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New record of Anthocoptes platynotus Nalepa (Acari: Eriophyoidea)...

the botanical gardens of Kyiv and Zhytomyr (Ukraine) for the presence and damage by mites of the
superfamily Eriophyoidea. During the study, field and laboratory methods were used in accordance
with generally accepted methods in acarology and plant protection. As a result of the study, on
Cornus mas L. plants, a four-legged mite Anthocoptes platynotus Nalepa, 1898 was found. This is
the farthest northern distribution zone of the species in Ukraine. New data on the harmfulness
of this species were received. It was determined that under A. platynotus feeding, there was a
slight deformation of the leaf lamina on both sides of the leaf veins, there was no leaf bleaching.
The population level of A. platynotus on six varieties of a plant subg. Cornus was determined. It
was established that it was different. Phytophage-mite damaged the varieties “Elegantnyi” and
“Kubanskyi” the most. The least affected were the varieties “Mosvir-1" and “Novyi". The varieties
“Bylda” and “Svitliachok” had a medium degree of damage. A. platynotus lives on the underside of
a leaf and does not form galls or felt. The peak of phytophagous population in the research region
occurs at the end of July. It was noted that a low number of A. platynotus does not substantially
affect the growth and development of the leaves on the fodder plant. The practical value of the
study lies in the fact that the information on A. platynotus presence, abundance, and spread will

help in sampling the mites and making future management decisions

Keywords: four-legged mites; identification; varieties; spread; harmfulness; population

INTRODUCTION

Cornel (Cornus mas L.), a shrub or small tree, is
one of the most valuable fruit, medicinal, tech-
nical, and ornamental plants. The fruits of cornel
contain carbohydrates (glucose, fructose), pectin
substances, polyphenols, ascorbic acid, various
vitamins, mineral salts of potassium, phospho-
rus, calcium, phosphorus, iron, magnesium, bi-
ologically active substances. Sweet fruits of cor-
nel are used for food - jams, jellies, marmalades,
jams, extracts, fillings, syrups, kvass, compotes,
soft drinks are made from them. Fresh fruits and
juice of cornel are used in medicine as an astrin-
gent, tonic, antifever, appetizing, antirheumatic,
antidiabetic remedy. For medicinal purposes,
shoots, leaves, bark, roots, seeds are also used.
Cornel is an excellent mellifer, blossoms one of
the first fruit seed and stone crops. It is valued
not only for its high yield and excellent nutri-
tional and flavour qualities of fruits, but also for
its high economic efficiency and environmen-
tal friendliness. However, cornel plantation is a
habitat for some pest species. One of the groups
of pests damaging cornel is mites of the super-
family Eriophyoidea (Acari: Eriophyoidea). They
are very small organisms and are almost impos-
sible to observe with the naked eye without the
use of some kind of microscopic device.

Eriophioid mites are obligate phytophagous
and for the most part exhibit a high level of host

D

specificity and adaptability. They are capable of
infesting almost all parts of plants, excluding
roots. As noted by E. de Lillo et al. (2018), many
species of Eriophioid mites are considered eco-
nomically important because of certain damag-
es such as chlorotic spots, galls, blotches, stunt-
ing, or curling of leaf edges that they can cause.
Some species can transmit phytopathogenic vi-
ruses (Kubota et al., 2022; Albrecht et al., 2022).

To date, about 5000 species of Eriophioidea
havebeendescribed, which, accordingtoexperts’
estimates, is no more than 5-10% of their global
diversity (Bondareva & Timoshchuk, 2020). One
of the reasons for the poor examination of the
group is the extremely small size of Eriophioidea
(100-300 um in length), which allows consider-
ing them as one of the examples of multicellular
organisms that are on the verge of miniaturisa-
tion. According to K. Kotgtaj (2017), the small size
and low mobility of eriophioid mites allow them
to passively spread over long distances through
air currents, rain, and especially through trade
in planting material and food.

Most quadrupedal mites are vagrant spe-
cies on exposed plant parts, but latent forms are
present among many Eriophiidae. According to
V. Martynov et al. (2021), the response of plant
cells to mite feeding varies considerably in se-
verity. Free-living Eriophiidae in most cases do
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not cause damage visible to the naked eye, but in
case of mass reproduction may lead to rusting,
bronzing, or chlorotic appearance of damaged
parts. A relatively limited proportion, approxi-
mately 10-15% of these mites, reside in natural
storage sites on the host or within the galls they
create (Jiang et al., 2021).

In recent decades, there have been almost
no focused studies of species and structural
diversity of four-legged mites in Ukraine. How-
ever, every year acarological scientists around
the world describe new species of mites of the
superfamily Eriophyoidea that pose a threat
to plants. For example, F. Bahirai et al. (2021)
recorded 11 new species of four-legged mites
in Lorestan province of Iran on different host
plants. According to Y.P. Yanovskyi et al. (2021;
2022), currently, outbreaks of mass reproduc-
tion of four-legged mites on garden plants are
recorded everywhere in Ukraine, which leads
to the relevance of ecological and faunistic
studies. Despite the importance of these mites
as pests, knowledge about their distribution
and trophic relationships in Ukraine is largely
insufficient.

Overall, the examination of four-legged
mite activity in various fruit and berry crops
remains pertinent. Neglecting these potential-
ly harmful biological factors could result in de-
creased drought and frost resistance, ultimately
leading to a substantial decrease in crop yields.
Knowledge of the biology, ecology, and behav-
iour of these phytophages is necessary to de-
velop programmes for effective control of the
number of four-legged mites. Detailed data on
the development cycle of the main mite pests

under natural conditions, including the influ-
ence of weather and climatic conditions and
host plant type, are required.

Therefore, the objective of this study was
to examine the botanical gardens of Kyiv and
Zhytomyr to identify mites of the superfamily
Eriophyoidea in cornel plantations. The tasks
included the analysis of trophic relationships of
phytophagous mites, and the primary assess-
ment of population status and the degree of
harmfulness. The use of sticky tapes as a method
of effective phytosanitary monitoring of mites
will allow for detecting mites at early stages.

MATERIALS AND METHODS

The monitoring was conducted in 2021-2022
from May to September on the territory of
Botanical Garden named after academician
O.V. Fomin in Kyiv, in the National Botanical Gar-
den named after M.M. Hryshko (National Acade-
my of Sciences of Ukraine), in the Laboratories of
non-traditional fruit cultures of the production
unit National University of Life and Environmen-
tal Sciences of Ukraine, in The Botanical Garden
of Polissia National University in Zhytomyr.

Six varieties of Cornus mas L.: “Elehantnyi”,
“Kubanskyi”, “Bylda’, “Svitliachok”, “Mosvir-1",
and “Novyi” were inspected in the Laboratories
of non-traditional fruit cultures of the produc-
tion unit of the National University of Life and
Environmental Sciences of Ukraine. Thirty cor-
nel leaves of each variety from the lower side
were examined, and when the lamina was de-
formed, both the phytophagous density and the
leaf damage were determined on a five-point
scale (Table 1).

Table 1. The qualitative and quantitative scale of density
of Anthocoptes platynotus population on the leaves of Cornus mas

Signs of damage The area of the leaf surface with the signs of damage, % | Point
The leaf surface without noticeable signs of
No damage . ; . ) 0
deformation near the main and the side veins
Damages are slightly noticeable (the surface across 3.4 1
the main and the radial leaf veins is deformed)
Slight 5-10 2
Medium 11-20 3
Severe 21-50 4
Very severe >50 5

Source: developed based on the study by C.0. Trybel et al. (2001)

Plant and Soil Science (14)4
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A transparent adhesive tape was used to
identify and estimate the number of mites ac-
cording to PY. Chumak et al. (2020) (Fig. 1). The
adhesive side of the tape was placed on the cor-
nel leaves and slightly pressed with the fingers.

Figure 1. The use of translucent
adhesive tape for mite monitoring
Source: photo by the authors

The prints obtained on one piece of tape
were placed on the appropriate sized glass slide
with the sticky side to the glass, and a roll of
tape was cut off from the preparation with the
scissors. The mite samples were labelled with a
marker. The sample number, date, and place of
picking were noted in the notebook. The use of
adhesive tape for the examination of eriophy-
oids allowed obtaining data on the presence of
the object and simultaneously detecting almost
all stages of both live and dead pests. While pick-
ing the pests, there are predatory insects and
mites which after ‘shaking off’ disappear quick-
ly and are out of sight. Therefore, this method
opens up new possibilities for analysing the lo-
cations of mites on the lower and upper surface
of leaves, near the base of leaves and evaluating
the effectiveness of acaricides and their effect
on predatory mites.

The mite specimens were placed on the
slides in Hoyer’s liquid. They were identified
using a microscope Optika B-350 (Country of
manufacture - Italy). Microphotographs of the
live objects were taken with a microscope Leica
M 165C (Country of manufacture - Germany),
and the mite photographs were taken with a
microscope Optika B-350 and a digital camera

1)

Sigeta MDC-200 2.0 MP (Country of manufac-
ture - China). The material used in the study is
stored in the collection of the Department of
Entomology, Integrated Protection, and Plant
Quarantine of the National University of Life and
Environmental Sciences (Kyiv, Ukraine).

To determine the effect of eriophyoidous
mites on the growth and development of leaves
of Cornus mas, the leaf damage index (I) was
used, which was determined by the formula
(Trybel et al., 2001):

Is — Z 100ab (1)’

5N '’

where I - the index indicator of leaf damage,
%; % (ab) 100 - the sum of indicators multiplica-
tion of tested leaves number (a) by the degree of
phytophagous damage to the leaves (b); N - total
number of the tested leaves; 5 — a higher degree
of the damaged leaves on a five-point scale.

The area of a leaf surface was calculated
according to PV. Savchenko & N.S. Kozhush-
ko (2013). Digital data were processed using in-
dices accepted in statistics. The mathematical
processing of the measurement results was
conducted using the package of MS Excel. The
experimental studies of plants (both cultivated
and wild), including the collection of plant mate-
rial, were conducted in accordance with institu-
tional, national, or international guidelines. The
authors adhered to the standards of the Conven-
tion on Biological Diversity (1992) and the Con-
vention on Trade in Endangered Species of Wild
Fauna and Flora (1979).

RESULTS AND DISCUSSION

The Anthocoptes platynotus Nalepa (1898) (Acari:
Eriophyoidea) was first registered when examin-
ing cornel (C. mas) in urbophytocenosis of north-
ern Forest-Steppe of Ukraine in 2021 (Fig. 2).

For the first time, the mite species was
found in the Botanical Garden named af-
ter academician O.V. Fomin in Kyiv (latitude:
50°44’ N, longitude: 30°50’ E), in the National
Botanical Garden named after M.M. Hrysh-
ko (National Academy of Sciences of Ukraine
(latitude: 50°41" N, longitude: 30°56’ E), in the
Laboratories of non-traditional fruit cultures of
the production unit of the National University
of Life and Environmental Sciences of Ukraine
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(latitude: 50°38’ N, longitude: 30°50’ E), in The
Botanical Garden of Polissia National Univer-

2

sity in Zhytomyr (latitude: 50°25’ N, longitude:
28°69'E).

Figure 2. Anthocoptes platynotus Nalepa

Source: photo by the authors

According to the original description of A.
platynotus made by Nalepa in 1898, the body of
the female is oblong and narrow. The shield is
almost pentagonal and smooth and protrudes
above the rostrum. Scapular setae (sc) are about
half the length of the shield directed upwards;
humps are large, widely spaced, and distant
from the rear edge. Rostrum is small. Legs are
rather short, Gl. 4 and 5 are almost the same
length. The claw is 4-ryed. Sternal side is not
bifurcated. The abdomen has 13 wide, smooth
posterior half-rings, they are strongly flattened,
their side parts bent at an angle. Setae c2 are
long and very delicate. Setae d are slightly short-
er than setae e, very short and delicate. The cov-
er flap is striped. Setae I are quite long. ¢ body
length is 130 pm, width is 30 um; ? body length
is 150 pm and width is 40 pm. A species infests

a fodder plant C. mas. Slightly twisted leaves are
mostly discoloured (Nalepa, 1898).

There is very little information in the liter-
ature about the spread and harmfulness of A.
platynotus on the plant species of Cornaceae in
Europe. Earlier, the mite was identified on Cor-
nus sanguinea and Cornus mas in Hungary and
Italy (Hillring, 2003; Ripka, 2007 Ripka, 2008).
In the authors’ opinion, the mite population in
the northern part of a Forest-Steppe zone of
Ukraine, characterised by more severe winter
conditions compared with subtropical climates
in Italy and the temperate climates in Hungary,
points at the range of the ecological valence of a
mite-phytophagous.

The feed attractiveness of six varieties of C.
mas and the infestation density on the leaves
were analysed (Table 2).

Table 2. Population density of Anthocoptes platynotus
on Cornus mas plants (average during the period of 2021-2022)

Varietios ::im“:;: Adult, specimen/leaf Larva and nyrlr::I;s, specimen/ DeadI::fe'(‘:;émen/
Total Per leaf Total Per leaf
“Elehantnyi” 3-4 380.0 42.2 110.0 12.2 11.2
“Kubanskyi” 3-4 290.0 36.3 110.0 13.7 12.5
“Bylda” 2-3 350.0 31.8 20.0 1.8 9.1
“Svitliachok” 1-2 210.0 23.3 0.0 0.0 11.1
“Mosvir-1" 0-1 120.0 15.0 50.0 6.3 12.5
“Novyi” 0-1 10.0 1.3 0.0 0.0 12.3

Source: compiled by the authors
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As follows from the results of a cornel plant
inspection, there are some differences in the
density of mite infestation on different varieties.
The varieties “Elehantnyi” and “Kubanskyi” were
the most damaged (4 points). The average num-
ber of adults per leaf equalled 36.3-42.2 spec-
imens, larvae - 12.2-137 respectively. Medium
mite infestation was registered in “Bylda” variety
(point of damage - 2-3). There were registered
31.8 adult per leaf and 1.8 larvae per leaf on this
variety. The degree of damage - 1-2 points and
23.3 adults per leaf were registered in the varie-
ty “Svitliachok”. The plants grew side by side and
did not have any separating barriers, the gener-
al insolation and the humidification conditions
were similar, but the infestation of two varieties,
“Mosvir-1" and “Novyi” with A. platynotus, was
substantially less (the point of damage - 0-1),
the mite number equalled 1.3-15.0 adult per leaf
and 0.0-6.3larva per leaf. The noticeable signs of
plant damage were not detected.

Notably, there was a great amount (9.1-
12.5% depending on the variety) of dead, dry,
and transparent mites on the leaves of C. mas.
It is known that no pesticides were applied on
the plots of laboratories of non-traditional fruit
cultures of production for 12 years. Perhaps, it
is connected with the activity of a mite Zetzellia
mali from Stigmaeidae, because its specimens
were found on the leaves.

No larva was found on the varieties “Svitli-
achok” and “Novyi” when the samples were tak-
en. It can indicate both the speed of a mite de-
velopment and the resistance of the varieties
to A. platynotus. Presumably, on some varieties,
the mite goes through all stages of development
faster than on others. There is age-related het-
erogeneity of a tested population of A. platyno-
tus (larvae and nymphs, their ratio on different
varieties), that can promote a population’s sur-
vival and can be a sign of species viability.

The information about the eriophyoidous
mites on plants is different in many taxonom-
ic and faunistic papers. There are some singu-
lar studies that consider the real influence of
these mites and the changes that occur in plants
when they interact. As noted by L.A. Ivanova et
al. (2022), the gall mite infestation resulted in
chlorosis, destruction of photosynthetic appa-
ratus in gall-infected leaf parts, leaf deforma-

0

tion, and a decrease in leaf area. Such a factor as
a variety can affect the population of four-leg-
ged mites. There is fragmentary information in
the available literature about the damage to the
varieties of cultivated plants by eriophyoidous
mites. V. Moskalets et al. (2022) observed that
the damage inflicted by Aceria huppopara Nal.
on early-ripening sea-buckthorn varieties was
lower than the damage observed in medium-
and late-ripening varieties.

L.M. Bondareva § P.Ya. Chumak (2021) point
to the variability of infestation and damage by
Eriophyes pyri Nal. to the plants of pear varieties.
Heavily damaged are mostly the varieties of the
winter-ripening period. As noted by J. Moreira et
al. (2020), Aculus schlechtendali Nal. is found
on all examined apple varieties in Brazil, with a
greater number on the Fudzhy and Yeva varie-
ties and a smaller phytophagous population on
the Gala variety.

Mite reactions to different plant species can
be different depending on the differences in the
nutritional value of the leaves and surface mor-
phology, the availability of toxic components
and accumulation of secondary metabolites, the
availability of necessary enzymes in mites and
their digestive capability, etc. (Boom et al., 2003).
The degree of mite infestation can depend on
the degree of lamina pubescence. However, hav-
ing conducted the comparison of lamina pubes-
cence and intensity of infection by mites, the
authors did not detect any coherence. It cannot
be excluded that A. platynotus will infest other
varieties of Cornus mas in the botanical gardens,
considering the fact that a variety resistance to
any specialised phytophagous is always relative,
eventually, even a relatively resistant variety be-
comes a favourite one for a pest.

A. platynotus lives on the underside of a leaf
and doesnotform galls or felt. This mite overwin-
ters in a form of deitogeynous female inside the
buds of cornel plants, and then all spring forms
of mites move to the leaves and begin feeding
and laying eggs. According to observations in
the conditions of the northern Forest-Steppe
zone of Ukraine, the activity of the mite begins in
May and continues untill the middle of Septem-
ber. In general, the four-legged mites reproduce
quickly. The peak of A. platynotus number in the
research region is at the end of July.
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The potential for eriophyoidous mites
spreading by moving is limited, and the ways of
spreading are wind or phoresis. The dispersion
of phoresis occurs when these mites stick to
other organisms to be transferred to a new host.
Spreading by the wind is more risky for these or-
ganisms because due to the high host specificity
of these mites, there is little chance of reaching
the appropriate host. On the contrary, having
a pollinator of the host plant, the chances for
reaching the appropriate host increase as in the
case of Aceria litchii Keifer (Acari: Eriophyidae),
which is associated with bees that pollinate ly-
chee trees (Jiang et al., 2021) and Aceria pallida
Keifer (Acari: Eriophyidae), which is associated
with psyllidae Bactericera gobica Loginova (He-
miptera: Triozidae) (Liu et al., 2019).

The biological colonisation of agricultur-
al plants by four-legged mites can have nega-
tive consequences, including reduced yields.
Hence, gathering and analysing data regarding
the biological and ecological characteristics,
including their dispersal abilities, serves as a
valuable predictive model for pests, specifi-
cally, A. platynotus. As noted by L. Kuczynski et
al. (2020), the examination of the settlement
process is especially difficult when considering
microscopic organisms, such as four-legged
mites, which spread passively.

In order to detect a particular pestin a time,
it is extremely important to identify the signs,
characteristic of the damage caused by this
pest. A. Nalepa (1898) indicates the reaction of
a plant on mite nutrition in the form of slight-
ly folded or twisted, mostly bleached leaves. In
the available literature, there is no detailed de-
scription of the character and possible extent
of damage which A. platynotus phytophagous

can cause to a fodder plant. According to the
authors’ observations, the leaves of all tested
varieties of cornel do not get twisted. There is a
slight deformation of the lamina on both sides
of leaf veins by the basis of side leaf veins. There
is no leaf bleaching (Fig. 3).

The results of the study testify to the fact
that there is some influence of A. platynotus on
the growth and development of cornel leaves
but it is characterised by rather low indicators
(Table 3). According to the data received after
a one-factor analysis, the average area of one
leaf of Cornus mas “Macrocarpa’ decreases
from 56.1 dm? under a low degree of mite in-
festation (1 point) to 54.9 dm?in a variant with
heavy leaf damage (4 points). Thus, no serious
damage to the dogwood plant by A. platynotus
was identified.

Figure 3. A lower side of a leaf of Cornus mas
is infested with A. platynotus
Source: photo by the authors

Table 3. The influence of Anthocoptes platynotus on the growth
and development of leaves of Cornus mas “Macrocarpa”

Statistical comparison of the variants
Degree of Leaf parameters Difference
damage, point (dm?) between the F-Fisher criteria Relevance Impact power
average
3-4 54.9+1.935
1.20 0.178 0.8547 0.09998
0-1 56.1+2.084

Source: developed by the authors
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The nature of the damage, caused by erio-
phyoidous mites and the assessment of yield
losses still require detailed research if appro-
priate strategies on population control and
risk reduction are to be planned. An impor-
tant measure for plant protection from mites
is to observe basic preventive measures. The
new plants should be sufficiently isolated from
those places where the plantations were colo-
nised by phytophagous mites. Planting material
must be checked for the absence of pest infes-
tation. In addition, agrotechnical methods of
plant care must be followed. Knowledge about
the resistance of agricultural crop varieties to
phytophagous mites will allow reducing pesti-
cide burden and costs of conducting the pro-
tection measures.

The natural predators of four-legged mites,
such as predatory mites or acariphages (Am-
blyseius finlandicus Oudemans, 1915; Parasei-
ulus soleiger Ribaga, 1904), Phytoseiulus persi-
milis (Athias-Henriot, 1957), thrips (Scolothrips
sexmaculatus Pergande, 1891), (Chrysoperla
carnea Stephens, 1836), and phytopathogen-
ic fungi (Beauveria bassiana (Balsamo-Crivel-
li), Vuillemin, 1912; Streptomyces avermectinius
Takahashi and others, 2002), induce epizootic
outbreaks, contributing to the destruction of
these four-legged mites (Moskalets et al., 2022).

Biological control is not yet sufficiently used
for the control of the mite, although entomo-
pathogenic fungi are one of the most promis-
ing alternatives, which is demonstrated by the
substantial mortality of eriophyoids in the field.
Chemical control of eriophyoids leads to failures
due to resistance to acaricides, which is sur-
prising when compared to the global problem
of fighting against spider mites (Van Leeuwen
& Dermauw, 2016). The use of mites-resistant
plant varieties leads to a reduction in economic
costs in the cultivation of fruit and berry crops
and is one of the factors in the development of
cultivation technologies to increase yields. Re-
sults show differences in mite infestation among
C. mas cultivars that can be used to develop new
mite-resistant C. mas plantations.

Cornel has medicinal and decorative prop-
erties, and increasing global trade in this plant
is likely to facilitate the further introduction of
associated arthropods, particularly four-legged

mites. The results support this claim. A. platyno-
tus was first detected in the northern part of a
Forest-Steppe zone of Ukraine. At low numbers,
the mite rarely causes substantial damage to
C. mas, but when its numbers increase, it can
lead to serious damage. More intensive exami-
nation of cornel in the parks, gardens, and nurs-
eries will undoubtedly lead to further records,
providing a better understanding of the distri-
bution of alien arthropod species in Ukraine.

CONCLUSIONS

Thus, the study informs about the first identi-
fication of A. platynotus Nalepa on the C. mas
bushes in the botanical gardens of the North-
ern part of a Forest-Steppe zone of Ukraine.
The mites were identified on six varieties of
host plants with different infestation densities.
At the time of inspection, the highest point (3-
4) of cornel plant infestation with phytophago-
us was registered on “Elehantnyi” and “Kuban-
skyi” varieties. The number of adults per leaf
was 36.3-42.2, and larvae - 12.2-13.7, respec-
tively. The medium mite infestation was ob-
served in the variety Bylda (2-3). On this variety,
31.8 adults per leaf and 1.8 larvae per leaf were
recorded. The variety “Svitliachok” showed a
damage level of 1-2 points and an adult num-
ber of 23.3 per leaf. The lowest point of damage
by mites (0-1) was identified on “Mosvir-1" and
“Novyi” varieties. A further wide implemen-
tation of resistant varieties of dogwood will
contribute to reducing the number of pests, in
particular A. platynotus.

The low number of A. platynotus does not
have a substantial influence on the growth and
development of C. mas leaves. It was deter-
mined that the average area of one leaf of Cor-
nus mas “Macrocarpa’ decreased from 56.1 dm?
with a low degree of mite infestation (1 point) to
54.9 dm? in the variant with severe leaf damage
(4 points). The diagnostic signs of cornel leaves
damaged by the mite are slight deformation of
the leaf blade on both sides of the leaf veins at
the base of the lateral leaf veins. Yellowing of
the leaves is not observed. In the course of the
study, the method of monitoring cornel plants
when using adhesive tapes for selecting the
specimen of this population has been improved.
Knowledge of the number, location of the pest,
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and the damaged varieties is important for spe-
cies monitoring and for future measures on pest
control. Monitoring will help to understand the
pattern of pest spread and contribute to the un-

determining the economic limits of its harmful-
ness and developing ecologically safe measures
of establishing the phytophagous number.

derstanding of how the spread of this pest could ACKNOWLEDGEMENTS
have occurred on research areas. None.
Further research will be directed at re-
searching the risk of the productivity reduction CONFLICT OF INTEREST
of the C. mas bushes infested by A. platynotus, None.
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HoBa 3Haxiaka Anthocoptes platynotus Nalepa
(Acari: Eriophyoidea) Ta Moro umcesnbHicTb

Yy Hacap)XeHHsaAX Cornus mas L. B NiBHIYHIN YaCcTUHI
JlicocTenoBoi 30HU YKpaiHU

AHoTauia. HazpomuHa Eriophyoidea € Benukoio i pi3HOMAHITHOIO TPYIIOK KITIIIB, SKi
[1apasuTyoTh Ha 6araTopiyHMX pOCIMHAX, LU0 MaiOTh BasKJIMBE EKOHOMiuHe 3HAUeHHA Y
CLTBCBPROMY Ta JIICOBOMY IOCITOZAPCTBI. X momnpenHs TepuTopieo VRpaiHu MoKe CIIPUYUHUTH
3HA4yHI BTpaTU BPOsKalo, 110 BM3HA4Ya€ aKTya/JbHICTh MOHITOPUHIY HacaAjKeHb Ha IpeAMeT
HasBHOCTI LIbOTO BUJIY ITapa3uTiB. MeTO LIBOTO NOCTIAKeHHS 6yI0 06CTeReHHS HaCaA)KeHb
Kusuiny B 6oraHiuHumx cagax M. KuiB i M. Xutomup (VKpaiHa) Ha MpeaMeT 3acelieHHS Ta
MIOIIKOM)KEeHHA KJiimaMu HaapoauHu Eriophyoidea. Ilim dYac mnpoBemeHHA OOCIiAKEHb
BUKODUCTOBYBAJIM IIONBOBI Ta sabopaTopHi MeTOAM 3TiZHO i3 3arajJpHONPUMHATHMU B
aKapaJsiorii Ta 3axMCTi pOCIMH MeTOAUKaMU. B pe3ynbrarti JOCHiAKeHb BIleplle Ha POCIMHAX
Cornus mas L. BUSBJIEHUN YOTUPUHOTUHU KiTil Anthocoptes platynotus Nalepa, 1898. Lle Hat16i1b11
MiBHIYHINIA 30HA MOIIMPeHHA BUAY B YKpaliHi. OTpMMaHO HOBI aHi IIpo MKIiAJUBICTh LILOTO
BUAY. BCcTaHOBIIEHO, LII0 IIPU JKUBJIEHHI A. platynotus criocTepiraeTbcs HesHauHa AepopMallis
JINCTOBOI IUTACTUHU IO 06uABa GOKU JKWIOK, 3He6ApBJIEHHS JIMCTKIB BifCyTHE. BU3HaAYMIN
piBeHb 3acenieHOCTi A. platynotus Ha I1ecTy cOpTax POCIXH subg. Cornus. BcTaHOBNIEHO, 11J0 BOHA
6yna pisHoto. Kiiir-diTodpar Haribinblle MTOIIKOIKYBAB COPTU: «EJIeTaHTHUM» 1 « Ky6aHCHKUM».
HalimeHIe 3acensB copTu «MocBip-1» i «HoBuii». CepefHiil CTYIiHb IOIIKOAYKEHHS Mau
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New record of Anthocoptes platynotus Nalepa (Acari: Eriophyoidea)...

coptu «Buiza» i «CBiTIS4OKR». A. platynotus MelIkae 3 HUXKHBOIO GOKY JIMCTKA i He YTBOPIOE
rajii 4¥ MOBCTb. [1iK YKcenbHOCTI iTodara B perioHi oCaimRKeHb IIpUIlaZia€ Ha KiHellb JIUITHA.
BinmiueHo, 110 3a HU3BKOI YHcenbHOCTI A. platynotus He BIUIMBA€E CYTTEBO HA PiCT i po3BUTOK
JIUCTKIB KOPMOBOI pocnuHu. [IpaKTUYHA I[iHHICTH po6OTU IOJNAraE B TOMY, Lo iHopMALlis
MIPUCYTHOCTI, YMCENIbHOCTI Ta IOIMIMNpeHHsa A. platynotus JOIOMOXXe y MOHITOPUHTY Kiima i
MIPUMHATTI MarbyTHIX yIIpaBIiHCHKUX PillIEHb

Kno4oBi cnoBa: YOTHPUHOTI KIIillli; iieHTHdiKalliss; COPTY; ITOIIMPEHHS; IIKiIJIUBICTD; ITOITYJIALIiST
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Agricultural landscape zoning of the Forest-Steppe zone
of Ukraine to develop organic gardening

Abstract. The relevance of this study lies in the applied use of general scientific methods of
landscape ecology in organic horticulture of the Forest-Steppe of Ukraine. The purpose of the
study was to develop a system of targeted agricultural landscape assessment of the territory
to determine the prospects for the development of organic horticulture on the example of the
right-bank part of the Western Forest-Steppe. To fulfil this purpose, the methodology of targeted
agricultural landscape zoning of agricultural land was used. For this, maps and diagrams of the
distribution of the main structural components and factors of the agrosphere, namely, landscapes
and morphological structures of the relief, soil and vegetation cover, water chemistry, rocks,
functional use of land and traditional areas of agricultural production, were used. The cartographic
method and expert assessments of land suitability for organic horticulture were based on the study
of 8 natural and anthropogenic factors that form the corresponding taxonomic classification of
agricultural landscapes of the Forest-Steppe from 30 taxa. The spatial differentiation of the factors
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Agricultural landscape zoning of the Forest-Steppe zone...

is determined by the relevant quantitative and qualitative parameters of orchard lands. The expert
assessment of agricultural landscapes for organic horticulture is based on the percentage level of
alteration of the natural structure of the land. A full-scale model of the target map of agricultural
landscapes was developed to assess the prospects for the development of organic horticulture on the
example of the central part of the Right Bank of the Western Forest-Steppe. The study area of 5,400
square kilometres was located at the intersection of three administrative regions, namely Zhytomyr,
Kyiv, and Vinnytsia. The study identified 21 agricultural landscapes, the territories of which are
homogeneous in 8 parameters. Their comprehensive regional perspectives for organic horticulture
are rated from 11 to 21. It was proposed to define 5 categories of agricultural landscapes according to
their suitability for organic horticulture: the highest (21 points), high (19-20 points), medium (17-18
points), low (15-16 points) levels of suitability and unsuitable (11-12 points). Half of the study area is
covered by agricultural landscapes of high suitability for organic horticulture, 15% each of medium
and unsuitable, and 10% each of high and low suitability. The targeted classification of land for
organic horticulture on an agricultural landscape basis is the scientific and methodological basis for
the widespread development of a new, environmentally sound type of agricultural activity in Ukraine

Keywords: agrophytocenosis; organic fruits; land categories; target zoning; full-scale model of the

target map of agricultural landscapes

INTRODUCTION

Organic agriculture is a holistic production ma-
nagement system that contributes to the devel-
opment and strengthening of the viability of the
agroecosystem, namely the maintenance of its
biodiversity, biological cycles, and soil biological
activity (Clark, 2020; Cakmakg et al., 2023). It is
aimed at using natural resources (i.e., mineral
and plant-based products) and avoiding syn-
thetic fertilisers and pesticides.

Organic products have several advantages:
they are grown without synthetic chemicals, do
not contain genetically modified organisms, and
are processed without preservatives and arti-
ficial colours, etc. (Paoli et al., 2019). Therewith,
the level of price premiums for it is much high-
er compared to conventional products (Pawle-
wicz, 2020). Global sales of organic food and
drink continue to grow year on year. Further-
more, its growth in 2020 was also driven by the
pandemic, which increased consumer interest
in these products (Schlatter et al., 2022).

Ukraine is a global supplier of agricultur-
al products and plays a vital role in ensuring a
sustainable food system and food security in
the world, and organic production is still one
of the priorities for the further development of
its agricultural sector (Ostapenko et al., 2020;
Galashevskyi et al., 2021). In 2021, the total vol-
ume of Ukrainian organic exports to more than

2)

30 countries amounted to about 260.0 thousand
tonnes of products, of which 82% were exported
to the EU (Sahota, 2022).

