),
which cover, in particular: the use of organic substances
and biofertilisers, the combination of chemical fertilisers
with organic ones, crop rotation, waste management,
various ploughing practices (tillage) (Naher et al., 2019;
Young et al., 2021) and even digital technology support
solutions (Golicz et al., 2021; Hou et al., 2020). At the
same time, the level of implementation of these technol-
ogies is insufficient (Melnyk et al., 2021) and it does not
solve the problem of soil health errors, which is global
in nature. The reason for this is the difficulty of finding
solutions that would ensure a balance of individual eco-
nomic interests of commodity producers with the inter-
ests of society and illustrate the need and advantages of
such a balance.

Noting the growing global focus on sustainable
nutrient and fertiliser management as its component
(Baritz et al., 2018; Brownlie et al., 2021), researchers
point out, at the same time, the problem of transform-
ing global solutions and attracting attention at the level
of national politicians, and therefore users (Baritz et al.,
2018), lack of nationally adapted solutions, unsystematic
and, as a result, low effectiveness of national policies in
this area, even in developed countries, in particular, in
the EU (Garske et al.,2020; Helming et al., 2018), Canada
(Krobel et al., 2021), etc. An explanation for this may be
the lack of information on the effects of fertiliser use in
terms of human health and economic losses, in partic-
ular, relevant national estimates. Thus, many results of
assessments of the negative effects of fertiliser use are
currently available. For example, it is known and docu-
mented that nitrogen fertilisers cause the formation of
“dead zones” in the Midwest of the United States, bring
about EUR70-320 billion annually in economic losses
in Europe, cause environmental problems in China and
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India (Pandey & Diwan, 2017), and is one of the rea-
sons of cancer diseases (Yin et al., 2020). Researchers
assess the state of agricultural production and envi-
ronmental consequences and try to form an integrated
framework for assessing the risk of food hazard and
agroecological risk use indicators: the state of the food
system (crops grown), losses due to natural hazards; the
ratio of supply/demand mismatch and the associated
risk of food hazard, the index of environmental load
on water resources and the associated agroecological
risk (Qi et al., 2018). And if the results of assessments of
the impact of fertiliser use on soils are regularly pub-
lished and make society talk more and more about soil
health, then the study on the impact of fertilisers on
public health began in the mid-1930s and peaked in the
1970s and 1980s (Senesil et al., 1999). The main sub-
ject of attention was the connection between the prac-
tices of fertiliser use and the spread of cancer (Senesil
et al.,1999), but now the impact of agriculture on public
health is being considered in relation to the use of pesti-
cides (Bonner & Alavanja,2017; Budzinski & Couderchet,
2018; Iriti & Vitalini, 2020), although, the existing strict
rules allow mitigating the relevant risks (Iriti & Vitalini,
2020). Since the 1990s, research on the health effects
of fertilisers has been declining, mainly due to a shift
in research funding priorities towards climate change
(Senesil et al., 1999). It is equally important that nega-
tive environmental consequences should be transformed
into clear economic indicators, but today such studies are
not enough. For example, Yang et al. (Yang et al., 2017)
found that in China, health care costs caused by fertili-
sation account for about 0.5% of agricultural output, and
interregional fluctuations in the deterioration of health
caused by fertilisation also affect the assessment of
economic losses (Yang et al., 2017).

China’s experience in implementing a strategy
to maximise the yield of agricultural products while
reducing the use of fertilisers is quite successful. The
corresponding policy was established in 2004 through
a number of political innovations, which, among other
things, contributed to the implementation of innovative
technologies in production. The components of China’s
success in this area are: legislative regulation of the
need for soil testing and the development of recommen-
dations for fertilisation based on the results of analysis
within the framework of the soil testing and fertiliser
recommendations STFR initiative and Zero Increase
Action Plan (This facilitates a 50% reduction in nitro-
gen and phosphorus use and 100% nutrient efficiency,
without reducing yields (Jiao et al., 2018) and already
in 2019, all provinces reported on the achieved zero
level of increase in the amount of fertilisers (Yu et al.,
2020); development and implementation of a package
of flexible economic tools (depending on the socio-
economic conditions of the region) that encourage pro-
ducers to analyse soils, introduce recommendations for
fertilisers, use organic substances to increase soil fertil-
ity; ensure the coordinated work of all components of
the fertiliser management chain; support for scientific
developments and their distribution (Jiao et al., 2018).




In particular, to solve the problem of knowledge trans-
fer, a network of advisory structures Science and Tech-
nology Backyards (STB) was created in 2009 in different
ecological zones, which “brought together” science and
practitioners,and the result of its work was an increase
in technology implementation by 80%, an increase in
yields by 20%, and a reduction in environmental costs
by 20% (Jiao et al.,2018).At the same time, the problem
of raising awareness and transferring knowledge in the
field of sustainable fertiliser management still remains
one of the most urgent and not fully solved (Jiao et al.,
2018; Yu et al., 2020).

Existing studies on the construction and devel-
opment of national incentive systems for sustainable
fertiliser management focuses mainly on a separate
component (tools) of such a system, in particular: impact
assessments (Helming et al., 2018) as a means of raising
awareness and meeting the goals of society; assessing
the state of soils and developing appropriate indica-
tors that can serve as a basis for informing (Hou et al.,
2020; Tingyu et al.,2020) and decision making (Kik et al.,
2021); identifying participants and developing targeted
strategies (Kanter et al., 2020); consulting and knowl-
edge dissemination practices (Baritz et al., 2018; Hou
et al., 2020) economic instruments (quotas and trade in
emissions of substances — Cap-and-trade schemes; sub-
sidies; taxation of the content of pollutants in fertilisers)
(Garske & Ekardt, 2021; Scholz & Geissler, 2018); requ-
lation of the size of animal husbandry (Garske & Ekardt,
2021) development of methodology and rationing (limit-
ing) the amount of fertilisers applied for each zone, tak-
ing into account natural and climatic factors (Jiang et al.,
2020; Lemaire et al., 2021; Wang et al., 2019); develop-
ment and use of programmes to support solutions in
the field of fertiliser use (Villalobos et al., 2020). Special
attention is paid to the mechanisms of knowledge dis-
semination, consulting (Mills e al., 2020; Pan & Zhang,
2018), and investigation of factors that influence indi-
vidual decisions on the use and management of fer-
tilisers (Andan et al., 2019; Hu et al., 2019; Rahman &
Zhang, 2018).

The available findings reveal certain aspects of
building a comprehensive system for stimulating sus-
tainable fertiliser management practices at the national
(and sub-national) level, but there is still an urgent need
to develop more systematic integrated government con-
cepts that would eliminate the transition of the problem
from one area to another and provide optimal solutions
at the system-wide level (Garske & Ekardt, 2021; Garske
et al., 2020), based on a clear understanding of the prob-
lem, and above all, through an understanding of the con-
sequences of irrational use of fertilisers.

MATERIALS AND METHODS

Highlighting the main participants in the national system
of sustainable fertiliser management and the investiga-
tion of the content of relationships between them was
carried out through the analysis and generalisation of the
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provisions of international and intergovernmental initi-
atives in the field of sustainable fertiliser management.
To substantiate the component components of the fer-
tiliser management system and their content, the rela-
tionship between fertiliser application levels and public
health (cancer incidence) was evaluated using regression
analysis methods. The study was carried out using the
built-in functions of the MS Office Excel software suite.
The data from the state statistics service of Ukraine (col-
lections “Health care institutions and morbidity of the pop-
ulation of Ukraine”and “Application of mineral and organic
fertilisers for crops”) for 2010-2020 was used to build
aregression model based on average data for Ukraine.

In the model used, the number of oncological
diseases registered in medical institutions at the end of
the year per 100 thousand population cases is selected
as a dependent variable (y); as a regressor (X) — the
amount of mineral fertilisers in nutrients in kg per 1 ha
of sown area, kg/ha.

To investigate the spatial variations in fertiliser
exposure and cancer incidence, administrative districts
are grouped by natural and geographical zones. Thus,
the Polissya zone includes Volynska, Zhytomyrska, Rivn-
enska, Chernihivska oblasts; forest-steppe — Kyivska,
Vinnytska, Poltavska, Sumska, Ternopilska, Khmelnytska,
Kharkivska, Cherkaska oblasts; steppe — Dnipropetro-
vska, Zaporizka, Kirovohradska, Mykolaivska, Odeska,
and Khersonska oblasts; the Carpathian Mountain zone
includes Zakarpatska, Ivano-Frankivska, Lvivska, and
Chernivetska oblasts. Donetska and Luhanska oblasts
were not analysed due to incomplete information caused
by the military conflict.

To illustrate the economic impact of fertilisa-
tion practices, economic health losses from consump-
tion of contaminated food for 2020 for different natu-
ral and geographical zones were estimated, according
to regional estimates of average annual environmen-
tal damage from pollution (air, water resources) for
2001-2009 (Sotnyk & Kulyk, 2014; Sotnyk & Kyrychok,
2012) and data on the structure of environmental dam-
age (Karintseva, 2018; Rsarenko et al.,2002).

RESULTS AND DISCUSSION

Summarising the provisions of the Code of conduct in the
field of sustainable fertiliser management (FAO, 2019),
and the results of a previous study, the national system
for ensuring sustainable fertiliser management can be
presented as integrity formed by three basic components:
the government; the industry for developing, manufac-
turing, testing, and bringing fertilisers to the end-user
(including research organisations, institutes,and univer-
sities); fertiliser users. At the same time, providing sus-
tainable use and management of fertilisers is also the
result: awareness of the existing problem, generation
and accumulation of knowledge about possible ways to
solve it, and development and implementation of spe-
cific tools at each level of decision-making (within each
system and structural component) (Fig. 1).
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Figure 1. National sustainable fertiliser management (SFM) system view: actors & component dimension

Representatives of the industry, including individ-
ual economic agents — producers of agricultural prod-
ucts — act (make decisions) in accordance with their own
economic interests, based on existing socio-economic
and production conditions, resource opportunities and
restrictions,and considering their own psychological atti-
tudes. These are the main factors influencing decision-
making (Pandey & Diwan, 2021), which are the embod-
iment of the components of the problem, respectively:
knowledge, tools,and awareness. Consequently, the role
of the government is crucial and consists in coordinat-
ing the economic interests of producers (the fertiliser
industry and food producers) and society, forming a link
between these interests and providing feedback (Helming
et al., 2018). And the main component here should be
ensuring awareness of the problem.

The problem that leads to the need to review
fertiliser practices is that fertiliser application is per-
ceived as a means of improving the productivity of agri-
cultural enterprises in all conditions, and the negative
consequences are largely overshadowed by fluctuating
weather conditions and the associated risks to agricul-
tural production (Pandey & Diwan, 2018).

Fertilisation, for the most part, appears as a means
of obtaining short-term economic results against the
background of limited resources, and the lack of direct
manifestation of negative social and environmental con-
sequences in the short term leads to neglect of them.An
illustration of this, for example, is the results of study
(Zand et al., 2020), which established that the impact
of fertilisation on the sustainable development of
rural areas is considered in the context of mainly eco-
nomic and managerial components (protection of grain,
income, reduction of production risk), and social criteria,
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such as protection and support of normal health of the
population,were only on the 11" position out of 12 (Zand
et al.,2020). Therefore,an urgent problem for the govern-
ment is the transformation of long-term, socio-ecological
and economic consequences of various practices of fer-
tiliser use and management into understandable and
acceptable categories for producers and industry, which
are already important today — in the short term. Such
a demonstration of backward impact, in addition to
assessing the effects of anthropogenic activities on envi-
ronmental components, may be more useful in terms of
increasing public awareness of the problem of unsus-
tainable fertiliser use.Actually, this approach is the basis
of the concept of promoting the importance of Biodiver-
sity Mainstreaming, where against the background of
assessments of the impact of anthropogenic activities on
the state of biodiversity and ecosystems, the consequences
of the impact of disturbed ecosystems on the economic
and social aspects of business development, industries,
local population and society as a whole are also subject
to study, control, and documentation (OECD, 2018).

Illustrating the dangers of irrational fertilisation
through assessing the relationship between fertiliser
application and cancer morbidity can best serve the
purpose of raising awareness of the problem for other
stakeholders,as shown by previous studies (Senesil et al.,
1999).

Using statistical data in Ukraine for 2000-2019,
a linear regression model of the relationship between
the level of cancer incidence per 100 thousand popula-
tion and the amount of mineral fertilisers in nutrients
per 1 ha of sown area in Ukraine was constructed. Figure 2
shows a graphical representation of the results of cor-
relation and regression analysis.
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Figure 2. Relationship between cancer incidence rate and the amount of mineral fertilisers in Ukraine

Source: compiled based on Ukrainian Statistics Service (n.d.)

A linear regression model of the dependence of
the analysed variables has the form (1):

y=9,2829x+1528,8 1)

The presented dependence indicates that with an
increase in the volume of mineral fertiliser application
by 1 kg, the number of cancer patients will increase by
9.29 people. Conversely, if the volume of mineral fertiliser
application is reduced by 1 kg, the number of cancer
patients will decrease by 9.28 people.

It is worth noting that the amount of mineral

fertilisers depends on the type of soil, which determines
fertility, humidity levels, humus and other nutrients, soil
compaction levels, and many others. Different natural
and geographical zones have their own soil types. Thus,
the least fertile soils are located in the natural and geo-
graphical zones of Polissya. To assess environmental and
economic losses from increased morbidity due to the
chemicalisation of agriculture in the regional context,
the relationship between the level of cancer incidence
and the amount of mineral fertilisers by natural and cli-
matic zones was analysed (Table 1).

Table 1. Generalised results of the analysis for the natural and climatic zones of Ukraine for the period 2010-2019

. . Carpathian
Indicators Polissya Forest-steppe Steppe Mountain zone
Average volume gfmlneralfertlllser 10725 99,61 5794 111.88
application, kg/ha
Average cancer incidence 2,084.21 2,496.26 2,567.17 1,913.53
per 100 thousand people
Regression coefficient 6.0825 11.962 9.1718 11.047
Determination coefficient 0.8383 0.9079 0.7111 0.8689

Source: compiled based on Ukrainian Statistics Service (n.d.)

Such information, distributed among society, pro-
vides a broader understanding of the content and scale of
the problem associated with irrational fertilisation prac-
tices. Analysis of the relationship between the amount
of fertilisers applied and population health indicators, in
addition to assessments of the state of soils, ecosystems,
and biodiversity,forms not only a basis for informing soci-
ety, but also a “knowledge” of the state of the problem,
which can serve as a basis for developing regulatory tools.

The results of a quantitative assessment of the
dependence of the level of cancer incidence on the
amount of mineral fertilisers applied in the context of
natural and climatic zones of Ukraine are of methodolog-
ical and practical importance, since they form an infor-
mation and analytical database for determining natural
indicators of ecological and economic losses and/or the

effects of increasing/decreasing population morbidity
for further use in mechanisms to promote and support
sustainable fertiliser management at the regional level.

Another aspect that requires more attention is
the assessment of the specific economic consequences
of irrational practices in the use and application of fer-
tilisers within a particular territory (at the national,
regional, and local levels). It is worth noting that now
there are only approximate estimates of the economic
damage to public health from the consumption of con-
taminated food, and there are few such studies. In studies
of the late 20" — early 21 century (Shcherban, 2004; Tsa-
renko, 1998), economic losses from the consumption of
contaminated food products in Ukraine were estimated
in the range of USD 2,100-13,700 million. Considering
the previous findings, based on the data of the average
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annual comprehensive assessment of environmental
damage caused by environmental pollution (air, water
resources) in the context of regions for 2001-2009 (Sotnyk
& Kerychok, 2012) and data on the typical structure of
environmental losses (Karintseva, 2018; Starenko et al.,

2002), this study provides an approximate assessment
of the harm to public health from the consumption of
contaminated food in natural and geographical areas
(Table 2), which is largely associated with the irrational
use of fertilisers.

Table 2. Environmental and economic damage caused by environmental and food pollution, 2020*

Oblast/zone Pollution damage
Environment Food products
Polissya
Volynska 501.2 410.1
Zhytomyrska 918.9 751.8
Rivnenska 808.8 661.8
Chernihivska 829.2 678.5
Forest-steppe
Kyivska 1,250.2 1,023.0
Kyiv city 764.5 625.5
Vinnytska 673.2 550.8
Poltavska 649.0 531.0
Sumska 629.4 515.0
Kharkivska 901.3 7374
Ternopilska 195.7 160.1
Khmelnytska 440.2 360.2
Cherkaska 475.0 388.6
Steppe
Dnipropetrovska 3,620.4 2,962.2
Donetska 4,936.5 4,039.0
Luhanska 1,700.7 1,391.5
Zaporizka 1,331.7 1,089.6
Kirovohradska 3333 272.7
Mykolayivska 296.5 242.6
Odeska 808.7 661.7
Khersonska 414.8 3394
Carpathian Mountain zone
Lvivska 1,004.9 822.2
Ivano-Frankivska 934.9 765.0
Chernivetska 376.7 308.2
Zakarpatska 514.7 421.1
Total 25,3374 20,709.0

Note: * — in terms of the USD at the average annual exchange rate as of 2020
Source: calculated by the author based on Karintseva (2018), Sotnuk & Kulyk (2014), Sotnyk & Kyrychok (2012),

Tsarenko (1998)

The methodology for assessing the total environ-
mental and economic harm to public health (environmental
and economic risk) has not yet been fully developed.
Therefore, this determines a high level of approximation
of such estimates. However, such assessments allow mea-
suring the extent of environmental, economic,and social
risks in a regional context and in accordance with natu-
ral and geographical zones, and thus make adequate
and optimal management decisions for sustainable fer-
tiliser management.
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The results of the assessment of economic losses
conditioned by irrational fertilisation are quite impres-
sive. In fact, in the context of the country, they make
up about 16.3% (if GDP is about USD 155.6 billion (for
ecology) and 13.3% (for food) of Ukraine’S GDP) (Ministry
of Finance of Ukraine, 2020). Thus, such data demon-
strate the threat of irrational fertilisation at the national
and regional levels. Therefore, one way to raise public
awareness about poor fertilisation practice is to con-
duct regular studies on the impact of fertilisation and




management practices on public health; assess the eco-
nomic damage caused by pollution of food consumption
and disseminate the findings to the general public. As
noted above, such data, on the other hand, form a “knowl-
edge component” for the government, providing infor-
mation about the state of development of the problem
to choose tools for solving it.

The success of the national system for ensuring sus-
tainable fertiliser management depends entirely on the
relations and interaction between its subjects. Partner-
ship, cooperation,and joint decision-making are the main
components of effective and effective government-
industry-user relations in this area (Colombo Declaration
on Sustainable Nitrogen Management, 2019; FAQ, 2019).
The basic principles that should form the basis of the
system of interaction of agents in ensuring sustainable
fertiliser management can be formulated as follows:

— professionalism — decisions and tools used to
ensure sustainable fertiliser management at the national
level should be scientifically substantiated, based on the
results of expert discussion, and reliable and relevant
data. Notably, the efficiency of the agricultural sector of
the economy is conditioned by investment in machinery
and equipment only by third, and all the latter depends
on the human factor, the intellectual potential used,
the qualification level and abilities of managers and
specialists;

—transparency — it is necessary to ensure a clear defi-
nition of the relationship “problem — solution — con-
sequences” and equal conditions for all participants in
the system. Transparency allows understanding where
the most bottlenecks are in the system of sustainable
use and management of fertilisers. In the future, this
would allow saving resources, time, and obtaining socio-
ecological and economic effects (income). Transparency
provides greater “manageability” and not excessive con-
trollability, as well as speed and optimality of decision-
making (in particular, transparency helps to manage
environmental and economic risks). At the same time,
it is necessary to address the availability of information
that comprehensively reflects the socio-ecological and
economic aspects of fertiliser application practices;

— scientific and innovative approach — adequate support
should be provided for research and development in the
field aimed at both technological solutions and research
of the socio-cultural and institutional environment. Inno-
vation in the development of sustainable use and man-
agement of fertilisers should see not only an economic
orientation, but also a special type of attitudes (in par-
ticular, ecological-economic, socio-ecological), value atti-
tudes (public health and food and environmental safety),
and motivations (for example, the use of the institute of
socio-environmental responsibility). Innovation should
determine the trajectory of convergence of economic,
environmental and social parameters (guidelines) of fer-
tiliser application practices, which will also be reflected
in the socio-cultural and institutional environment;