Therewith, organic fruit and berry grow-
ing is becoming increasingly popular (Gala-
shevskyi et al., 2021). In 2020, the area of such
plantations was about 3.9 thousand hectares
(or 1.8% of all fruit and berry plantations).
The leading place among other fruit crops in
terms of this indicator (1,314.0 ha, or 33.3%) in
Ukraine is occupied by apple trees, one of the
oldest cultivated fruit plants in the temperate
zone. The widespread distribution of this crop
is explained by its high adaptability to different
soil and climatic conditions, as well as the rich
biochemical composition of the fruit, which,
with the appropriate selection of varieties,
can be consumed fresh almost all year round
(Bublyk et al., 2018). Other crops include wal-
nuts - 1,212.8 ha (30.7%), raspberries - 585.0 ha
(14.8%), blueberries - 2273 ha (5.8%), hazel-
nuts - 86.9 ha (2.2%), currants — 80.8 ha (2.0%)
(FiBL, 2022). The scientific and methodological
basis for the further development of organic
horticulture in Ukraine and new prospects in
the European organic market is the targeted
classification of land on an agricultural land-
scape basis to create environmentally sustain-
able agricultural landscapes.
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Designing agricultural landscapes involves
defining a set of desired ecosystem goals, as-
sessing the current landscape structure con-
sidering these goals, and implementing target-
ed changes to achieve them (Aulia et al., 2020).
Soil is a dynamic component of the landscape
that is affected by human activity. It underlies
gardening, providing space for plant growth
as well as important nutrients and water (Teu-
ber, 2021). Organic fruit cultivation usually
depends on well-balanced soil with sufficient
micronutrients. There is evidence that farm-
ing systems affect the level of the latter in the
products grown. Researchers note that organic
crops, compared to conventional crops, on av-
erage, have lower concentrations of pesticides
and cadmium and higher antioxidant capacity
and concentrations of a number of individual
phytochemicals with antioxidant activity (e.g.,
phenols, minerals, other plant protection com-
pounds) (Montgomery & Biklé, 2021).

According to experts, a fundamental com-
ponent of programme research on organic hor-
ticulture areas should be the balance of soil nu-
trients (Pichura et al., 2022). This issue is one of
the most important, as Ukraine’s soils lack both
the main plant nutrients and micronutrients.
Regional biogeochemical studies over the past
decade have shown differences in the balance of
micronutrientsincropsandoutlined healthrisks
for its consumers (Yehorova, 2018). For instance,
in the Forest-Steppe of Ukraine, the authors de-
scribe agricultural landscapes with a lack of mo-
lybdenum, a complex molybdenum deficiency
and an excess of zinc, as well as a predominant
balance of Co, Mo, Zn, Mn, Cu, Sr (Yehorova, 2022).
This substantially reduces the quality of plant
materials and leads to the spread of a number
of endemic diseases among the population of
Ukraine, which is manifested by the increased
incidence of micro-nutrient deficiencies
among children (Liu-Helmersson et al., 2019).

Improving the soil-plant biogeochemical
system by introducing certain micronutrients
in certain agricultural landscapes will contrib-
ute to a substantial increase in the quality of the
final product and, accordingly, a positive impact
on the health of its consumers. An important
aspect of the research is to increase the num-
ber of land zoning parameters by assessing the
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balance of key nutrients and microelements and
considering radiation and industrial pollution.

Furthermore, unlike the scientific support
for the cultivation of organic annual crops in
fruit growing, these issues have been considered
to a limited extent. Therefore, it is necessary to
develop other methodological and practical ap-
proaches to agricultural landscape zoning for
the further development of organic horticul-
ture in Ukraine. The purpose of this study was to
develop a system of targeted agricultural land-
scape assessment of the territory to determine
the prospects for the development of organic
horticulture on the example of the right-bank
part of the Western Forest-Steppe.

MATERIALS AND METHODS

The developed system of targeted agricultural
landscape assessment of territories is based on
a comprehensive mapping method of agricul-
tural landscapes for their suitability for organic
gardening. For agricultural landscape assess-
ment of the territories, maps and schemes of
distribution of the main structural components
and factors of agrosphere functioning, name-
ly, landscapes and morphological structures of
relief, soil and vegetation cover, water chemis-
try, rocks, functional use of land and tradition-
al areas of agricultural production, were used.
All these characteristics are highlighted in the
materials of the Ministry of Ecology and Nat-
ural Resources of Ukraine, which are publicly
available for the territory of Ukraine (National
report..., 2014; 2017, 2018; 2019). It is the infor-
mation support of mapping that determines
the content of the technical stages of creating
a graphical model of any territorial complexes
chosen by the authors of this study - ecosys-
tems, landscapes (geographical or geochemical),
biogeocenoses, agricultural landscapes, etc.

The general methodology of targeted agri-
cultural landscape assessment of territories is
determined by the following technical stages:

1. Taxonomic classification of natural and
anthropogenic factors and their targeted expert
ranking (in points) according to the suitability
of land for organic horticulture. The taxonomic
classification includes qualitative and quanti-
tative characteristics of 8 taxonomic catego-
ries and 30 taxa of natural and anthropogenic
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factors of agricultural landscape functioning
within the Forest-Steppe of Ukraine. The clas-
sification categories are series, type, family,
class, subclass, genus, species, and subspecies
of agricultural landscapes. The content of the
categories is determined by the main structur-
al and agro-ecological factors of agricultural
landscape formation. The content of taxa with-
in the category reflects the spatial differentia-
tion of factors, considering those quantitative
(quantitative and qualitative) parameters that
are important for the development of organic
horticulture or product quality. The quantitative
parameters were determined as follows: level
of disturbance of the natural structure of land
(AD, %), mineralisation (M, dm?/1) and major ions
of surface water, prevalence of organic and tran-
sitional crop production (OP, %), acid-base soil
buffering index (pH), nutrient trace elements
with deficiency (ND) and excess (E) in the soil-
crop system, surface slope angles (SS, degree),
depths of groundwater in soil-forming rocks
(H, m), nutrient elements of high concentrations
in bedrock (MS).

2. Mapping the features and distribution
of agricultural landscapes, comprehensive
assessment (based on the sum of points) and
categorisation of the suitability of the selected
agricultural landscapes for organic gardening.

The mapping methodology developed by
the authors was based on a targeted taxonom-
ic classification of agricultural landscapes and
involved three technological stages (Yehorova,
2018). The first stage is mapping (map chart)
of agricultural landscape features based on
the target taxonomic classification and exist-
ing analytical and information support of the
experimental area. The second stage is the de-
lineation of boundaries and indexation of agri-
cultural landscapes as territories with homo-
geneous taxa of factors of their formation. The
third stage is drafting a target map of agricul-
tural landscapes by calculating the total score
of the target assessment and categorising the
territory accordingly.

Soil samples were collected from the ge-
netic layers of 100 soil profiles and their phys-
ical and chemical properties were analysed.
The study also analysed the terrain and cli-
mate data. After calculating the land suitability

)

classes for the two crops, they were mapped
using computer modelling and convention-
al approaches. The maps provided by the two
approaches revealed noticeable differences.
For instance, in the case of rainfed wheat, the
results showed higher accuracy based on land
suitability maps compared to maps produced
by the conventional approach. Furthermore,
the results showed that the areas with classes
N2 (=18%") and S3 (= 28%1) were higher, and
the area with class N1 (= 24%) was less pre-
dictable in the conventional approach com-
pared to the computer modelling approach.
The study was carried out in accordance with
the standards of Convention on Biological Di-
versity (1992).

The main limitations of the study area were
the amount of precipitation at the flowering
stage, strong slopes, shallow soil depth, high
pH, and high gravel content. Therefore, land im-
provement operations are proposed to increase
production and create a sustainable agricultur-
al system. The map of features and distribution
of agricultural landscapes is a graphical model
of generalised factors of agricultural landscape
formation and their intended use.

RESULTS AND DISCUSSION

The targeted agricultural landscape assess-
ment of the Forest-Steppe zone for fruit grow-
ing involved the selection of informative an-
thropogenic and natural factors of organic
horticulture and their taxonomic classification;
targeted expert assessment of taxa based on
common practices; graphical modelling of ar-
eas of different levels of suitability for organic
horticulture and selection of fruit crops for cul-
tivation in relevant agro-soil and climatic con-
ditions. This choice was limited by the infor-
mation support on natural and anthropogenic
factors of agricultural landscape formation in
the area under study, its scale and the media
of the created models (paper or electronic), as
well as professional information on the existing
level of organic gardening.

According to these parameters, the de-
veloped classification contains an expert as-
sessment of taxa (in points) as natural and
anthropogenic factors of organic horticulture
functioning (Table 1).
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Table 1. Targeted taxonomic classification of agricultural landscapes for regional assessment
of organic horticulture conditions in the Forest-Steppe of Ukraine

Taxonomic categories
and factors of agricultural
landscape formation

Level of expert assessment (first digit, points), agricultural landscape taxa and their
quantitative and qualitative parameters

Row: functional zoning
of land according to the
level of natural structure

disturbance

2. Anthropogenic-natural (arable land, orchards and vineyards in combination with the
settlement areas of villages and towns; AD =25 +40).

1. Anthropogenic (industrial zones with protective strips of more than 15 km, transport
motorways and railways with adjacent territories at a distance of 0.3 km; AD=40+60).

0. Natural (hayfields and grassland pastures, common water use of rivers and ponds,
forests of wide use; AD<15).

Type:
river basins according
to hydrochemical
composition of water

4. Basins of the Prut and Western Buh rivers on the Left Bank and Pripyat on the Right Bank
(M=0.2+0.6, HCO,~Ca).

3. The Dnipro River basins on the Right Bank (M=0.3+0.9, HCO,-Ca, Mg).

2. The Siverskyi Donets River basin (M=0.6+0.7, HCO,, SO,—Ca, Mg).

1. The Southern Buh and Dniester River basins on the Left Bank (M=0.6+3.9, HCO,, SO,,
Cl-Ca, Mg, Na).

Family:
natural and anthropogenic
vegetation cover according
to the spread of organic

5. Agrophytocenoses with a significant distribution of organic products (OP=1.5+7.2).

4. Agrophytocenoses with a low distribution of organic products (OP=0.5+1.0).

3. Agrophytocenoses with very low distribution of organic products (OP=0.5+0.2).

2. Agrocenoses and ornamental vegetation of rural and industrial areas of undetermined
organic production potential (OP<0.2).

terrain morphosculptures
and surface angles

farming 1. Meadow vegetation of river valleys, oak-hornbeam, and oak forests with no and
uncertain organic production potential (OP<0.1).
5. Typical deep low-humus and shallow low-humus chernozem (pH= 6.4-7.9).
Class: 4. Podzolised chernozem (pH 5.2—-6.4).
soil types according to 3. Alluvial meadow and soddy gleyed soils (pH=6-6.9).
acid-base index 2. Grey forest soils (pH=4.1-5.6).
1. Technogenic soils of rural and industrial areas (pH=4.1-5.6).
Subclass: 3. Balance (Co, Mo, Zn, Mn, Cu, Sr).
balance of nutrients in the | 2. Shortage (ND—Mo) and balance (Co, Zn, Mn, Cu, Sr).
soil-crop system 1. Shortage (ND—Mo), excess (E—Zn) and balance (Co, Mn, Cu, Sr).
Genus: 3. Levelled and slightly sloping watersheds of the forest plain (SS=2+10).

2. Disaggregated slopes of the forest plain (SS=10+15).
1. Levelled surfaces of floodplains and terraces of alluvial plains (S5=0+3).

Underlying rocks and their
enrichment for nutrients

Species: 3. Sandy loam and sabulous deposits of water-glacial horizons (H=5+10).
aquifers by groundwater | 2. Loess loams of aeolian-deluvial and eluvial horizons (H=1+15).
depth 1. Sandy and sabulous loamy deposits of alluvial horizons (H=1+5).
Subspecies: . Volyn-Podilska mineralogenic province (Zn, P, Cu, Pb).

4
3. Prypiat-Donetsk mineralogenic province (Zn, P, Pb).
2. Carpathian mineralogical province (S).

1. Ukrainian shield (Zr, Au).

Source: compiled by the authors of this study

A full-scale model of the target map of agri-
cultural landscapes for assessing the prospects
for the development of organic horticulture
was made to assess the conditions of organic
horticulture on the Right Bank of the Western

Forest-Steppe. Here is a medium-scale model of
the northeastern part of this horticulture area.
The 54 thousand km? of the model covers the
connected part of three administrative regions of
Ukraine - Kyiv, Zhytomyr, and Vinnytsia (Fig. 1).
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Figure 1. Target map of agricultural landscapes according to suitability

for organic gardening on the Right Bank of the Western Forest-Steppe
Note: 1 - agricultural landscape boundary; 2 - agricultural landscape index in the numerator (according to Table 1:
4 - class score, 3 - genus, 5 - family) and the aggregate expert assessment score for the Forest-Steppe of Ukraine in the
denominator. Categories of agricultural landscapes according to their suitability for organic horticulture: 2 - highest
level (21 points), 3 - high level (19-20 points), 4 - medium level (17-18 points), 5 - low level (15-16 points), 6 - unsuitable

according to regional assessments (11-12 points)
Source: compiled by the authors of this study

Within the presented layout of the target
map, 21 agricultural landscapes were identified,
each of which has a homogeneous structure
and prospects for the development of organic
horticulture within the 8 taxonomic categories
described by the authors of this study, which are
spatially differentiated into 21 taxa (with a total
of 30 in the Forest-Steppe of Ukraine). The type,
subclass, and subspecies of agricultural land-
scapes are homogeneous across the experimen-
tal area. They define the common characteristics
of a given territory. Namely, the territory belongs
to the Dnipro river basin in the middle reaches
with fresh hydrocarbonate calcium-magnesium
waters (M=0.3-0.9 dm?/1); molybdenum ecolog-
ical and geochemical province with a lack of Mo
and a balance of Zn, Mn, Cu, Sr in the soil-plant
system; distribution of underlying crystalline
rocks of the Ukrainian Shield with no concentra-
tions of the main nutrients.

)

The series, family, class, genus, and species
of agricultural landscapes in this area were spa-
tially differentiated and reflect the differences in
the parameters of organic horticulture develop-
ment. Namely: functional zoning of land (3 taxa),
natural and anthropogenic vegetation cover
(4 taxa), soil cover (5 taxa), terrain morphosculp-
tures (3 taxa), aquifers (2 taxa).

According to the expert assessment of each
agricultural landscape, the territory was divided
into 4 categories of suitability for the develop-
ment of organic horticulture and the develop-
ment of transition measures. These categories
of agricultural landscapes were characterised as
follows. The highest level of suitability (21 points)
was characterised by the agricultural landscape
of levelled and slightly sloping watersheds
with typical chernozems on loess loams with a
groundwater table of up to 15 m within Zhytomyr
Oblast, which has a relatively high percentage of
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arable land under organic farming and land in
transition (3.5%). Agricultural landscape index
535. Clearly, these agricultural landscapes are
zonally distributed in the Forest-Steppe, but they
occupy about 10% of the area of the presented
model. According to the acid-base index of the
soil, these areas are considered the most suita-
ble for growing apple, cherry, peach, and grape.
A high level of suitability (19-20 points) is
characterised by agricultural landscapes of lev-
elled and slightly sloping watersheds, as well
as sloping slopes with typical black soil and
podzolised loess loam within Zhytomyr and Kyiv
Oblasts, which are characterised by relatively
high percentages of arable land under organic
farming and land in transition (0.6-3.5%). Agri-
cultural landscape indices are 534, 524, 525, 434,
435; their territories cover about 50% of the map
area. In terms of soil acidity, these areas are con-
sideredthemostsuitableforgrowingapple,cher-
ry, peach, grape, pear, apricot, and red currant.
Medium and low suitability (15-18 points) is
characterised by agricultural landscapes of lev-
elled and slightly sloping watersheds, as well as
sloping slopes with predominantly grey forest
soils, as well as black soil podzolised on forest
loam within the three oblasts with different per-
centages of arable land under organic farming
and land in transition (0.2-3.5%). Agricultural
landscape indices are 233, 234, 235,223,224, 225,
433,424, 523; their territories cover about 25% of
the map area. According to the acid-base index
of the soil, these areas can be considered suit-
able for growing pears, apricots, red currants,
gooseberries, bilberries, and blueberries.
According to the regional analysis, agricul-
tural landscapes unsuitable for organic horti-
culture (11-12 points) are those of anthropogenic
and natural series within the levelled and slop-
ing watersheds of the forest plain, floodplains
and river terraces of the alluvial plain with an-
thropogenic, grey forest, and alluvial meadow
soils. They are common in all administrative
regions of Ukraine. Agricultural landscape indi-
ces are 112,132, 221, 231, 311, 335; their territories
cover about 15% of the map area. Due to a com-
plex of natural and anthropogenic factors, or-
ganic gardening is not feasible here.
Currently, there are five main methods of
agricultural landscape assessment: geographic
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information systems (GIS), biodiversity analysis,
soil assessment, analysis of socio-economic fac-
tors, modelling and simulation, and multi-crite-
ria analysis. To obtain reliable results, several of
these methods are often used simultaneously,
or certain elements of each method are used,
as was done by the authors. The authors of this
study would like to emphasise that the agricul-
tural landscape zoning of the Forest-Steppe
zone of Ukraine for the development of organic
horticulture was carried out for the first time.

An analogous work - “Agroecological sub-
stantiation of organic farming in the Kherson
region” - was carried out by D. Breus (2018).
He developed spatio-temporal models of soil
fertility, which became the basis for agro-eco-
logical substantiation of the prerequisites and
prospects for organic farming in the Kherson
region, improved and adapted the model of the
structure of the geoinformation and analytical
system of organic farming to support agricul-
tural producers in the transition period to sup-
port their development. It was found that the
lack of regular, uniform, and sufficient supply
of mineral fertilisers, wind and water erosion,
including irrigation, and soil deflation, as well
as prolonged irrigation, led to a deterioration
in the agro-ecological condition of soils. The
humus content in the 0-20 cm layer of soil de-
creased by 16.0% on average, nitrifying nitro-
gen by 26.92%, mobile phosphorus by 34.84%,
and exchangeable potassium by 25.52%. The
author proposes a model of the structure of
the geoinformation and analytical system of
organic farming. The main difference between
this study and the authors’ study is that it was
carried out under conditions of insufficient
moisture and focused on field crops.

R. Taghizadeh-Mehrjardi et al. (2020) in Iran
performed an analogous agricultural landscape
assessment of land suitability for wheat and bar-
ley. However, for this development, the authors
used computer modelling, which is planned for
further research.

Some research papers have used certain el-
ements of agricultural landscape assessment of
territories. For instance, G.V. Titenko § V.V. Med-
vedev (2018) investigated the current state of
the soil cover of Ukraine based on materials
from the database of the Educational and Re-
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search Centre “O.N. Sokolovskyi Institute of Soil
Science and Agrochemistry” — “Soil Properties
of Ukraine”. The materials of the last round of
agrochemical certification of fields were also
used, as well as generalised studies on the pro-
ductive function of soils, degradation on arable
land in Ukraine and the experience of 25 years
of land reform in Ukraine. The study is particu-
larly focused on the analysis of the impact of
socio-economic factors on soil cover. Among
other things, it was established that due to the
incompleteness of land reform, almost com-
plete irresponsibility of new land users who
lease land plots, an inadequate land cadastre,
ineffective legal protection of soil fertility, in-
sufficient and practical imperfection of state
control over soil fertility, the country is experi-
encing a chaotic type of land use with obvious
negative (productive, environmental, social)
consequences for future generations. Thus, soil
cover and its favourable condition are an im-
portant prerequisite for the successful resolu-
tion of social issues in Ukraine.

YV. Rybalko § R.V. Babka (2018) considered
the problem of integrated development of rural
areas in terms of environmental sustainability
of agricultural landscapes and anthropogen-
ic pressure on them. The paper provides a de-
tailed analysis of the land fund and calculates
the coefficient of anthropogenic load, the level
of ploughing and the coefficient of environmen-
tal stability of the territory of Chernihiv Oblast,
which allow a comprehensive assessment of the
rationality of the land fund structure. The eco-
logical condition of the land was assessed, and
the areas of land optimisation were identified
according to the research results.

H. Davydiuk et al. (2022) conducted an eco-
logical and chemical assessment of the state
of agricultural landscapes in Ivano-Frankivsk
Oblast, specifically in rural areas, based on
monitoring studies. The condition of soils,
natural waters, and crop products was inves-
tigated using the route monitoring method. It
was found that some of the soil samples under
study had very low acidity and a high content
of nutrients, especially phosphorus and po-
tassium. In some cases, the quality of natural
water did not meet regulatory requirements.
This is conditioned upon both natural factors,

)

such as the hydrological regime, and anthro-
pogenic factors, such as violation of sanitary
rules for building up the territory, application
of high doses of mineral and organic fertilisers,
non-compliance with manure storage technol-
ogies, keeping of livestock and poultry, and dis-
posal of livestock and household waste. Some
samples of crop products did not meet sani-
tary and hygienic standards for lead, cadmium,
nickel, copper, and iron. Studies show a consid-
erable impact of the anthropogenic factor on
changes in the quality of soil, natural waters,
and crop products. It was found that the ecolog-
ical and agrochemical assessment of the state
of agricultural landscapes in the Western re-
gion, including the rural area, and the identifi-
cation of the specific features of migration and
accumulation of nutrients and ecotoxicantsis a
promising area of research for the development
of measuresto prevent pollution of soil, ground-
water, open water bodies and crop products for
the sustainable functioning of agroecosystems.

The FAO review (2020) emphasises the need
to consider pollinator availability in agricultur-
al landscape assessments and thus increase
the sustainability and productivity of forestry
and agriculture, which is crucial for the horti-
culture industry. The prevalence of forests and
other natural habitats in the landscape plays a
role in determining the species composition of
pollinators. Agricultural landscapes adjacent to
fragmented forests and natural areas benefit
from the services of pollinators, and therefore
crops pollinated by animals achieve greater
fruit set. Hydrology and light availability can af-
fect the composition and diversity of pollinator
species and pollinator plant networks. Indig-
enous and local knowledge can contribute to
the conservation of pollinators through con-
ventional management practices. The review
discusses the impacts of climate change and
recommends measures to maintain pollinator
diversity and abundance in forests.

Thus, agricultural landscape assessment
is a valuable tool for investigating and analys-
ing territories for agricultural development.
The use of various methods and an integrated
approach provides reliable results and allows
making sound recommendations for optimis-
ing land use and preserving the environment.
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CONCLUSIONS

The system of targeted agricultural landscape
zoning of the territory on the example of the
Forest-Steppe fruit-growing zone consists of a
taxonomic classification of natural and anthro-
pogenic factors and their quantitative and quali-
tative differentiation and assessment according
to the needs of organic horticulture.

Within the presented layout of the target
map, 21 agricultural landscapes were identified
and classified based on 8 taxonomic categories.
These categories are differentiated by spatial
characteristics and prospects for the devel-
opment of organic horticulture. Agricultural
landscapes are homogeneous in the area under
study and determine the common characteris-
tics of this zone, such as the Dnipro River basin,
ecological and geochemical province, distribu-
tion of underlying crystalline rocks, etc.

Each agricultural landscape on the model
has been expertly assessed and divided into 4
categories of suitability for the development of
organic horticulture. The highest level of suita-
bility (21 points) is characterised by agricultural
landscapes with levelled and slightly sloping wa-
tersheds with typical black soils on loess loams,
which occupy about 10% of the model area. A
high level of suitability (19-20 points) is charac-
terised by agricultural landscapes of levelled and
slightly sloping watersheds with typical black
soils and podzolised loess loams in Zhytomyr
and Kyiv Oblasts (about 50% of the area). The av-
erage level of suitability (15-18 points) is charac-
terised by agricultural landscapes of levelled and
slightly sloping watersheds with grey forest soils
and podzolised black soils on forest loams (about
25% of the area). Agricultural landscapes that are
unsuitable for organic horticulture (11-12 points)
are in the levelled and sloping watersheds of the
forest plain, floodplains, and river terraces of the
alluvial plain with anthropogenic, grey forest and
alluvial meadow soils (about 15% of the area).

Such suitability assessments are most ap-
propriate during the transition period to or-
ganic horticulture, when the principles are only
being established and the products are not yet
considered purely organic; during this time, or-
ganic production methods are applied gradual-
ly, usually for three years, when certain organic
technologies are carefully analysed and applied.
The targeted classification of land for organic
horticulture on an agricultural landscape basis
is the scientific and methodological framework
for its further development in Ukraine and new
prospects in the European organic market. The
methodology and results of the presented agri-
cultural landscape zoning guide Ukrainian or-
ganic fruit and berry producers to develop areas
with the highest suitability for the production of
high-quality and competitive products on most
of the land in Ukraine.

Further research in this area should be car-
ried out for all fruit-growing zones of Ukraine
based on the development of spatial and tem-
poral soil fertility models, considering the
ecological stability of agricultural landscapes
and anthropogenic load on them, as well as
crop-specific factors.
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ArponaHawadTHe parioHyBaHHSA 30HMU JlicocTeny YKpaiHu
ONS PO3BUTKY OpraHiyHOro cagiBHUUTBaA

AHoTaUif. AKTyaJIbHICTD JOCTIKeHb IIOJIATAE Y IPAKTUYHOMY BUKOPHCTaHHI 3arajlbBHOHAYKOBHX
MeTOHiB JaHAMAdTHOI eKoJoril B opraHiuHOMy caAiBHMLTBI JlicocTeny VKpaiHu. MeToro
IOCTIIKEHHS € PO3PO6IIEHHS CUCTEMU 1LIiIbOBOrO arpoyiaHAmagpTHOTO OLiHIOBaHHA TepUTOopil
ILIS1 BU3HAUYEeHHS [TePCIIEKTUB PO3BUTKY OPTaHIiYHOIO CafiBHUIITBA Ha IIPUKIIAJ] IpaBobepeskHOI
yacTuHU 3axifHoro JlicocTemy. [y IOCATHEHHS Ii€l MeTH 3aCTOCOBYBajiaCb METOZOJIOTrif
LIIJIOBOTO arpoyIaHAadTHOTO PaliOHYBaHHSA 3eMeJlb CIIbChKOTOCIIOAAPChKOrO IIPHU3HAYeHHS.
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Agricultural landscape zoning of the Forest-Steppe zone...

[7ig LBOTO BUKOPUCTAHO KapTU 1 CXeMU MOLIMPEeHHS OCHOBHUX CTPYKTYPHHX KOMIIOHEHTIB
i darTopiB yHKUiOHyBaHHA arpocbepu, a caMe, naHAMAPTIB i MOpOOCTPYKTYyp penbedy,
I'PYHTOBO-POCIIMHHOTO ITOKPUBY, XiMi3My BOZ, FipChKUX MOPif, PYHKIIIOHATBHOT'O BUKOPUCTAHHS
3eMeJib Ta TPAOULIIMHNX HAIpAMIB CiIbCHKOTOCIIOLAPCHKOr0 BUpOo6HUIITBA. KapTorpadiunuil
MeTOJ, Ta eKCIIePTHI OL[iHKY NIPpUAATHOCTI 3eMeJib JJji OPTaHiYHOTO CaJliBHUIITBA 3aCHOBAHI Ha
BUBYEHHI 8 NPUPOAHO-aHTPOIIOTEHHUX YMHHUKIB, 10 GOPMYIOTh BiAIIOBIAHY TaKCOHOMIUHY
kinacuodiraiio arponasamadTiB Jlicocteny 3 30 TakCOHIB. [IpocTOpoBy IudepeHIioBaHICTb
YMHHUKIB BU3HAUEHO 32 aKTyaJIbHUMMU KiJIbKICHO-KICHUMU IlapaMeTpaMHu 3eMeJib CaliB.
ERCIIEpTHY OLIiHKY arpoiaHAadTiB Iy OpraHivHOro CaZiBHUIITBA II06YA0BAaHO 3a BiICOTKOBUM
piBHEM 3pyIIIeHOCTi TPUPOIHOI CTPYKTYPU 3eMeJib. PO3po6ieHo HATypHUM MaKeT I1iIbOBOi KapTu
arponaHAmadTiB i OLIHKU IepCIeKTUB PO3BUTKY OPTaHIiYHOTO CA[iBHUIITBA HAa IpPUKIIAZi
L[eHTpasIbHOI YacTuHU [IpaBobepeskira 3aximHoro JlicocTemy. JocimkeHa ioma 5 400 KB. KM
MICTUTBbCS Ha IEpeTUHI TPhOX afiMiHICTpaTMBHUX 0bytacTel, a caMe JKUTOMUPCHKOI, KuiBChKOi i
BinHuBKOIL BunineHo 21 arponaHauiadT, TepUTOPil IKUX € OGHOPIIHNUMU 32 8-Ma ITapaMeTpaMU.
Ix KOMIIIeKCHI perioHaNbHi MepCrIeKTUBY [JI1 OPraHiyHOro CafiBHUIITBO OLIiHEeHO ¥ 6arax Bif 11
o 21. 3aIIpOIIOHOBAHO BU3HAUaTU 5 KaTeropil 3eMesnb arponaHamadTiB 3a ix NpUATHICTIO A0
OpraHiuyHOTO CafiBHUIITBA: HAaWBUIIOTO (21 6ai), Bucororo (19-20 6ais), cepemuboro (17-18 6aris),
Hu3bKoro (15-16 6ais) piBHIB puzaTHOCTI Ta HenpumatHi (11-12 6aiB). II0JOBUHY AOCIiIAKEHO]
TepuTopii 3alMalOTh arpojiaHAmadTV BUCOKOTO piBHA MPUIATHOCTI IJid OpraHiuHOTO
CaZiBHUIITBA, 110 15% - cepelHbOTO PiBHS Ta HEIPULATHI, 110 10% — HAMBUILOTO i HU3BKOTO PiBHA.
LlinpoBa wiacudirallis 3emenb AJiS OPraHIYHOTO CaAiBHUIITBA Ha arposiaHAmadTHiN OCHOBI
€ HayKOBO-MEeTOAWYHUM IMiATIPYHTAM IJiS LINPOKOTO PO3BUTKY B YKpalHi HOBOTO, €KOJIOTIYHO
IOLJIBHOTO BUAY CIIBCBKOI'OCIIOAAPCHKOI AifANIBHOCTI

KniouyoBi cnoBa: arpodiTolieHo03; OpraHiyHi IUIOAY; KaTeropii 3eMensb LibOBe pallOHYBAaHHS;
HaATYpHUU MaKeT IIIbOBOI KapTH arpoyiaHamadTis
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Humus state and nutrient regime of typical chernozem...

under different fertilisation systems in short-term crop rotations. To solve the problem of soil
fertility, an important approach is to conduct field and laboratory research to determine changes
in the humus state according to Tyurin, nitrogen, phosphorus, and potassium regimes of the soil
according to Machigin, and dispersion methods to determine the reliability of experimental data.
As aresult of the research, it was found that the highest humus content in the soil was recorded
under the organic-mineral fertilisation system at the end of the second rotation in the grain crop
rotation by 0.13% compared to the fruit crop rotation. The use of a mineral fertiliser system in a row
crop rotation reduced the humus content by 0.12%. An increase in the humus content of typical
chernozem was recorded under fruit crop rotation and grain-row crop rotation. The organic-
mineral fertilisation system tended to increase the mineral nitrogen content of the soil compared
to the other systems. The mineral nitrogen content of the mineral fertilisation system decreased
by 5.5 mg/kg of soil compared to the unfertilised variant. Under the organic-mineral and mineral
fertilisation system, the content of mobile phosphate increased in all crop rotations. The content
of mobile phosphorus in the tilled crop rotation was substantially reduced compared to the fruit
crop rotation and grain-row crop rotation. The highest content of exchangeable potassium in the
soil was recorded under the mineral fertilisation system. The materials of the publications are of
practicalimportance in the analysis of the main elements of mineral nutrition of typical chernozem

in short crop rotations

Keywords: mineral nitrogen; exchangeable potassium; sunflower; nutrients, agrocenosis

INTRODUCTION

As of 2023, under lease relations, soils are a
source and means of profit. Agricultural land-
owners ignore the fact that without efforts to
restore land fertility, significant resources will
need to be spent today and, in the future, to
achieve the original level of fertility. Analysing
the changes in the quality of Ukraine’s soils in
recent years, there is a dangerous trend towards
a decline in their fertility and deterioration of
the environmental situation, which will lead to
a crisis in agriculture. According to the Nation-
al Research Centre “Institute of Agriculture of
the National Academy of Agrarian Sciences of
Ukraine”, up to 20 million tonnes of humus are
lost in Ukraine every year, which is 600-700 kg
per 1 hectare of arable land. Other measures to
restore soil fertility are needed to change the
situation. It is necessary to optimise the organ-
ic matter regime and prevent the loss of humus
and humus status of soils (Egorov et al., 2021).