— knowledge — it is necessary to ensure constant moni-
toring of the state of development of the problem (assess-
ment of the diverse socio-ecological and economic impact
of fertiliser use practices), monitoring and tracking,
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accumulation of innovative technological solutions to
solve existing problems. It should be about knowl-
edge management as a component of sustainable fer-
tiliser management. Knowledge management covers
the processes of identification, accumulation, use, and
transfer of information and knowledge, which are used
in determining and evaluating the “problem — solution —
effect” relationship at all stages of fertiliser production
and use. It is necessary to constantly deepen awareness
(knowledge) about the socio-ecological and economic
aspects of fertiliser use. Therefore, it is important to
develop and accumulate knowledge about the relation-
ship between health care and human capital (in partic-
ular, which is considered as a factor of economic growth
and can be the subject of a separate study);

— information support and solution support at all lev-
els — it becomes possible today due to the increasing
spread of information technologies and consists in creat-
ing a single information system that would combine data
on the volume of production, use, utilisation of fertilisers,
data on the characteristics of fertilisers, the results of
assessments and tests of soil condition and nutrient needs,
data on volumes and beneficiaries of state support in the
industry. Information support should cover regulatory
reference, accounting and analytical, operational and
technical, and forecast information. At the same time, it
is important that the processes of formation and devel-
opment of a sustainable fertiliser management system
do not lag behind Information and analytical support
and vice versa. It is important that there is no asymmetry
in the information support of management processes.
Thus, information support should ensure timely imple-
mentation of direct and reverse links in the management
decision-making system regarding the use of mineral
fertilisers;

— trust — it is necessary to ensure an appropriate level
of trust between all agents of the system, which is the
result of professionalism, transparency,and proper infor-
mation support.Ahigh level of trust is a necessary condi-
tion for the sustainable development of the fertiliser use
and management system, since distrust indicates certain
conflicts, conflict situations,and crisis phenomena. Trust
is also a specific mechanism for making managerial deci-
sions in conditions of time constraints, incompleteness
or asymmetry of information. It helps to reduce transac-
tion costs, increase balanced productivity,and efficiency
of agricultural management, and reduce eco-destruc-
tiveness in the practice of applying fertilisers. In a cri-
sis economy it is also important to build ecologically-
oriented institutional trust;

— system constancy — provision of conditions for the
further automatic operation of the system, which can
be achieved through proper information support, the
development of an appropriate level of trust between
participants. This principle also determines the need to
assess the effectiveness of the application of informa-
tion support, quantitative measurement of trust,and the
effectiveness of the functioning of the whole system.

The development of a national system of sus-
tainable fertiliser management also requires defining
the main strategic performance and targets of production,
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economic, environmental, and social orientation for the
agents of this system. Such main performance targets
can be presented as follows:

1. Production and economic:

1.1. Activation of innovation and investment activ-
ities for greening reproductive processes in the system
of sustainable fertiliser use;

1.2. Growth in the production of environmentally
friendly agricultural and food products;

1.3. Activation of marketing activities for the produc-
tion of environmentally friendly agricultural products;

1.4. Development of “green” logistics;

1.5. Prevention of economic damage caused by the
eco-destructive state of agricultural land and water
objects due to irrational use of fertilisers;

1.6. Reduction of the cost of environmental protec-
tion measures;

1.7. Obtaining a rental effect due to an increase in
the monetary valuation of eco-balanced, eco-safe agri-
cultural land and water objects;

1.8. Increase in tax revenues from business enti-
ties through the system of environmental taxes and
payments;

1.9.Improvement of the level of eco-oriented integra-
tion of agriculture, water, fish, and forestry in the organ-
isation of sustainable land use (in particular, based on
agroforestry management of agricultural landscapes);

1.10. Gradual introduction of environmental man-
agement elements;

1.11. Development of geoinformation systems and
IT technologies, monitoring systems of socio-ecological
and economic areas for information support;

1.12.Improvement of the ‘green”image and corporate
environmental culture in agent relations;

1.13. Increase in the cost of human capital.

2. Environmental:

2.1. Reduction of environmentally related morbidity
in the population;

2.2.Preservation and improvement of physical,chem-
ical, and reproductive properties of soils, and fertility of
agricultural lands;

2.3.Reduction of the level of anthropogenic load on
land and aquatic ecosystems;

2.4. Reduction of the environmental risk of reduc-
ing the productivity of agriculture, water, and forestry
management;

2.5. Improvement of the overall and field-protective
forest cover at various hierarchical levels of simple
development, and, as a result, improving the ecological
quality of the agro-natural environment;

2.6. Conservation and improvement of biodiversity
and genetic potential in agroforestry landscapes.

3.Social:

3.1. Improvement of the quality of life, improving the
level of social and environmental safety, and comfort of
life;

3.2. Creation of “green” jobs (for example, for the
implementation of agroforestry measures);

3.3.Development of social and environmental respon-
sibility mechanisms;
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3.4. Development of social entrepreneurship;

3.5. Development of social infrastructure;

3.6. Improvement of the public consciousness, culture,
and spirituality of territorial communities.

Embodying the content of global initiatives for
sustainable fertiliser management and the expected
results of their implementation, outlined in this way and
reflected in the action plans at the national, regional,
and local levels, these guidelines can lay the founda-
tion for the development of economic mechanisms to
encourage the implementation of best practices, the
development of a monitoring and control system for
fertiliser management.

The national system for ensuring sustainable fer-
tiliser management can be represented as a complex
of interactions between the government, the industry
for developing, producing, and transferring fertilisers to
users, including agricultural producers — fertiliser users,
whose functioning is a continuous process of raising
awareness of problems caused by irrational practices of
fertilisation, generating, accumulating, and spreading
knowledge about the possibilities of solving them and
developing and applying appropriate tools.

Sharing an opinion of Helming et al. (2018) regar-
ding the role of government as a link between the goals
of society and the individual goals of fertiliser users, it is
necessary to point out its leading role in raising aware-
ness among all agents of the system about the prob-
lems caused by irrational fertiliser use. Notably, the low
level of awareness of the society in this area is one of
the main obstacles to the successful implementation
of global initiatives in this area (Sutton et al., 2019).
On the other hand, the role of government should also
be reviewed due to the inefficiency of command and
control mechanisms in the field of regulating the use
and management of fertilisers: it is almost impossible to
control all operations with fertilisers; through regulation
in one area, there may be effects of shifting externali-
ties to other industries and spheres, countries; the ben-
efits obtained may be accompanied by side effects; it is
impossible to reflect the complexity of individual phe-
nomena (for example, biodiversity) through a command
and control approach (Garske et al., 2020).

The leading role of the government in the national
system of ensuring sustainable fertiliser management
should be to transform the existing institutional envi-
ronment to be filled with more information and knowl-
edge (Golicz et al., 2021). Raising public awareness of
the problem is a trigger for generating knowledge for all
participants in the system (Adnan, 2018). The basis for
attracting public attention to the problem and forming
public awareness is considered the impact assessment,
which should serve as the basis for developing/trans-
forming policies in accordance with the goals set by soci-
ety, overcoming suboptimality and ensuring the consis-
tency of policies (Helming et al., 2018). Such estimates
are usually based on negative impact on environmen-
tal components and soil health (Hou et al., 2020), eco-
systems, and resource efficiency (Helming et al., 2018).
Expanding the range of aspects studied, considering the




impact of fertilisation on public health and the reverse
impact of contaminated components on the economic
performance of industries, regions, countries, is appropri-
ate and especially significant for developing countries,
illustrating the socio-economic side of the problem of
fertilisation and the corresponding social costs (Mishenin
et al.,,2015; Mishenin et al., 2021).

Methodological and practical tools for assessing
environmental and economic damage caused by the
consumption of contaminated food products have not
yet been developed (Karintseva, 2018; Kubatko, 2017;
Yang et al.,2017).Thus, the expansion of the information
and analytical base of such consolidated damage esti-
mates, in particular, by natural and geographical zones,
opens up opportunities for informing and regulating
sustainable fertiliser management at the national and
regional levels.

Considering the issues of generating and trans-
ferring knowledge on sustainable fertiliser management
(Adnan et al., 2018) researchers note the prospects of
cooperation between different agents to achieve better
results. For example, joint research with farmers is seen
as a source of innovation and successful solutions (Krobel,
et al., 2021), and field support of farmers ensures that
they acquire the best knowledge on the use of fertilisers
(Yu et al.,2020). Therefore, the interaction of agents of the
national system for ensuring sustainable fertiliser man-
agement should be at the centre of attention.

CONCLUSIONS

The findings show that the national system for ensuring
sustainable fertiliser management should be considered
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as a set of interacting entities (government, industry
representatives, and fertiliser users) involved in the pro-
cess of continuous improvement of fertilisation prac-
tices through raising awareness of the problem — gen-
eration and transfer of knowledge to solve it — selection
and implementation of appropriate tools. Such a system
should be based on the principles of professionalism,
transparency, scientific and innovative nature, knowledge,
information support, trust,and constant functioning of the
system in the long term. In the context of improving
fertiliser management practices, it is necessary to point
out the need to formulate strategic performance targets
for all parties involved (developers, producers, users of
fertilisers), which should prioritise not only production
and economic targets, but also environmental and social
ones. Such guidelines can be further used as the basis
for monitoring and evaluation mechanisms, and eco-
nomic incentives for sustainable fertiliser management
practices. The results obtained can serve as a basis for
further shaping policies and strategies for sustainable
fertiliser management and use at national and lower
hierarchical levels.
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Peanizauia rmo6anbHoi iHiLiaTMBKM 3 ynpaBniHHA Ao6puBamMmu
Ha HauioHanbHOMY piBHi: KOHUeNTyalJlbHi 3acagu

€sreH BacunboBuu MiweHiH?, IHHa IropieHa KobnsiHcbKa?, IHecca EBreHiBHa lpoBal,
Onbra MuxaiinisHa Kosanbosa?, TetaHa AHatoniiBHa Knouko?