The intensification of agricultural produc-
tion technologies since 2010 has substantially
exacerbated the problem of soil degradation
(Grzebisz et al., 2022). According to 1L.M. Uzoh et
al. (2019), optimisation of the fertilisation sys-
tem and crop rotation structure are the sim-
plest and most effective agronomic measures to

achieve sustainable production and restore nat-
ural soil fertility. In Ukraine, there is currently a
shortage of manure in agriculture and a signifi-
cant decrease in the share of perennial legumes
in crop rotations (Ivanina & Korotenko, 2023).
According to M.A. Bolinder et al. (2020), R. Al-
lende-Montalban et al. (2022), the countries of
the European Union and the United States are
developing the agricultural sector on the wide-
spread use of biological nitrogen in crop rota-
tion fertilisation, reducing carbon emissions in
the soil. These measures significantly reduce
the cost of nitrogen fertilisers, contribute to
soil moisture conservation, improve soil struc-
ture, and enhance humus formation (Hossain et
al., 2022). In the context of global warming, this
practice helps to stabilise plant mineral nutri-
tion and moisture supply, enhances their resist-
ance to adverse weather conditions, and makes
modern technologies more sustainable.
According to N.E. Borys & LM. Kra-
syuk (2020), provided that chernozems have
high agrophysical properties, it should be as-
sumed that the content of total humus reaches
its optimum. The importance of organic matter
as a source of nitrogen for plants should be con-
sidered when determining the optimal humus
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content (Ting-ting et al., 2022). O.A. Tsyuk et
al. (2022) noted that the humus content in the
soil will be optimal when nitrogen nutrition of
crops, along with agrophysical properties, does
not limit the productivity of crops in crop rota-
tions. For typical chernozems, the humus con-
tent is 4.0-6.5% (Hospodarenko et al., 2019).

The use of fertiliser systems for sunflower
in short crop rotations is particularly relevant
to preserve soil fertility. The issue of improving
soil nutrition of plants by using different fertil-
iser systems, different agronomic practices and
changing agrochemical parameters in short
crop rotations is relevant. The purpose of this
study was to determine changes in the humus
state and specific features of the formation of
nitrogen, phosphorus, and potassium regime of
typical chernozem under different fertilisation
systems in short crop rotations.

MATERIALS AND METHODS

The study was conducted in 2012-2021 in a sta-
tionary experiment of the Bila Tserkva Nation-
al Agrarian University on typical black soil. The
soil of the experimental plot is a typical deep
low-humus black soil with the following phys-
icochemical and agrochemical characteristics
of the 0-30 cm layer: hydrolysed nitrogen -
110 mg/kg of soil; mobile phosphorus and ex-
changeable potassium - 120-110 mg/kg of soil,
respectively, humus content according to Tyu-
rin - 3.7-3.9%; salt pH - 6.0-6.4; Ng according to
Kappen - 1.09-1.26 mg-eq/100 g of soil; the sum
of absorbed bases according to Kappen-Hilkow-
itz - 23.8-27.2 mg-eq/100 g of soil; soil density
within 1.16-1.25 g/cm?, and the total porosity is
52-55%. The repetition of the experiment was
threefold. The repetition was placed on the area
(territory) in a continuous, systematic man-
ner, with fertiliser variants placed in four tiers
sequentially. The area of the elementary plots:
171 m?, the accounting area - 112m?2

The study was conducted in the agrocenosis
of sunflower,whichwasgrown afterwinterwheat
in four five-field short crop rotations: fruit crop
rotation (sunflower saturation of 10%) - alfalfa -
winter wheat - sugar beet, sunflower - buck-
wheat - barley + alfalfa; grain-row crop rotation
(sunflower saturation of 20%) - soybeans - win-
ter wheat - sunflower - spring barley — maize;
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specialised grain-row crop rotation (30% sun-
flower content) - buckwheat - winter wheat -
maize, sunflower - barley - sunflower; row
crop rotation (40% sunflower content) — peas -
winter wheat - sunflower - maize - sunflower.

Content of fertiliser system gradations. Zero
level - no fertiliser. Organic — application of 8
tonnes and 3.0 tonnes of non-marketable part
of the crop, mass of green manure per hectare
of crop rotation area. The organic fertiliser rate
was determined according to the need for a pos-
itive humus balance. Organo-mineral - priority
use of organic fertilizers to restore soil fertility,
application of 8 tonnes of manure per 1 ha of
crop rotation area and 3.5 tonnes of siderable
crop mass, by-products, application of 110 kg
(N,,P,.K,.) of mineral fertilizers. Mineral - ap-
plication of 8 tonnes of manure and 222 kg
(N,,P.,K,,) of mineral fertilizers per 1 ha of crop
rotation area. Semi-rotted manure, ammonium
nitrate, simple granular superphosphate, and
potassium salt were applied.

In all variants, the remaining wheat straw
was chopped after harvesting and incorporated
into the soil with a disc harrow. After harvesting
wheat, the soil was prepared for sowing white
mustard on green manure. In late September
and early October, post-harvest mustard crops
were ploughed into the soil in all variants. Ma-
nure was applied at arate of 40 t/ha.

Soil samples were collected in 0-25 cm lay-
ers at five points of each experimental plot. In a
weighted average soil sample, the content of hu-
mus was determined according to Tyurin (DSTU
4289:2004..., 2004); nitrogen of mineral com-
pounds (DSTU 4729:2007..., 2007); mobile phos-
phorus and potassium compounds — according
to Machigin (DSTU 4114-2002..., 2002). The re-
sults of the study were statistically calculated
using the method of analysis of variance and
correlation. The study was conducted per the re-
quirements of the International Convention on
Biological Diversity (1992).

RESULTS

The results of the study showed that the humus
content in chernozem, a typical sunflower agro-
cenosis in the 0-25 cm soil layer in short crop
rotations, depended on the fertilisation system.
Thus, in a grain-row specialised crop rotation
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with 30% sunflower saturation under the or-
ganic fertilisation system, the humus content
increased by 0.10% in the tillage layer in a fruit

crop rotation by 0.13% (Table 1). In the grain-row
crop rotation, the humus content had a smaller
increase compared to the fruit crop rotation.

Table 1. Changes in humus content in typical chernozem depending
on crop rotation and fertilisation system, %, (2012-2021)

. - Start of the first End of the
Crop rotation Fertilizer system rotation second rotation +/- to control

Without fertilisers (St) 3.83 3.58 -0.25

i Rk Organic 3.87 3.99 +0.12
Fruit crop rotation - -

Organic-mineral 3.89 4.06 +0.17

Mineral 3.87 3.85 -0.02

Without fertilisers (St) 3.91 3.77 -0.14

. . Organic 4.02 4.18 +0.16
Grain-row crop rotation —

Organic-mineral 3.96 4.19 +0.23

Mineral 3.91 3.83 -0.08

Without fertilisers (St) 3.92 3.82 -0.10

e . . Organic 3.94 4.04 +0.10
Specialised grain-row crop rotation =

Organic-mineral 3.87 4.00 +0.13

Mineral 3.81 3.72 -0.09

Without fertilisers (St) 3.80 3.70 -0.10

. Organic 3.86 3.96 +0.10
Row crop rotation - -

Organic-mineral 3.85 3.93 +0.08

Mineral 3.82 3.70 -0.12

LSD,, 0.14 0.22

Source: compiled by the authors of this study

This is conditioned upon the fact that the
synthesis of organic matter was somewhat
slowed down by mineralisation, which was
more intense under row crops as opposed to
perennial grasses and cereals. In a grain-row
crop rotation with 20% sunflower saturation,
under the organic-mineral and organic fertilis-
ation system, the humus content increased by
0.23% and 0.16% in the tilled soil layer at the be-
ginning and end of the growing season, respec-
tively, compared to the fruit crop rotation. The
small increase in humus is explained by the fact
that soybeans were sown in the crop rotation,
followed by winter wheat, and as a result, the
biological nitrogen that entered the soil as a re-
sult of nitrogen fixation was almost completely
used by crops in the rotation and its replenish-
ment in the soil was insignificant, which affect-
ed the humus content.

Under the organic-mineral fertilisation
system in a row crop rotation, the amount of
humus increased by 0.08% over two rotations.
Thus, the organic-mineral fertilisation system

%)

stabilises and increases the humus content in
crop rotations. The greatest increase in humus
content was observed in fruit crop rotation and
grain-row crop rotation. Under the mineral fer-
tilisation system, the humus content decreased
in all the crop rotations under study. In a rota-
tional crop rotation with a mineral fertilisation
system, the humus content decreased, and its
losses reached 0.02%. In the grain-crop rota-
tion, the humus losses under this fertilisation
system were slightly higher than 0.08%. In the
specialised grain-row crop rotation, the appli-
cation of the fertilizer rate NP K_, during the
crop rotation period increased the mineraliza-
tion of organic matter according to the norm of
the organo-mineral fertilization system, 0.09%
of humus was lost.

Application of a high rate of fertilisers
NP, K, fortherowcroprotationdecreasedthe
content of humus and its losses reached 0.12%.
The loss of humus in the lower layers of the soil
in a row crop rotation is explained by the fact
that cultivation and saturation with row crops
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create conditions for the mineralisation of or-
ganic matter throughout the root layer of the
soil. This is also facilitated by hydrothermal
conditions in autumn, winter, and spring, when
microbiological processes continue to operate
throughout the soil profile.

With the organic-mineral fertilisation sys-
tem, the humus content in all crop rotations
increased due to an increase in the amount of
non-hydrolysed residue. The highest humus
content was observed in fruit crop rotation and
grain-row crop rotation, and less in specialised
grain-row crop rotation. The soil nutritional re-
gime was analysed according to the content of
nutrients in the soil in the phase of full ripeness
of sunflower. Nitrogen is essential, especially in
plants, and in soil it is one of the main and key
elements for the growth and development of

crops. Dynamic mineral nitrogen that changes
during the growing season due to the activity
of biological processes and the use of nitrogen
by plants during the growing season to form
crop yields. The productivity of the crop and the
quality of the product depends on the availabil-
ity of mineral nitrogen.

It was noted that under the organic fertil-
isation system, the amount of mineral nitro-
gen did not significantly increase in the fruit
crop rotation by 1.4 mg/kg of soil, and in the
grain-row crop rotation by 1.6 mg/kg of soil
compared to the organic-mineral system, but
the specialised grain-row crop rotation and
the row crop rotation tended to slightly re-
duce the content of mineral nitrogen in the
soil compared to the organic-mineral system
(Table 2).

Table 2. Mineral nitrogen content in typical chernozem depending
on the fertilisation system in short crop rotations, mg/kg soil (2013-2016)

Crop rotation
PSS fruit crop rotation grain-rmfv L specialised grz-fin-row row crop rotation
rotation crop rotation
Without fertilisers 13.8 16.8 15.4 12.9
Organic 20.3 21.0 18.2 17.6
Organic-mineral 18.9 19.4 18.8 18.0
Mineral 19.0 18.3 18.1 16.8
LSD,, 1.7 1.6 1.1

Source: compiled by the authors of this study

In the mineral fertilisation system vari-
ant, the mineral nitrogen content decreased
significantly in the grain-row crop rotation -
by 2.7 mg/kg of soil compared to the organic
system, due to the use of sunflower nitrogen,
the development of nitrifying microorganisms
and the course of sunflower mineralisation
processes. The organo-mineral fertilisation
system contributed to a substantial increase

in the mineral nitrogen content of the special-
ised grain-row crop rotation and row crop ro-
tation. The fertilisation system influenced the
content of mobile phosphorus and exchange-
able potassium. Under row crop rotation, the
content of mobile phosphorus in the organic
fertilisation system decreased by 7.4 mg/kg of
soil compared to the organic-mineral system
(Table 3).

Table 3. The content of mobile phosphorus in typical chernozem in sunflower agrocenosis
depending on the fertilisation system in short crop rotations, mg/kg, soil

Crop rotation

Fertilizer syst in- iali in-
S fruit crop rotation Grain I'O\-N = specialised grz-fln row row crop rotation
rotation crop rotation
Without fertilisers 16.9 13.0 13.9 16.4
Organic 21.7 21.2 21.0 18.8

Plant and Soil Science (14)4
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Table 3, Continued

Crop rotation
Fertilizer system fruit crop rotation Grairr;-t:ll\'l;;rop spec!:(l)i:?ig::)nr‘-row row crop rotation
Organic-mineral 28.9 29.6 27.6 26.2
Mineral 32.6 31.4 28.6 27.4
LSD,, 5.4 4.0 4.9

Source: compiled by the authors of this study

In fruit crop rotation and grain-row crop
rotation, both with mineral and organo-miner-
al fertiliser backgrounds, the phosphorus con-
tent did not decrease due to less phosphorus
use by plants. These variants tend to increase
phosphate mobility across all crop rotations. In
a row crop rotation, there is a substantial de-
crease in the content of mobile phosphorus in
the cultivated soil layer compared to other crop

rotations. This is conditioned upon the use of
phosphorus by sunflower, which occupies 40%
of the crop rotation area in row crop rotation,
and, on the other hand, due to a decrease in the
microbiological activity of black soil and its ni-
trification capacity, which results in less phos-
phate being transferred to the mobile state. The
distribution of exchangeable potassium in the
root layer of the soil is presented in Table 4.

Table 4. Availability of exchangeable potassium in the soil in sunflower agrocenosis
depending on the fertilisation system in short crop rotations, mg/kg of soil (2013-2016)

Crop rotation
raslERras i fruit crop rotation graLr;-tr:t\;\; ::‘rop spec(:::;er(;tgar;:)nn-row row crop rotation
Without fertilisers 109.0 111.4 107.0 108.0
Organic 117.0 114.0 111.0 108.0
Organic-mineral 129.0 131.0 125.0 120.0
Mineral 150.0 205.0 139.0 157.0
LSD,, 13.0 14.0 5.4 5.6

Source: developed by the author of this study

The organo-mineral fertilisation system
considerably reduced the exchangeable potas-
sium content compared to the mineral system,
due to a decrease in soil potassium fixation and
the release of non-exchangeable potassium
into mobile exchangeable compounds. The or-
ganic fertilisation system did not achieve the
optimum exchangeable potassium content for
sunflower cultivation in typical black soil. Its
level in the treated layer gradually decreased.
When applying mineral fertilisers in the var-
iants of the mineral and organo-mineral fer-
tilisation system, a decrease in the proportion
of easily soluble forms of potassium was found
relative to mobile forms.

This is because the potassium in miner-
al fertilisers is in a highly soluble form and is

quickly taken up by plants, resulting in increased
crop yields and potassium removal. However,
this dosage is insufficient to enhance the level
of readily soluble potassium in the soil. The po-
tassium contained in manure is part of organic
matter, which is more difficult to transfer to the
soil solution, and therefore plants in such condi-
tions use other forms of potassium compounds
in chernozem (Nikitina § Vasylenko, 2019). The
authors’ research revealed an insignificant, av-
erage relationship between the content of min-
eral nitrogen in the 0-25 cm layer and sunflower
yield (r=0.41+ 0.24), but a significant strong re-
lationship was established between the content
of mobile phosphorus in the 0-25 cm layer and
sunflower yield (r = 0.87 + 0.13), exchangeable
potassium and sunflower yield (r=0.72 £ 0.18).
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DISCUSSION

In different years, scientists have conducted
comparable studies on similar topics. Under the
influence of the application of 7.5 t/ha of manure
+N, P, K, in grain-row crop rotation inleached
chernozems, the humus content increased by
0.13% (Pinkovskyi et al., 2019). In works on cher-
nozems in a soil-protective crop rotation, the
humus content in the arable layer increased by
0.26% and 046% in the subsoil layer from the
application of 75 t/ha of manure + N, P, K.

Some scientists believe that the annual loss
of humus due to mineralisation in fruit crop
rotation and green manure crop rotation is
1.32 t/ha (Tsyuk et al., 2018). Thanks to plant res-
idues, the loss of humus is compensated for, the
rest must be compensated for by applying or-
ganic fertilisers (manure, green manure, straw).
During humification, from 0.62 to 0.87 t/ha of
humus can be produced from plant residues in
a fruit crop rotation, depending on crop yields.
Green manure crop rotation allows for an ad-
ditional supply of 1.01 to 119 tonnes of humus
per hectare. According to scientists, 40 tonnes
of manure per hectare applied to potatoes and
maize can produce 042 tonnes of humus. With
1t of straw per hectare of the crop rotation area,
the humus content increases by 0.15 t/ha.

Typical deep low-humus chernozems have a
high absorption complex with a significant pro-
portion of alkaline earth bases, which are charac-
terised by an increase in humus substances, the
amount of which depends on the organic-min-
eral fertiliser system, specific features of crop
rotation, and soil cultivation. The humus content
in a zone of sufficient moisture depends on both
the fertilisation system and the presence of per-
ennial grasses and legumes in the crop rotation.

In the crop rotation without legumes, hu-
mus losses were slightly higher, due to a lower
stock of biological nitrogen in the soil, increased
mineralisation of organic matter, and humus
losses in the tilth and subsoil layers reached
0.35% and 0.32% (Plisko & Kutsova, 2023). The
research by V.P. Boyko (2020), conducted at the
Uladova-Lyulynetska Experimental Breeding
Station, showed that the system of fertilisa-
tion of crops and their rotation in crop rotation
affects the humus content. In a crop rotation
without legumes, humus losses over 10 years
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in the tilth layer reached 0.27% and in the fallow
layer 0.22%. The study by N.E. Borys & L.M. Kra-
syuk (2020), conducted at the Verkhnyatsk Ex-
perimental Breeding Station on podzolic heavy
loam chernozems, observed stabilisation of or-
ganic matter, with an upward trend in its initial
content. The authors explain this by suggesting
that the amount of organic matter left by the
crops in the rotation was sufficient to maintain
a positive humus balance.

Research conducted by O. Kachmar et
al. (2020) in the conditions of the Carpathi-
an region shows that the combined applica-
tion of mineral fertilizers N,, R, K, , for maize
and N, R, K, for potatoes on a background
of manure (40 t/ha) contributed to obtain-
ing 568.36 mg/100 g and 53761 mg/100 g, and
2274 mg/100 g and 21.87 mg/100 g of soil of labile
and water-soluble humus, respectively, in grain
and fruit crop rotations. The use of an alterna-
tive fertilisation system ensured their values at
the level of 482.15-470.84 mg/100 g of soil and
19.47-20.21 mg/100 g of soil.

In July, in the middle of the sunflower grow-
ing season, the content of mineral nitrogen in
the surface and subsurface soil layers decreased
significantly, due to the fact that sunflower
plants use it and mineral nitrogen compounds
migrate to the lower soil layers. Depending
on the experimental variants, 70% of the total
amount of mineral nitrogen was ammonium ni-
trogen, which is explained by the use of sunflow-
er nitrates and an increase in the proportion of
immobilised nitrogen, which is immobilised in
the form of NH, (Boyko, 2020).

According to Egorov et al. (2021), if the phos-
phorus uptake from fertiliser phosphate appli-
cation on all backgrounds is levelled out by day
130-150, the difference in phosphorus mobility
persists until the end of the period. When a cer-
tain level of phosphorus saturation is reached,
the soil acquires the ability to quickly restore the
balance of soluble phosphates in the soil solu-
tion, i.e, it is characterised by greater capacity
to meet the phosphate nutrition needs of plants.
The supply of mobile phosphorus to sunflow-
er agrocenosis is largely related to the seasonal
dynamics of this nutrient (da Silva et al., 2023),
which depends on humidity and temperature
(Tsentilo et al., 2018).

c
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In the research of S. Martyniuk et al. (2019),
the consumption of phosphate fertilisers in-
creased from 34 to 123 kg/ha on different soil
types to increase the level of mobile phospho-
rus by 7 mg/kg of soil. To increase the content
of mobile phosphate by 1 mg/kg of soil on cher-
nozem soils, S.M. Kramarev et al. (2015) recom-
mended applying phosphate fertilisers at rates
of 40-60 kg, which exceeded the removal of this
element and largely depended on the soil type
and the level of phosphorus supply. The highest
rates of nitrogen accumulation were observed
in fruit crop rotation (+484 kg/ha) and grain-
row crop rotation (+39.6-44.9 kg/ha) under the
conventional fertilisation system. The lowest
values of nitrogen balance (+28.9-33.1 kg/ha)
were in grain crop rotations. A positive phos-
phorus balance was achieved by all fertilisation
systems used in all crop rotations under study.
The highest values of this indicator were ob-
tained on conventional organic-mineral back-
grounds of grain-row (+65.4-67.8 kg/ha) crop
rotations. It was somewhat lower in the grain
(+52.0 kg/ha), fruit (+45.0 kg/ha) and fodder
(+44.3 kg/ha) crop rotations.

In other words, research on different soil
types strongly suggests that the application of
phosphate fertilisers to various crops can con-
siderably affect phosphorus mobility and accu-
mulation. The results of these studies suggest
that the best rates of phosphate fertiliser appli-
cation depend on the type of soil and crop re-
quirements in the crop rotation system.

CONCLUSIONS

The humus content of the soil was determined
by the application of mineral and organic fertil-
isers and did not significantly depend on crop
rotation. The maximum humus content in the
soilwasreached by 0.13% higher at the end of the
second rotation in the grain-row crop rotation
compared to the fruit crop rotation when using
the organic-mineral fertilizer system. With the
organic-mineral fertilisation system, the humus
content in all crop rotations increased due to an
increase in the amount of non-hydrolysed res-
idue. The highest humus content was observed
in fruit and grain-row crop rotations, and the
lowest - in specialised grain-row crop rotation.
In the unfertilised variants, due to the growing

w)

mineralisation, the largest losses were in the
specialised grain-row crop rotation.

The mineral nitrogen content of sunflower
in short crop rotations was sufficient to obtain a
sufficient level of yield. Under the mineral fertil-
isation system, the mineral nitrogen content de-
creased, due to the suppression of nitrification
processes in the typical chernozem typical of the
right-bank Forest-Steppe of Ukraine. The organ-
ic-mineral fertiliser system had an advantage in
terms of its content in the soil compared to the
mineral system. The organic fertilisation system
had a slight tendency to increase the nitrogen
content of mineral soils compared to the min-
eral one. The content of mineral nitrogen in the
soil decreased significantly under the row crop
rotation and specialised grain-row crop rotation.

The use of mineral and organo-mineral fer-
tilisation systems in crop rotations contributes
to a greater use of mobile phosphorus by crops
in short crop rotations and the formation of high
phosphate content in black soil. An increased
content of mobile phosphorus was observed in
fruit and grain-row crop rotation. Row crop ro-
tation led to a decrease in the content of mobile
phosphorus in typical chernozem. The migra-
tion of exchangeable potassium on typical cher-
nozems depended on the system of fertilisation
of crops in the crop rotation. The highest con-
tent of exchangeable potassium was observed
in the fruit crop rotation under the mineral fer-
tilisation system. A promising area for further
research is the study of the fractional composi-
tion of humus and phosphate migration in the
one-metre soil thickness under fruit and grain-
row short crop rotation.

Extensive agrochemical analysis of the soil
can provide detailed scientific information.
Comparative analysis of research results in field
stationary experiments is important. To estab-
lish the specific features of changes in indicators
characterising soil fertility, the state and char-
acteristics of microbiological processes, phys-
ical and chemical properties, and the intensity
of soil load under diverse fertilisation systems,
research institutions are recommended to con-
duct more in-depth studies that will cover these
issues and establish the most suitable combina-
tion of regulated factors in the soil-plant-pro-
ductivity system.
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BikTopina IBaHiBHa MenbHUK
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FN'YMYCHMUI CTaH Ta NOXXUBHUMN PEXMNM YOPHO3EeMYy TUMOBOIo
3a/1e)XKHo Bif yao6peHHS B KOPOTKOPOTaLIMHUX CiBO3MiHaX

AHoTauiga. CructeMa yoobpeHHs — HaHIieBimmi pakTop iHTeHCHiKallii TEXHOIOTIY BUPOIyBaHHS
CIJIBCBKOTOCIIOZAPCHKUX KYIBTYP. OCHOBOIO HAyKOBO OOIPYHTOBAHUX CHCTEM 3aCTOCYBaHHS
IO6pUB, pa30M 3 OTPUMAHHAM 3aIJIAHOBAHOTO PiBHA BPOXKAIO BiMOBIZIHOI SKOCTi, aKTyaJIbHUM
€ BUBYEHHS [TOKa3HUKIB BMICTY OpraHiuHOI pe4OBHMHH Ta [IOKMBHOI'O Pe3KMMY I'PYHTY 3a pOTallilo
ciBo3MiHN. MeTOI0 AAHOI0 JOCIiI)KeHHS € BU3HaUeHHS MiHepalIbHOTO a30Ty, pyxoMoro docdopy,
06MiHHOrO Kajilo i BMICTy TyMycy, B YOpPHO3eMy TUIIOBOTO 3a Pi3HUX CUCTEM YLOOpEHHS y
KOPOTKOPOTalLiiHUX ciBo3MiHax. [Jis BUpIIeHHA MHpO6JIEMH POAIOYOCTI I'PYHTY BasKIIMBUM
ITiIXOZOM € IIPOBeIeHHS ITOJIBOBUX i 1a60paTOPHUX AOCIiAKEeHb AJI BU3HAUYEeHH 3MiH 'YMyCHOT'O
cTta”Hy 3a TOpiHMM, a30THOTO, $OoCcHOPHOro, KaJIiIMMHOIO PEXUMY IPYHTY 3a MauuriHuM Ta
JUCHepCiliHi MeTonU [AJI BU3HaUYeHHs AOCTOBIPHOCTI eKCIIepUMeHTaIbHUX AaHuX. B pesynerarti
IIPOBeJIeHUX JIOCIIi/IKeHb, BCTAaHOBJIEHO, 1110 HAWBUIIWM BMICT I'yMycy ¥ I'PYHTI 3adikcoBaHO 3a
OpraHo-MiHepaIbHOI CCTEMH YOOO6PEHHS Ha KiHellb IPYrol poTallil y 3epHoIpocanHin Ha 0,13 %
y TOPiBHAHO 3 IUIOZO03MIHHOIO CiBO3MIHOI0. 3aCTOCYBaHHS MiHepaJIbHOI CUCTeMU yIO6peHHS 3a
IIPOCAIHOI CiBO3MIiHU BMICT T'yMycy 3MeHIIUBCA Ha 0,12 %. 3poCcTaHHA 'YMyCOBaHOCTI YOPHO3EMY
TUIIOBOrO 3adiKCOBaHO 3a IIOJO3MIiHHOL i 3epHoOIpocamnHol ciBo3MiHU. OpraHo-MiHepasbHa
cucteMa yro6peHHs TeHIeHLIMHO [TiABUIIyBaJia BMICT y IPYHTI MiHEpaJIbHOTO a30TY y ITOPiBHAHI 3
iHmuMu cucTeMaMu. BMicT MiHepabHOTO a30Ty 32 MiHEpaIbHOI CUCTEMU YAOOPEHHS 3MEeHIINBCS
Ha 5,5 MI'/KT TPYHTY [IOPiBHAHO 3 BapiaHTOM 6e3 yIo6peHHs. 3a OpraHo-MiHepaIbHOI i MiHepaIbHOI
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New record of Anthocoptes platynotus Nalepa (Acari: Eriophyoidea)...

cucTeMu yono6peHHS BMiCT pyxoBux docdariB 3pocTaB 3a BCix CiBo3MiH. BMicT pyxoMoro dochopy
y IIpOCAIHiM CiBO3MiHi iCTOTHOTr'0 3HMIKYBaBCA Y [IOPiBHAHHI 3 IJIOI03MiHHOIO i 3 pHOIIPOCAITHO0
ciBo3MiHO0. Haibinpmuit BMicT 06MiHHOrO Kajilo y TpyHTI 3adikcoBaHO 3a MiHepasbHOI
cucTeMU yoobpeHHs. MaTtepianu my6tikaliii MaloTh IpaKTUYHEe 3HaYEHHS ITPY aHaIi3i OCHOBHUX
efleMeHTiB MiHepaIbHOTO JKMBJIEHHS YOPHO3eMy TUIIOBOT'O B KOPOTKO POTAlliiHUX CiBO3MiHaX

KniouoBi cnoBa: MiHepanbHUM a30T, O6MIHHUWN KaJjil; COHALIHUK; €JIEMEeHTH >XUBJIEHHS;
arpolieHo3

' @ Plant and Soil Science (14)4



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

pla nt an d SOl I Plant and Soil Science, 14(4), 45-60
__Science Received: 03.07.2023 Revised: 10.10.2023 Accepted: 22.11.2023

UDC332:631.1 DOI: 10.31548/plant4.2023.45

Halina Lipiriska”

Doctor Habilitat, Professor

University of Life Sciences in Lublin

20-950, 13 Akademichna Str., Lublin, Poland
https://orcid.org/0000-0003-0135-5121
Ivan Shuvar

Doctor of Agricultural Sciences, Professor
Lviv National Environmental University
80381, 1 V. Velykyi Str., Dublyany, Ukraine
https://orcid.org/0000-0002-4149-1761
Wojciech Lipinski

Doctor Habilitat, Professor

Institute of Agricultural Sciences

University College of Applied Sciences in Chelm
22-100, 54 Pocztowa Str., Chetm, Poland
https://orcid.org/0000-0002-6751-6381
Weronika Kamirniska

Student

University of Life Sciences in Lublin

20-950, 13 Akademichna Str., Lublin, Poland
https://orcid.org/0000-0002-3020-8473
Hanna Korpita

PhD in Agricultural Sciences, Associate Professor
Lviv National Environmental University
80381, 1 V. Velykyi Str., Dublyany, Ukraine
https://orcid.org/0000-0002-0908-0129

The content of mineral nitrogen in a 0-30 cm soil layer as an
indicator of ecosystem services: A case study of grasslands

Abstract. Nitrogen's role in agriculture lies in its mineral form, impacting plant availability
and potential losses, with soil nitrogen content in grassy areas playing a vital role in ecosystem
services like regulation and maintenance. The research aimed to evaluate these services using
the mineral nitrogen indicator in the 0-30 cm soil layer, and to establish the link between their

Suggested Citation:

Lipinska, H., Shuvar, I., Lipinski, W., Kaminska, W., & Korpita, H. (2023). The content of mineral nitrogen in a 0-30 cm
soil layer as an indicator of ecosystem services: A case study of grasslands. Plant and Soil Science, 14(4), 45-60.
doi: 10.31548/plant4.2023.45.

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
- Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0003-0135-5121
https://orcid.org/0000-0002-4149-1761
https://orcid.org/0000-0002-6751-6381
https://orcid.org/0000-0002-3020-8473
https://orcid.org/0000-0002-0908-0129

The content of mineral nitrogen...

biophysical and financial values. This was done considering usage type, soil type, and corn as an
alternative feed for ruminants. Services were assessed across 1,540 points in permanent green
areas (meadows, pastures, alternating), grass cultivation areas (short-term), and corn fields. The
study affirmed the significant contribution of grasslands to ecosystem services, evaluated through
the “content of N, in a 0-30 cm” soil layer, which exhibited variations based on usage, type, and
regional distinctions. The highest biophysical and monetary values of ecosystem services were
found in grasslands designated for meadow use, while the lowest accumulation of N_._in the
0-30 cm layer, thus impacting the scope of environmental services was observed in mineral soils
subjected to short-term alternating crop cultivation (55.2 kg-ha?) and corn cultivation (70.9 kg-ha™).
Across various usage methods and soil types, the region characterized by intensified livestock
production, the Podlaskie Province displayed the highest biophysical and monetary values for
grassland ecosystem services compared to the other provinces under study. In contrast, the
remaining provinces exhibited comparatively lower values in this regard. The provided monetary
value, based on current nitrogen fertilizer costs and grassland/corn extent, can universally gauge
ecosystem service worth from fodder plants across farms, regions, and nations

Keywords: meadows; ecological benefits; nutrients, category ‘regulation and maintenance”,

fodder crops

INTRODUCTION

The research on the function of green areas in
the valuation of ecosystem services and nitro-
gen management in agriculture is to present the
relationships between ecological and economic
indicators. Such an integration leads to a sus-
tainable and integrated management of natu-
ral resources. Green areas, which occupy about
20% of agricultural land in both Poland and Eu-
rope, are relatively poorly researched in terms
of the assessment and evaluation of ecosystem
services in the natural environment (Statis-
tics Polish, n.d; Burczyk et al, 2018). Therefore,
M. Villoslada et al. (2018) noted that recognizing
the role of these services and their quantifica-
tion can prove very useful in supporting a range
of decisions related to designing and preserving
them, as well as sustainable management of
grasslands.

Many research methods have been devel-
oped, which were often adapted to the research
area (Richter et al., 2021). However, there is little
research that uses the physical and chemical
properties of soils, including the management
of mineral nutrients, as indicators.