1CyMCbKMiA pepXKaBHUI yHiIBEpCUTET
40007, Byn. Pumcbkoro-KopcakoBa, 2, M. Cymu, YkpaiHa

2CyMCbKMIA HaLiOHaNbHWI arpapHuUii yHiBepcuTeT
40021, Byn.I. KoHapaTtbeBa, 160, M. Cymu, YkpaiHa

AHoTaujif. H1Hi nepes, NtoACTBOM CTOITb 3aBAaHHS NOLYKY 6anaHCy Midk HeoBXiaHICTIO 36iNbLIeHHS KiNbKOCTi NPOA0BONbLCTBA
Ta HEraTMBHWMM COLLia/IbHO-EKONONYHUMM Ta EKOHOMIYHMMM HACNiIKAMM HepaLioHaIbHOro BUKOPUCTaHHS 106puB. Ha
rnobanbHOMy piBHi Byn0 3aN04aTKOBaHO PS4, iHiLLaTMB ANS KOHCONiAaLi 3ycunb KPaiH y BUPILLEeHHI Li€i npobnemu. BTim,
iCHYIOUi HaLliOHaNbHI CUCTEMM TA NONITUKM 3 YNPaBAiHHS LOOPMBAMM XapaKTEPU3YHOTbCS HEAOCTATHBOK CUCTEMHICTIO
Ta HU3bKOK ePEKTUBHICTIO. [laHe foCNiAKeHHS HalineHe Ha GOPMYNIIOBAHHS KOHLENTYalbHUX 3acas A1 po3byLoBu
HaLliOHaNbHOT CUCTEMM CTANOro YNpaBniHHA LOOpMBaMK, LWLO BiANOBiAaNna 61 NpUHLMNAM, BUKNALEHUM B iCHYHUMX
rnobanbHMX iHiliaTMBax. Yepes y3aranbHeHHS 3MiCTy iCHYHUMX MiXKYPSAOBMX iHILIATVUB WOAO CTaNoro ynpasaiHHS
nobpreamu Byno copMyNbOBaAHO CYOEKTHUIA CKNAA, @ OLLIHKM B3aEMO3BA3KY MiX BHECEHHSM J0OpUB Ta 340POBAM
HaceneHHs (4epes KiNbKiCTb OHKO3aXBOPHOBAHb) 33 JOMNOMOrO BUKOPUCTAHHS METOAIB perpeciiHoro aHanisy,
OLiHKM €KOHOMIYHOr0 361TKY Bif HEpaL,iOHaNbHOIO LOOPEHHS CyryBanv 06rpyHTYBaHHSM (i1HOCTPaALLi€l0 BaXKIMBOCTI
BMAINEHHS) KOMMOHEHTHUX CKIALOBUX, LLO OXOMJIOHTL: 00i3HAHICTb, 3HAHHS, iIHCTPYMEHTU. HauioHanbHa cucteMa
CTanoro ynpaeniHHSA oOpUBaMU PO3MNAAAETLCS K TPUBUMIPHA LiNiCHICTb, LLLO MiCTUTb Taki B3AEMOMOBA3aHi CKNaAoBi:
ypSA, rany3i 3 BUpOOHMLTBA Ta NOCTaYaHHA AOOPUB Ta KOPUCTYBaYi. DYHKLIIOHYBAHHA LET CUCTEMMU PO3INSLAAETHCS
Ak 6e3nepepBHUI NMpoLec NiABULWEHHS 06i3HAHOCTI, reHepyBaHHS Ta Nepefadi 3HaHb, BUOOPY Ta 3aCTOCYBaHHS
BIZAMNOBIAHOrO iIHCTPYMEHTAapIto Ta BAOCKOHANEHHS NPAKTUK 3aCTOCYBaHHS LOOPMB BiANOBILHO A0 NPUHLUMMIB CTANOr0
PO3BUTKY 3a MpOBIAHOI poni ypaay. MNpouec niaBuiLeHHS 06i3HAHOCTI BCiX CyOEKTIB cMcTEMM WoOA0 Npobnemu
HepaLioHanbHOro BHECeHHs A0OpPMB MPOMOHYETbCS PO3MSAATM B LWIMPLIOMY KOHTEKCTI — Yepe3 AeMOHCTpaLito
HeraTMBHUX HACNIAKIB He NiMWe AN HABKOJMLIHLOIO CepefoBMLLA (CTAHY FPYHTIB), @ M 3 TOUKM 30pYy BNIMBY Ha
3[0pOBA HACENEHHSA Ta BiANOBIAHUX HACNiIAKIB — Yepe3 OLiHKY EKOHOMIYHUX 30UTKIB, CMPUYMHEHMX 3a0PYAHEHHAM
Ta CNOXMBAHHSAM NPOAOBOIBLCTBA 3 BMICTOM LUKIAJAMBUX PEYOBUH. [ONOBHUMM NPUHLMNAMM B3aEMOLIT CYDEKTIB Y Uil
cucTEMi MatoTb CTaTM TaKi: NpodecioHaniaMy, npo3opocTi, iHdopMauiiHoi niaTpuMkm Ta iH. Ocobnunea ysara Mae byTu
npuaineHa GopMynOBaHHIO KOMMNIEKCY CTpATEriuHMX Linen, Wo MatTb 3aK1acTM OCHOBY ANS po3pobku npouenyp
KOHTPOAIO Ta OLiHKM, CUCTEMU MOHITOPUHIY Ta Nepernsiay MexaHiamiB eKOHOMIYHOro CTUMYNOBAHHS BUKOPUCTAHHS
L06pUB 3 ypaxyBaHHAM COLia/IbHMUX T €KOMOTYHMX aCneKTiB 3aCTOCYBaHHS f06puB

KniouoBi cnoBa: ctane ynpasniHHS LoO6prBaMu, HaLioOHabHA NOAITMKA WOA0 A06PUB, 06i3HAHICTb, TpaHCdEP 3HaHb,
6e3neyHe fobpeHHs, NpoaoBo/bya Hesneka
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INTRODUCTION

Foreign direct investment growth in an economy is heav-
ily influenced by the extent to which overseas inves-
tors are taxed in that country. Energy and ICT (Informa-
tion and Communication Technology) tariffs are crucial
to foreign direct investment inflow in emerging coun-
tries. Internet and networking innovations encompass all
the technology that supports individuals to capture and
transfer data while also linking the entire globe (Omo-
dero, 2021; Oreku, 2021). The different ICT channels are
universally regarded as accelerating catalysts, enhanc-
ing production and efficiency via the use of greater data
communication (Chyzhevska et al.,2021; Yu et al.,2022).
The energy tax stems from crude oil and gas exploration
operations, which are more closely related with foreign
investment in most oil-rich nations. Foreign investors
benefit from advanced technology that allows for com-
mercial drilling of petroleum, while host governments
benefit from exploration taxes, royalties, drilling per-
mits, and other associated energy taxes. When it comes
to information and communication technology, foreign
direct investment is also affected by the taxes involved
in the development stage as well as continuous operat-
ing levies. Thus, the degree of taxation in each country
decides FDI growth.

FDI is an important source of generating money
for emerging economies since it allows them to obtain
funds from advanced economies (Kolodkin, 2017; Yang
& Shafiq, 2020). The Organisation for Economic Co-oper-
ation (OECD) describes FDI as a cross-border venture in
which a foreign corporation develops a long-term stake
in and/or a significant degree of control over a firm in
some other nation. Furthermore, FDI supplies numerous
benefits to the local community, including long-term
funding needed for the host country’s economic growth,
the formation of new places of employment, the diffusion
of innovations, increased access to international mar-
kets, the introduction of new leadership abilities, gar-
nering industries from advanced areas (Kolodkin, 2017).
The introduction of green technologies that can boost
climatic conditions, raising work opportunities and
wage levels, and having a positive effect on commerce.

FDI also contributes to the state’s financial role
in enhancing intellectual resources, increasing techno-
logical advance and performance, and resulting in total
economic prosperity (Grossman & Helpman, 1991). The
progression of FDI is prompted by three factors: acqui-
sition elements centred on property and equipment;
intra-organisational components arising from real worth
influence in many places and regions; and site factors
culminating from regional resources and capabilities,
economic factors, and regulatory frameworks such as
funding and fiscal legislation, intellectual property rights,
and workforce legislation (Baccini & Urpelainen, 2014).
Foreign investment in a developing nation has several
advantages that cannot be emphasised. Foreign capital
inflows help the economic status of a low-income coun-
try by supplying both technology and great human capi-
tal development.There is a lot of emphasis on globalisa-
tion, which leads to trade liberalisation, which improves
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the flow of technology and the productivity levels of less
developed nations.

Policymakers in emerging economies meet a sig-
nificant difficulty in attracting foreign investors. Further-
more, a difficult decision must be made on how taxing
influences FDI. The government may levy three sorts of
taxes on FDI: property tax, value-added tax, and income
tax. The FDI properties attract the property tax, while
the products that are sold include the worth addition
tax and the corporate tax is levied on the overall income
of the business. As a result, the significance of taxation
in the mobility of money becomes more pronounced, as
they lower financial profits to any investments. The influ-
ence of tax in deciding FDI inflows may be divided into
two categories: economic considerations and organisa-
tional characteristics (Nasution, 2020). While taxes affect
the inflows of foreign investments through its incidence
as an economic indicator, it influences FDI inflows as
an organisational element through its administrative
responsibilities. Both characteristics have an influence
on FDI inflows via efficiency and cost effectiveness, as
this is the most crucial factor for capitalists to examine
before investing (Krugman et al., 2012).

Fostering productivity expansion is an import-
ant measure in emerging economies for reaching differ-
ent goals, such as lowering poverty and unemployment
rates and improving the quality of life. There are several
techniques available to reach this goal, one of which
is soliciting foreign direct investment (FDI), which is
regarded as a key centre of foreign funding. Thus, imple-
menting tax breaks to encourage FDI is a typical tactic
used by several emerging regions to attract FDI. Accord-
ing to E. Ferede & B.Dahlby (2012), tax cuts can lower
investment costs and increase funds to work. Letting for-
eign financiers, a tax incentive may result in a significant
rise in FDI inflows from exclusion nations but not from
provisional economies (Singh, 2016). Tax vacations or tax
cuts are commonly used in emerging and lesser unde-
veloped markets (McKeehan & Zodrow, 2017). In sum-
mary, allowing tax breaks for FDI motivates many MNEs
to transfer their operations to take advantage of these
tax breaks.

The purpose of this study is to investigate the
impact of energy and information and communication
technology tariffs on foreign company attractiveness in
the developing nation under consideration. The study is
organised into five sections: the introduction, the liter-
ature review, the research methodology, the results and
discussion, and finally the concluding remarks.