The European Union has become a pio-
neer in the identification and standardization
of ecosystem services, successively introduc-
ing legal regulations (including the European
Green Deal (n.d.), to help identify threats and
develop research programs, as well as proposals
for preventive actions against adverse changes
occurring in ecosystems and the entire natural
environment (Bongardt § Torres, 2022; Wielicz-
ko & Florianiczyk, 2022). Y. Yuan et al. (2023) con-
cluded that the demand for ecosystem services
is a key aspect of sustainable development and
environmental protection and is highly depend-
ent on the condition and integrity of ecosystems
capable of providing them. In the event of their
degradation, they can be limited or even lost,
which ultimately has negative consequences
for humans. However, according to T. Ding et
al. (2023) the demand for ecosystem services
has broad applications and significant impli-
cations for decision-making in environmental
protection, spatial planning, development of
ecosystem markets, and assessment of the ef-
fectiveness of environmental policies.
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Permanent green areas are the primary
source of fodder for animals, both domestic and
wild. They constitute an excellent geochemical
barrier in the path of biogen flow, which is an
important factor in preventing eutrophication
of surface waters. Thus, they are of particular
importance in the accumulation of nitrogen
compounds in the soil (Giraud et al, 2021). At
the same time, meadow vegetation can ab-
sorb significant amounts of nutrients (e.g., ni-
trates), often preventing their migration to wa-
ters. V. Vooren et al. (2018) and M. Ignatyeva et
al. (2022) claimed this positively influences their
retention in the environment, thus providing
specific ecosystem services.

Changes in the way green areas are used,
both in Poland and many other countries, from
a productive function to extensive or even un-
used, and a reduction in their area, lead to deg-
radation or even destruction of their resources
and loss of ecosystem services they provide, as
confirmed by various scientific sources (Bengts-
son et al,, 2019; Lipinska et al., 2021).

Therefore, the aim of the research carried
out was to evaluate the ecosystem services
of green areas depending on their use com-
pared to corn cultivation as a feed plant, for
which the index was the mineral nitrogen re-
sources in the topsoil layer (0-30 cm), under
various economic and natural conditions. The
research hypothesis assumes that green areas

perform important ecosystem functions, and
that the scope and value of these services are
greater than other fodder crops. In grasslands,
the scope of the services depends on both
their location and soil category, and the type
of their use.

MATERIALS AND METHODS

The research material used in this study com-
prised data collected as part of monitoring con-
ducted by chemical and agricultural stations on
farms located in the Lubelskie, Podlaskie, and
Opolskie Provinces. A total of 1,540 research
points were analysed, encompassing perma-
nent grasslands, short-term alternating arable
land, and arableland designated for grasses and
corn. The study took place over 4 years and met
all the standards specified in the Convention
on Biological Diversity (1992). The geographical
coordinates of each point were recorded using
a GPS locator, ensuring consistent sampling in
subsequent years. Soil samples, both mineral
and organic, were collected from fields with a
maximum area of 4 hectares.

Among the research points, 1,020 were se-
lected from grasslands managed consistently
throughout the study period (including mow-
ing, pasture, hay, and mixed pasture), while
520 points were situated in areas cultivated
with corn, exclusively on mineral soils (Ta-
ble 1, Fig. 1, 2).

Table 1. Number of soil material samples

Province
Soil category
Lubelskie Opolskie Podlaskie
very light and light 68 304
Mineral soils

medium and heavy 236 188 316
Organic soils 40 0 152
Total 512 256 772
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Use:

o cutting and grazing

& pastures

© meadows

e short-term grassland
maize

Figure 1. Location of objects according to their use

Note: L - Lubelskie, P - Podlaskie, O - Opolskie
Source: authors own elaboration

Soil category:

+ very light mineral
¢ light mineral

A medium mineral
0 heavy mineral

® organic

Figure 2. Location of objects according to soil type

Note: L - Lubelskie, P - Podlaskie, O - Opolskie
Source: authors’ own elaboration

The naturally humid soil samples, in which
the content of N_. was determined, were ex-
tracted with a 1% solution of potassium sulphate
at aratio of 1:10. The nitrate nitrogen and ammo-
nium nitrogen content in the extracts were de-
termined through spectrophotometry using the
Skalar San Plus System autoanalyser(Nether-
lands, PKN: PN-R-04028:1997..., 1997). Addition-
ally,thedrymattercontentofthe sampleswasde-
termined. The content of mineral nitrogen as the

)

sum of nitrate and ammonium nitrogen was ex-
pressed in mg-kg* of dry mass of the soil sample.

To further analyse and interpret the data, it
was converted the mineral nitrogen content into
kilograms per hectare using specific conver-
sion factors established for various agronomic
categories of mineral soils, as determined by
the Polish Committee for Standardization (PKN:
PN-R-04028:1997..,, 1997). It's important to note
that these conversion factors were not applied
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to organic soils. As a result, for organic soils, it
was utilized the results of N-NO, content deter-
minations and N-NH, content (in mgkg* dm)
in the assessed soil layers. It was calculated the
N_. content (in kg N - ha) as the product of the
sum of nitrate and ammonium nitrogen, the
bulk density of the soil (assumed to be 0.5), and
a conversion factor of 3 (representing a 30 cm
layer of soil).

In the evaluation of the value, both bio-
physical and economic, of ecosystem services
provided by grasslands, it was used the means

derived from the spring and autumn data col-
lection dates. It was considered the N . content
in the soil layer of 0-30 cm as the measure of the
value of this service. This content is viewed as a
resource of N available to plants, particularly
those with shallow root systems. The higher the
N_. content, the greater the ecosystem service
provided. To quantify this value, it was multi-
plied the calculated N . contents by the price of
1kg of N in mineral fertilizers and expressed it in
[EURkg?] (according to the average market price
of the pure ingredient - Table 2).

Table 2. Monetary values used to assess the studied indicator ecosystem services

Indicator . Lubelskie Opolskie Podlaskie Mean (calculated)

. . Economic

biophysical unit 7S S 7S 7S

q orn orn orn orn

quantity Grassland cultivation Grassland cultivation Grassland cultivation Grassland cultivation
N content in
0-30 cm layer [EUR-kg™] 0.88 0.88 1 1 0.93 0.93 0.94
[kg-ha™]

Source: authors’ own elaboration based on the data from the Statistics Polish (n.d.)

To confirm the research hypothesis, statisti-
cal analyses were performed to demonstrate the
impact of selected factors (3 location, 5 method
of use and 5 levels of type and category of soil)
on the quantity or value of the assessed indica-
tor of grassland ecosystem services compared to
corn cultivation. Due to their highly asymmetric
distribution, the physicochemical quantities
studied were transformed for statistical analy-
sis (the transforming function was log,, [x + 1]).
Thus, a normal distribution of the studied char-
acteristics was obtained, which is required in the
applied statistical methods and for the correct
inference of the conducted analyses. Because
of the logarithmic function used in the trans-
formations, the differences between the groups
should be understood as a comparison of the or-
ders of magnitude of the determined measure-
ments, and not the actual values.

The following factors were taken into ac-
count in the analyses: the province (3 levels
specifying the provinces from which the data
were collected: Lubelskie, Podlaskie, and Opol-
skie), the soils (5 levels: very light mineral soil
(up to 10% of particles with dimensions below
0.02 mm), light soil (11-20% of particles less than
0.02 mm), medium soil (21-35% of particles less
than 0.02 mm), heavy soil (above 35% of particles
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less than 0.02 mm) and organic soil (above 10%
of organic matter), as well as the method of use
(5 levels: meadows, pastures, hay and pastures,
short-term alternating land and corn).

To detect statistically significant differenc-
es among individual subgroups of data, it was
utilized Tukey's post-hoc HSD test for unequal
subclasses, as proposed by Spjotvoll and Sto-
line in 1973. A significance level of o= 0.05 was
adopted for determining statistically significant
distinctions. The statistical analyses were per-
formed using Dell Statistica software version
13.1. Data from a total 1540 measurement points
were subjected to statistical analysis, includ-
ing 772 from the Podlaskie Province, where the
share of grassy ecosystems is the largest in Po-
land (32%). In the Lubelskie Province, where the
share of grasslands is 16%, the research covered
512 measurement points, while in the Opolskie
Province - only 256 points (corresponding to the
lowest share of - 10%).

RESULTS

Biophysical value. When evaluating the dif-
ferences in the content of N_, in the 0-30 cm
soil layer, it was found that in Lubelskie Prov-
ince, in light and very light mineral soils, these
contents were similar, depending on the type
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of land use (Table 3). On the other hand, in me-
dium and heavy mineral soils, the lowest con-
tentof N_,_was foundin alternating short-term
soils and the highest in corn cultivation, with
significant differences. Significantly higher
N_. content was also recorded in soil than in
alternate arable lands in objects used for pas-
ture and mowing (in all cases p < 0.001). In the
Opolskie Province, where only three types of

land use were assessed on very light and light
soils (Table 3), a significantly higher N_.con-
tent was found in soils under corn than in soils
under meadows, and even under alternating
arable land (cultivated similarly to corn on ar-
able land). However, the method of use did not
significantly differentiate the content of the
tested component in mineral soils of medium
and heavy categories.

Table 3. The biophysical value of the ecosystem services of grasslands
and corn crops based on the content of N_;_in the 0-30 cm soil layer [kg-ha]

Type of use
il ey cutting a nd pastures meadows alternating use Corn
pasturing

Lubelskie

mineral, very light and light 2548 *41.9 ®x41.4 *42.4

mineral, medium and heavy 29350 ®v54.8 ®v53.8 *25.0 ®v67.2
Organic *25.2 v83.3

Opolskie

mineral, very light and light M 67.8 x50.1 ©109.5

mineral, medium and heavy bc57.8 73,1 €98.3 ®©83.5
Organic —_ - — — -

Podlaskie

mineral, very light and light 84,5 992.8 *V82.8 56.5 x58.7

mineral, medium and heavy 73,1 4v111.0 bx72.5 5x60.3 64.5
Organic 94.6 doxv113.4 %123.6

Note: abcd - homogeneous groups within a column (for the specific province and soil category); xy —
homogeneous groups within a verse (for the adopted use type), lack of letter markings: no significant differences

Source: authors’ own elaboration

In the Podlaskie Province, in the 0-30 cm
layer of very light and light soils, significantly
higher content was found on hay-pasture, pas-
ture and meadow grasslands than in soils un-
der alternating arable land and corn crops. The
highest N_. contents in the soil under pasture,
and the lowest in the soils under alternating
arable land and corn were also recorded in ob-
jects with medium and heavy soils. On the other
hand, in organic soils, significantly higher con-
tent of this nutrient was found in objects used
as meadows and pastures than, alternatively, in
hay and pasture.

Using multiple comparison tests, the N_
content in the 0-30 cm soil layer was analysed
for specific land uses across different soil types
and provinces. Significant differences were
found in various scenarios. Under hay and pas-
ture use, differences were observed between

medium and heavy soils in Lubelskie Province
and the examined mineral and organic soils
in the Podlaskie Province (p = 0.014). However,
no significant differences were found among
different soil types in the Podlaskie Province.
For pasture use, no significant differences in
N_. content were found between different soil
types within provinces. In Lubelskie Province,
N_. content in very light and light mineral soils
(p=0.035) and organic soils (p < 0.001) was lower
compared to the Podlaskie Province. The lowest
values were observed in pastures on organic
soils in Lubelskie Province.

In the case of meadow use, significantly
higher N_. contents were obtained in organ-
ic soils compared to mineral soils. In Lubelskie
Province, N_, content was significantly lower in
organic soils compared to the Podlaskie Prov-
ince (p < 0.001) and very light and light mineral

Plant and Soil Science (14)4



Lipiriska et al.

soils (p < 0.001), with no differences in medium
and heavy mineral soils (p=0.774). No significant
differences were found between the same soil
types in Opolskie and Lubelskie provinces.
When assessing N_, content on alternat-
ing lands (arable land), no significant differ-
ences were found between different soil types
within the Lubelskie and Podlaskie provinces.
In the Opolskie province, a significantly higher
N_. content was found in medium and heavy
mineral soils compared to very light and light
ones. In Lubelskie Province, Nmin content in
medium and heavy mineral soils was signifi-
cantly lower than in the same soil types in the
other two provinces (p < 0.001 in both cases),
with the highest content observed in Opolsk-

ie Province. No significant differences were
observed for objects located on very light and
light mineral soils between provinces. For corn
crops, no significant differences in N_, content
were found between different soil types within
provinces. However, nitrogen content in very
light and light mineral soils in Lubelskie Prov-
ince was significantly lower compared to Opol-
skie Province (p<0.001).

Economic value. When assessing the esti-
mated value of the services of the studied grass-
land ecosystems based on the nitrogen content
index in the 0-30 cm soil layer in the Lubelsk-
ie Province, the highest nitrogen values were
found in meadows on organic soil and were val-
ued at approximately EUR 74 per ha (Table 4).

Table 4. Economic value of the ecosystem services of grasslands and corn crops based
on the mineral nitrogen content index in the 0-30 cm soil layer [EUR - ha]

Type of use
Province Soil category cutting and .
. pastures meadows alternating use corn
pasturing
Lubelskie
mineral, very light and light ®48.6 2373 ®36.8 237.7
mineral, medium and heavy av31.1 abey 48,7 ®Y47.9 ax22.2 ®y 597
Organic *22.4 v74.1
Opolskie
mineral, very light and light b 67.8 2 50.1 ©109.5
mineral, medium and heavy b 57.8 €731 €98.2 ©83.5
Organic — — — — —
Podlaskie
mineral, very light and light by 76.8 v 86.6 v77.3 b 52.7 548
mineral, medium and heavy > 68.3 v 103.6 bx 67.6 56.3 5 60.2
Organic *88.3 v 105.8 %115.4

Note: abcd - homogeneous groups within a column (for the specific province and soil category); xy —
homogeneous groups within a verse (for the adopted use type), lack of letter markings: no significant differences

Source: authors’ own elaboration

The ecosystem services of pastures, also
on organic soils, were valued the lowest (EUR
22.4-ha’). Grassy ecosystems in the above-men-
tioned province, on very light and light mineral
soils, generated the highest value of services
when they were used for pasture. The level of
services provided by ecosystems used for mow-
ing (meadows) and as short-term alternating
land, was at a level similar to that of corn cul-
tivation. Grasslands used for pasture, located
on medium and heavy soils, also generated the
highest values of ecosystem services compared
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to other types of use, but these values were low-
er than for corn cultivation. From a statistical
point of view, differences in the amount of nitro-
gen accumulated in the 0-30 cm soil layer were
observed only between short-term alternating
land and corn cultivation (both on arable land).
In the Opolskie Province, the highest val-
ues of this indicator (nitrogen in the 0-30 cm
soil layer) were observed in objects with corn
cultivation, on very light and light soils (EUR
109.5-ha”), and the lowest - in objects used as
short-term alternating land, also on very light
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and light soils (EUR 50.1-ha?). Hay and pasture
ecosystems, as well as pastures, were not an-
alysed in this province. In medium and heavy
soils, the highest amount, and thus highest value
of N_. , was recorded on short-term alternating
arable land. On the other hand, the lowest value
of services was generated by pastures. On me-
dium and heavy mineral soils, the values of the
assessed indicator were higher than on objects
with a comparable type of use, but on very light
and light soils, however, statistical differences
were not confirmed.

In the Podlaskie Province, the highest ni-
trogen content in the 0-30 cm soil layer was ob-
served in areas designated for meadows on or-
ganic soils, amounting to EUR 115.4 per hectare.
Conversely, the lowest content, at EUR 52.7 per
hectare, was recorded on short-term alternating
fields with verylight and light soils. Notably, pas-
tures and areas used for mowing and pasture
yielded the highest ecosystem service values
on these soils, exceeding the values generated
by short-term alternating arable land and corn
crops by approximately EUR 22.2 per hectare.
Similar patterns were observed on heavier soils
(medium and heavy mineral soils). Organic soils,
on the other hand, primarily provided substan-
tial ecosystem services through meadows, fol-
lowed by pastures, with no grass crops on arable
land and no corn crops on these soil types.

When evaluating the N, value accumulat-
ed in the 0-30 cm soil layer across the studied

140
120
100

Cutting and grazing M Pastures B Meadows

0

0

0

0 Lubelskie Opolskie Podlaskie
Mineral soils

provinces, the highest values were consistently
found in the Podlaskie Province, irrespective of
soil type and land use methods. When compar-
ing this indicator between provinces with simi-
lar land use methods and soil types, significantly
lower values were observed in meadows on me-
dium and heavy soils in Lubelskie and Opolsk-
ie Provinces (p = 0.010) compared to Podlaskie
Province. The same trend was noted for corn
crops in this soil category, but with higher values
in the Opolskie Province compared to Lubelskie
(p = 0.001). Furthermore, mineral nitrogen ac-
cumulation in meadows on medium and heavy
soils in Lubelskie Province received higher valu-
ation than nitrogen in meadows on light soils in
Podlaskie Province. Significant differences were
also detected for short-term alternating agricul-
tural lands in Lubelskie Province with very light
and light soils, compared to those in Podlaskie
Province with medium and heavy soils.

Considering the ecosystem services provid-
ed by grass communities based on mineral ni-
trogen content in the 0-30 cm soil layer, it's ev-
ident that the contents vary depending on land
use and province, particularly on mineral soils.
In the Lubelskie Province, in all the assessed
sites, both the biophysical quantity (Fig. 3) and
monetary value (Fig. 4) of this indicator were
lower than in similar objects in the Opolskie and
Podlaskie Provinces, despite only slightly higher
doses of mineral nitrogen in fertilizers used in
these areas (Fig. 5).

Short-term grassland M Maize
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6
4
-1l |

Lubelskie Podlaskie
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Figure 3. Biophysical quantity [kg-ha] of ecosystem services based on the studied indicator
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in the 0-30 cm soil layer) depending on the method of use on mineral

and organic soils in the surveyed province (as mean for the category)

Source: authors’ own elaboration
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Figure 4. Economic value [EUR-ha] of ecosystem services based on the studied indicator
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Source: authors’ own elaboration
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Figure 5. The amount of nitrogen dose [kg-ha] applied depending on the method of use on mineral
soils (average for the category), as well as on organic soils in the surveyed provinces

Source: authors own elaboration

In the Lubelskie Province, the highest val-
ues of this indicator were recorded for objects
with corn, and then for pastures. In the Opolsk-
ie Province, the highest content of mineral ni-
trogen in the layer up to 30 cm was found also
in the soil under corn, and the lowest in the soil
under pastures. In the latter case, it could also be
related to lower fertilizer doses used in pastures,
which are of marginal importance in intensive-
ly managed farms. This is contrary to the Pod-
laskie Province, where the highest values of the
studied indicator were found in objects used for
pasture. A similar, yet slightly lower content of
mineral nitrogen was recorded in objects used
for mowing and for mowing and pasture. In ob-
jects where cultivation was carried out on arable
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land, both short-term alternating land and corn
cultivation, the lowest content of mineral nitro-
gen in the soil was found and the correspond-
ing (lowest) monetary values. When examining
the indicator on organic soils, it is evident that
even in Lubelskie Province, these values were
lower compared to those in Podlaskie Province.
However, in both provinces, meadow areas con-
sistently exhibited the highest values, while pas-
tures consistently had the lowest values.
Analysing the computed values of ecosys-
tem services in grasslands across provinces, ir-
respective of land use and soil type, the highest
values were observed in the Opolskie Province,
followed closely by the Podlaskie Province. In
contrast, Lubelskie Province exhibited values



The content of mineral nitrogen...

approximately half as high, corresponding to
the mineral nitrogen content in the soil root lay-
er. Within Lubelskie Province, the lowest values
for this service were observed across all studied
land use forms, encompassing both grassland
ecosystems and corn cultivation. In contrast,
the Podlaskie Province showcased the highest
service values for pasture areas, followed by
meadows. For short-term alternating land use
and corn cultivation, the Opolskie Province reg-
istered the highest service values. Interesting-
ly, in this province, slightly greater values were
recorded for areas under corn cultivation com-
pared to short-term alternating arable land.
Comparative analyses were conducted us-
ing logarithmically transformed mean values
to ensure consistency in the distribution of
values and achieve a normal distribution. The
biophysical values of ecosystem services were
grouped together without differentiation based
on soil types (Table 5). In the group of grassland
ecosystems, the values for different types of
use (mowing, hay and pasture, pastures, short-

term alternating land) were averaged. Bio-
physical values were also used to calculate the
economic value of individual services. In terms
of the content of N__. in the 0-30 cm soil lay-
er, grassy ecosystems retain 69.62 [kg-ha] on
average and are slightly higher to corn crops
68.10 [kg-ha]. The highest biophysical values
of this indicator in the assessed areas were
observed in corn crops, 90.27 [kg-hal] in the
Opolskie Province, while the lowest - among
grassy ecosystems in Lubelskie Province -
4816 [kg-ha]. The obtained biophysical val-
ue of ecosystem services is reflected in their
monetary value (63.7 and 65.0 euro, respective-
ly). However, taking into account the amount
of nitrogen dose per hectare of the studied
ecosystems (Fig. 5), even a slight advantage
of grassy ecosystems in this respect can be
indicated. Significantly higher values of the
above-mentioned indicator were calculated
for grassy ecosystems than for corn cultivation,
applicable to objects located in the Podlask-
ie Voivodship (respectively 76.1 and 57.9 euro).

Table 5. Biophysical [kg-ha?] and monetary [eur-ha?] values of ecosystem services
for grassland communities and corn crops per hectare based on nmin content
inthe 0-30 cm soil layer in the studied provinces

Study area — provinces
Lubelskie ‘ Opolskie ‘ Podlaskie ‘ Medium
Type of use
Grasslands \ Corn crops \ Grasslands \ Corn crops \ Grasslands \ Corn crops \ Grasslands \ Corn crops
[kg-ha"]
°48.06 | 5277 | 7209 | <9027 | <8158 | ‘6206 | 6962 | 68.10
[EUR-ha™]
°428 | 469 [ 721 | 9903 | <761 | *579 | 637 | 650

Note: abcd - homogeneous groups of means in a verse, according to province and form of use (if statistically
significant differences at p=0.05 were found); xy - homogeneous groups of means in a verse, regardless of province,

for general means (if statistically significant differences at p=0.05 were found)

Source: authors’ own elaboration

The conditions for the growth and devel-
opment of plants fundamentally depend on the
presence of absorbable forms of mineral com-
ponents in the soil, not only because of their
structural or nutritive effect. According to H. Li-
pinska et al. (2020) absorbable minerals are re-
sponsible, among others, for maintaining ionic
balance in the soil and thus impact the amount
of crops and their quality. One of the most impor-
tantnutrients for plantsis nitrogen. Its contentin

=)

the soil is variable and depends on many factors.
Nitrogen is often depleted as a result of uptake
by plants and soil microorganisms, but also due
toleaching. Therefore, M Giraud et al. (2021) con-
sidered the constant supply of this element to
the trophic chain is decisive in plant production.

In the search for solutions to optimize ni-
trogen management, it is necessary to take into
account the significant diversity of soils (in
natural conditions of agricultural production).
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Previous research in this area was conducted
primarily on arable land (Kopiniski, 2018; Tk-
aczyk et al., 2020). However, the amount of min-
eral nitrogen in the 0-30 cm layer of soil (min-
eral and organic) under grassland turf has not
been studied as an important ecosystem service
(especially compared to arable land soils). Also,
while comprehensive mapping of ecosystem
services of various crops on arable land is quite
advanced, comprehensive analyses and meth-
ods of measuring indexes of these services in
grassland ecosystems, which are an important
element of many landscapes around the world
(Richter et al., 2021), are lacking.

M. Zisenis et al (2020), H. Lipinska et
al. (2020) believe that the results of research on
ecosystem services can play a key role in imple-
menting sustainable agricultural practices. By
evaluating, for example, the contribution of eco-
systems to agricultural productivity or soil fertil-
ity (which was the subject of research), they help
promote nature-based agriculture, especially
practices such as organic farming or precision
agriculture. They also support the reduction of
fertilizer consumption, including nitrogenous
fertilizers. H. Lipinska et al. (2021), A. Bongardt
& F. Torres (2022) described that this limits their
dispersion in the environment and increases
their efficiency, which raises the level of farm
management, and reduces the harmful impact
of agriculture on the environment. Therefore,
they can be a very useful tool to support a variety
of decisions related to the natural environment.

In the natural environment, grassland com-
munities play an exceptional role. Their location
and area are conditioned physiographically,
which prevents arbitrary changes and promotes
significant spatial stabilization. J. Bengtsson et
al. (2019) summarized that these ecosystems
have a significant share in the structure of land
use and perform a variety of functions, from
fodder, through environmental and landscape,
to cultural). Used as meadows or pastures, less
often variably (as mowing-pasture land) or as
short-term alternate fodder (cultivation on ar-
able lands), they occupy different land percent-
ages, depending on animal stocking (according
to data of Statistics Polish (n.d.)), corn for silage
is growing increasingly in dominance as rumi-
nant fodder). These ecosystems differ in terms
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of the management and species composition
of plants, so they probably also differ in the size
of ecosystem services. The attempt made in the
work to value ecosystem services of differently
used grassland communities against other fod-
der crops for ruminants fits into very few (still)
studies in this area. Very few studies, both in
Poland (Golinski & Foltynowicz, 2018; Lipins-
ka et al., 2020; Lipifiska et al., 2021) and in Europe
address the identification, assessment, and val-
uation of grassland ecosystem services (Honig-
ova et al., 2012; Bengtsson et al., 2019).

Valuation of natural resources involves as-
signing monetary values to both their products
and the benefits they offer through ecosystem
services. This is commonly defined as “the val-
ue of ecosystem services”. Valuation of individ-
ual and comprehensive economic services of
grassland ecosystems is difficult due to the dif-
ferent methods and scope of research (Zisenis et
al.,2020). The first global valuation of ecosystem
services for different types of land use was made
by R. Costanza et al. (1997). This study showed an
estimated value of grassland ecosystem servic-
es (based on 1994 prices) at USD 232 per hectare
per year. In the studies carried out, the highest
value of ecosystem services, at EUR 1154 per
hectare, was that of grassland communities
in organic soils used for mowing. On the other
hand, the lowest value was that of ecosystems
on arable land (mineral soil), i.e., short-term al-
ternate uses (EUR 22 per hectare).

The capacity of the studied services varied
depending on land use, soil type, and area size,
as indicated by previous research conducted by
H. Lipinska et al (2021). These studies focused
on ecosystem services provided by grassland
communities, using the mineral nitrogen losses
index as a metric. On mineral soils, the services
with the highest values (indicating the smallest
losses of Nmin) were found in areas designated
as pastures, while the lowest values were ob-
served in areas used for corn cultivation.

In organic soils (excluding corn cultivation),
the highest value of ecosystem services was
identified in meadow areas, whereas the lowest
values were noted in pastures. These findings
suggest that organic soils generally exhibited
lower values of ecosystem services compared
to mineral soils. Additionally, when assessing
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grassland ecosystems, the Opolskie Province
had the lowest value of ecosystem services, fol-
lowed by the Podlaskie Province, and the highest
values were recorded in the Lubelskie Province.
The highest biophysical values of the studied
ecosystem services and areas were observed in
corn crops: 90.27 [kg-ha™] in the Opolskie Prov-
ince, while the lowest - in grassland ecosystems
in the Lubelskie Province: 48.16 [kg-ha]. The bio-
physical values obtained for ecosystem services
are reflected in their monetary value (EUR 637
and 650, respectively). However, considering
the size of the nitrogen dose per hectare of the
studied ecosystems (Fig. 4), a slight advantage
of grassland ecosystems can be observed in this
respect. Significantly higher values of the index
were calculated in objects with grassland eco-
systems than with corn cultivation located in
the Podlasie province (EUR 76.1 and 579, respec-
tively). Upon analysing the calculated values of
ecosystem services of grassland communities in
individual provinces, regardless of the way of use
and type of soil, the highest values were found
in the Opole province and only slightly lower
in the Podlaskie Province. Half-lower values of
the mineral nitrogen content in the root layer
of the soil were recorded in the Lubelskie Prov-
ince. Assessing the monetary value of ecosystem
services or natural resources promotes their
conservation and rational use. (Arias-Arévalo et
al, 2018). The research results showed that the
applied index of “content of mineral nitrogen in
soil layer 0-30 cm” can be universal in the con-
text of the farm, region, and country in assessing
ecosystem services of fodder plants of great eco-
nomic and natural significance. It is also an index
available in many European countries, asitis fre-
quently used in the assessment of actions result-
ing from the nitrate directive (Giraud et al, 2021).
Studying the potential and capabilities of
various ecosystems to provide services is neces-
sary to preserve and protect these ecosystems,
as well as biodiversity in general. They are relat-
ed to soil-regulating treatments, as well as the
quality of water and air (Valujeva et al, 2022).
The results of these studies can be successfully
adapted and used not only for the analysis of the
potential of ecosystem services, but also for re-
search on the self-sufficiency of administrative
units in the context of agricultural production

%)

and activities related to environmental protec-
tion (Yang et al., 2022). The spatial aspect of this
issue is also important, as it is a foundation for
making many decisions regarding spatial plan-
ning (Gonzalez-Garcia et al,, 2022). Meanwhile,
approximate valuations and mapping of eco-
system services can be a solid tool to assess the
impact of erroneous decision-making and ex-
cessive exploitation of natural resources (Sann-
igrahi et al., 2019).

In summary, the research demonstrates
that the “content of mineral nitrogen in the soil
layer 0-30 cm” can serve as a universal indica-
tor for assessing ecosystem services across var-
ious types of ecosystems, reflecting both their
economic and natural value. These findings not
only underscore the importance of conserving
ecosystems but also provide a tool to evaluate
agricultural production and environmental pro-
tection measures. The research broad its scope
by incorporating additional indicators of grass-
land ecosystem services, specifically focusing
on phosphorus content and soil organic carbon
sequestration. Additionally, the study seeks to
encompass new geographical locations, includ-
ing those in Ukraine.

CONCLUSIONS

The research confirmed the significant role of
grasslands in ecosystem services, assessed by
the content of N, in a 0-30 cm layer of soil,
which was differentiated by the use, type, and
regionalization. The highest biophysical and
monetary value of ecosystem services was ob-
served in grasslands used for meadows. The
lowestaccumulationof N inthe 0-30 cmlayer,
and thus the scope of environmental services,
was observed in mineral soils with short-term
alternating crop cultivation (55.2 kg-ha?) and
corn (70.9 kg-ha™).

Irrespective of the method of use and type of
soil, the highest biophysical and monetary val-
ues of grassland ecosystem services were found
in the region with the most intensified livestock
production (Podlaskie Province), while in the
remaining provinces covered by the research
it was lower. It is important to note that while
grasslands consistently boast higher biophysi-
cal values than corn, the statistical significance
of these differences was not confirmed in this
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study. This suggests that further investigation is
warranted to comprehensively elucidate the in-
tricate interplay between land use choices, soil
attributes, and the resulting ecosystem services.

The introduced monetary value, calibrated
against prevailing nitrogen fertilizer costs and
the extent of grassland and corn cultivation,
stands out as a versatile and adaptable indica-
tor. It offers an instrument for assessing ecosys-
tem service worth across different scales-rang-
ing from individual farms to broader regions
and entire countries. This monetary frame-
work encapsulates the intricate blend of eco-
nomic and environmental significance attrib-
uted to fodder plant-based ecosystem services.

In essence, this research provides crucial
insights into the multifaceted connections be-
tween land use, nitrogen dynamics, and eco-
system service provisioning. By highlighting
the varied impacts of different practices on

grasslands and cropping systems, the study
contributes to the broader understanding of
sustainable land management and under-
scores the imperative of safeguarding grass-
land ecosystems for their profound ecological
and economic contributions. Future research
could focus on how other factors, such as cli-
matic conditions, soil types, pasture manage-
ment and land ownership, affect the biophysi-
cal and economic values of ecosystem services.
This can help determine more accurate values
and the factors that influence these values.
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BMicT MiHepanbHOro a3oty B Wapi FpyHTy 0-30 cm
fIK iHAMKaATOpP €KOCUCTEMHMX NOC/YTr: NPUKIaa NacoBuLla

AHoTauig. Poib a30Ty B CibCBKOMY TOCIIOJAPCTBi ITOJIfirae B YMOro MiHepasibHiN ¢opMi, siKa
BIUIMBAE Ha IOCTYIIHICTh POCJIMH i [IOTEHLiMHi BTPaTH, IPUYOMY BMiCT @30Ty BI'PYHTI B TPaB THUCTUX
parioHax Bifirpae >XUTTEBO BaJKJIUBY pPOJIb Y €KOCHUCTEMHUX IIOCIyrax, TAKUX SIK PeryaloBaHHA
Ta HigTpUMKa. JOCHifAyKeHHS MaJlo Ha MeTi OL[HWTU Iii IIOCJIyTW 3a LOIIOMOTrOI0 ITOKa3HMKa
MiHepaJIbHOTO a30Ty B Irapi rpyHTy 0-30 cM, a TAKOK BCTAHOBUTH 3B'I30K MiX iX 6iodisnuHrMu Ta
dbinancoBuMuU LiHHOCTAMU. Lle 6y710 3p0o6IIeHO 3 ypaxyBaHHAM TUITY BUKOPUCTAHHSA, TUIY IPYHTY
Ta KYKypyZ3U SK aJIBTepHATUBHOTO KOpMy IJIf JKYMHUX TBapuH. [lociayru oLiHioBanu 3a 1540
TOYKAMU Ha MOCTIMHUX 3€JIEHUX HacafKeHHaX (JyKu, TacOBUIIA, 10 YEPIYIOThCA), HA TPAB SHUX
IinaHKax (KOPOTKOCTPOKOBI) i HA KYKypyA3SHMX MOMAX. HOCIifKeHHs MiATBEPAMIIO 3HAYHUM
BHECOK JIYKIiB Y €KOCUCTEMHI ITOCJIYTH, OLIHEHUH 3a «BMicTOM Ny mapi rpyHTy 0-30 CM», KU
JIeMOHCTpPYBaB Bapiallil 3aJIe)XHO Bif, BUKOPUCTAHHS, TUITY Ta PerioHaJbHUX BigMiHHOCTEN. CIIift
3a3HaYUTH, 10 HaWBUII 6i0i3nyHi Ta IpoloBi 3HaYEHHS €KOCUCTEMHUX MTOCIYT 6y/IM BUABJIEHI
Ha JlyKax, IpU3HaYeHUX JJI KOPUCTYBaHHA JIyKaMH, TOJi AK HalMeHIIe HaKOMW4YeHHA N .
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y mapi 0-30 cM, 1110 BIIMBAE Ha 06CAT €KOJOTIUHUX MOCYT, CIIoCTepirasocs B MiHepaabHUX
I'PYHTaX, AKi Miganyicsa KOpOTKOYaCHOMY BIUIMBY UepryBaHHSA CiTbCbKOTOCIIOAAPCHRUX KYJIBTYD
(55,2 krra) Ta BUpoUyBaHHA KyKypya3u (70,9 kr-ra’). 3a pisHUMU METOAaMU BUKOPUCTAHHS Ta
TUIIAaMU I'PYHTIB DerioH, L0 XapaKTepu3yeTbcs iHTeHcUiKallielo TBApMHHUIITBA, [IimisacbKe
BOEBOJICTBO IIPOJIEMOHCTPYBAJIO HaWBUINY 6i00i3nyYHy Ta I'pOIIOBY LiHHICTH €KOCUCTEMHUX
TIOCHYT IyKiB IIOPiBHAHO 3 iHIMMMU LOCIII)KyBaHUMU IPOBiHIiAMU. Ha BiIMiHY Bif 1IbOTO, pelITa
MIPOBIHIIIY ITOKAa3ajau MOPiBHAHO HUJKUi ITOKA3HUKU B I[bOMY BiZHOIIeHHi. HajmaHa rpouioa
BapTiCTh, 3aCHOBAHA Ha [TOTOYHUX BUTPaTaxX Ha a30THi 06pUBa Ta IUIOIL| [TaCOBUILIL/KYKYPYA3H,
MOJKe YHiBepCaJIbHO OL[iHUTHU I[iHHICTb eKOCUCTEMHUX IIOCIYT BiZi KOpPMOBUX POCIUH y depMax,
perioHax i KpaiHax

KniouoBi cnosa: JIyKY; €KOJIOriYHa KOPUCTD; ITOKUBHI pEYOBUHY; KaTeropis «perynoBaHHs Ta
yTPUMaHHS»; KOpPMOBI KyJIBTypU
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Abstract. In recent years, significant advances in nanotechnology have increased the ability to
produce nanoparticles of physiologically important metals on a large scale, which are now used
to improve fertilizer formulations to increase uptake by plant cells and minimize nutrient losses.
Fertilizers with nanostructure can increase the efficiency of nutrient use through mechanisms
such as targeted delivery, slow or controlled release. The aim of the research is to substantiate a
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Efficiency of the compensatory scheme...

compensatory scheme for the use of biodynamic nanofertilizers (nanocomplex micronutrient
fertilizers with organic acids) by partially replacing the main macrofertilizers in the spring wheat
fertilization system. The research was conducted on the basis of the educational and scientific
laboratory Department of Plant Industry of the National University of Life and Environmental
Sciences of Ukraine. In research, there were used the methods of field experiments of A.O. Rozhkov,
notching method and scanning method for determination of leaf surface area. The studies showed
that it is possible to replace within 30-40% of the recommended amount of mineral fertilizers
with biodynamic nanofertilizers in the spring wheat fertilization system. In general, the use of
nanofertilizers increased wheat growth and improved yield and yield components. Substitution
of mineral fertilizers, Innoparmis Agroscience Biodynamic fertilizers, provides a more favourable
86-88% survival rate of spring wheat plants during the growing season. By replacing 34% of the
recommended rate of mineral fertilizers, the content of photosynthetic pigments in wheat leaves
increases by 5% and the leaf surface area increases by 7%. The created compensatory schemes for
the use of biodynamic nanofertilizers by partial (34% in the wheat fertilization system) replacement
of the main macronutrients can increase the yield of spring wheat by 9.9%. The proven possibility
of replacing mineral fertilizers with biodynamic nanofertilizers in the fertilization system of
agricultural crops will reduce environmental pollution and the economic dependency of using
mineral fertilizers against the background of their rapid increase in price in recent years

Keywords: Triticum aestivum L.; biodynamic nanofertilizers; crop photosynthetic activity; yield,;

yield structure; quality of the products

INTRODUCTION

Fertilizers have a key role in increasing crop
yields and the ecosystem surrounding agri-
culture. Excessive use of fertilizers irreversi-
bly changes the soil ecology, reducing the area
available for crop production. Sustainable agri-
culture involves the balanced use of agrochem-
icals, which over time can protect the environ-
ment and save certain species from extinction.
The creation and implementation of new en-
vironmentally safe and technological prepa-
rations designed to increase the efficiency of
plant nutrient use of mineral fertilizers and soil
is relevant for Ukrainian agriculture. One of the
ways to achieve this may be the development of
innovative technologies for growing plants in
crops. There are many solutions proposed on
the market today that deliver mixed results from
a crop efficiency and environmental impact per-
spective. Examples of these new products are:
nanofertilizers, growth-stimulating complexes,
biodynamic nanofertilizers etc.

S.K. Kumar et al. (2022) point out that rapid
urbanization with shrinking agricultural land,
dramatic climate change and the widespread
use of agrochemicals in agricultural practices

are causing environmental disturbances and
threats to public health, affecting food securi-
ty and agricultural sustainability. Besides this,
agriculture soils are continuously losing their
quality and physical properties as well as their
chemical (imbalance of nutrients) and biological
health due to indiscriminate use of agrochemi-
cals.Therefore, the creation and implementation
of new environmentally safe and technological
preparations aimed at increasing the efficien-
cy of plant nutrient use of mineral fertilizers
and soil is relevant for the global agricultural
sector, according to L. Batsmanova et al. (2020).

According to D.M. Mahapatra et al. (2022)
the development of innovative technologies for
growing plants in crops, such as nanofertilizers,
growth-stimulating complexes, etc., are starting
to play an important role in increasing the effi-
ciencies and quality of crops. The same opinion
is shared by C.F. Okey-Onyesolu et al. (2021), who
believe that the development of new nanoferti-
lizers offers a promising opportunity to improve
plant mineral nutrition. RK. Krishnasree et
al. (2021) also find that through the use of nano-
structured fertilizers, the long-term availability
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of all the supplemented nutrients to the plant
throughout the growing season is crucial to pro-
mote germination, growth, flowering and fruit-
ing. M.R. Rehana et al. (2022) also point out that
the use of controlled release fertilizers (CRFs) is
beginning to emerge as a promising area, offer-
ing excellent means to improve nutrient man-
agement and thus significantly reduce environ-
mental threats while maintaining high yields of
good quality crops. Controlled-release fertilizers
allow for a better alignment of nutrient release
with the plant life cycle. A. Gorczyca et al. (2021)
and A. Padmakumar et al. (2023) concluded that
the undoubted prospects for the development
and widespread use of nanotechnology lie in the
fact that nanoparticles of biogenic metals have
extremely high activity and sizes correspond-
ing to the size of living cells, contribute to an in-
crease in yields, gross yields of crops and prod-
uct quality; increase the efficiency of nutrient
use and their intended use, and have a positive
effect on reducing the toxicological burden on
the environment due to a significant reduction
in the gross volume of fertilizer and pesticide
application. In addition, according to T. El-Saa-
dony et al. (2021), nanoparticles in fertilizers are
more reactive, able to penetrate the epidermis,
providing gradual release and targeted distribu-
tion, and therefore reducing excess nutrients,
increasing their use efficiency, are crucial in re-
ducing abiotic stress and heavy metal toxicity.
In general, the use of nanoparticles in nanofer-
tilizers and nanopesticides, the use of nanopar-
ticles in agriculture and their role in enhancing
the function of biological factors is an important
and interesting area of research.

The purpose of the study performed is to de-
velop and substantiate a compensatory scheme
for the use of organic acid complex fertilizers

containing nano-particles by partially replac-
ing the main macrofertilizers in crop cultivation
technologies.

MATERIALS AND METHODS

Field studies were conducted in 2021-2022 in the
educational and scientific laboratory “Demon-
stration collection field of crops” of the Depart-
ment of Plant Industry of the National Universi-
ty of Life and Environmental Sciences of Ukraine
(Kyiv) on the territory of the Botanical Garden of
National University of Life and Environmental
Sciences of Ukraine (NULES of Ukraine). Labora-
toryresearchwasconductedinthelaboratoriesof
the Department of Plant Industry of the National
University of Life and Environmental Sciences of
Ukraine “Quality of seeds and planting material”
and “Analytical research in plant production”.

The soils of the Demonstration Collection
Field of Crops of the Department of Plant Pro-
duction are predominantly grey forest soils. On
the elevated areas of the Kyiv plateau and in the
upper parts of the slopes of the beams, grey for-
est and light grey forest soils prevail on loess de-
posits under the canopy of oak-hornbeam for-
ests. The territory borders on Holosiivskyi Park.

The soil of the experimental plot is grey
forest coarse-loamy - light loamy in terms of
granulometric composition. The following ho-
rizons are distinguished in the profile of grey
forest soils: No - forest floor (only in soils under
forest); H — humus with a thickness of 12-30 cm,
grey in colour; NE - humus-eluvial, with whitish
SiO,; I - illuvial with a nutty or nutty-prismatic
structure (humus films are present on structur-
al parts), grey-brown in colour; C - parent rock.

The physical and chemical parameters of
the grey forest soil of the experimental plot are
given in Table 1.

Table 1. Physical and chemical properties of the soils of the experimental site

Amount of absorbed | Content of mobile
la Humus | pHof | Sum ofabsorbed |cations, mg-eq/100g| forms of nutrients,
. yer,
Type of soil om content, | thesalt | bases, mg-eq/100 g of soil mg/100 g of soil

%. hood f soil
% 00 of soi ca | Mg H* N PO, | KO,
Grey forest coarse- 0-10 3.0 5.8 10 9.1 1.9 3.1 8.3 12.0 | 10.1
dusty-lightloamy | 5039 | 21 6.1 15 125 | 23 | 22 | 62 | 75 | 42

Source: the results were obtained from the Ukrainian Laboratory of Quality and Safety of Agricultural Products

Plant and Soil Science (14)4



Efficiency of the compensatory scheme...

The humus-eluvial horizon of these soils
is 50-60 cm, with carbonates occurring at a
depth of 110-150 cm. They are medium loamy in
terms of particle size distribution. The humus
content in the topsoil is 2.1-3.0%, the amount of
absorbed bases is 10-15 mg-eq/100 g of soil, the
degree of saturation with bases is 82-88%, and
the reaction of the soil solution is slightly acidic
(pH=5.8-6.1). Groundwater is located at a depth
of 2-4 metres. The soil density in the equilibrium
state is 1.1-1.2 g/cm, the moisture content of sta-
ble wilting is 10.2%. The total moisture capacity
of the soil is 39-40%, the field moisture capacity
of this soil is 27.2%, the capillary break moisture
is 19.4%, the maximum hygroscopicity is 7.3%,
and the moisture inaccessible to plants is 10%.

The soil is characterized by a high content of
gross and mobile forms of nutrients. As a result
oftheregradation process, the carbonatelinehas
risen in these soils, the illuvial horizon has be-
come looser, the humus content has increased,
and the saturation with bases has increased
compared todark grey and podzolic chernozems.
From the above data, it can be said that the soil
is quite favourable for growing many crops, as
it has favourable water and physical and chem-
ical soil properties. With a sound soil cultivation
system and rational fertilization, the decline
in its economic properties can be prevented.

The contrast of temperature regime and un-
even precipitation during the season, individual
months and even decades observed during the
months of vegetation of the studied crops in the
years of research created extreme conditions
for the formation of plant productivity in some
periods, the degree of negative impact of which
on thelevel of crop yield was determined by time
(developmental phase, stage of organogenesis)
and duration of their action.

The weather conditions in 2021 also dif-
fered significantly from the long-term average
in terms of monthly average air temperature,
the sum of active temperatures and precipita-
tion. The average daily temperature in April and
May 2021 was lower than the long-term aver-
age, which led to a shift in the sowing of crops
to later dates. The total precipitation in May was
77 mm, which is 29 mm above the long-term
average, and due to the lower temperature, the
moisture regime in this month corresponded to

o)

the excessive one, as the calculated HCC was 1.7.
The air temperature in June increased signifi-
cantly and reached 21.3°C, which is 2.8°C above
the long-term average, and lower precipitation
(24 mm) resulted in a moisture regime that cor-
responded to dry conditions, and the negative
impact was partially avoided due to waterlog-
ging in the previous month.

The total precipitation for July was 61 mm,
which is only 22 mm less than normal, but the
average monthly temperature was 24.6°C, which
is5°Chigherthanthelong-term average. In such
extreme conditions, even with sufficient pre-
cipitation, the HTC (hydrothermal coefficient)
dropped to 0.8, indicating dry conditions. In Au-
gust, the temperature regime stabilized, and the
excess of the long-term average was only 0.9°C.
At the same time, the amount of precipitation
was 55 mm, which, combined with the heat in-
put, corresponded to the HTC of 0.8, i.e. slight-
ly dry conditions close to normal. The average
monthly temperature in September was 0.8°C
below the long-term average, and the amount
of precipitation was 23 mm, which was generally
favourable for soybean maturation.

The research in 2019-2022 was aimed at
proving the possibility of partial replacement
of basic macrofertilizers with organic acid na-
no-complex (OAC) micronutrient fertilizers and
developing compensatory schemes for their ap-
plication. In the research, the organic acid com-
plex micronutrient fertilizers manufactured by
UAB Innoparmis Agrocience (Republic of Lithu-
ania) supplied by Natural Fertilizers Limited (Ire-
land), (“Innoparmis Agroscience” ™) were used.

The research was conducted on spring
wheat crops of the Elegia Myronivska varie-
ty and soybean variety Khorol. The reaction of
plants to the application of macro-microfertil-
isers was determined by assessing the dynamics
of formation and functioning of the photosyn-
thetic (pigment content in leaves) and symbiotic
(number and weight of nodules) systems, yield,
and quality of the products obtained.

Spring soft wheat - Elegia Myronivska varie-
ty, seeding rate of spring wheat seeds - 5 million
germinating seeds per hectare, row spacing -
15 cm. Fertilization background: N, P, K, - in
pre-sowing cultivation + N, - the beginning of
the tube (BBCH 30-32) + N, - the beginning or
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full earing (BBCH 51-59). Scheme of field experi-
ments of the second block of research: 1) Control
NGOPGOKGO’ 2) N50P50K50+OAC’ 3) N50P40K30+OAC’

4) N,,P, K, +OAC, 5) N, P, K, +OAC, 6) N,P-

40~ 407730 407 307730

40K, +OAC.

It was registered for cultivation in the For-
est-Steppe and Polissya regions back in 2004.
It belongs to high-yielding wheat of a strong
type. It is suitable for early sowing and produc-
es yields of up to 6.5 tonnes per hectare. Plant
height is 90-100 cm. Variety type: low-growing,
semi-intensive. Grain quality: weight of 1000
grains is 467 g, grain weight is 740 g/, crude
gluten content is 28%, protein is 15.7%, flour
strength is 320 o.a.

The research was conducted in accord-
ance with the methods of field experiments of
A.O. Rozhkov et al. (2016). The location of the
plots was systematic. Field research was con-
ducted using the small plot method. The area of
the accounting plot is 5 m?, with six replications.

Leaf surface area was determined by the
Nichiporovich notching method and scanning
method. The content of chlorophyll a and b in the
leaves was determined by biochemical analysis
using a spectrophotometer, with subsequent
calculation of pigment concentration according
to the equation of Wetstein and Holm (Gritsay-
enko et al, 2003). Stages and microstages of
crop growth and development were determined
according to the BBSH (Biologische Bundesan-
stalt fir Land- und Forstwirtschaft, Bundessort-
enamt und der CHemischen Industrie) scale.

Yields of the main and by-products were de-
termined in plots by the method of continuous

accounting using a Minibatt (France) hand com-
bine harvester. The resulting weight of spring
wheat grain was converted to the yield per 1 hec-
tare, taking into account weediness and mois-
ture content by 14% (DSTU 3768:2010...,, 2010).
Before threshing, a “trial sheaf” of each variant
was taken from 1 metre running length to de-
termine the structure of the crop. The study was
conducted per the requirements of the Interna-
tional Convention on Biological Diversity (1992).
Thequalityof grainwas determinedinthelab-
oratory “Analytical Research in Plant Production”
using the method of infrared spectrometry on
the device “Infratec 1241 FOSS” (Denmark). Statis-
tical analysis of the data was performed using the
Serial Attached SCSI (SAS) 94 software package.

RESULTS AND DISCUSSION

The grain yield of the wheat variety Elegia My-
ronivska in the 2021/2022 growing season was
somewhat low, due to extremely dry conditions
throughout the growing season. At the same
time, partial (up to 35%) compensation of the
mineral fertilizer application rate with Organic
Acid Complex micronutrient fertilizers allowed
the crop to generate higher yields. According to
A K. Marquez-Rrieto et al. (2022), the absorp-
tion efficiency of macronutrients is 19% higher
when applying nanofertilizers compared to con-
ventional fertilizers, it is logical that crop yields
are higher. In research, the average yield varied
from 4.63 t/ha in the control variant (N, P, K, )
to 5.09 t/ha (9.9% higher than the control) in the
variant of substitution N, P, K, +OAC (compen-

sation scheme 16:16:16%) (Table 2, Fig. 1).

Table 2. Spring wheat yield depending on the compensatory fertilizer substitution scheme, t/ha

L . Increase

Fertilizers % compensation 2021 2022 Average t/ha %

Control N_P_K_ - 4.14a 5.11b 4.63b - -
N P. K. +OAC 16:16:16 4.44b 5.74a 5.09a +0.46 +9.9
N P, K, +OAC 16:34:50 4.40b 5.65a 5.02a +0.39 +8.4
N, P, K, +OAC 34:34:34 4.32 5.50 491 +0.28 +6.0
N, P, K, +OAC 34:50:50 4.14 a 5.26 4.70 +0.07 +1.5
N, P. K, +OAC 50:50:50 4.07 a 5.15b 461b -0.02 -0.5

Note: the same letters in a column indicate no significant difference between the variants, no letters - the
variant has a significant difference in NIRO5 (the least significant difference) with the rest (Analysis of variance
(ANOVA) was performed to test the effect of substitution of mineral fertilizers with nanofertilizers. The analysis was
performed using the Tukey’s HSD test. Statistically significant differences do not have letters (two-factor analysis

of variance, Tukey's test, p<0.01)
Source: developed by the authors
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R?2=0,1263
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Figure 1. Average yield of spring wheat, t/ha (2021-2022)

Source: developed by the authors

With a further increase in the percentage
of compensation of mineral fertilizers with Or-
ganic Acid Complex micronutrient fertilizers,
the yield gradually decreased and, under the
condition of 50% replacement, was the lowest -
4.61%, below the control by 0.5%. Replacement
of 34% of fertilizers with Organic Acid Complex
fertilizers increased wheat yield by only 6.0%.
The yields of the fertilizer substitution variants
N, P, K, ,+OAC and N.P, K, +OAC - 491 and
4.85 t/ha - did not differ significantly from each
other according to the analysis of variance.

The reasons for the increase in yields under
the influence of organic acid complex fertiliz-
ers are related to the optimization of plant nu-
trition through microelements and the overall
improvement of physiological processes in the
plant. Another possible reason for the increase
inyieldsis the minimization of external negative
factors, in particular, air drought on some days
in May and June 2021. Fertilizing spring wheat
crops with Organic Acid Complex micronutrient
fertilizers in the tillering - earing phase allows
us to maintain plants in good condition dur-
ing the dangerous period of summer droughts,
which leads to a significant increase in yield.

The compensatory scheme of replacing
50% of the norm of applied mineral fertilizers
(N,,P, K., +OAC) did not work to increase spring
wheat yield due to a decrease in other elements
of the spring wheat yield structure, in particu-
lar, crop density and leaf area. In contrast to

<)

results, B. Hasan § T. Saad (2020), who conduct-
ed similar studies on the partial replacement
(0.25, 0.5 and 0.75%) of mineral NPK fertilizers
with nanofertilizers, showed a significant in-
crease in grain yield for all years of research
in the variant with 50% replacement of NPK
fertilizers. K. Al-Saidan et al. (2019), who also
studied the interaction between mineral and
nano-organic fertilizers and their impact on
durum wheat, found that various combinations
of organic and biological fertilizers with nan-
oparticles provide higher yields than 50 and
even 100% of the recommended rate of mineral
fertilizer application.

The advantage of replacing NPK with nano-
fertilizers is firstly in their complex composition
and secondly in their foliar application, which
contributes to the rapid absorption of the miner-
als and their incorporation into the plant’s met-
abolic processes without loss and environmen-
tal pollution. A review article by A. Alhasan et
al. (2022) indicates that foliar application of na-
nofertilizers directly leads to a reduction in the
time delay between application and plant uptake
during the rapid growth phase, and can improve
the efficiency and rate of immediate utilization
of the nutrient. required by the plant for maxi-
mum growth and yield. The application of nano-
biological fertilizer increased the spike length,
number of spikes, number of seeds, number
of seeds per spike, seed weight and number of
days to physiological maturity. In general, the
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use of nanobiological fertilizers has a positive
effect on the growth and development of crops,
in particular, nano-iron had a significant effect
onyield, plasma membrane stability and chloro-
phyll content (Delfani et al., 2014), nanozinc had
a positive effect on seed yield, lipid peroxidation
and various antioxidant biomarkers in soybean
(Yusefi-Tanha et al., 2020).

Field germination of seeds in all compen-
satory schemes of Organic Acid Complex mi-
cronutrient fertilizers application was quite
high - 84-86%, while field germination in the
control variant (NP, K. ) was 85% (Table 3).

60~ 607760

Substitution of 50% of mineral NPK fertilizers
reduced the field germination of spring wheat.
During the growing season, the difference be-
tween the variants in terms of intensity of met-
amer development and reduction increased. In
the control variant, only 81% of plants survived
to the full ripeness stage. Under different com-
binations of substitution of 16 and 34% NPK,
plant survival was the highest - 88 and 86%,
respectively. Substitution of half of the recom-
mended rate of PK with nanofertilizers pro-
vided less favourable survival of spring wheat
plants during the growing season - 82%.

Table 3. Structure of spring wheat agrocenosis depending
on the compensatory fertilizer replacement scheme, average for 2021-2022

Stairs, VVSN 10 Full ripeness, VVSN

Fertilizers % compensation | field similarity seed CR’ survival plants PDA CPS

% pcs/m? % pcs/m?
Control N_P, K. — 85 425 81 1.30 447
N_P. K. +OAC 16:16:16 86 430 88 138 522
N, P, K, +OAC 16:34:50 86 430 88 1.34 507
N,.P K, +OAC 34:34:34 86 426 86 1.32 483
NP, K. +OAC 34:50:50 84 420 84 1.32 465
NP K, +OAC 50:50:50 84 420 82 131 451

Note: NP — number of plants; CPC - coefficient of productive tillering; CPS - number of productive stems

Source: developed by the authors

An important structural component of yield
is the number of productive stems per unit
area at full maturity. The range of changes in
the number of productive stems in field exper-
iments reached 507-522 pieces/m? with no more
than 34% of the recommended rate of mineral
fertilizer application. The lowest number of pro-
ductive stems was formed in the control variant,
in which plants were grown without additional
nutrients, which led to the lowest coefficient of
productive tillering — 1.30 and the formation of
447 productive stems/m?. Substitution of half
(N,,P,,K,,+OAC) of the recommended rate of
mineral fertilizers did not contribute to the for-
mation of a high productive stem (451 productive
stems/m?), the coefficient of productive tillering
was also low - 1.31.

The photosynthetic activity of crop plants
is the basis of their productivity and largely de-
pends on the pigment content of the plants. Of
particular importance are green pigments, chlo-
rophylls a and b, which are sensitive indicators
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of the physiological state of plants. The amount
and functional activity of these pigments is an
indicator of the potential ability of plants to form
a biological yield. These pigments are direct-
ly involved in the formation of the structure of
the photosynthetic apparatus, play an impor-
tant role in photosynthetic and photochemical
reactions associated with the absorption and
transformation of energy used in the synthesis
of substances necessary for plant growth and
development (Long et al., 2006; Bramley, 2013).

The most important photosynthetic pig-
ments are chlorophylls, and therefore a posi-
tive correlation between their content in leaves
and photosynthesis leads to an increase in plant
productivity. The maximum level of photosyn-
thetic pigments in the leaves of durum spring
wheat plants, on average, was reached during
the earing phase. The decrease in the amount of
photosynthetic pigments in spring wheat plants,
starting from the flowering phase, is a natu-
ral process, since the chloroplast stroma loses
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water, they break down into granules, resulting
in the destruction of chloroplasts.

It has been shown that the higher the per-
centage of mineral fertilizer substitution by
Organic Acid Complex micronutrient fertiliz-
ers in the fertilization system, the higher the

effect of partial fertilizer substitution on the
content of chlorophyll a and b compared to this
indicator in the control was found in all exper-
imental variants. The difference in the amount
of chlorophyll a in the leaves of plants be-
tween the least effective variant of substitution

pigment content in wheat leaves, with a direct N, P, K. +OAC and the control averaged
and close correlation of r=0.96. The positive  0.31mg/g in the earing phase (Fig. 2).
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Figure 2. Content of photosynthetic pigments in spring wheat leaves in the earing phase, mg/g

Source: developed by the authors

In the least effective variant of the same
substitution, the content of chlorophyll b com-
pared to the control in the indicated stages
of development was 0.04, 0.08 and 0.07 mg/g
higher than in NIR, - 0.03, 0.07 and 0.03 mg/g,
respectively. It should be noted that the use of
low rates of mineral fertilizer replacement -
from 16 to 34% (N. P_ K. +OAC, N_ P, K. +0AC,

507 507750 50~ 407730
N, P, K, +OAC) did not provide a significant
increase in the amount of carotenoids in plant
leaves. Indicators of carotenoids content in the
leaves of plants of these variants and control be-
longed to one homogeneous group. The greatest
influence on the amount of chlorophyll a and b
and the amount of carotenoids in the leaves of
spring wheat plants was recorded in the vari-
ants with the replacement of 50% of the norm
of phosphorous and potassium fertilizers and
34% (N, P, K. +OAC) of nitrogen fertilizers. Its

407 307730

further increase to 50% (N, P, K, +OAC) did not
provide a significant increase in the content of

photosynthetic pigments in the leaf mass of

o)

plants. In the experiment, it was found a direct
close relationship between wheat yield and leaf
area index (r=0.948). The studies also showed a
tendency to reduce the leaf surface area with an
increase in the proportion of Organic Acid Com-
plex microfertilizers in the spring wheat fertili-
zation system (Fig. 3).

Two-year studies of the compensatory
scheme of using Organic Acid Complex micro-
fertilizers in spring wheat cultivation technolo-
gy convincingly proved the possibility of replac-
ing from 16 to 34% of the recommended NPK
rate with Organic Acid Complex microfertilizers
(Table 4). An increase of 12% in the number of
grains per ear and 17% in the weight of grains
per ear was observed, and the weight of 1000
seeds increased by 7% under the compensatory
scheme N_ P_K  +OAC. In the variant with NPK

50" 507750
substitution by 34% (N, P, K. +OAC), the num-
ber of grains per ear increased by 6%, the weight
of grain per ear - by 5%, the weight of 1000

seeds - by 7% compared to the control.
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Figure 3. Leaf area of spring wheat in the earing phase, thousand m /ha?
Source: developed by the authors

Table 4. Individual productivity of wheat plants depending
on the compensatory fertilizer replacement scheme (average for 2021-2022)

Fertilizers Plant height, cm | Spike length, cm LBl LGl st e eheel
per ear, pcs per ear, g 1000 seeds, g
1| Control N, P K 85.7 114 44.6 1.20 41.6
2| NP K. +OAC 85.2 11.8 50.1 1.40 45.7
3| NP, K. +OAC 83.3 11.8 51.2 1.38 44.4
4| NP, K, +OAC 86.5 11.4 474 1.26 43.6
5| N,P.K, +OAC 84.8 11.4 44.0 1.28 433
6| NP, K +OAC 86.7 11.5 43.6 1.22 42.9
NIR . 1.5 0.3 1.7 0.07 1.4

Source: developed by the authors

The effectiveness of the compensatory fer-
tilizer replacement schemes developed by us for
the formation of wheat grain quality has been
demonstrated. The quality of wheat grain is de-
termined by the whole range of technological
factors, but the most important is the supply of
nutrients to plants. Substitution of basic ferti-
lizers for spring wheat with Organic Acid Com-
plex microfertilizers contributed to an increase
in protein synthesis in the grain - from 13,2 in

the control variant to 13.8% in the variants N, P-
10KsotOAC and N, P, K. +OAC (Table 5). The pro-
tein content, in contrast to the yield indicator,
increased with an increase in the proportion of
replacement of mineral fertilizers with Organic
Acid Complex microfertilizers. When substitut-
ing according to the schemes N, P, K. +OAC -

N, P,.K,,+OAC, the trend towards an increase in

protein content in grain was maintained, but the
indicators were somewhat lower.

Table 5. Wheat grain quality depending on the compensatory
fertilizer replacement scheme (average for 2021-2022)

. Content of 1, %.
Fertilizers N .
Protein gluten ash fat fibre starch
1| Control NP K. 14.8 24.4 17 2.5 3.0 66.4
2 N, P. K +OAC 144 23.4 1.6 2.3 3.0 65.8
3 N, P,K,,+OAC 144 23.2 1.7 2.5 3.0 65.8
4 N, P,.K,,+OAC 14.6 23.6 1.7 2.5 3.0 65.0

Plant and Soil Science (14)4
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Table 5, Continued

Content of 1, %.
Fertilizers K N
Protein gluten ash fat fibre starch
5| N,P,K, +OAC 14.8 24.8 1.7 25 3.1 64.7
N30P30K30+0AC 14.8 24.6 1.7 2.6 3.0 64.6
NIR 0.05 1.5 0.3 1.7 0.07 0.1 1.4

Notes: the content of quality indicators is recalculated for standard wheat grain moisture content of 14%

Source: developed by the authors

The gluten content of grain is closely related
to balanced nutrition, especially nitrogen. The
lowest gluten content of 20.4% was in the grain
formed in the control variant for the application
of the recommended rate of mineral fertilizers,
where nitrogen fertilizers were applied in the
form of N, kg/ha dm. at the beginning of the
tube and at full earing. The replacement of min-
eral nitrogen fertilizers with Organic Acid Com-
plex fertilizers, which are characterized by high-
er solubility, more active penetration through
the cuticle, which ensures targeted delivery
and controlled release of elements, and rapid
incorporation into plant metabolic processes,
contributed to an increase in gluten in grain by
3-5% compared to the control. The fat content in
the grain was 2.3 to 2.6% and varied slightly de-
pending on the proportion of the Organic Acid
Complex fertilizer substitution. Wheat grain is
characterized by a low ash content of 1.7%, and
the dynamics of change was practically absent
in the variants of compensatory fertilization
schemes. The starch content in the grain varied
from 64.6 to 66.4% in an inverse correlation with
the protein content.