LITERATURE REVIEW

Using tax receipts barriers,compliant tax representatives,
intrinsic tax obligations, and businesses with diverse
before-tax earnings, the results proved that tax breaks,
when offered to the unfitting enterprises, were not just
ineffectual in boosting FDI, but also contributed to a type
of tax transferring that might decrease FDI. To circum-
vent host nation taxes, various global corporations are
routing international investment via transit countries
with an attractive incentive agreement arrangement. In




the light of this claim, F.Weyzig (2013) examined spatial
trends and socioeconomic conditions of FDI migration
using microcosm statistics from Dutch Special Purpose
Corporations. The analysis showed that taxation accords
were set up as a crucial driver of FDI channelled via the
Netherlands.

J.Voget (2015) confirmed that a one-point reduc-
tion in the mandatory company tax rate raised the vol-
ume of transnational companies hosted by around 2.5 %,
with a 95% credible band spanning from 0.6 % to 4.4 %.
S.Hong (2018) investigated the connection between FDI
and the design of tax-avoidance pathways. Evidence-
based findings showed that the presence of a tax-cut-
ting efficient link was absolutely and considerably cor-
related with FDI.

R.A. Nasution (2020) assessed the effects of tax
cuts on international investment in Southeast Asian
nations utilising longitudinal data from 1997 to 2016.
The data revealed that, while corporate tax cuts had
a detrimental impact on FDI in Southeast Asian nations,
they were not the primary factor attracting investors.
The major factors that influenced investors to take part
in the regions were trade liberalisation and productiv-
ity growth.V.Mercer-Blackman & S.Camingue-Romance
(2020) discovered, using panel data at the nation and
sector levels, that the consequences of US tax policy on
sector-specific FDI to Asia differed significantly among
industries. After adjusting for size of the market, pricing,
accessibility, and the business climate, the corporation
tax incidence disparity was often not significant sta-
tistically, especially for worldwide price-chain-related
FDI to emerging Asia.

J.Pavel et al. (2021) found the factors of tax struc-
tures — in both the investors and beneficiary state —
that impact FDI placement in post-socialist EU nations
as well as cross-border movements of certain forms of
remittances. For constitutional and functional taxation
rates, the study showed that the predicted responsive-
ness of FDI to the rate of taxation is approximately 1.1
and 1.9 accordingly. The findings revealed that entrepre-
neurs from the EU looked to capitalise on both corpora-
tion tax differential and complex tax optimisation tactics.
According to statistical estimations, the shareholder’s
domestic taxation system was critical if it allowed the
non-taxation of investment earnings, the applicability
of discounted cost to licenses, and the creation of dis-
tinctive drive corporations. Furthermore, the quantity
of fees for investment advice and royalty, which were
often employed for belligerent tax scheduling, was sig-
nificantly connected to the extent of FDI.

R.B.Davies et al. (2021) supplemented by investi-
gating organisation merge FDI into Europe from a diverse
set of homelands between 2007 and 2015 at both fund-
ing frontiers. The analysis revealed, similarly to earlier
single-country analyses that taxation functioned on the
broad margin. Based on those findings, the researchers
dug further and discovered substantial variance between
enterprises, with lesser financiers from high-tax native
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region being acutely susceptible to hosts taxes.

A.T. Adejare & 0.S. Olatunji (2021) evaluated the
influence of non-oil taxes on foreign direct investment
and economic activities in Nigeria from 1994 to 2019.The
researchers found that taxes had a negative substantial
influence on international investment while favourably
promoting financial operations in Nigeria. S. Silajdzic
& E. Mehic (2022) evaluated the influence of business
tax on FDI among less sophisticated emerging markets,
examining if the taxing incidence was dependent on size
and growth. The analysis found that, while taxation was
a considerable FDI predictor, its impacts were reliant
on technological advancement. Considering such out-
comes, the researchers showed that lowering business
taxes might be a significant tool for boosting FDI, which
is especially important for less evolved emerging markets.

MATERIALS AND METHODS

This research analyses the effects of energy and ICT
taxes on foreign direct investment in Nigeria from 2010
to 2020.The multiple regression model and other perti-
nent analytical tools which include diagnostic tests and
descriptive statistics are used in this work. The diag-
nostic tests were used to confirm the stability of the
study model, normality of datasets and absence of multi-
correlation and autocorrelation. The use of descriptive
statistics helped to show the nature and suitability of
the dataset to the research. The unit root testing was
done with the joint tools of PP-Fisher,ADF-Fisher,and lm,
Pesaran,and Shin W-stat to set up dataset stationarity. The
World Bank Development Indicator is the source of FDI
data. While data on energy and information technology
taxes were obtained from the Federal Inland Revenue
Service (FIRS). The figures on trade liberalisation were
obtained from the Statistical Bulletin of the Central Bank
of Nigeria (CBN). The functional relationship is below (1):

Y=f(X) (1)

where Y is the foreign direct investment (dependent
variable), X is the energy and ICT taxes (independent
variables).

Equation 1 can be explicitly explained as (2):

FDI=f(Taxation) )

To further break down equation 2, the following
model configuration (3) is selected for this study:

InFDIit=B,+B InICTit+B,InNRGit+B,InTPNit+eit  (3)

B, is the intercept of the regression; f, is the coefficient
of Information Communication Technology (ICT) devel-
opment tax; g, is the coefficient of Energy taxes (NRG);
B, is the coefficient of trade openness (TPN); it is the
time coefficient; ¢ is the error term, §, is the regression
intercept.

The description of the variables used in this study
can be obtained in Table 1. It explains the data sources,
their unit in both foreign and local currency, as well as
other parameters used in collecting the data.
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Table 1. Selected variables

Variable Abbreviation Data Source Unit
Foreign direct investment InFDIit World Bank usD (%)
Information communication technology taxes InICTit FIRS NAIRA (N)
Energy taxes INNRGit FIRS NAIRA (N)
Trade openness NTPNit CBN [(X-1)/GDP] (N)

Source: study model explanation, 2022

RESULTS AND DISCUSSION

Trend analysis of variables

Figure 1 depicts the flow of foreign investment in Nige-
ria, information and communication technology, energy
taxation, and trade openness. FDI was reported to be at
its zenith in 2011, coinciding with the amount of trade
liberalisation in that year. Looking at trade openness
and FDI, the Nigerian administration promoted foreign
investment in 2011, resulting in an elevated level of cap-
ital influx that year. Energy taxes were at their peak in
2011 and 2012, but ICT taxes were still rising. However,
in 2020, although energy taxes have been drastically
reduced, ICT taxes have gained speed and hit a record

FDI USD($)
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high, while FDI has declined dramatically. These are
indications that when FDI inflows increase, so do energy
taxes; nevertheless, as oil prices fall, so do energy taxes.
Conversely, ICT taxes are rising as more technology-
based businesses set up shop in the nation. There is
still a need to persuade more international investors,
particularly in the energy and ICT industries, to transfer
their operations to Nigeria for increased productivity and
wealth development. Following the many advantages of
technology, the government should strengthen tax laws
and create a more accommodating business climate to
attract more FDls.
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Figure 1. Trend of data

Source: World Bank, FIRS & CBN

The study examined all datasets for their unit
roots, and the results show that Levin, Lin, and Chu
t stationarity at level is consistent with the results of
PP-Fisher, ADF-Fisher, and lm, Pesaran, and Shin W-stat
at stationarity. These joint tools are useful when datasets
are stationary at order zero and require impact analysis.
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The results in Table 2 demonstrate that the datasets
collective are stable at the level as confirmed by the
p-values which are less than 0.05 level of relevance. As
a result, the usage of the multiple regression approach
or the lease squares method is suitable. The results for
confirmation are presented in Table 2.
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Table 2. Group unit root test: Summary

Series: LNFDI, LNICT, LNNRG, LNTPN
Sample: 20102020

Method Statistic Prob.* Cross-sections Obs
Null: Unit root (assumes common unit root process)
Levin, Lin & Chu t* -3.89221 0.0000 4 35
Null: Unit root (assumes individual unit root process)
Im, Pesaran and Shin W-stat -2.96267 0.0015 4 35
ADF — Fisher Chi-square 24.3979 0.0020 4 35
PP — Fisher Chi-square 35.1575 0.0000 4 36
Note: probabilities for Fisher tests are computed using an asymptotic Chi-square distribution. All other tests assume

asymptotic normality
Source: author’s calculation, 2022

Table 3 shows the results of further analytical
testing. According to Table 3, the study does not have
any multi-collinearity concerns. This is supported by the
Variance Inflation Factor (VIF) value of 1 for ICT and 1.69
for NRG and TPN. As a result, the values are less than
4 (Garson, 2012) and 10 (Gujarati & Porter, 2009). Con-
cisely,all autonomous elements are assessed separately

for their impact on foreign investment attractiveness
in Nigeria. There is no interrelationship between them.
Furthermore, based on the result displayed in Table 3,
there is no serial correlation found in the model while
the stability test also confirms that the model is firm.
The results of the other tests corroborate the model’s
applicability.

Table 3. Analytical checks

Type diagnostic tests F-statistics P-value
Ramsey RESET test for stability 4.60 0.08
Breusch-Godfrey serial correlation LM test 0.17 0.84
Heteroskedasticity test: Breusch-Pagan-Godfrey 0.29 0.83
Multi-collinearity test: Coefficient variance VIF
InICT 0.11 1.00
INNRG 0.13 1.69
INTPN 0.29 1.69

Source: author’s calculation, 2022

The descriptive statistics in Table 4 show that the
variables have approximately the same mean, median,
and maximum values, which are approximately: 15,9, 14,
and 13, respectively. Most crucially, the kurtosis is within
statistically acceptable bounds, and the Jarque-Bera of

all variables has a p-value greater than 0.05.This result
confirms that all datasets for the study have been evenly
distributed. The standard deviation, on the other hand,
shows that the datasets have a lower dispersion around
the mean locations.