The results obtained are consistent with the
results of B. Hasan & T. Saad (2020), M. Mard-
alipour et al. (2014), who in their studies also
showed the advantage of treating wheat crops
with nanofertilizers over mineral fertilizers in
terms of leaf area, number of ears, number of
grains, weight of 1000 grains and grain yield.
A.Joshi et al. (2022) generally noted a doubling of
the number of grains in a wheat ear when seeds
were treated with nanofertilizers before sowing.
Results indicated that significant response was
spraying of SMP Organic Acid Complex fertilizer
followed by the spraying combined of tri (N+P+K),
di (N+P), (N+K) and (P+K) Organic Acid Complex
fertilizer compared to control and traditional

)

(NPK+TE) fertilizer treatments respectively in
all growth and yield parameters of wheat with an
increment of the spray foliar (SMP) of 8777 cm,
12.22 cm, 58.22 spad, 317%, 0.66% and 2.88%
for plant height, length of spike, total chloro-
phyll, concentration of N, P and K respectively
compared to control treatment (Al-Juthery et
al.,, 2018). However, in research A. Dapkekar et
al. (2018), nanofertilizer application increased
grain zinc content without affecting grain yield,
protein content, spikelets per spike, thousand
kernel weight, etc.

Literature data (Naderi & Abedi, 2012; Sub-
baiah et al, 2016) confirms that foliar appli-
cation of nanochelate microfertilizers helps
to stimulate metabolic activity and increases
leaf area, as it has a larger contact area, which
increases physical and chemical activity.The
leaf surface area of spring wheat under the re-
placement of 16% of the norm of NRC fertilizers
(N,,P. K., +OAC) in the earing phase reached its
maximum in the experiment - 42.5 thousand
m?*ha, exceeding the control N, P, K, by 7% or
2.7 thousand m?/ha. However, the compensa-
tory 50% rate of nanofertilizer application did
not contribute to the formation of a sufficient-
ly high leaf surface area - 40.7 thousand m?ha,
which was higher than the control N, P, K  only
by 2% or 0.9 thousand m%ha. The positive effect
of nanofertilizers on the leaf area index of crops
of different crops was also noted in B. Hasan &
T.Saad (2020), N. Basavegowda & K.H.Baek (2021).

The impact of nanofertilizers on product
quality improvement was noted in A. Sabir et
al. (2014). Similar results were also obtained by
researchers T. Zhang et al. (2018), P. Sheoran et
al. (2021), who observed the effect of foliar ap-
plication of zinc nanofertilizers on wheat plant
growth and found an increase of more than 20%
in grain protein content and a significant in-
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crease in photosynthetic pigments compared
to the usual foliar application of mineral zinc
fertilizer. Also, a two-year experiment by F. Be-
hboudi et al. (2018) showed an increase in grain
protein content with all nanofertilizers com-
pared to the control under both full irrigation
and drought conditions. The increase was high-
est under water deficit conditions with nano-Zn
and then nano-Si treatment, due to a decrease
in yield under drought conditions, which leads
to an increase in nitrogen content in grain.

CONCLUSIONS

The three season study has convincingly demon-
strated the possibility of replacing no more than
30-40% of the recommended amount of tra-
ditional mineral fertilizers in the fertilization
system for cereals (wheat) with Organic Acid
Complex microfertilizers produced by UAB In-
noparmis AgroScience. This will help reduce
environmental pollution and reduce the eco-
nomic costs of using mineral fertilizers against
the backdrop of their extreme rise in price under
martial law.

Organic Acid Complex microfertilizers are
needed to reduce the use of inorganic ferti-
lizers and their antagonistic effect on the en-
vironment. Organic Acid Complex fertilizers
have a higher reactivity, can penetrate the epi-
dermis, providing a gradual release and target-
ed distribution, thus reducing excess nutrients,
increasing the efficiency of nutrient use. Also
concluded that Organic Acid Complex micro-
fertilizers are crucial for mitigating abiotic
stress caused by drought.

Compensatory schemes for the use of bio-
dynamic Organic Acid Complex fertilizers were
created by partial (16 to 34%) replacement of

the main macronutrients in the wheat fertilizer
system - N, P_ K. +OAC - N, P, K. +OAC, which
can increase the yield of spring wheat by 9.9%
due to more favourable (86-88%) survival of
spring wheat plants during the growing season;
increase of photosynthetic pigments content in
wheat leaves by 5% and leaf surface area by 7%.
Also, when replacing from 16 to 34% of the rec-
ommended NPK rate with biodynamic Organ-
ic Acid Complex fertilizers, an increase of 12%
in the number of grains per ear and 17% in the
weight of grains per ear was observed, and the
weight of 1000 seeds increased by 7%.

Questions that may be the basis for future
research are to determine the impact of these
biodynamic Organic Acid Complex fertilizers
on living organisms in the soil, as well as on hu-
mans and livestock, accumulation in cultivated
products, especially at higher doses. It is also
necessary to study the role of biodynamic Or-
ganic Acid Complex fertilizers in the conditions
of climate change based on different scenarios
and the expected adaptive behaviour of cultivat-
ed crops under such stresses.
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EdeKTUBHICTb KOMMNEHCaUiMHOi CXeMU 3aCTOCYyBaHHSA
HAHOKOMIJIEKCHUX MIKPOAoO6pUB Ha OCHOBI OpraHiYHmuXx
KMUCIOT Y TEXHONOrii BUPOLLYBaHHSA SpOoi NWweHuui

AHoTauig. B ocTaHHI poKY 3HAYHI JOCATHEHHS B TaJIy3i HAHOTEXHOJIOTIM 36BN MOKIMBOCTI
MIMPOKOMACIITA6HOTO BUPOOHUIITBA HAHOYACTUHOK (i3ioNoriyHO BasKJIMBUX MeTaliB, SKi
3apa3 BUKOPUCTOBYIOTHCS IJIsl MOJIMIIEHHS CKIay DO6PUB, 3 MeTOK 361IblIeHHS TOTIMHAHHSA
POCIMHHUMU KJIITUHAMU Ta MiHiMi3alii BTpaT IOXXUBHUX pe4oBUH. J0o6pUBa 3 HAHOCTPYKTYPOIO
MOXYTh MiJBUIIUTA eQPeKTUBHICTP BHUKOPDUCTAaHHA IIOKWBHUX pEYOBHMH 3a JOIIOMOIOIO
TAKUX MeXaHi3MiB fK LibOBa [OCTaBKa, ITOBiJIbHE ab0 KOHTPONbOBaHE BUBINbHEHHS. MeTa
IOCIiIReHb: O6IPYHTYBATH KOMIIEHCATOPHY CXeMY BUKOPHCTaHHSA 6i0JMHaMIYHMX HAHOIOOPUB
(HaHOROMITJIEKCHI MiKpOZO6PUBA 3 OPraHiYHUMU KUCJIOTAMMU) LUITXOM YACTKOBOTO 3aMillleHH
OCHOBHUX MaKpOAOOPUB B CUCTEMI yOO6peHHs MIIEeHUIl gpoi. JoCiaKeHHs MPOBOIUINCH Ha
6a3i HaBUaIIbHO-HAyKOBOI Jlaboparopii Kadeapu poCTUHHULITBA HallioHaJIBHOTO YHIBEPCUTETY
6iopecypciB i mpUPOAOKOPUCTYBAHHA VKpaiHu. By/ll0 BUKOPUCTAHO METOAY IOJbOBUX AOCIiIiB
A.O. PoKKOBa, MeTOJ, HaZIpi3y Ta MeTOA, CKaHyBaHHA [ BU3HA4YeHHS IJIOII JINCTKOBOI IIOBEPXHI.
ITpoBezneHi JOCTIIXKEeHH 3aCBiAUMIN MOXKIUBICTh 3aMiHU B Meykax 30-40 % peKoMeHI0BaHOI
KiNIBROCTI MiHepasbHUX ZO6pUB 6ioAMHAMIYHMMU HAHOZOOpHMBAMU B CHUCTEMI YIO6pEeHHS
MIIeHUI] 9poi. 3arajoM 3aCTOCYBaHHSA HAHONOO6PWB 36IMBIIMIO PICT MIIEHUI i MOKPAIIMUIIO
BPOJKaMHICTh i KOMIIOHEHTH BPOXKaMHOCTI. 3aMillleHHS MiHepaJbHUX ZO6PUB HAHOLO6pPUBAMU
3abesreyye OiNMBII CIIPUATINBE — 86-88 % BWKWBAHHA POCIUH IIIEHULi Apoi YIIPOAOBK
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BereTaliii. 3a paxyHOK 3aMillleHHA 34 % peKOMEeHI0BaHOI HOPMU BHECEHH MiHepaabHUX T106pHB
Ha 5 % miaBUIIyeTbCS yMicT GOTOCHHTETUYHUX IIiIrMEHTIB B JINCTKaX IIIeHUIl], Ha 7 % 3pocTae
IJIOIIA JIMCTKOBOI ITOBepxHi. CTBOpeHI KOMITeHCATOpHI CxeMU BUKOPUCTaHHS 6iomuHaMiuHMX
HAHONO6pPMB IIJIAXOM 4YacTKOBOro (Ha 34 % B cucTeMi yIO6peHHA IIIIEHWUIN) 3aMilleHHS
OCHOBHUX MaKpOeJIeMeHTIB 34aTHi MiIBULTYBaTU BPOXKAMHICTh MITeHUIT] Apoi Ha 9,9 %. [loBemeHa
MOXXJIUBICTh 3aMiHM B CHUCTEMi yZOOpPEHHS CiNbCPKOTOCIIOZAPCHKUX KYIBTYP MiHEpaIbHUX
Io6puB bioguHaMiYHUMU HAHOAOOPUBAMU JO3BOIUTh 3MEHIIIUTY 3a6pyIHEHHS HaBKOJIUIIHBOTO
CepeIOBUIIA Ta 3HU3UTh €eKOHOMIYHI BUTPATH BiJl BUKOPUCTAHHA MiHepaIbHUX JO6pUB Ha GoHi
HAJI3BUYAMHOTO IX 3M0POKYaHHSA B YMOBaX BiliICBKOBOTO CTaHY

KnouoBi cnoBa: Triticum aestivum L.; 6ioguHaMiudHi HaHOZO6pHBa;, (OTOCHMHTETHYHA
IisUTBHICTD IIOCIBiB; YPOXKAMHICTh; CTPYKTYpa BpOXKalo; IKiCTb OTPUMAHOI TPOAYKILii
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Efficiency of biological preparations against scab
and powdery mildew of apple trees

Abstract. Scab (caused by Venturia inaequalis Cooke (Wint.)) and powdery mildew (Podospaera
leucotricha (Ellis § Everh. Salmon)) are harmful diseases of the apple tree, the protection against
which is based on repeated spraying with chemical fungicides. To reduce the pesticide burden on
agrocenoses, the use of biological protection products is relevant. The purpose of this study was to
investigate the effectiveness of biological preparations based on fungi and bacteria (mycoparasites
and antagonists) against scab and powdery mildew of apple trees. For this, a set of methods was
used, including phytopathological diagnostics and disease monitoring, phenological observations,
yield recording, and statistical analysis. The biological preparations Ampelomycin BT (6 1/ha) based
on the fungus of the genus Ampelomyces Ces ex Shlecht., Gliocladin BT (10 1/ha), which contains
mycelium and spores of the fungus of the genus Gliocladium, and Fluorescin BT (8 1/ha), which
is based on bacteria of the genus Pseudomonas, were investigated. Their use led to a decrease in
the spread and development of apple scab, and the technical efficiency of the preparations ranged
from 68% to 79%. The biological preparations also reduced the damage to plants by the powdery
mildew pathogen with a technical efficiency of 59-76%. Treatment of apple plants with Gliocladin
BT, Ampelomycin BT, and Fluorescin BT reduced the number of scab-affected fruits by 22.7-35.6%.
The technical effectiveness of the preparations was 62-78%. The use of the biological preparations
under study ensured the preservation of the yield within 3.7-4.4 t/ha. The results obtained indicate
the prospects of using biological preparations against scab and powdery mildew of apple trees for
the ecologisation of plant protection
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INTRODUCTION

The apple tree (Malus domestica Borkh) is the
most common fruit crop in temperate regions.
Its fruits are used for fresh consumption and in
the food industry, as well as to produce medi-
cines. At the same time, one of the obstacles to
increasing the yields of various crops is biotic
stress, specifically, plant pathogens. The apple
tree is particularly susceptible to diseases such
as scab and powdery mildew. These diseases are
among the most harmful to apple trees and can
cause considerable yield losses, which makes it
important to investigate the ability of biological
preparations to limit plant damage.

According to FAOSTAT (n.d.), apple fruit pro-
duction ranks second in the world with a share
of 9.6%. According to The State of Food Security
and Nutrition in the World (FAO et al., 2020), the
World Health Organization (WHO) and the Food
and Agriculture Organization of the United Na-
tions (FAO) recommend a minimum consump-
tion of 400 g of fruit and vegetables per day. In
Ukraine, only half of the population’s demand
for apples is met.

One of the obstacles toincreasing crop yields
is plant damage caused by pathogens. Modern
research shows that plant diseases cause major
losses to the global economy. According to FAO
estimates (Climate change..., 2023), they amount
to more than $220 billion annually. Many sci-
entists have devoted their research to the study
of apple diseases. M.S. Mullett et al. (2023) point
out that the fungus Phytophthora x cambivora,
which is an invasive pathogen in Europe and
North America, but also poses a serious threat to
agricultural fruit tree ecosystems. Research by
M. Papp-Rupar et al. (2023) indicates that Euro-
pean canker caused by Neonectria ditissima (Tul.
and C. Tul)) is widespread on apple trees world-
wide. However, the apple tree is particularly sus-
ceptible to diseases such as scab and powdery
mildew. According to M. Chatzidimopoulos et
al. (2022), scab (caused by the fungus Venturia
inaequalis Cooke (Wint.)) and powdery mildew
(caused by the fungus Podospaera leucotricha
(Ellis & Everh. Salmon)) are among the most
harmful diseases of apple trees and can cause
yield losses of more than 70%.

According to H. George (2023), the powdery
mildew pathogen, infecting young shoots and
leaves, inhibits plant growth, which ultimately
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leads to weakening of trees and reduced pro-
ductivity and fruit quality. D.A. Strickland et
al. (2022) point out that fungicides have to be
applied multiple times during the growing sea-
son to control scab and powdery mildew. Studies
conducted in the Precarpathian province of the
Carpathian mountainous zone of Ukraine have
established that in conditions of significant pest
infestation of apple stands, it is advisable to use
a chemical protection system that includes 12
treatments (Hunchak et al, 2022). At the same
time, various alternative methods of controlling
apple diseases are being developed to reduce
the pesticide burden on agrocenoses. L.A. Shut-
tleworth (2021) emphasises that in this aspect, it
is important to use biological agents that should
be cost-effective, ensure environmental sus-
tainability and food safety.

The rhizobacterium Bacillus subtilis is being
investigated and used as a potential biocontrol
agent (Leconte et al, 2022). Some strains of B.
subtilisareregistered for commercial use against
plant pathogens. H. Desmyttere et al. (2019) indi-
cate that natural substances (fungicin, surfactin,
mycosubtilin) produced by B. subtilis showed in
vitro antifungal effects against strains of the ap-
ple tree scab pathogen V. inaequalis. In the sci-
entific literature, there are also reports of the
use of fungi Gliocladium spp. and Ampelomyces
spp. and bacteria of the genus Pseudomonas
against plant diseases (Rahman et al, 2021). In
Ukraine, studies have been conducted onthe use
of certain biofungicides on apple trees (Hrad-
chenko, 2022). However, biological preparations
based on microbial agents - fungi Gliocladium
spp. and Ampelomyces spp. and bacteria of the
genus Pseudomonas - against diseases are un-
derstudied, which may be an obstacle to their
development and introduction into production.

Given the above, the purpose of this study
was to determine the ability of biological prepa-
rations to limit the damage to apple plants by V.
inaequalis and P. leucotricha fungi, which cause
scab and powdery mildew, respectively.

MATERIALS AND METHODS

The study was conducted during 2021-2022 in
the apple tree stands of the Renet Simirenko
variety of the Institute of Horticulture of the Na-
tional Academy of Agrarian Sciences of Ukraine
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(IH NAAS). This variety is susceptible to the most
common diseases and is a model object for stud-
ying the effectiveness of protection measures.
The tree layout is 5.0x1.0 m, the number of plants
per hectare is 2,000 pcs. Soil of the experimental
plot: dark grey podzolised light loamy, pH - 6.2,
humus content - 2.8%.

The effectiveness of the following biologi-
cal preparations was studied against scab and
powdery mildew of apple trees: Ampelomycin
BT (6 1/ha), based on the fungus of the genus
Ampelomyces Ces ex Shlecht., containing my-
celium and spores (pycnospora) with a titer of
at least 4.0x10° CFU/cm? and biologically active
substances; Gliocladin BT (10 l/ha), contain-
ing mycelium and spores of the fungus from
the genus Gliocladium with a titer of at least
1.5x10° CFU/cm?® and biologically active sub-
stances; Fluorescin BT (8 l/ha), contains bac-
teria of the genus Pseudomonas with a titer of
at least 5.0x10° CFU/cm?, as well as biologically
active substances (phenazine-carboxylic acids,
siderophores, cytokinins).

The apple trees were sprayed with biologi-
cal preparations in the morning in the absence
of dew on the surface of plants using a STIHL SR
450 sprayer (Germany). The working fluid con-
sumption was 600 l/ha. Each variant is repeated
three times. The placement of accounting trees
of different repetitions of the same variant is
randomised. Meteorological information dur-
ing the apple tree growing season was obtained
from the it Lynx weather station (Ukraine). Ap-
ple plants were sprayed with biological prepara-
tions against diseases in the following stages of
crop development according to the BBCH scale
of stages of development and growth of plants:
the first spraying - 67 (Flowers fading: majority
of petals fallen), the second - 72 (Development
of fruit; fruit size up to 20 mm), the third - 74
(Fruit diameter up to 40 mm; fruit erect), the
fourth - 75 (Fruit about half final size), the fifth -
78 (Fruit about 80% final size). Records of dis-
ease spread, development, and technical effec-
tiveness of biological preparations were carried
out according to generally accepted methods
(Trybel & Sigareva, 2001).

The spread of scab and powdery mildew on
apple trees was determined according to the
following formula:

)

nx100
P="" W)
where P is the disease prevalence (disease inci-
dence), %; N is the total number of plants in sam-
ples, pcs; n is the number of diseased plants in
samples, pcs.

A six-point scale was used to determine
the intensity of scab lesions (Trybel & Sigare-
va, 2001): 0 points - healthy leaves; 0.1 points —
up to 1% of the leaf surface is covered by indi-
vidual small spots; 1 point - 1-10% of the leaf
surface is covered by individual small or me-
dium-sized spots; 2 points — 11-25% of the leaf
surface is covered by individual large spots (up
to 5 mm) or small spots; 3 points - spots are
mostly larger than 5 mm, often merging and
covering 26-50% of the leaf surface; 4 points -
spots are mostly larger than 10 mm, over 50%
of the leaf surface is covered, leaves turn yel-
low, deformed, dry out. Powdery mildew of ap-
ple trees was recorded on the following scale
(in points): 0 - no signs of damage; 0.1 - sepa-
rate small spots of fungal mycelium with dam-
age to the leaf surface of 0.1-1.0%; 1 - separate
small, sometimes merging spots (1.1-10% of the
leaf surface affected); 2 - small, blurry spots,
merging; 11-25% of the leaf surface affected;
3 - large, blurry spots, merging with 26-50% of
the leaf surface affected; 4 - large spots, with
intense sporulation of the fungus, the leaf is
deformed, dries up (over 50% of the leaf sur-
face is affected).

Disease progression (lesion intensity, dis-
ease index) was determined according to the
formula (Trybel & Sigareva, 2001):

Rx = Y.(axb)x100 (2)

NXK !

where Rx is the disease development, %; X (a x b)
x 100 is the sum of the product of the number of
diseased plants and the corresponding damage
score; N is the total number of plants (healthy
and diseased), pcs; K is the highest score of the
accounting scale.

The technical efficacy of the preparations
(Te, %) was determined according to the formula
(Trybel & Sigareva, 2001):

Te = 100x(Dc—De) (3)

Dc !
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where Dc is the indicator of disease develop-
ment in the control; De is the indicator of dis-
ease development in the experimental variant.

Experimental studies of plants (both culti-
vated and wild), including the collection of plant
material, were following institutional, national,
or international guidelines. The authors ad-
hered to the standards of the Convention on Bi-
ological Diversity (1992) and the Convention on
the Trade in Endangered Species of Wild Fauna
and Flora (1973).

RESULTS AND DISCUSSION

An analysis of the meteorological conditions of
the 2021 growing season (April-August) showed
that the average daily air temperature and pre-
cipitation were substantially different from
the long-term average (Table 1). Thus, only in
April and May was the air temperature slightly
lower than long-term indicators (by 0.5-1.2°C),
while in June and August the excess of the av-
erage daily temperature reached 4°C. In April-
July 2021, there was a shortage of precipitation.

Although there were 6 to 15 rainy days with pre-
cipitation per month, the shortfall compared
to the long-term average was 204-66.6 mm. In
just one month, during April-August, there was
between 16.5 and 57.6 mm of precipitation. The
largest number of them was recorded in August.
An analysis of weather conditions (April-August
2022) showed that the average daily air temper-
ature and precipitation data differed substan-
tially from the long-term average (Table 1). Spe-
cifically, in April and May, the air temperature
was slightly lower than long-term indicators (by
0.5-1.0°C), and in June and August, the excess
of the average daily temperature ranged within
0.2-3.5°C. During the growing season of apple
plants in April-August, from 19 to 26.3 mm of
precipitation was recorded monthly. There is a
substantial deficit of precipitation (26.7-59.6%)
compared to the average long-term figures. In
general, the meteorological conditions of 2021-
2022 ensured the accumulation and spread of
the inoculum of apple scab and powdery mildew
pathogens and the manifestation of diseases.

Table 1. Characteristics of meteorological conditions during
the apple tree vegetation (Institute of Horticulture of NAAS, 2021-2022)

Months and years
Main indicators
April May June July August
2021 ‘ 2022 2021 2022 2021 2022 2021 2022 2021 2022
air temperature, 'C
average long-term 9.2 15.3 18.6 20.8 19.5
°fth3:a“r"e”t 8.0 8.2 147 | 148 | 218 | 221 | 250 21 212 | 226
deviations from
-1.2 -1.0 -0.6 -0.5 +3.2 +3.5 +4.2 +0.2 +1.7 +3.1
long-term
precipitation, mm
average long-term 45.7 55.0 83.1 69.5 54.8
Ofthjeca“r"ent 24.0 19 346 | 263 | 165 | 235 | 335 24 576 | 21.2
deviationsfrom |, ;| 567 | 204 | 287 | -666 | -506 | -360 | -455 | +2.8 | -336
long-term

Source: weather station of the Institute of Horticulture of the National Academy of Sciences of Ukraine

During the period under study, apple scab
was observed on leaves and fruits (Fig. 1a). On
the affected leaf blades, the symptoms of the
disease were characterised by the appearance
of chlorotic spots, which eventually became cov-
ered with a velvety greenish-olive coating. On
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diseased fruits, crustal spots of assorted sizes
were formed, covered with a velvety olive coat-
ing. Powdery mildew developed on young shoots
and leaves (Fig. 1b). A white bloom was formed
mainly on the underside of the leaves, which
curled over time. Subsequently, the symptoms
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of the disease on the leaves and young shoots
changed: the plaque acquired a dirty grey hue

with black dots - cleistothecia. Intensively af-
fected shoots had shortened internodes.

Figure 1. Symptoms of apple scab (a) and powdery mildew (b)

The use of biological preparations Ampe-
lomycin, Glyocladin, and Fluorescin on apple
treesled to a15.0-21.9% reduction in the spread
of apple scab, and the development of the dis-
ease was reduced by 9.5-11.1% compared to the
control (Table 2). Therewith, the technical ef-
ficiency of the preparations ranged from 68%

to 79%. The tested biological preparations also
controlled powdery mildew, reducing the prev-
alence of the disease by 5.6-7.0% and its devel-
opment by 2.2-2.5%. The technical efficiency
was within 59-76%. The most effective against
the disease was the application of Ampelomy-
cin at arate of 6.0 1/ha.

Table 2. Efficiency of biological preparations against scab and powdery mildew
of apple trees (Institute of Horticulture of NAAS, Renet Simirenko variety, average for 2021-2022)

Scab Powdery mildew
Variant Consumption rate, I/ha
DP DD TE DP DD TE
Control (without processing) - 37.7 14.0 - 11.6 3.3 -
Ampelomycin BT 6.0 15.8 29 79 4.6 0.8 76
Gliocladin BT 10.0 22.3 4.5 68 6.0 1.4 59
Fluorescin BT 8.0 20.1 3.9 72 6.6 13 61
LSD,, 2.9 1.5

Note: DP - disease prevalence, %; DD - disease development, %; TE - technical efficiency, %

Source: research results of the authors of this study

The study of the effect of biological prepa-
rations on scab damage to apple fruit helped
establish their negative impact on the patho-
gen. The number of diseased fruits decreased
by 22.7-35.6%, and the intensity of their damage
was lower by 51-6.4% (Table 3). The technical
efficacy of the preparations was as follows: Am-
pelomycin - 68%, Gliocladin - 62%, and Fluo-
rescin - 78%.

»)

The analysis of yields in variants involving
biological preparations against apple diseases
showed their positive impact on this indicator.
The preserved fruit yield was within 37-4.4 t/ha
compared to the variant where no preparations
were used (Fig. 2). The highest yield of apple
trees was observed in the case of spraying the
plants with the biological preparation Ampelo-
mycin at a rate of 6 1/ha.
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Table 3. The effect of biological preparations on scab damage to apple fruit
(Institute of Horticulture NAAS, Renet Simirenko variety, average for 2021-2022)

Fruits
Variant Consumption rate, I/ha
DP DD TE
Control (w.lthout _ 531 8.2
processing)

Ampelomycin BT 6.0 30.2 2.6 68
Gliocladin BT 10.0 304 3.1 62
Fluorescin BT 8.0 17.5 1.8 78

LSD,, 1.9

Note: DP - disease prevalence, %; DD - disease development, %; TE - technical efficiency, %

Source: research by the authors of this study

30

25 I
= I
E‘ 15
(]
& 10

0
Control Ampelomycin BT, Gliocladin BT, Fluorescin BT,
61/ha 10 l/ha 8l/ha

Experiment variants

Figure 2. The impact of biological preparations on apple yields

Note: average for 2021-2022, Renet Simirenko variety
Source: developed by the authors

The presented findings indicate the ability of
biological preparations Ampelomycin BT (based
on the fungus of the genus Ampelomyces Ces ex
Shlecht.), Gliocladin BT (containing mycelium
and spores of the fungus of the genus Gliocla-
dium) and Fluorescin BT (bacteria of the genus
Pseudomonas) to reduce the spread and devel-
opment of scab and powdery mildew of apple
trees, which ultimately ensures the preservation
of the crop yield. Notably, the scientific world
has already conducted research on the control
of powdery mildew fungi using representatives
of the genus Ampelomyces. They were among
the first mycoparasites to be used for this pur-
pose, due to their ability to effectively inhibit the
growth of pathogen mycelium and reduce the
amount of infectious material (Prahl et al., 2023).

The results of the study are consistent with
the findings of Y. Kimura et al. (2023) on the ef-
fectiveness of Ampelomyces hyperparasites

Plant and Soil Science (14)4

against powdery mildew on different crops.
Thus, in the conditions of protected soil Am-
pelomyces sp. strain Xs-q suppressed colonies
of Podosphaera xanthii, the causative agent of
melon powdery mildew. The strain Ampelomy-
ces quisqualis CPA-9 (2.5x10° conidia/ml) was
effective against powdery mildew of zucchini
and reduced the development of the disease by
61.5%. A concentration of 7.3x107 conidia/ml re-
duced the incidence by 83% (Carbé et al., 2020).
T.D. Kushare et al. (2020) found that among the
biological agents investigated for the control of
grape powdery mildew, Ampelomyces quisqualis
provided 52.67% disease control.

In the study by M. Hassine et al. (2022), a
preparation based on Gliocladium catenula-
tum strain J1446 controlled grey rot of lettuce
in vitro by 91%. The filtrates of cell-free cultures
of G. catenulatum Gcl and G. virens Gv1 limit-
ed the growth of mycelium of the anthracnose

G
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pathogen - Colletotrichum coccodes and re-
duced the development of rot on tomato fruits.
The use of Pseudomonas fluorescens bacteria
on celery plants provided 61.2% control of pow-
dery mildew (Ahmed et al., 2021). Some studies
have also confirmed the ability of the bacterium
genus Pseudomonas to reduce the spread and
development of scab and powdery mildew of
apple trees. Thus, K. Paliwal et al. (2023) inves-
tigated the compatibility of a biocontrol agent
(Pseudomonas) with a carbendazim-based fun-
gicide against the root rot pathogen of soybean
(Rhizoctonia solani). Scientists have found that
P fluorescence inhibited the growth of R. sola-
ni mycelium (43%) and could withstand 0.05-
0.15% carbendazim concentration. This method
reduced the development of the disease by 72%
compared to the control.

L.A. Shuttleworth (2021), analysing alter-
native strategies for controlling apple diseases,
notes the possibility of using bacterial strains
as potential bioagents against scab, specifically
the isolate Pseudomonas syringae, which sup-
pressed the disease. There is also information in
the literature about the ability of Pseudomonas
fluorescens strains to inhibit the fungus Alter-
naria brassicae in vitro and in vivo (Gupta et
al., 2020). S.I. Hradchenko (2022) investigated
biological preparations Kazumin 2L, RK, Phyt-
ocide-r, PhytoHelp, and MycoHelp in Ukraine,
which were effective against apple scab at the
level of 71-86% in years without epiphytic devel-
opment of the disease. There are different opin-
ions on the specifics of using biological prepara-
tions against V. inaequalis. Specifically, they can
be integrated with forecasting models for the
appropriate time of application (Berrie, 2019).

The studies of Z. Polat § H. Bayraktar (2021)
and M. Chatzidimopoulos et al. (2022) indicated
thatthe control of apple diseasesislargely based
on the frequent use of chemicals. Studies con-
ducted in Greece have suggested that fivefold
spraying of plants with fungicides ensured the
intensity of scab development on apple fruits
below 1.88% (Chatzidimopoulos et al.,, 2020).
D.A. Strickland et al. (2022) reported that in the
US, powdery mildew management programmes
that included flutriafol or myclobutanil in the
previous season tended to reduce the inci-
dence of apple disease in the following spring,

)

probably due to reduced inoculum overwinter-
ing. At the same time, scientists point out that
pathogens are resistant to fungicides, which is
a widespread problem (Polat & Bayraktar, 2021;
Chatzidimopoulos et al., 2022).

Thus, further, more detailed work is need-
ed to understand the effectiveness of biologi-
cal preparations on apple trees under different
environmental conditions, which will help to
develop more effective disease management
strategies and reduce the pesticide burden on
the agrocenosis.