Table 4. Descriptive Statistics

FDI ICT NRG TPN
Mean 15.26093 9.208039 14.49233 12.71354
Median 15.30841 9.201098 14.56422 12.75396
Maximum 15.99480 9.798905 14.97907 13.05353
Minimum 14.50866 8.680332 13.96204 12.25951
Std. Dev. 0.449557 0.302150 0.361537 0.240425
Skewness -0.010265 0.060298 -0.061795 -0.534637
Kurtosis 2.082515 2.995849 1.515140 2.295935
Jarque-Bera 0.386008 0.006674 1.017538 0.751233
Probability 0.824479 0.996669 0.601235 0.686866
Sum 167.8702 101.2884 159.4156 139.8489
Sum Sq. Dev. 2.021019 0.912949 1.307093 0.578044

Observations 11 11 11 11

Source: author’s calculation, 2022
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The correlational analysis in Table 5 describes
the type of link that exists between the dependable
variable and the independent components used in this
investigation. There is a considerable inverse associa-
tion between ICT and FDI, as well as trade liberalisation

and energy tariffs. Energy taxation and FDI have a mod-
erate link, but trade openness and FDI have a poor rela-
tionship. The correlation between ICT and energy tax
is quite weak, as well as the interaction between trade
openness and ICT.

Table 5. Correlation analysis

Sample: 2010 to 2020
Included observations: 11

Correlation

t-Statistic
Probability LNFDI LNICT LNNRG LNTPN
LNFDI 1.000000
LNICT -0.655379 1.000000
-2.603120 -
00286 -
LNNRG 0.418906 0.050393 1.000000
1.384005 0.151373 -
0.1997 08830 -
LNTPN 0.365311 0.056808 0.640426 1.000000
1.177303 0.170699 2501598 -
0.2693 0.8682 0.0338 -

Source: author’s calculation, 2022

Table 6 shows the regression result, which proves
the extent of effects the predictor variables have on the
reliant parameter. FDI is the response variable in this
analysis, reacting to the dynamics of energy and ICT
development taxing. It is crucial to notice, however, that
the F-statistic p-value is less than 0.05, implying that
the model is suitable and statistically significant. The
standard error of regression also shows that the model
prediction is correct, and the Durbin-Watson confirms

the absence of autocorrelation. Further evidence using
R-squared of 65.6% shows that the predictor factors
account for up to 65.6% of the variance in FDI inflows
in Nigeria. That is, outside ICT development levies and
energy taxes, other macroeconomic factors not included
in the model have only 34.4% influence on FDI changes.
Figure 2 confirms the regression model’s stability by dis-
playing the blue line in the centre of the yellow dotted
lines without crossing their borders.

Table 6. Regression analysis

Dependent variable: LNFDI

Method: Least squares

Sample: 2010 to 2020

Included observations: 11

Variable Coefficient Std. Error t-Statistic Prob.
LNICT -1.016143 0.330318 -3.076260 0.0179
LNNRG 0.410065 0.358862 1.142682 0.2907
LNTPN 0.360713 0.539821 0.668208 0.5254

C 14.08888 5.987586 2.353016 0.0509
R-squared 0.656213 Mean dependent var 15.26093
Adjusted R-squared 0.508876 S.D. dependent var 0.449557
S.E. of regression 0.315051 Akaike info criterion 0.803122
Sum squared resid 0.694799 Schwarz criterion 0.947811
Log likelihood -0.417172 Hannan-Quinn criter. 0.711916
F-statistic 4.453823 Durbin-Watson stat 1.598071
Prob(F-statistic) 0.047436

Source: author’s calculation, 2022
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Figure 2. Robustness check

On the specific influence of the independent
factors, the results show that ICT tax has a significant
negative effect on FDI. This result presents a case which
confirms that FDI strong considerable decline in 2020, as
seen in Figure 1, is a result of information and commu-
nication technology levies. There is need for policy review
in favour of foreign investors in this respect. The findings
also show that energy tariffs and trade liberalisation have
no substantial influence on FDI. The policy implication is
that the global drop in oil prices has harmed enterprises
engaged in oil exploration. Second, the domestic mar-
ket may not have been ideal for foreign trade.As a result,
the government must expand local markets to promote
foreign trade and exchange of products and services.

CONCLUSIONS

The outcome of this study has shown that emerging
nations can only reap the full advantages of the foreign
investments through improvement on taxation policies.

Apart from corporate taxation, which even domestic firms
also pay, Nigeria has other levies that primarily affect for-
eign investors. The principal two taxes affecting foreign
operations in the nation have been analysed in this study.
The data suggest that energy taxes and market liberalisa-
tion have no discernible impact on FDI. Instead, the impact
of the information and communication technology develop-
ment tax is significantly detrimental to international invest-
ment. This is quite precise, and it advocates for reforms to
ensure that more FDIs are attracted to help the economy.

Tax breaks and exemptions, as stated by various
research covered in this paper, will be extremely bene-
ficial to foreign investors. Most international investors
favour countries with tax havens for business. Although
a tax haven may not be fully beneficial to a rising econ-
omy, there are also alternative cost-effective ways of
providing overseas investors with tax breaks to promote
their activities. Specifically, ICT taxes may be decreased to
attract more potential investors and retain existing ones.
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Bnnus eHepreTuku Ta IKT-nogaTtkiB Ha NpsaMi iHO3eMHi iHBecTULii
B €KOHOMIiKy 3 HU3bKUM piBHEM goxoay

Koppenia OHbiHbeui OMopepo

YHiBepcuteT KoBeHaHT
112104, woce lpopiko, 10, M. OTa, Hirepis

AHoTauif. HeobxigHicTb npaBuabHO BUOYA0BAHOT NOAATKOBOI NONITUKM A5 30iNbLUEHHS MPUTOKY NPSAMMUX iHO3EMHMX
iHBEeCTULiM aKTyanbHa B YCiX KpaiHax, Lo po3BMBatoTbCs. [paMi iHo3eMHi inBecTuuii (M) MatoTb BUpilLanbHE 3HAaYEHHS
LNS NiABULLLEHHS NPOAYKTMBHOCTI, 0c0B/IMBO B KpaiHaX, WO PO3BMBAKOTLCA. He MeHL BaXnMBi NOAATKM, WO HAAXOAATb
BifA Bi3Hecy, NOBY3aHOro 3 eHepreTUKoK Yepe3 BUKMAM Bif ranysi 4O HAaBKONMLWHbLOMO CEpeAoBMLLA Ta BMIMB Ha
icHyBaHH$S noguHu. lNonepenHi 4OCNIAHUKM BUBYANM PiISHOMAHITHI MUTaHHS, BKAOYaouun nibepanisawito Toprisni,
NOAATKM Ha HEPYXOMICTb, YaCTKY PUHKY, KOPNOPATUBHE OMOAATKYBAHHS Ta 3pOCTaHHS LiH. MeHLwe AoCNiAHMKIB BUBYANU
NOAATKOBI HACNiAKM PO3BUTKY EHEPreTnKM Ta iIHPopMaLLiMHO-KOMYHiKaLuinHux TexHonorin (IKT) ak nposicHukis Il
B KpaiHax 3 HU3bKMUM piBHEM poxopay. [icnsa BBefeHHs NofaTkiB Ha eHepreTuky Ta gisnbHocTi IKT B Hirepii, peakuis
Ha iHO3eMHi iHBeCTMLii He Byna BUCBITEHA B AOCNIAXKEHHAX; BOAHOUYAC 3HUXEHHS PiBHS iHBECTULINA BUKIMKANO
3aHENOKOEHHS. Lle nocniaXeHHs HaMaraeTbCs 3aNOBHUTU MPOraAnHU LWASXOM OLiHKM BMIMBY NOAATKIB HA eHepreTunky
Ta IKT Ha Il 3 2010 no 2020 pik. daHi, BUKOpUCTaHI 419 LbOro aHanisy, oTpumaHi Big CeiToBoro 6aHky, ®epepanbHoi
cnyx6m BHYTpiwHix goxoais (FIRS) i LleHTpanbHoro 6anky Hirepii. 3 ornagy Ha pe3ynbTaTv LbOro AOCHIIXKEHHS, Y
CTaTTi pOBUTLCSA BUCHOBOK, LU0 NOAATOK Ha po3BuToK IKT 3aBaae wkoau nputoky MMl 33 LonoMorot eKoHOMETPUYHOTO
niaxony perpecinHoro aHanisy. KopensuiiHuin aHani3 Takox Haga€ AOKa3M TOro, Wo onofatkyBaHHS IKT Mae cunbHui
HeratuBHMIM 38930K i3 [MlI. IHWi YMHHUKK, TaKi 9K BIAKPUTICTb TOPriBAi Ta NOAATKM HA EHEeprito, He MakTb iICTOTHOrO
3B'A3Ky Ta He BNAMBakTb Ha [l JocnigkeHHS NoKasye, Wo BAOCKOHANEHHS MOAITUKKM MiHIMi3aLii onofaTKyBaHHS
IKT nige Ha KOpUCTb EKOHOMILL, L0 PO3BMBAETHCS, 3a/Ty4a0YN HOBMX IHO3EMHUX IHBECTOPIB Ta YTPUMYIOUM TUX, XTO
3apas € B KpaiHi

KniouoBi cnoBa: 3akopaoHHMI Bi3Hec, onTMManbHe onoaaTkyBaHHS, po3suTok IKT, BuaobyTok HadTH, nibepanisadis
PUHKY
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INTRODUCTION

The wake of the Russia-Ukraine War has intensified the
supplyshockof organicfertilizers for agricultural growth
and food production. The war comes amid COVID-19, which
has already ravaged the global economies of Ukraine
and Russia included, thus causing a massive threat to
global food security (Outlaw et al., 2021). With Ukraine
being the leading energy producer, the war has massively
increased the gap in the supply chain of fertilizers and
subsequent plants such as wheat and other grains that
depend on fertilizers for growth. According to International
Food Agency (IFA) (2022), the intensity and breadth of
this supply shock of organic fertilizers due to the war
are likely to have detrimental effects by increasing the
inflationary pressures, thus leading to spikes in fertilizer
and food prices.The supplyshockof organicfertilizers,in-
crement in agricultural production, and subsequent rise
in food prices do not come as an intense shocker given
the close relationship these elements have (Mbah and
Wasum, 2022). According to Ibendahi (2022), food and
fertilizer production require high energy content in terms
of transport, industrialization, process and mechanization,
and competition with other industries for raw materials.

Russia is a key producer of nitrogen fertilizer raw
material, natural gas, which is mostly exported to the
European Union members and India.The Russia-Ukraine
war and, most especially, the sanctions imposed on Russia
have led to the latter being cut off from the global market,
thus limiting the production and exportation of these
essential organic fertilizers. The Russia-Ukraine war ex-
poses the global market to greater food risks due to
inadequate raw materials and subsequent unmet import
and export demand. The war has already caused an im-
mense supply shock in the production and supply of
this important commodity. This means that, as the cost
of organic fertilizers continues to rise, the farmers are
beginning to skip the use of nutrients resulting in low
yields. Consequently, this will decrease the scarcity of food
products, with the prices of foods projected to continue
skyrocketing.