CONCLUSIONS

The phytopathogenic fungi V. inaequalis and
P leucotricha infect apple trees and cause dan-
gerous diseases such as scab and powdery
mildew, which lead to a shortage of fruit yield,
deterioration of its quality and a considerable
decrease in plant productivity. The specific fea-
ture of pathogensis the production of many gen-
erations of sporulation and the development of
various diseases throughout the entire period
of plant vegetation. In this study, biofungicides
from antagonist and hyperparasite microbial
cultures were evaluated to limit the damage to
apple plants by dangerous mycoses such as scab
and powdery mildew. During the experiment,
they were applied five times by spraying apple
plants of the Renet Simirenko variety of the In-
stitute of Horticulture of the National Acade-
my of Agrarian Sciences of Ukraine (IH NAAS)
in the following phases: BBCH 67, 72, 74, 75, and
78. Thus, microbiological preparations based on
the pycnidial fungus of the genus Ampelomyces
Ces ex Shlecht. (Ampelomycin BT), a micromy-
cete from the genus Gliocladium (Gliocladin BT,
and bacteria of the genus Pseudomonas (Fluo-
rescin BT) controlled scab and powdery mildew
of apple trees. Ampelomycin BT (at a rate of 6 1/
ha) provided technical efficiency against scab
79% and powdery mildew - 76%, Glyocladin BT
(10 1/ha) - 68% and 59%, respectively, Fluo-
rescin BT (8 1/ha) - 72% and 61%. These biolog-
ical preparations also reduced the development
of scab on apple fruit, while the technical effi-
ciency was within 62-78%. The use of biological
plant protection products ensured the pres-
ervation of apple fruit yields from 37 to 44 t/
ha. The highest rate was in the variant with the

Plant and Soil Science (14)4



Hradchenko & Pikovskyi

biological product Ampelomycin BT. The results
obtained can be used to develop a system for
protecting apple trees from diseases.
Promising areas for future research include
the study of the specific features of using bio-
logical preparations on apple varieties charac-
terised by different degrees of susceptibility to
scab and powdery mildew. The use of biological
preparations based on biocontrol agents can

be an alternative to environmental protection
against diseases and increase fruit production.
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EdeKTUBHICTb 6ionoriyHUX npenapaTiB NpoTU napLui
Ta 60pPOLIHUCTOI pocU A6NYHiI

AHoTauiq. Iapia (36ymHuk Venturia inaequalis Cooke (Wint.)) Ta 6opomnucTa poca (Podospaera
leucotricha (Ellis & Everh. Salmon)) € wkigmuBuMu xBopob6amMu A6JIyHI 3aXUCT Bif SKUX
TPYHTYETbCA Ha 6araTropa3oBOMy OOIPUCKYBaHHI XiMiuHMMU oyHrinpzamu. s 3MeHIIeHHS
[IeCTULIMIHOTO HAaBaHTaKeHHA Ha arpolleHO3H aKTYaJIbHUM € 3aCTOCYyBaHHS 610JI0riyHNX 3ac06iB
3aXUCTy. MeTa pob0TH mojAraia y ZOCHiIKeHH] eGeKTUBHOCTI biompenapaTiB Ha OCHOBI IrpubiB
i 6arTepit (MikOmapasuTIB Ta aHTArOHICTIB) IPOTK MAapIli Ta 60POIIHKUCTOI pocu A6iyHi. s
IIbOTO BUKOPHCTOBYBAJIN KOMIUIEKC METOZiB, SIKi BKIIIOYanNU (iTOMAToNOriuyHy AiarHOCTUKY Ta
MOHITOPUHT XBOPO6, GEHOJIOTIUHI CITocTepeskeHHS, 06K YpOXKalHOCTI, CTATUCTUYHUM aHaJIi3.
BuBueHo 6ionpemnapatu AMmnenominuH BT (6 j1/ra) Ha ocHoBi rpuba pomy Ampelomyces Ces ex
Shlecht., Tmiormazin BT (10 si/ra), aKu#i MIiCTUTH Milesin Ta criopu rpuba 3 poay Gliocladium
Ta ®nyopecuuH BT (8 7n/ra), ocHOBOW fKOTO € 6akTepii poay Pseudomonas. Ix 3acTocyBaHHA
MIPU3BOAWIIO IO 3MEHIIEHHS MOMIKNPEHHS Ta PO3BUTKY Mapiui a6JyHi, a TexHiyHa epeKTUBHICTD
TIpenaparTiB CTaHOBUJIA Bifl 68 0 79 %. biompenapaTy TaKOXX 3HIIKYBaJIM YpaskeHHS POCIINH
36yIHUKOM 60pOUIHKCTOI pocH 3a TexHIYHOI epeKTHUBHOCTI 59-76 %. O6pobKa pociuH A6yHi
npenaparamu [ioknagid BT, AmniesnoMitnuH BT Ta ®inyopecuus BT 3MeHIllyBasia KiJIbKICTb IUIOLIB
ypaykKeHUX Iaplrero Ha 22,7-35,6 %. TexHiuHa epeKTHUBHICTE IIperapariB IIpH LIbOMY CTaHOBUJIA 62-
78 %.3acTocyBaHHS DOCTiIXKyBaHUX biompernapartiB 3a6e3medyBasio 36epeskeHHA YPOyKato B MeKax
37-4,4 T/ra. OTpUMaHi pe3ynbTaTy CBimYaTh PO MEPCIIEKTUBHICTh BUKOPUCTAHHA 6i0JIOTiYHUX
TperapariB MPOTH Iapiii Ta H6OpPOIIHUCTOI pocu S6JyHI IJia eKojorizaliii 3aXuCTy pOCIWH

KniouoBi cnoBa: xBopobu a61yHi; rprbu; MiKpoOpraHisMU-aHTAarOHICTH; TexHIYHa eGeKTUBHICTS;
YPOXKaHICTh
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Influence of biologisation of the nutrition system
on the transformation of biological nitrogen
and formation of soybean productivity

Abstract. Rising prices for mineral fertilisers stimulate the search for alternative ways to optimise
the existing and develop new technological methods of growing crops, including soybeans. One
of these approaches is the intensive use of biological ways to enhance the ability of legumes to
symbiosis and natural fixation of biological nitrogen from the soil air, which will help reduce
the cost of plant cultivation technology. That is why the purpose of this study was to determine
the effect of biological preparations on atmospheric nitrogen fixation by soybean plants using
symbiotic nodule bacteria. In these studies, the method of calculation based on active symbiotic
potential and symbiotic specific activity was used to determine the amount of biologically
fixed nitrogen. The study analysed the effect of some inoculants and biofertilisers intended for
foliar application on the development and formation of symbiotic processes in soybean plants,
namely, the specific features of the formation of both general and active symbiotic potential in
the vegetation stages. The influence of symbiotic productivity on soybean grain yield was also
determined. Treatment of seeds with the selected preparations for the entire period of symbiosis
duration provided an increase in the total symbiotic potential and active symbiotic potential. It
was found that the treatment of seeds with the inoculant Bioinoculant BTU (2 1/ha) before sowing
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was more productive. Therewith, the maximum soybean grain yield of 3.31 t/ha was recorded in
areas where the preparation Bioinoculant BTU (2 1/t) was treated before sowing and two fertilising
applications were made in the 3" ternate leaf stage and in the budding stage with Helprost
soybean fertiliser (2.5 I/ha). The findings of this study indicate a substantial impact of symbiotic
productivity and its value on soybean grain yield. Correlation and regression analyses showed that
the accumulation of biological nitrogen has a considerable impact on grain yield. Thus, the use of
biological preparations is an alternative to mineral fertilisers in soybean cultivation technology
and they can be implemented in the production conditions of agricultural enterprises

Keywords: inoculant treatment; foliar feeding; preparations of natural origin; symbiotic potential;

yield

INTRODUCTION

Nitrogen fixation is the main function of the
symbiotic system formed in legumes. The
strength of this indicator is determined by the
efficiency (activity) of nodule bacteria. Nitrogen
fixation begins when rhizobia become bacter-
oids that intensively synthesise nitrogenases,
the content of which can reach 30% of the total
protein. Together with the plants, they also pro-
tect the nitrogenases from oxygen, meet energy
requirements, and assimilate nitrogen fixation
products. Considering the significant climate
change and, accordingly, the development and
needs of modern agriculture, it is promising to
find ways to increase the productivity of nitro-
gen-fixing symbiotic systems and their adap-
tive capabilities. Specifically, it is the impact of
environmental factors, including stress factors,
on the relationship between plants and micro-
organisms, elucidation of mechanisms for in-
creasing plant resistance and improving symbi-
otic activity to increase plant yields. The use of
biologically active substances of natural origin
has been an effective means of regulating plant
growth and development, optimising their rela-
tionships with microorganisms, namely nodule
bacteria, which ensure the process of biological
nitrogen fixation from the air by legumes.

According to the findings of S. Didur et
al. (2019), scientists found a positive effect on ni-
trogen fixation processes due to optimisation of
soil acidity. It was found that the maximum dy-
namics in the formation of the number of nodule
bacteria and their mass during the vegetation of
perennial legumes was caused by pre-sowing
seed treatment with the biological preparation
Rhizobophyt and its combination with the plant
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growth regulator of natural origin Emistim C.
This determines the importance of investigating
the effect of biological preparations on the nitro-
gen fixation in legumes.

Detailed studies of the biological fixation of
atmospheric nitrogen by legumes under differ-
ent growing conditions, its impact on the nitro-
gen balance in the soil and the increase of the
coefficient of biological nitrogen utilisation in
agriculture are among the main tasks of intensi-
fying agricultural production. H.V. Pantsyreva et
al. (2020) indicated that the maximum grain
yield of white lupine of the Veresnevyi variety
was obtained in the experimental variants with
pre-sowing seed treatment with the inoculum
Rhizogumin and the growth stimulator Emistim
C in combination with two foliar dressings with
EmistimC.Therewith,thegrainyieldwas3.61t/ha.
H.M. Zabolotnyi et al. (2020) point out that the
growth characteristics, passage of distinct stag-
es of development of legumes and nitrogen
fixation activity are determined by the genetic
characteristics of the species or variety. L. Symo-
chko (2020) and O. Tkachuk & N. Telekalo (2020)
investigated the features of soil microflora, the
number of soil microorganisms, their functional
activity and impact on biological nitrogen fixa-
tion processes. Multiparametric indicators are
recommended for assessing the environmental
impact of soils: microbiological and biochemical.

S.Ya. Kots et al. (2021) and S. Tanchyk et
al. (2021) indicate that the study of the complex
use of biological preparations made based on
active strains of microorganisms - nitrogen fix-
ers to create highly effective symbiotic systems,
prevention and protection of legumes from
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pathogens of various aetiologies is of particular
relevance. Furthermore, despite all the chal-
lenges and risks facing agriculture in Ukraine,
demand for organic crop production is still im-
portant. Therefore, the development of environ-
mentally safe ways to increase the productivity
of legumes based on the use of organic-mineral
fertilisers and biological preparations is relevant
and is an aspect that requires further research.

Leading Ukrainian scientists V. Mazur et
al. (2021) investigate the specific features of the
development and implementation of an en-
vironmentally friendly technology to produce
vegetable protein based on the symbiotic inter-
action of highly efficient microorganisms with
modern varieties of legumes. The specific fea-
tures of the influence of fungicides on the for-
mation of the symbiotic apparatus during the
pre-treatment of soybean seeds were also es-
tablished. The number of root nodules under Fe-
ver treatment at the stage of two true leaves was
at the level of plants without treatment. During
the flowering phase of soybean, the number of
root nodules gradually levelled off to the control
level and increased by 33% during the bean for-
mation phase. At the same time, the weight of
root nodules was 36% less than that of control
plants in the phase of two true leaves. Subse-
quently, during the vegetation period, the root
nodule weight was observed to equalise to the
values of the control plants, exceeding them by
33% in the phase of bean formation.

That is why the purpose of this study was to
determine the impact of biological preparations
on the process of atmospheric nitrogen fixation
by soybean plants using symbiotic nodule bac-
teria. And determination of the relationship be-
tween the indicators of fixed symbiotic nitrogen
and the level of soybean grain yield in different
variants of the experiment.

MATERIALS AND METHODS

Field research was conducted in 2017-2021 in
the conditions of the experimental field subor-
dinated to Vinnytsia National Agrarian Univer-
sity and located in the village of Ahronomichne
(Vinnytsia region). The research was conducted
in compliance with the provisions of the Con-
vention on Safety and Health in Agriculture
No. 184. Soil cultivation in the experiment was

9

generally accepted for the Forest-Steppe zone
of Ukraine and ensured the formation of opti-
mal conditions for plant growth and develop-
ment by maximising weed control, moisture
conservation, and levelling the soil surface.
The soil of the experimental field is grey for-
est medium loam. On the day of sowing, the
seeds were inoculated with biological prepara-
tions based on active strains of nodule bacteria
(Bradyrhizobium japonicum), and foliar fertil-
isation was performed in the corresponding
experimental variants according to the exper-
imental scheme (Kots, 2021).

The field experiment was designed as fol-
lows: Factor A - Seed treatment: 1) control,
2) seed treatment with BTU bio-inoculant
(2 1/t), 3) seed treatment with Rhizoline (2 1/t) +
Rhizosave (2 1/t), 4) seed treatment with Ander-
hiz (1.5 I/t). Factor B - Foliar feeding: 1) control,
2) Biocomplex BTU (1.0 l/ha), 3) Humifriend
(10 1/ha), 4) Helprost soya (2.51/ha).

The size of the experimental plot is 40 m?,
and the accounting plot is 25 m2. The replication
was fourfold, and the plots are systematically
placed. Climatic conditions, such as tempera-
ture and precipitation, were generally favoura-
ble for soybean growth and development in the
years under study, although there were devia-
tions from the long-term average. For the re-
search, the Madison soybean variety was sown.
The biological preparations for inoculation and
foliar dressing under study are products of BTU
Center. When the soil was warmed up to a depth
of 10 cm to +12°C, seeds were sown at a seed-
ing rate of 650 thous./ha and a row spacing of
45 cm. Foliar application of biological prepa-
rations in the areas defined by the scheme in
the experiment was performed in the phase of
the 3 ternate leaf and budding. The research
was conducted according to generally accept-
ed methodological guidelines. The number and
wet weight of nodules on the roots and, accord-
ingly, the symbiotic productivity of soybean
plants were estimated based on calculations of
total (TSP) and active (ASP) symbiotic potential
and specific symbiosis activity (SSA) according
to the method of H.S. Posypanov (1991).

M;+M,
12 Z*T,

TSP = (1)
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where TSP is the total symbiotic potential, thous.
kg day/ha; T is the period between two adjacent
periods of analysis, days; M, M, is the average
mass of nodules for the period T, kg/ha.

M, +M,
12 Z*Ty

ASP = ()
where ASP is the active symbiotic potential,
thous. kg day/ha; T is the period between two
adjacent periods of analysis, days; M, M, is the
average mass of nodules for the period T, kg/ha.

SSA = —tatlz (3)

ASP,—ASP,’

where SSA is the specific symbiosis activity,
gN/kg; N, N, is the maximum use of nitrogen
by plants in the corresponding variants of the
experiment for separate periods or for the veg-
etation as a whole, kg/ha; ASP, ASP, is the active
symbiotic potential in the compared variants,
thous. kg day/ha.

Before harvesting, a sample sheaf from each
variant was selected to determine the individual
productivity of the plants. Harvesting was per-
formed according to the method of separate

threshing in the phase of full ripeness, adjusted
for standard moisture. The mathematical pro-
cessing of the results was performed according
to the method of dispersion and correlation-re-
gression analysis using computer software
packages (Excel, Statistica, Agrostat) accord-
ing to the methodology of V.O. Ushkarenko et
al. (2013). Experimental studies of plants (both
cultivated and wild), including the collection of
plant material, were following the institutional,
national, or international guidelines. The meth-
od of calculating fixed nitrogen according to ac-
tive symbiotic potential and specific symbiosis
activity was used in the research. The authors
adhered to the standards of the Convention on
Biological Diversity (1992) and the Convention
on the Trade in Endangered Species of Wild Fau-
na and Flora (1979).

RESULTS AND DISCUSSION

The specific feature of the formation of the to-
tal symbiotic potential of soybean and the im-
pact of pre-sowing seed treatment and foliar
fertilisation on this indicator are presented in
Table 1.

Table 1. Dynamics of the formation of the total symbiotic potential of soybean depending
on pre-sowing seed treatment and foliar fertilisation, on average for 2017-2021, thous. kg d/ha

) Phases of growth and development Over the
Seed Foliar —— — = = . .
R TITII et 3" ternate beginning end full filling | physiological | entire period
[:4 . . ¢ s
leaf of flowering | of flowering of seeds maturity of symbiosis
1 1.069 2.320 4.013 3.244 0.828 11.474
Control 2 1.126 2.636 4.966 4.299 1.085 14.113
3 1.100 2.526 4.222 3.610 0.906 12.364
4 1.108 3.222 5.544 5.140 1.150 16.164
1 1.676 4.057 6.362 5.248 1.248 18.592
Bio-inoculant 2 2.019 5.289 7.833 6.316 1.524 22.980
BTU 3 1.986 4.813 6.844 5.743 1.253 20.641
4 2.116 6.074 8.115 6.886 1.620 24.811
1 1.210 3.086 4.986 3.798 0.860 13.940
Rhizoline + 2 1.320 4.288 5.908 5.055 1.216 17.787
Rhizosave 3 1.233 3.778 5.500 4.805 1.100 16.417
4 1.347 4.876 6.926 5.910 1.467 20.526
1 1.334 3.171 5.175 4.130 0.944 14.753
. 2 1.464 4.476 6.582 5.520 1.311 19.353
Anderhiz
3 1.493 3.885 5.740 5.029 1.156 17.303
4 1.519 5.200 7.209 5.986 1.482 21.395
v, % 23.6 27.7 20.1 20.3 20.3 21.6
Sx % 6.0 6.9 5.0 5.2 5.1 5.4

Note: without fertilisation (control); 2. Biocomplex BTU (11/ha); 3. Humifriend (11/ha); 4. Helprost soya (2.5 1/ha)
Source: developed by the authors of this paper based on own research
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Based on the results obtained, it was found
that the percentage of ASP in the TSP before the
period of end of flowering - full seed filling, in
terms of experimental variants, ranged within
83-97%, and later this ratio decreased to 41-57%,
which is explained by the deterioration of nitro-
gen fixation conditions. During the research,
data were obtained indicating the formation of
the maximum indicators of the total - 4.013-
8111 thous. kg-days/ha and active symbiotic
potential - 3702-7.258 thou. kg-days/ha in the
phase of the end of flowering. It was found that

the formation of the level of symbiotic potential
of soybean plants was significantly influenced
by pre-sowing seed treatment with inoculants,
which provided more active colonisation of soy-
bean plant roots by symbiotic bacteria, activation
of the process of symbiosis formation, which in
turn contributed to the growth of biological ni-
trogen fixation by microorganisms. The data ob-
tainedintheexperimentontheformationofactive
symbiotic potential of soybean in the dynamics
under the influence of pre-sowing seed treat-
ment and foliar feeding are presented in Table 2.

Table 2. Dynamics of formation of active symbiotic potential of soybean depending
on pre-sowing seed treatment and foliar dressing, on average for 2017-2021, thous. kg d/ha

- Foliar Phases of growth and development 0yer thg

e dressing 3" ternate beginnir]g end ) fuI_I §eed physiolo_gical entire P(?"Cfd
leaf of flowering | of flowering filling maturity of symbiosis

1 0.876 1.998 3.702 3.134 0.405 10.116

2 0.933 2.375 4.572 3.786 0.440 12.106

Control

3 0.894 2.094 4.015 3.522 0.418 10.943

4 0.896 2.597 4.820 4.090 0.530 12.933

1 1.305 3.542 5.253 4.699 0.601 15.401

Bio-inoculant 2 1.789 5.072 6.733 5.166 0.790 19.550

BTU 3 1.655 4.421 6.335 4,917 0.698 18.026

4 1.818 5.590 7.258 5.260 0.804 20.730

1 1.120 2.717 4.149 3.644 0.460 12.091

Rhizoline + 2 1.248 4.071 5.636 4.230 0.499 15.684

Rhizosave 3 1.175 3.594 5.271 4.046 0.473 14.558

4 1.264 4.461 6.709 4.587 0.607 17.628

1 1.223 3.041 4.276 3.833 0.537 12.910

. 2 1.317 4.321 5.828 4.400 0.645 16.511

Anderhiz
3 1.271 3.756 5.532 4.251 0.554 15.364
4 1.337 4.661 6.820 4.850 0.736 18.404
V, % 23.5 29.9 20.6 14.3 22.5 20.8
Sx % 5.9 7.5 5.1 3.6 5.6 5.0

Note: 1. without fertilisation (control); 2. Biocomplex BTU (11/ha); 3. Humifriend (11/ha); 4. Helprost soya (2.5 1/ha)
Source: developed by the authors of this paper based on own research

Thus, analysing the generalised data for
the years of research, considering the duration
of the entire symbiotic period, seed treatment
with Rhizolineh (2 1/t) + Rhizosave (2 1/t) and An-
derhiz (1.5 1/t) contributed to an increase in the
indicators of TSP and ASP, respectively, by 2.466-
3.280thous.kgd/haand1975-2.794thous.kgd/ha
compared to the data on the control variant
without inoculation. The pre-sowing treatment
of seeds with the inoculant Bioinoculant BTU

»)

(2 1/ha) proved to be more productive, with an
increase in the level of total symbiotic potential
compared to the control of 7118 thous. kg-days/
ha, and active 5.285 thous. kg-days/ha.

The research results suggest that one of
the ways to mobilise internal reserves of ni-
trogen fixers to achieve maximum intensifi-
cation of the biological nitrogen fixation, apart
from seed inoculation, is foliar dressing, which
improves the physiological activity of nodule
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bacteria, improves physiological and biochem-
ical processes that take place during the fusion
of inert nitrogen molecules and their conver-
sion into compounds available to plants, result-
ing in an increase in the value of active symbi-
otic potential.

Foliar application of Biocomplex BTU biolog-
ical preparation (1.0 1/ha) provided an increase
in TSP and ASP, depending on pre-sowing seed
inoculation, by 2.639-4.599 thous. kg-days/ha
and 1.990-4.149 thous. kg-days/ha, respectively.
Somewhat lower efficiency was observed when
using a complex fertiliser based on potassium
humate Humifriend (1.0 I/ha) for foliar dressing,
with an increase in the TSP and ASP compared to
the control of 0.890-2.550 thous. kg-days/ha and
0.827-2.625 thous. kg-days/ha, depending on
the variants for pre-sowing seed treatment. The
use of Helprost Soya fertiliser (2.5 1/ha) for foliar
fertilisation increased these indicators by 4.691-
6.642 thous. kg-days/ha and 2.817-5.537 thous.
kg-days/ha, respectively.

Based on theresults of the study, it was found
that on average in 2017-2021, the amount of bi-
ologically fixed nitrogen was the lowest in the
control, i.e., without seed inoculation and foliar

120.0 +
100.0
80.0
60.0
40.0 +
20.0 +

Amount of biologically
fixed nitrogen, kg/ha

0.0

96.2
88

101.9

feeding, and amounted to 49.7 kg/ha. Pre-sowing
treatment of seeds with Bioinoculant BTU (2 I/t)
increased the accumulation of biologically fixed
nitrogen by 26 kg/ha, treatment with Rhizoline
(2 1/t) + Rhizosave (2 1/t) - by 10.1 kg/ha, and the
use of Anderhiz inoculant (1.5 1/t) increased this
indicator by 13.8 kg/ha, respectively, compared
to the untreated variants.

Foliar feeding of plants had a positive effect
on photosynthesis performance, which led to
a better supply of carbohydrates to plants and
nodules used for biological nitrogen fixation,
increased the value of symbiotic potential, and
as aresult, had an intensive impact on nitrogen
fixation performance. Accordingtotheresearch
results, it was found that foliar fertilisation in
the phase of the 3" ternate leaf and again in the
budding phase with the biological preparation
Biocomplex BTU (1.0 l/ha) increased nitrogen
fixation by 9.8-204 kg/ha (59.5-96.5 kg/ha),
depending on seed inoculation. The level of
nitrogen fixation was 53.9-887 kg/ha, which is
4.1-12.9 kg/ha more than in the control variants
where foliar fertilisation was performed using
a complex fertiliser based on potassium hu-
mate Humifriend (1.0 1/ha) (Fig. 1).

1 1 1 1 1 1
1‘2 3‘4 1|2

Control

3

Bio-inoculant
BTU (21/t)

! ! !
4 1

| I I IR SN S R—
2 3‘4 1‘2 3‘4

Rhizoline (21/t) +

Anderhiz (1.51/t)
Rhizosave (2 1/t)

Figure 1. Amount of biologically fixed nitrogen depending
on seed treatment and foliar fertilisation, on average for 2017-2021, kg/ha
Note: 1. without fertilisation (control); 2. Biocomplex BTU (11/ha); 3. Humifriend (11/ha); 4. Helprost soya (2.5 1/ha)

Source: compiled by the authors of this study

The most intensive fixation of biological
nitrogen by soybean plants was observed in
those areas of the experiment, where the orga-
no-mineral fertiliser Helprost soybean (2.5 1/ha)
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was used for foliar feeding. In these variants, de-
pending on the pre-sowing seed treatment, the
amount of biologically fixed nitrogen was 63.6-
1019 kg/ha, which is 13.8-26.2 kg/ha more than
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in the control. These studies on the grey forest
soils of the Right-Bank Forest-Steppe showed
that soybean grain yields strongly depend on the
climatic conditions of the year under study and

the factors under study, namely pre-sowing in-
oculation of the seed and foliar dressing. It was
found that the average grain yields for 2017-2021
ranged from 2.47 to 3.31t/ha (Fig. 2).
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Figure 2. Soybean grain yield depending on pre-sowing seed treatment
and foliar feeding, average for 2017-2021, t/ha

Source: compiled by the authors of this study

In the variant where soybean seeds were
treated with the inoculant Bioinoculant BTU
(2 1/t) before sowing and two foliar fertilisations
were performed in the phase of 3leaves and bud-
ding with the organo-mineral fertiliser Helprost
soybean (2.5 1/ha), the maximum soybean grain
yield was 3.31 t/ha, which is 0.84 t/ha (34.0%)
more than in the control without pre-sowing
seed treatment and foliar dressing. The sym-
biotic productivity of crops had a significant
impact on soybean grain yield. Thus, statistical
analysis of the data revealed a significant impact
of the amount of biological nitrogen accumula-
tion on grain yield. A regression equation can be
used to describe this relationship between grain
yield and the amount of biological nitrogen ac-
cumulated in the soil:

y=1,2618+0,022 xy, ()

where Y is the grain yield, t/ha; X is the amount
of biological nitrogen accumulated in the soil,
kg/ha.

%)

The correlation coefficient was r = 0.938,
and the adjusted coefficient of determination,
respectively, was r?=0.879. O. Tkachuk & N. Tel-
ekalo (2020) showed that under conditions of
growing field crops with insufficient fertilisa-
tion and the absence of legumes, thereis a grad-
ual decrease in the content of organic matter
and nitrogen in the soil. This process is caused
not only by mechanical tillage and intensifi-
cation of oxidation processes, but also by the
removal of nitrogen with the crops. Thus, the
consumption of humus (mineralisation) during
grain cultivation reaches 0.5-0.7 and even 1.0 t
ha?, including 25-50 kg ha™ of nitrogen. Under
row crops, and especially in conditions of clean
vapours, there is a further increase in the min-
eralisation of organic matter and a growing ni-
trogen deficit in the soil (1.5-2.0 t ha?, including
75-100 kg ha-! of nitrogen), which subsequently
leads to a general deterioration in the physical,
physicochemical properties, and nutritional
regime of the soil.
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According to the findings of S. Tanchyk et
al. (2021), nitrogen replenishment through sym-
biotic and associative nitrogen fixation is effec-
tive inthe system of short crop rotations on cher-
nozem. Against the background of fertiliser use
and high crop yields, the consumption of biolog-
ical nitrogen due to nitrogen fixation in pea crop
rotations is 261-294 kg ha, soybeans - 312 kg ha-
1 and perennial grasses (alfalfa) - 468 kg ha™. The
introduction of a legume component into the
crop rotation allows compensating for 40-89%
of the nitrogen consumption from fertilisers
and soil for subsequent crops through nitrogen
fixation. According to the research results, the
amount of biologically fixed nitrogen by soybean
plants was 63.6-101.9 kg/ha, with the best results
obtained in variants using foliar dressing with
organic-mineral fertiliser. This suggests that the
priority measure for the efficient use of biolog-
ical nitrogen by legumes in agriculture should
be a scientifically sound structure of sown are-
as with an optimal share of these crops and the
use of biological factors to intensify cultivation
technology.

The findings of V. Petrichenko et al. (2017)
and H.M. Zabolotnyi et al. (2020) show that the
most powerful fixers of biological nitrogen in
crop production are perennial legumes such as
clover, sainfoin, alfalfa, with a nitrogen fixation
factor of 07-0.8. During the growing season,
these crops accumulate between 30 and 38 kg
of biological nitrogen per tonne of dry matter.
In general, perennial legumes involve 100 to
300 kg ha of nitrogen in the biological cycle, of
which 75-200 kg is a net product for the plant;
the rest is consumed by the plant from the soil.
The assimilative capacity of legumes is some-
what lower than that of perennial legumes. The
nitrogen fixation rate ranges from 0.4 to 0.5, with
the rest of the nitrogen being used from the soil.
For every tonne of dry matter of the main and
by-products, lupine and fodder beans absorb
20-27 kg of nitrogen from the air; peas, soy-
beans, and others absorb 10-15 kg of nitrogen. A
considerable part of biological nitrogen (some-
times up to 90%) during the growing season is
concentrated in the above-ground mass, usually
removed from the field, while the rest stays in
the soilin roots and post-harvest residues, caus-
ing nitrogen to be added to the soil after miner-
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alisation. The present study on the influence of
the nutrition system on the transformation of
biological nitrogen and the formation of soy-
bean crop productivity indicates that intensive
fixation of biological nitrogen by soybean plants
occurs when foliar dressing with organic-min-
eral fertiliser is performed. In other words, to
improve nitrogen fixation rates, specifically to
increase the amount of biologically fixed nitro-
gen in legumes and soybeans, it is necessary to
introduce measures of pre-sowing seed treat-
ment and foliar dressing during the growing
season with biological preparations and orga-
no-mineral fertilisers into the crop cultivation
technology.

ILM. Didur et al. (2019) confirms the de-
pendence of the amount of nitrogen fixed
symbiotically on the mass of root nodules with
leghaemoglobin and the duration of their func-
tioning, i.e., the period from the appearance of
leghaemoglobin in the nodules to its transition
to choleglobin. The indicator of active symbiotic
potential ASP combines these two criteria of ni-
trogen fixation. The ASP for the growing season
is determined by the sum of the ASP indicators
for individual periods. Similarly, the total sym-
biotic potential of the TSP is calculated, which
factors in the mass of all nodules. This indicator
has a more theoretical value and is determined
in cases where there is a need to determine the
effect of individual environmental factors on
symbiosis activity. According to the findings of
0. Litvinova et al. (2021), the factors under study
have a more intense effect on the weight of the
nodules with leghaemoglobin than on their total
weight. Accordingly, the formation of the indica-
tor of active symbiotic potential is more inten-
sively influenced. However, the data of the au-
thors' research strongly suggest that pre-sowing
treatment of seeds with the inoculant Bioinoc-
ulant BTU (2 1/ha) led to an increase in the lev-
el of total symbiotic potential compared to the
control at the level of 7118 thous. kg-days/ha,
and active symbiotic potential at the level of
5.285 thous. kg-days/ha.

P. Boyko et al. (2019) argue that one of the
ways to solve the problem of nitrogen deficiency
in the soil is the use of biological features of leg-
umes, including soybeans, which, using symbi-
otic nodule bacteria, can fix significant amounts
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of atmospheric nitrogen. To date, scientists have
developed ways to not only effectively use the
nitrogen-fixing capacity of this crop, but also to
simultaneously mobilise hard-to-reach forms
of phosphorus in the soil. O. Demyanyuk et
al. (2019) and O.M. Kolisnyk et al. (2020) point
out that the use of modern bacterial prepa-
rations, which, apart from symbiotic nodule
bacteria, also contain phosphorus-mobilising
microorganisms, can mobilise hard-to-reach
forms of phosphorus.

Scientists such as L.I. Onufran & VI. Net-
is (2017) argue that photosynthetic processes,
which synthesise carbohydrates that serve as a
source of energy for complex nitrogenase reac-
tions of N, reduction, have a considerable im-
pact on the course and activity of symbiotic ni-
trogen fixation. In other words, plants, through
interaction with nodule bacteria, provide them
with photosynthetic products, and under these
conditions, they receive biologically fixed ni-
trogen. According to the findings of V. Mazur et
al. (2021) and I. Gorodiska et al. (2018) found that
nodule bacteria are biological stimulants, and
therefore, apart from the ability to “fix” molec-
ular nitrogen from the air and leave it in the soil
bound in compounds easily accessible to plants,
they can synthesise amino acids, vitamins, and
some biologically active substances. The find-
ings strongly suggest that one of the ways to
mobilise internal reserves of nitrogen fixers to
achieve maximum intensification of the biolog-
ical nitrogen fixation, apart from seed inocula-
tion, is foliar dressing, which improves the phys-
iological activity of nodule bacteria, improves
physiological and biochemical processes that
take place during the fusion of inert nitrogen
molecules and their conversion into compounds
available to plants, resulting in anincrease in the
value of active symbiotic potential.

V. Mazur et al. (2021) note that the activity
and viability of nodules on the root system in
legumes, including soybeans, depends on hy-
drothermal factors, species and variety, min-
eral nutrition and soil moisture in spring and
the first half of summer, soil temperature of
22-26°C, which contribute to the cyclical pro-
cesses of photosynthesis and biological nitro-
gen fixation. This feature is also confirmed by
the authors’ research results. It was noted that

o)

the maximum formation of the active symbiotic
potential of soybean, depending on pre-sowing
seed treatment and foliar fertilisation, occurred
in the flowering phase of plants with a sub-
sequent decrease in this indicator during the
vegetation of soybean crops. Under conditions
of low soil temperature, there is a considerable
slowdown in the work of nodule bacteria.

Scientific studies by PS. Vyshnivskyi &
O.V. Furman (2020), VFF. Petrichenko et al. (2017)
and H.M. Zabolotnyi et al. (2020) reflect the de-
pendence of the symbiotic apparatus of legumes
and its intensity of development not only on the
effective interaction of host plant genotypes and
symbiotic microorganisms under certain grow-
ing conditions, but also on the fact that it can be
influenced by certain technological methods of
cultivation. Namely, the use of bacterial prepa-
rations and foliar feeding. When studying the
influence of these technological methods, the
authors found that pre-sowing seed treatment
with the preparation Bioinoculant BTU (2 I/t) in-
creased the accumulation of biologically fixed
nitrogen by 26 kg/ha, treatment with Rhizoline
(2 1/t) + Rhizosave (2 1/t) - by 10.1 kg/ha, and the
use of Anderhiz inoculant (1.5 I/t) increased this
indicator, respectively, by 13.8 kg/ha compared
to the variants without treatment.