Ukraine and Russia export huge amounts of fer-
tilizers and foodstuff. These countries largely control the
food and fertilizer in the global market (Ali et al.,, 2022).
A number of studies of the economic and political con-
sequences of the Russian-Ukrainian war were conducted.
Thus,A.Ali et al. (2022) focused on the effects of war on
the African economy, exploring the possibility of resource
scarcity, rising energy and food prices for different coun-
tries.While considering theoretical scenarios of Russia’s
invasion of Ukraine,V.Astrov et al.(2022) analyzed their
possible consequences, paying special attention to the
issue of energy trade. |. Liadze et al. (2022) developed a
global econometric model and used it to study changes
in world GDP due to the conflict in Ukraine, in particular,
created forecasts for European countries. They claim that
since the war began, important raw materials for fertilizers
such as ammonia, phosphates, nitrates and phosphates,
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sulfates,and potash prices have gone up by 30% (Liadze
et al, 2022). The spike in these raw materials has hit a
record high since the food and energy crisis experience
during the 2007-2008 global financial crisis (Prices,
2022). Russia, which accounts for more than 12% of the
global fertilizer production and export, has temporarily
suspended its production and exportation, affecting the
global agricultural food production and market as the
effects can already be felt, especially with the hike in
food prices across the globe (Outlaw et al., 2021).

The scientific novelty of the article is that the
authors consider the impact of the war on prices for
organic fertilizers and agricultural production, given the
events of the first months of the Russian-Ukrainian war.
Research focuses on how the war affected organic fer-
tilizers and further restrictions on crop production.

The purpose of this research is to analyze the im-
pact of the Russia-Ukraine war on organic fertilizers and
agricultural production and growth and the relationship
between rising organic fertilizer production costs and
agricultural production.

MATERIALS AND METHODS

The research utilized a systematic method for data col-
lection, in which published data relevant to the study
were extracted for analysis. Databases such as Google
scholar and Agricultural and Food Policy Center (AFPC)
were used. The inclusion criteria determined the use of
published and original data below five years. Commen-
taries and abstracts were further excluded from the study.
The search terms used included “Russia-Ukraine war”,
‘organic fertilizers”, “agriculture produce”, and “supply
shock”.

During the systematic research, AFPC and Google
Scholar databases were used. Data collected was analyzed
using the Farm Economics and Solvency Projector (Farm
ESP),developed by Dr.Henry Bryant (Outlaw et al.,2021).
The model is used to analyze the changes in farm pro-
duce concerning the change in the fertilizer prices. The
inflation rates of fertilizers were recorded and evaluated
for the 64 crop farms in Texas. The Farm ESP model of
analysis assumed that all the fertilizers used in the farms
were purchased in 2022 (Outlaw et al,, 2021). The inflation
rates were analyzed based on the policies and prices of
the Food and Agricultural Policy Research Institute (FAPRI).
The model analyzed the changes in seed prices of organic
fertilizers compared to the agricultural produce in Texas.

The study analyzed the prices of agricultural pro-
duce in Texas, including corn, sorghum, soybeans, oats,
and wheat, from 2019 to 2022.

RESULTS AND DISCUSSION

The results indicate a sporadic increase in the prices of
these products, as indicated in Table 1. The results also
indicate a rising scale in the input prices for organic
fertilizers such as Nitrogen, potash, and phosphate from




2020 to 2022, as indicated in Table 2. The inflation of or-
ganic fertilizers has increased sporadically. According to
the FAPRI baseline, the nitrogen baseline has increased
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from 9.94% and to a higher fertilizer scenario of 55.43%
and 13.61% to 50.84% for potash and phosphate, as
shown in Table 3.

Table 1. Updated crop prices

Crop prices 2019 2020 2021 2022
Corn ($/bu) 3.56 4.40 4.43 5.67
Sorghum ($/bu) 3.34 4.87 4.88 5.90
Soybeans ($/bu) 8.34 5.87 10.34 12.90
Oats ($/bu) 267 2.89 3.01 3.99
Wheat ($/bu) 458 459 5.37 6.91
Source: Outlaw et al., 2021
Table 2. Change in organic fertilizer prices
Organic fertilizer input price 2020 2021 2022
Nitrogen (%) -3.22 7.29 9.94
Potash (%) -0.79 5.87 13.61
Phosphate (%) -6.05 478 7.67

Source: Outlaw et al., 2021

Table 3. Change in organic fertilizer

Nutrient FAPRI baseline 2021 Higher fertilizer scenario 2022
Nitrogen (%) 9.94 55.43
Potash and phosphate(%) 13.61 50.84

Source: Outlaw et al., 2021

From the results, the Russia-Ukraine war has de-
veloped a supply shock in fertilizer production and ex-
portation throughout the global market. From the results,
the war has led to increased organic fertilizers input
prices. Nitrogen input price was — 3.22 and 7.29 in 2020
and 2021, but sporadically increased to 9.94 in 2022.
Potash input price in 2020 and 2021 was at - 0.79 and
5.87, but rapidly increased in 2022 to 13.61. Moreover,
phosphate fertilizer has followed the same trend from -
6.05in2020to 7.67in 2022.The FAPRI baseline shows
that Nitrogen increased from 9.94% by six times the per-
centage to 55.43%, with the same trend visible in the
potash and phosphate organic fertilizers. The increase
in the organic fertilizer prices due to its inadequacy and
supply shock due to the war has led to increasing food
prices.As the leading exporters of maize and wheat and
tons of these exports were sabotaged because of the
war, crop prices have shot up sporadically. For example,
from the results, corn, whose price was 3.56 $/lb in 2019,
has risen 5.67 in 2022. Wheat, whose selling price was
4.58 $/bu, is now 6.91%/bu.

The war has already caused an immense supply
shock in the production and supply of this important
commodity. This means that as the cost of organic fer-
tilizers continues to rise, the farmers are beginning to skip
the use of nutrients resulting in low yields. Consequently,

this will decrease the scarcity of food products, with the
prices of foods projected to continue skyrocketing. The
results further suggest a threat in the global supply of
food products influenced by the supply and disruption
of the supply chain in shipments of food products and
organic fertilizers from Russia and Ukraine, given the
ongoing war. The prices of food are projected to continue
skyrocketing because farmers also have to make a profit
despite the harsh production environment. According
to A. Ali et al. (2022), the inadequate supplies for prod-
ucts, especially affordable food products, like barley and
wheat, raise the potential risk of food shortages, espe-
cially in Africa, some Asian countries,and the Middle East.

To minimize the supply shock of organic fertilizers
due to the ongoing war, international bodies, such as Food
and Agricultural Organization, should ensure that the
supply chain remains operational in all channels, includ-
ing logistical systems, livestock protection, standing crops,
and food processing infrastructure (Bakst et al., 2022).
For global countries to remain resilient to the already
felt supply shock in organic fertilizers and subsequent
agricultural production, countries, especially those that
heavily depend on exportations from Ukraine and Russia,
should begin diversifying food production alternatives
and sources. With the vulnerable groups and developing
countries being hit the most due to the war, there is a
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need to develop social protection interventions and close
monitoring of alternative food sources and farm inputs
(Husseini, 2022).

Economies around the globe are already dealing
with the detrimental effects of COVID-19 which has se-
verely affected the livelihood of people across the globe
(Hosseini, 2022). With many economies at their feet and
almost on the verge of collapse, the Russia-Ukraine war
is not only another slap in the face but also increased a
prolonged period of economic risks and survival. Given
the market’s vulnerability for oilseeds and grains, the world
is staring at one of the most severe times of food price
inflation in the contemporary world,given the importance
of Russia and Ukraine’s position in the market (Kalotay,
2022). Among the regions bound to be affected by the
rising prices of organic fertilizers for agricultural plants
and production in Latin America and India. According to
Hussein (2022), Latin America is highly exposed to the
risk of underproduction and complete sabotage of agri-
cultural produce due to the spiking prices of potash and
phosphates, which are critical in the production process
(Bakeltis, 2022). To be more specific, Latin America is
specialized in soybean production, which requires high
levels and continuous availability of potash and phos-
phates (Deng et al., 2022). Russia temporarily stopped
production and exportation of these fertilizers, sanctions
are imposed on Belarus, Ukraine is at its lowest level of

economic, political,and social stability due to the war. It
all led to the soybean production facing uncertain times
and possible compromise. It is also important to note
that Belarus, Ukraine, and Russia make up to 45% of
potash production and export, hence controlling the
market for these essential organic fertilizers (Yousaf et
al, 2022).

Farmer relies on the application of essential organic
fertilizers such as Nitrogen (K), potash (K), and phos-
phate (P) for increased growth and production (Kirilenko
and Dronin, 2022). All these organic fertilizers can be
accessed globally, with the main producers being Russia,
Ukraine, and Belarus. Russia is a particularly major pro-
ducer of Nitrogen and Potash, as shown in Figure 1. In
addition, Russia is also a key producer of nitrogen fertil-
izer raw material, natural gas, which is mostly exported
to the European Union members and India (Nevzorova,
2022). The Russia-Ukraine war and, most especially, the
sanctions imposed on Russia have led to the latter being
cut off from the global market, thus limiting the pro-
duction and exportation of these essential organic fer-
tilizers (Korovkin and Makarin, 2021). This phenomenon
has increasingly created a supply shock and subsequent
imbalance in the global supply and demand chain, thus
limiting the production and exportation of Nitrogen and
potash as this is being experienced and is much visible
to the current market.

c 2 € [}
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Production  0.59% 0.68% 0.71% 1.19% 0.00% 0.00% 0.43% 0.04% 0.00% 17.48%
Belarus ]
Exports 0.13% 0.42% 0.06% 0.00% 0.00% 0.00% 0.00% 0.06% 0.00% @ 20.51%
Production 10.53%  5.33% 6.27% | 2544% | 3.74% 8.43% 7.93%
Russia 5
Exports 22.71% = 1391% : 2.54% 4.14% 9.18% 0.00% - 14.52% 8.24%  20.66%
Production  1.51% 1.74% 0.19% 3.32% 1.33% 0.00% 0.00% 0.01% 0.00% 0.00%
Ukraine
Exports 0.91% 2.94% 0.05% 0.84% 1.80% 0.00% 0.00% 0.00% 0.00% 0.00%

Countries/regions with greatest need for supply chain adjustment if trade is impacted
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Figure 1. The vulnerability of the war on Ukraine, Russia, and Belarus on the global share of Nitrogen, potash,
and phosphate production
Source: IFA (2022)
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According to Ozil (2022) and Meena (2022), Nitrogen
price has been on a sporadic rising scale since the war
began, and this phenomenon can be explained using
two factors and reasons. Firstly, potash (K) is supplied by
three major countries which are Belarus, Ukraine, and
Russia and sell to other importers, meaning that they
have total control in determining and influencing the
price of this fertilizer (Astrov et al., 2022). Secondly, the
sanctioning of Belarus due to the 2021 reports on the
country suppressing and victimizing protest and now in
support of Russia on its invasion of Ukraine has further
impacted the supply and demand chain for these organic
fertilizers, given that Belarus and Russia combined, control
over 40% of the potash and nitrogen global exportations
as shown in figure 1 (Paulson et al,, 2022; Hosseini, 2022).

To critically understand the severity of the Rus-
sia-Ukraine war, it is important to look at how the organic
fertilizer rising prices will affect different countries. Ac-
cording to Nagarjuna (2022),the direct and severe impacts
of the war on organic fertilizer have already been felt in
India.India is at its peak of sowing for the next season to
plant farm produce such as cotton, rice, and corn at the
beginning of June. This process is likely to be sabotaged
or delayed because all this production depends on Ni-
trogen, potash, and phosphate fertilizers whose prices
have skyrocketed due to the war (McWilliams et al., 2022).
Brazil is also starring indirect sabotage of its soybean
production, which depends on the potash and Nitrogen
fertilizers produced and imported from Russia and Ukraine.
Brazil imports over 40% of its potash and Nitrogen fertiliz-
ers from Belarus, Russia, and Ukraine (Dent and Boincean,
2021; Gutiérrez-Moya et al.,2021). Latin America has also
been impacted, especially in producing its large-scale
wheat that depends on potash fertilizers from Russia and
Ukraine.

The Russia-Ukraine war exposes the global market
to greater food risks due to inadequate raw materials and
subsequent unmet import and export demand (Oxford
Analytica, 2022). Before the war began, Ukraine was sched-
uled to export more than émillion tons of wheat across
the global market, while Russia was estimated to export
more than 8 million tons of wheat across the global mar-
ket (Alyukov, 2021). According to the Food and Agriculture
Organization (FAQO) estimates, before the war began,
Ukraine and Russia were expected to export more than
14 million tones and 2.5 tons of maize across the global
market (Finance, 2022; Lang and McKee, 2022). All these
exportations have been hugely hindered either partially
or completely, especially from the Ukraine side more than
Russia.

Given the uncertainty of the war in regards to the
scale of destruction, damage, and the duration that the
war will last, researchers have pointed out two essen-
tial scenarios that are likely to play out in regards to
organic fertilizers and agricultural production in the
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coming months and years (Zhongming and Wei, 2022).
The majority of these researchers have made diverse
scenarios assuming that the price of natural oil, which
is the primary raw material for organic fertilizer, will
continue rising. One of the real scenarios is that the rise in
natural oil prices will subsequently increase the price of
organic fertilizers for the next five years (Oxford Analytica,
2022).This scenario provides a complete projection from
the one that has been previously given based on the
COVID-19 recovery and growth rate for both countries.
Before the war, the two countries had projected a rise in
growth and development of the national gross domestic
product (GDP) over the next five years,a projection which
has failed due to the eruption and continuity of the war
till now (Blinnikoy, 2021).

According to E.Mammadov (2022),another scenario
is that even though there would be alternative producers
that will respond to the higher prices of organic fertilizers
and agricultural products to replace Russia and Ukraine,
there would still be a considerable supply gap in the
global market (Hunt et al,, 2021).Additionally,even though
most of both countries’ cereals will be ready for harvesting
from June, the uncertainty at the end of the war poses
a huge risk in harvesting thus causing a huge threat to
the global food security (Lun et al.,, 2021). The war threat-
ens the availability of labor and farmers to tend the crops
in cultivating, sowing, harvesting, marketing, and selling
the farm produce (Boincean and Dent, 2019).

CONCLUSIONS

The Russia-Ukraine War has escalated the supply shock
to organic fertilizers for agricultural growth and food
production across the global market.The research results
indicate that the supply shock of organic fertilizers due
to the war has negative impact due to increased infla-
tionary pressures. It will lead to a sharp rise in prices for
fertilizers and food. This is due to the fact that Ukraine
and Russia are the leading producers of agricultural
products worldwide. Additionally, Russia is the leading
producer and exporter of natural gas, the primary raw
material for manufacturing organic fertilizer.

With the war and many sanctions imposed on
Russia, the production and exportations operations have
been heavily affected by being disrupted or temporarily
stopped. This means that Ukraine and Russia largely
control the food and fertilizer in the global market, and
therefore, the war has a direct impact on food production,
hence the skyrocketing prices being experienced. Nitro-
gen, potash,and phosphate prices have been on a rising
scale since the war began as these countries are the
main producers and exporters of these fertilizers. The
war has caused civil unrest, population displacement,
and migration. There are great risks in cultivating and
harvesting farm produce and uncertainty in marketing
and sales.
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Lok npono3uuii opraHiyHMX BO6pUB ANA CiNbCbKOro rocnofapcTBa,
LLIO CNPUYMHEHI HacniaKaMn pocCinCbKO-yYKpPaiHCbKOi BiNHU

Epmip LLlaxini', €BreH Ckypait?, ®ar6apax Cannaky?, lnenp WaxiHi?

YHiBepcuTeT Onekcanapa Moiciy B yppeci
2001, syn. Rruga Currila, 14, m. yppec, AnbaHis
2ArpapHuit yHiBepcuteT TupaHu
1025, Byn. Paisi Vodica, M. TupaHa, AnbaHis

AHoTauis. YkpaiHa Ta Pocis € ofHMMM 3 NPOBIgHUX CBITOBUX BUPOBHMKIB CiNlbCbKOrOCNOAAPCbKOT MPOAYKLi, HA HUX
NPpUNafa€ MiNbAOHM TOHH CBITOBMX NPOAYKTIB Xap4yBaHHS, 8 TAKOX BUPOOHULITBO Ta eKCNOPT OpraHivyHmnx Aobpus. 3
OrnsaAy Ha e, poCiMCbKO-yKpaiHCbKa BiMHa CNPUYMHMAA BENUYE3HUI 3pUB | BENUKUIA LOK Y NOCTAYaHHI OpraHiyHnX
[06pMB i CiNbCbKOroCcnoAapcbKoro BUpOOHULTBA, @ TaKOXK LiiH HA MPOAYKTU Xap4yBaHHS MO BCbOMY CBITy. MeTot aBTopiB
6yno npoaHanisyBaTtu BNAMB POCIACbKO-YKPAiHCbKOI BiliHM Ha CiibCbKe rOCMOAapCTBO, 30KpeMa Ha OpraHiyHi 4obpuBsa
Ta CiNbCbKOrocnoaapcbke BUPOOHMLTBO. Y AOCNIAXKEHHI BUKOPUCTOBYBABCS METOA, CUCTEMATUYHOMO AOCTIIKEHHS ANs
360py AaHUX NpPO MaclTabu BNAMBY BiiHW HA OpraHiyHi LO6pMBa Ta BUPOOHMLITBO XapyoBUX NPOAYKTiB. Pe3ynbtati
[LOCNiMKEHHS CBiAYaTb Npo Te, WO BillHA Npu3Bena 4O MOPYLIEHHS NMOCTAaBOK OPraHiyHMX A06pPUB, CKOPOUYEHHS
CiNbCbKOrocnoAapcbKoi NPoAyKLiT Ta NOAANbLIONO 3pOCTaHHA LiH Ha CiIbCbKOroCnoAapcbKy Npoaykuito. locnigkeHHs
MOKa3YH0Tb, LLIO 3pOCTaHHS BapTOCTi 406pmB 6e3nocepesHbo BMNMBAE HA BUPDOOHMLITBO Ta MOCTa4aHHS NPOLYKTIB XapyyBaHHS.
BiliHa nopywwmna XuTTE3AaTHE CEpenoBuLLE ANS CiNbCbKOrOCMOAAPCbKOro Ta OpraHiyHoOro BUpobHULITBA Ta eKCnopTy
3 iHLWMX KpaiH, CMPUYMHMBLLM 3POCTAHHS LiiH Ha NPOAYKTM Xap4yBaHHS Ta 3arpo3y NpoAoBosbYii He3neLi B yCbOMy CBITi.
HeobxifHo 3abe3neunTy, WwWob MixkHapoaHa TOPriBns ctana BiNbll rHYYKOH Ta BIAKPUTOW Y chepi BUpOOHMLTBA Ta
eKCrnopTy f,06pMB, XapHOBMX NPOAYKTIB. ICHYE Takox noTpeba cnpusTM NONITMYHOMY Aianory Ta pUHKOBOMY KOHTPOJIHO,
TaKoX Np030pOoCTi, 0c06IMBO B yMOBaxX HEBM3HAYEHOCTi CBITOBOrO NMPOLOBOBYOIO PUHKY Yepe3 3pUBU, CMIPUYMHEHI
POCINCbKO-YKPATHCbKOK BiliHO. Pe3ynbTaTv fLocnigKeHHS MOXyYTb OYT1 BUKOPUCTAHI HAYKOBLSIMU, EKOHOMICTAMM Ta
rpOMafCbKMMM AisiyamMu AN nobynoBM NOAANbLUMX NPOrHO3iB CTaHy CiflbCbKOrO roCMoAapCTBa, @ TakoX AN nobynosm
CTparterii NoKpaLeHHs EKOHOMIKM AesaKUX KpaiH, 30Kpema YKpaiHu

KniouoBi cnoBa: WOK naHLra nocrtaBok, CiNbCbKOrocnoaapcbke BUPOOHULTBO, LiHM HAa MPOAYKTU XapyyBaHHS,
CMPOBMHA, ekcrnopT Ao6pus
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