Researchers are interested in identify-
ing and investigating the morphogenesis of
nodules with the rhizobial system of legumes.
0. Tkachuk & N. Telekalo (2020) proved that the
expansion of the area under legumes in inten-
sive crop rotation will have a positive impact
on the agro-ecological state of the soil. The re-
searchers draw attention to the possibility of
accumulating a large amount of mineral nitro-
gen in the soil with by-products after soybean
cultivation - 384 kg/ha. Among the legumes
investigated by scientists, soybeans have the
highest symbiotic nitrogen fixation capacity of
120 kg/ha. The most intensive fixation of biolog-
ical nitrogen by soybean plants in the study of
the authors was noted in those variants where
foliar dressing with the organo-mineral fertil-
iser Helprost soybean (2.5 1/ha) was carried out.
In these variants, depending on the pre-sowing
seed treatment, the amount of biologically fixed
nitrogen was 63.6-101.9 kg/ha, which is 13.8-
26.2 kg/ha more than in the control.
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Thus, the symbiotic productivity of crops
has a significant impact on soybean grain yield.
The dependence of the soybean symbiotic ap-
paratus and the intensity of its development is
determined not only by the effective interaction
of the host plant genotype and symbiotic micro-
organisms under certain growing conditions,
but also by the influence of certain technological
methods of cultivation. Specifically, the use of
bacterial preparations and foliar dressing.

CONCLUSIONS

Cultivating leguminous crops enables the re-
plenishment of nitrogen through symbiotic and
associative nitrogen fixation. One of the alterna-
tive ways to optimise existing developments and
new technological methods of growing crops is
to intensify the use of biological methods to en-
hance the ability of legumes to symbiosis and
natural fixation of biological nitrogen from the
soil air. The shortage of mineral fertilisers and
the rapid and constant increase in their cost are
driving research in this area.

As a result of the experiment on grey for-
est soils of the Right-Bank Forest-Steppe, the
maximum value of the total 24.811 thousand
kg-days/ha and the active symbiotic potential
of 20.730 thous. kg-day/ha of soybean plants,

highest amount of biological nitrogen in the at-
mosphere of 101.9 kg/ha of soybean plants was
observed in those variants of the experiment
where foliar feeding with organo-mineral ferti-
lizer Helprost soybean (2.5 1/ha) was performed
against the background of seed inoculation
with Biocomplex BTU (1.0 1/ha). Therewith, the
value of symbiotic productivity had a signifi-
cant impact on soybean grain yield. Thus, the
correlation and regression analysis revealed a
close relationship between the amount of bio-
logical nitrogen accumulation and grain yield.
The data obtained indicate that the use of bi-
ological preparations is a viable alternative to
mineral fertilisers in soybean cultivation. The
effect of the biological preparations and organ-
ic-mineral fertiliser under study on symbiotic
nitrogen fixation by soybean plants is a confir-
mation of this. That is why one of the priority
measures for the efficient use of biological ni-
trogen from legumes in agriculture should be
a scientifically sound structure of sown areas
with an optimal share of these crops. A prom-
ising area for future research is a detailed study
of the specific features of symbiotic nitrogen
fixation in legumes under the biologisation of
their nutrition system.

for the entire period of symbiosis, was formed ACKNOWLEDGEMENTS
under the conditions of a combination of None.
pre-sowing seed treatment with Bioinoculant
BTU (2 1/t) and foliar feeding with organo-min- CONFLICT OF INTEREST
eral fertiliser Helprost soybean (2.5 1/ha). The  None.
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Bnnue 6ionorisauii cncreMm XuBneHHs
Ha TpaHcdopMauilo 6ionoriyHoro asory
Ta PopMyBaHHA NPOAYKTUBHOCTI NocCiBiB coi

AHoTauif. 3pocTaHHA LiH Ha MiHepasbHi HO6pPUBA CTUMYIIOE IIOWIYK aJIBTEPHATUBHUX
LIUIAXiB ONTHMI3alii iCHyOUMX Ta pPO3POOKM HOBUX TEXHOJIOTIUHUX MPUMOMIB BUPOIIYBAHHS
CIIBCBKOTOCIIONAPCHKUX KY/IBTYp, 30KpeMa col. OZHUM i3 TaKuxX IiOXOAiB € IHTEeHCHBHE
3aCTOCyBaHHS 6i0JIOTIYHUX IIIAXIiB ITOCUJIEHHS 3JaTHOCTI 6060BUX KyJIBTYp IO cuM6io3y i
npupomHoi ¢ikcarrii 6iosoriyHOr0 a30Ty i3 I'PYHTOBOTO TIOBITPS, IO CIIPUATUME 37EIIeBIeHHI0
TEXHOJIOTii BUpOIIyBaHHSA pOCIMH. CaMe TOMy METOI0 AOCIiIKeHb OysI0 BM3HAUEHHS BILIHUBY
6iomoriuHux mpenapariB Ha mpotiec ¢ircallii aTMochepHOro a3oTy 3a JOTIOMOT0I0 CUM6iOTUYHUX
6yb60UYKOBUX 6GaKTepiit pocivHaMu coi. V IUX OOCTIIKEeHHSX [JI1 BU3HAYEHHS KiJIBKOCTI
6iomoriuHo GiKCOBAHOTO a30Ty BUKOPUCTOBYBABCSI METO ] 06UMCIIEHHS 38 aKTUBHUM CUMOGiOTUYHUM
TTOTEHIIiaIoM Ta CUM6i0TUYHOIO ITUTOMO0 aKTUBHICTIO. B X0 JOCTiIKeHHs 6y/10 TpoaHaIi30BaHO
Iito psmy TpernapariB Ajid iHOKy/ALil Ta 6iogo6puB, MpHU3HAYEHMX IS JINCTKOBOTO MiIYKUBJIEHHS,
Ha PO3BUTOK Ta GOPMYBAaHHS CUMOIOTUYHUX IIPOLIECIB B POCIIMHAX COi, a camMe — OCOGJIMBOCTI
dopMyBaHHS 10 ¢daszax BereTailil K 3araibHOrO, TaK i aKTUBHOTO CMMOGIOTHYHOTO ITOTEHIliay.
TaKO)XX BU3HAYEHO BIUIUB BEJIMYMHU CUMOGIOTUYHOI MTPOAYKTUBHOCTI Ha YPOXKAMHICTh 3€pHA COIL
O6pobeHHs HaciHHA 06paHUMU [TperapaTaMy 3a BeCh Iepiof TpuBaiocTi cum6bio3y 3abe3neunia
3pOCTaHHS 3aTaJbHOTO CUMO6IOTMYHOTO TIOTEHLiaNy Ta aKTUBHOTO CUMOGIOTMYHOTO ITOTEHLIay.
BCTaHOBJIEHO, 110 06pO6JIeHHs HACIHHA iHOKYIAHTOM BioiHOKymauT BTY (2 si/ra) mepen mociBom
BUSIBUJIOCH GBI TPOAYKTUBHUM. [IpU IIbOMY ITOKAa3HMK MaKCHMAaJIbHOI YPOXKAMHOCTI 3epHa Coi
3,31 T/ra 3adircoBaHUM Ha IiNITHKAX, JIe IO TTOCIBY ITpoBOAMIN 06po6Ky IperaparoM BioiHORyISHT
BTV (211/T) a, TAKOXK, 3iMICHIOBAJIY [BA JICUTKOBUX ITiIPKUBJIEHHA 06 prBaMu y dasy 3-ro TpiliyacToro
JIMCTKA Ta y dasy 6yToHizallii ;o06prBoM XerpocT cof (2,5 j1/ra). Pe3ysbTaTy JOCTiIyKEHHA CBiIYaTh
[IPO CYTTEBUU BIUIMB CUMOGIOTUYHOI IIPOAYKTUBHOCTI Ta ii BEJIMUMHU Ha YPOKAMHICTH 3epHA COlL.
KopenauifiHuM Ta perpeciHuN aHaIi3W MOKa3ajy, U0 HAKOIIMYeHHs 6i0J0TiYHOro a30Ty Mae
3HaYHUY BIUIMB Ha BPOXKAMHICTh 3epHa. TAKUM YMHOM, BUKOPHCTAHHS 6i0JIOTiUHUX ITperapaTiB
€ aJBTEPHATHUBOI0 MiHEpaJIbHUM JO6pUBaM B TEXHOJIOTii BUPOIIYBAaHHS cOi i BOHU MOXKYTb
BITPOBA/I’KYBaTHCA ¥ BUPOOHUYMX YMOBaX CITbCHKOTOCITONAPCHKUX ITIATIPUEMCTB

KniouoBi cnoBa: 06po6Ka iHOKYJITHTOM; JIMCTKOBI IIi/IKUBJIEHHS; IIperapaTd IPUPOJHBOTO
[TOXOPKEHHST; CUM610TUYHUI IIOTEHLIIa; YPOyKaHICTh
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Sensory and bioactive quality indicators of fresh
and dried blue honeysuckle fruits (Lonicera caeruléa L.)

Abstract. The relevance of the study is based on the special value of blue honeysuckle berries,
since they contain a significant amount of biologically active substances that are endowed with
antioxidant properties, but they have a short period of consumption. To extend it and provide the
population with nutritional products, the goal was set to identify varieties whose fruits are the
most suitable for processing by drying. Laboratory methods were used for the biochemical study
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of fruits and statistical methods (using the STATISTICA programme and Anova variance analysis,
sensory indicators of the quality and content of phytosubstances, namely: vitamin C, polyphenols,
flavonoids, anthocyanins and chalcones in fresh and dried fruits of the varieties "Boreal Blizzard’,
“Boreal Beauty’, ‘Boreal Bist” and "Karina® were considered). As a result of the conducted research,
varieties were identified that, in the process of heat treatment, preserved sensory and consumer
quality indicators as much as possible in relation to the fresh analogue. The range of variation of
polyphenolic substances was established, which was within the minimum of 7,370 (‘Karina’) and the
maximum of 7,336 mg/100 g of dry weight ("Boreal Blizzard’), the percentage of their preservation in
driedberrieswasthehighestinthevariety ‘Boreal Beauty . The average content of flavonoidsin fresh
fruits of the studied varieties was 1,064 + 240 mg/100 g, anthocyanins - 1,520 +289 mg/100 g of dry
weight. Drying of berries contributed to an increase in the amount of these substances by 55-110%
for flavonoids and by 48% for anthocyanins. It is proved that during the drying process, the fruits of
blue honeysuckle lose vitamin C, losses depending on the variety are 65-72%. The findings will be
useful in selecting parent forms for creating raw varieties and when choosing a variety for drying
and making natural fruit powder concentrates with a high content of biologically active substances

Keywords: organoleptic analysis of fruits; drying; polyphenols; flavonoids; anthocyanins;

chalcones

INTRODUCTION

Honeysuckle berries attract attention not only
because of their attractive appearance and
taste, but also because of their rich biocompo-
nent composition. The fruits of berry crops are
a useful food product due to the high content of
biologically active substances, which are natural
antioxidants (Sun et al., 2019). One of which is
ascorbic acid, also known as vitamin C. The fruit
isrich in ascorbic acid and is the main source of
human consumption (Zheng et al., 2022). Vita-
min C plays an important role as an antioxidant,
counteracting harmful processes such as in-
flammation. Blue honeysuckle is considered one
of the richest sources of ascorbic acid among all
berries. Its content may vary depending on the
climate and growing conditions, genotype, stage
of ripeness, and time of harvesting. Another
important phytoelement of blue honeysuckle
fruits is polyphenolic substances. As stated by
B.Sgorbini et al. (2019), it is these substances that
can protect the human body from the effects of
exogenous and endogenous free radicals. They
are important components of the fruits of many
fruit plants. These substances have antioxidant
properties, help fight stress and prevent the de-
velopment of a number of diseases.

Berries contain a significant amount of
water in their composition, so during a short
storage time, quality loss and deterioration of
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appearance are possible, which leads to a de-
crease in the economic efficiency of their pro-
duction. E. Dermesonlouoglou et al. (2018) noted
that its harvest seasons are short, and therefore,
fruits are not available all year round, which
limits their commercialisation and consump-
tion. Therefore, drying processes occupy an im-
portant place in the food industry. Usually, heat
treatment is used to reduce the harmful micro-
biological and chemical load, which worsens the
quality of products. According to Y.V. Yevchuk et
al. (2019), drying fruit is one of the easiest ways
to extend the shelflife of fruit, especially berries.

Hot air drying is most commonly used for
the production of dehydrated fruit and berry
crops. The advantage of dried products over
fresh ones is the possibility of their long-term
storage. In addition, drying results in a signif-
icant reduction in volume, which facilitates
transportation and storage (Shende et al. 2019).
S. Alasalvar et al. (2020) claim that dried fruits
contain a wide range of biologically active com-
pounds, such as phenolic acids, flavonoids,
anthocyanins, vitamin C, as well as proantho-
cyanidin and chalcones. It is these substanc-
es that, with their strong antioxidant activity,
among other mechanisms, have a positive ef-
fect on human health. A serving (40 g or about
a quarter cup) of dried fruit is a good balanced
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dietary product, particularly in terms of fibre,
water-soluble vitamins and minerals.

Dried fruits can easily be stored for a long
period of time due to their reduced water con-
tent, which can also help in the production
of new functional foods. A. Pazereckaité et
al. (2020) suggest that they can be used in food
formulations, and this approach is of great im-
portance for consumers and the processing in-
dustry. Recently, the European Commission rec-
ognised blue honeysuckle (Lonicera caerulea L.)
as a new food product on the European market.
Berries of this crop due to their significant con-
tent of high-value secondary metabolites such
as ascorbic acid, anthocyanins, phenolic acids,
and fatty acids are endowed with a wide range
of antioxidant properties (Martinez et al., 2020).
Blue honeysuckle is a new crop for the European
and Ukrainian markets, so it requires a compre-
hensive study, including its suitability for vari-
ous types of processing, one of which is drying
by convection. According to R. Becker & A. Szak-
iel (2019), growing plants of the species Lonicera
caerela L. is popular because of the early ripen-
ing of the fruit, the exceptional resistance of the
plant to frost, pests and diseases, and because of
its potential health and healing properties.

Researchers M. Senica et al. (2020) found
that drying blue honeysuckle berries helped
reduce the polyphenol content by more than
70% compared to fresh ones. As a result of the
analysis of literature sources, it was found that
there is a gap and a lack of data on the effect of
heat treatment on the preservation of sensory
and phytochemical indicators of the quality of
blue honeysuckle fruits, namely the varieties
‘Boreal Blizzard’, ‘Boreal Beauty', "Boreal Bist
and "Karina’, so the conducted research is rel-
evant and necessary, both for scientists and
producers of dried fruits. Since according to
the data, drying of food products usually leads
to deterioration of the product not only from
a sensory standpoint, but also from a physi-
co-chemical and nutritional standpoint, the
purpose of the study was to investigate changes
that occur in the fruits of blue honeysuckle dur-
ing the drying process and to identify varieties
whose fruits are an excellent raw material for
this type of processing according to a complex
of preserved quality indicators.

MATERIALS AND METHODS

The study was conducted during 2020-2021. The
objects of research were the fruits of blue hon-
eysuckle - varieties of Canadian selection ‘Bore-
al Blizzard’, ‘Boreal Beauty’, ‘Boreal Bist’, as well
as Polish - ‘Karina. Fruits for laboratory tests
were selected at experimental sites of the lab-
oratory of selection and technology of growing
berry crops of the Institute of Horticulture of the
National Academy of Agrarian Sciences (NAAS)
of Ukraine. Year of creation of plantings - 2016,
planting scheme 1x3 m, the soil of the site is
grey forest medium loamy. The system of soil
retention in a row is mulching with sawdust, in
the row spacing - sodification. The experiment
was laid with irrigation, the care of plantings
is recommended for the forest-steppe zone of
Ukraine. The zone’s climate is temperate conti-
nental. According to long-term data, the aver-
age air temperature was +9.7°C and the amount
of precipitation for the year was 466.3 mm. The
minimum average long-term temperature -
negative 284°C (February), the maximum -
37.7°C (August).

Analytical studies were conducted in the
laboratory of post-harvest quality of fruit and
berry products of the Institute of Horticulture
of the National Academy of Agrarian Sciences
(NAAS) of Ukraine. The weight of one sample
was one kilogramme (National Standard ISO
874-2002, 2003). On the day of fruit collection,
the content of total polyphenols, anthocyanins,
flavonoids, and chalcones was determined. Blue
honeysuckle berries in a state of consumer ripe-
ness with a characteristic shape and colour for
each of the studied varieties were subject to lab-
oratory tests according to the “Methodology for
assessing the quality of fruit and berry products”
(Kondratenko et al., 2008). For analytical studies
of fruits, in particular, determination of the con-
tent of biologically active substances, samples
were prepared using a laboratory homogenis-
er - Waring 800s (USA). The sample was weighed
on an analytical scale - TVE-3-0,05-a (Ukraine)
with an accuracy of up to the second sign.

Drying of blue honeysuckle berries was
carried out in a drying cabinet “Sadochok 2M”
(Ukraine) at a temperature of 65°C for 14 hours.
The fruit was cut in half for drying and placed in
a single layer on trays to be sent into the drying
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oven. The drying process was considered com-
plete when the final moisture content of the fruit
was 18%. At this humidity, the product is suitable
for long-term storage under certain conditions.
Before and after drying, organoleptic anal-
ysis of fruits was performed for the following
sensory indicators: appearance, colour, taste,
and the content of total polyphenols, flavonoids,
anthocyanins, and chalcones were determined
from biochemical indicators. For both fresh and
dried fruits, the data obtained were expressed
in mg/100 g of dry weight, and the results of the
tasting assessment were expressed in points.
Sensory analysis of dried samples was per-
formed on a 9-point Hedonic Scale with the fol-
lowing levels of preference: 9 — Like Extremely,
8 - Like Very Much, 7 - Like Moderately, 6 - Like
Slightly, 5 — Neither Like nor Dislike, 4 — Dislike
Slightly, 3 - Dislike Moderately, 2 - Dislike Very
Much, 1 - Dislike Extremely (Civille § Carr, 2015).
For organoleptic analysis, a group of tasters
of different ages was selected from fifteen re-
searchers, six of whom were men, the rest were
women. The tasting was conducted without
specifying the name of the variety, each taster
was presented with samples of fresh and dried
fruits in the amount of 50 g on a separate tray.
Each sample had a separate number. The results
of organoleptic assessment of sensory traits,
namely appearance, colour, taste, and the over-
all score, expressed in points, were mathemati-
cally processed and presented as an average.
Vitamin C content (ascorbic acid) was deter-
mined according to the method based on its ex-
traction from berry samples with a mixture of 2%
aqueous oxalic solution and 1% aqueous hydro-
chloric acid solution (80:20). 5 g of crushed fruit
was ground using broken glass and transferred
to a measuring flask with a capacity of 100 ml.
The contents of the flask were brought to the
mark with a mixture of 2% oxalic and 1% acetic
acids (80:20) and left for extraction for 10 min-
utes. The resulting extract was filtered through
a cotton wool filter into a 100 ml flat-bottomed
flask. In a glass with a capacity of 50 ml, 10 ml of
the extract was added and titrated from the mi-
croburette with a solution of 2.6 - dichlorophe-
nol-indophenol with sodium salt (Tilmans paint)
until a slightly pink colour appeared, which did
not disappear for 1 min. The amount of paint
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that has been oxidised is used to determine the
vitamin C content, and a mixture of oxalic and
acetic acids is used as a control (Kondratenko et
al,,2008).

The content of total polyphenols was de-
termined according to the method of PV. Kon-
dratenko et al. (2008), which is based on the
extraction of phenolic substances from ber-
ry samples with ethyl alcohol. To do this, 5 g of
crushed berry samples were added to a porce-
lain mortar, a small amount of ethyl alcohol was
added and filtered under vacuum on a Buchner
funnel through a blue ribbon paper filter into
a Bunsen flask. The residue on the filter was
washed with a small amount of ethyl alcohol
until the sample was completely discoloured.
The number of washes depended on the in-
tensity of staining of the sample and was 3-5
times. The volume of alcohol used is recorded
in ml. 79 ml of distilled water, 0.1 ml of extract,
1 ml of Folin-Denis reagent were added to the
test tube, mixed and after 3 minutes 1 ml of sat-
urated sodium carbonate solution was added
and mixed again. For an hour, the optical den-
sity of the contents of test tubes was recorded
on an ULAB 102UV (China) spectrophotometer
at a wavelength of 640 Nm. For control, a mix-
ture prepared from 8 ml of distilled water, 1 ml of
Folin-Denis reagent and after 3 minutes, 1 ml of
saturated sodium carbonate solution was added.

Total polyphenol content in the sample was
calculated by equation (1):

X=(AxVx100)+(V,x M), 1)

where X - total polyphenol content in the sam-
ple, mg/100 g; A - amount of chlorogenic acid
in the volume taken for spectrophotometric de-
termination, found according to the calibration
graph, mcg; V - total volume of the final extract of
the sample, ml; V, - volume of aliquot of the final
extract of the sample taken for analysis, ml; M -
sample weight, g (Kondratenko et al,, 2008). The
content of anthocyanins and chalcones was de-
termined by spectrophotometric method (ULAB
102UV spectrophotometer). The absorption of
extracts was determined at wavelengths of 530
and 364 Nm, respectively, using an alcohol ex-
tract from plant homogenate acidified with 3.5%
hydrochloric acid (Kryventsov, 1982). Flavonoid
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content was determined by absorption spec-
trophotometry by measuring the absorption of
a flavonoid complex with a 3% aluminium chlo-
ride solution. An ULAB 102UV spectrophotome-
ter with a wavelength of 410 Nm was used for the
measurement (Vronska, 2018).

Statistical data processing was performed
using the STATISTICA 13/1 software suite (Stat-
Soft, Inc., USA). The results are presented as av-
erages with their standard errors as the mean *
standard error (x + SE). Differences between rep-
etitions and relative to the average inter-varietal
value were determined using ANOVA statistical
model. The results of the research are present-
ed at the level of reliability in P < 0.05. Univar-
iate variance analysis of the materiality of the
influence of the genotype of the variety on the
content of biologically active substances in blue
honeysuckle fruits and correlation analysis were
performed in Excel, Data Analysis tab.

The research was conducted within the
framework of scientific studies, the results of
which comply with the norms of the Convention
on Biological Diversity (1992) and the Conven-
tion on the Trade in Endangered Species of Wild
Fauna and Flora (1973).

RESULTS AND DISCUSSION

The appearance and colour of fresh fruits and
products made from them play an importantrole
inthe consumer’s choice. Secondary sensory ex-
periences, such as taste and aroma, play a crucial
role in the demand for products. Usually, when
drying, organoleptic and consumer indicators
of fruit quality change significantly and not for
the better when compared with fresh analogues
(Guiné, 2018). During the drying process, all
fruits, without exception, undergo drastic chang-
es, namely, as a result of biochemical transfor-
mations, the taste, aroma and colour change, the
latter becomesless bright and acquires a brown-
ish hue. Darkening of fruits can be caused by
both enzymatic and non-enzymatic reactions.

As aresult of drying, the berries of blue hon-
eysuckle became wrinkled, lost their original
shape and colour. The most drastic changes in
appearance were made to the fruits of the ‘Kari-
na’ variety, the tasting score of this sensory indi-
cator was 5, while fresh berries had it at the level
of 8. The appearance of fresh and dried fruits of

the remaining varieties studied was rated one
point higher, 9 and 6 points, respectively.

Fresh fruits of the studied varieties of blue
honeysuckle were black in colour with a pro-
nounced waxy coating. According to the results
of the tasting, fresh fruits of the ‘Boreal Bist’ and
‘Boreal Beauty’ varieties had a one-dimension-
al colour, a tasting score of 9 points. ‘Karina’ and
‘Boreal Blizzard' berries were rated at the level of
8 points for the specified sensory indicator. Dur-
ing the drying process, the wax coating of the
berries degraded, they became black in colour
with a pronounced gloss of varying intensity. As
stated by A. Calin-Sanchez et al. (2020), changes
in fruit colour during processing occur as a re-
sult of enzymatic darkening of the pulp. Name-
ly, the oxidation of polyphenolic compounds
by polyphenol oxidase takes place, which is ac-
companied by the formation of brown pigments
(melanins), the so-called o-quinones.

The highest score, namely at the level of 8,
was evaluated for this indicator in dried berries
of the Boreal Bist’ variety. A crucial role in the
suitability of fruits for processing by drying is
played by their ability to keep the taste as close
as possible to the fresh analog. From the study
group, these were berries of the ‘Boreal Blizzard’
variety. Tasters gave the fruits of this variety the
maximum score of 8 points for taste (Fig. 1).

One of the most important components
of berries is the amount of ascorbic acid. On
average, it was 30.3 mg/100 g of dry matter
(Krzykowski, et al., 2020). An unusually large
amount of vitamin C was found in the varieties
“Pereslenka’ (100.5 mg/100 g of dry matter) and
“Pavlivska® (70.6 mg/g of dry matter). The ascor-
bic acid content of honeysuckle berries grown
in Switzerland was 10.78-40.21 mg/g of dry
matter (Auzanneau et al. 2018), whereas those
grown in Slovenia had 1775-2577 mg/100 g
(Senica et al. 2019). Blue honeysuckle varieties
‘Duet’ and ‘Karina' grown in Poland accumu-
lated 44.4 and 62.6 mg/100 g of vitamin C in
raw weight, (G6kee et al., 2022). Berries grown
in Ukraine contained vitamin C from 227 to
276 mg/100 g of raw weigh, which in terms of
dry weight was 173 (‘Karina’) to 209 mg/100 g
of dry matter (‘Boreal Blizzard’). The coefficient
of variation of the ascorbic acid content in the
studied varieties was at a minimum level, and
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amounted to 13.9 - 2020, 9.6 - in 2021. These
indicators of vitamin C fixation indicate a small

varietal difference in its content, in particular,
in the study group of varieties.

Appearance fresh
1
Taste dried 6 Appearance dried ‘Karina’
4 ‘Boreal Blizzard’
2 ‘Boreal Bist’
0 ‘Boreal Beauty’
Taste fresh Colour fresh
=~
Colour dried

Figure 1. Sensory quality indicators of fresh and dried blue honeysuckle fruits

Source: compiled by the authors

Asnoted by G. Akar et al. (2018), drying helps
to reduce vitamin C, in particular, in rosehip
fruits by 2.7 times, and in wild strawberry fruits
when using the convector method at a temper-
ature of 60°C by 77.6, at a temperature of 40°C -
66.8 and 25°C - 59.6% (Krzykowski et al., 2020).
With other types of processing, in particular,
spreads and juices, the content of vitamin C in

the finished product, on the contrary, increases
compared to the content in fresh fruits (Senica et
al, 2019). Of the blue honeysuckle varieties stud-
ied, vitamin C losses during the drying process
were at least 65% for the ‘Boreal Beauty’ variety
and 72% for the ‘Boreal Blizzard’ variety, 69% for
the ‘Karina’ variety and 71% for the ‘Boreal Bist’
variety (Table 1).

Table 1. Ascorbic acid content in fresh
and dried blue honeysuckle fruits (average for 2020-2021), mg/100 g of dry weight

2020 2021 Average for 2020-2021
Varieties % losses
Fresh Dried Fresh Dried Fresh Dried
‘Karina’ 183+0.05 57+0.12 162+0.08 52+0.16 173+0.06 54+0.10 69
‘Boreal Blizzard’ 251+0.03 70+0.08 166+0.08 47+0.17 209+0.18 59+0.19 72
‘Boreal Bist’ 208+0.03 56+0.12 179+0.04 55+0.21 194+0.07 55+0.11 71
‘Boreal Beauty’ 197+0.04 70+0.07 200+0.06 71+0.06 199+0.03 70+0.04 65
Average 210+0.02 63+0.04 177+0.04 56+0.10 193+0.09 60+0.07 69
Variation

coefficient, % 13.9 12.5 9.6 18.4 7.8 12.3 4.4
min 183 56 162 47 173 54 65
max 251 70 200 71 209 70 72

Source: compiled by the authors

According to researchers from Poland,
blue honeysuckle has the highest content of
total polyphenols among small fruits (Pon-
der et al, 2022). Researchers from Croatia
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proved that the total content of polyphe-
nols in fresh samples of blue honeysuck-
le was 6,209 mg/100 g of dry matter (Zla-
bur et al., 2019). These findings is consistent
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with the data obtained by researchers in the
conditions of the forest-steppe of Ukraine,
where blue honeysuckle berries accumulated
6,499 mg/100 g of dry weight, with a minimum
value of 5,370 (Karina’ variety) and a max-
imum - 7,336 mg/100 g dry weight (‘Boreal
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the content of the above substances was 2,118.9
in organic berries and 27,263.97 mg/100 g of
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technologies (Ponder et al., 2022).
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Figure 1. Content of polyphenolic substances in fresh
and dried blue honeysuckle fruits (average for 2020 and 2021)

Source: compiled by the authors

The content of polyphenolic substances
in fresh blue honeysuckle fruits ranged from
5,370 mg/100 g of dry matter (‘Karina' variety) to
7,336 mg/100 g of dry matter (‘Boreal Blizzard’).
According to L. Shevchuk et al. (2022), the varia-
tion in the content of polyphenolic substances in
blue honeysuckle is quite high, with a coefficient
of variation of 22%, as also evidenced by studies
by M. Senica et al. (2020). At the level of 6,900
and 6,387 mg/100 g of dry matter, they were ac-
cumulated by the fruits of ‘Boreal Bist’ and ‘Bo-
real Beauty, respectively. Previously, the high
content of polyphenolic substances in the fruits
of blue honeysuckle was reported by Polish re-
searchers. E. Hallmann et al. (2020) noted that
the genetic characteristics of varieties of this
crop have a significant impact on the chemical
composition of fruits. A. Grobelna et al. (2020)
found that berries, due to the presence of ac-
tive antioxidants and anti-inflammatory com-
pounds, help reduce the harmful effects of free
radicals. They are rich sources of vitamin C, con-
tain polyphenols, and are widely used in dietary
supplements and medications. Since they have
a high nutritional value, growing these berries

is of great importance. Their resistance to low
temperatures and early maturation make them
avaluable raw material.

The most significant losses of polyphenolic
compounds during the drying process were ob-
served in the varieties ‘Karina’ and ‘Boreal Bist’ -
77 and 78%, respectively, while the best content
of polyphenols was preserved in berries of ‘Bore-
al Beauty' variety (50%). For example, pear fruits
lost 30% of these substances during the drying
process for 10 hours, according to A. Wilkows-
ka et al. (2016). As noted by X. Li et al. (2019), the
loss of polyphenolic substances significantly
depends on their quantitative and qualitative
composition. They investigated the relation-
ship between the accumulation of polyphenols
and the process of darkening apple slices dur-
ing hot air drying (65°C, air velocity 2 m/s). The
composition of polyphenols was determined for
different varieties of apples, and among them
chlorogenic acid and epicatechin were the most
common, accounting for 44.47-7545 g/100 g
and 30.31-35.16 g/100 g of the total amount of
polyphenols in the apple pulp, respectively. Ac-
cording to K.M. Moon et al. (2020), the decrease
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in total polyphenols in dried berries can be ex-
plained by the fact that the biological processes
of berries are destroyed by the degradation of
specific compounds due to the natural activity
of the enzyme polyphenol oxidase, which in-
duces the enzymatic browning process as soon
as the berry tissue is damaged.

It is worth noting that the varietal vari-
ation of the polyphenolic component in the

studied varieties was strong, as indicat-
ed by the corresponding coefficient - 43%.
The conducted studies show that the fla-
vonoid content in fresh blue honeysuckle
fruits was 1,064 + 240 mg/100 g of dry weight,
significantly less than the average value of
them contained berries of the varieties ‘Ka-
rina’ (812 + 23 mg/100 g) and Boreal Bist’
(961+29 mg/100 g) (Table 2).

Table 2. Content of flavonoids, anthocyanins, and chalcones in fresh
and dried blue honeysuckle berries (average for 2020-2021), mg/100 g of dry weight

Flavonoids Anthocyanins Chalcones
Varieties
Fresh Dried Fresh Dried Fresh Dried
‘Karina’ 812+23 1,708 +180 1,108 £ 60 1,724+133 33716 977+19
B:gizozr:radl’ 1,108+39 1,977+22 16994100 | 2,325+144 292418 1,268+21
‘Boreal Bist’ 961+29 2,418+146 1,531+91 2,440+ 80 313122 1,140+ 75
‘Boreal Beauty’ 1,376+39 2,130+£57 1,741+25 2,420+90 367116 1,182+123
Average 1,064 +240 2,058+296 1,520+289 2,227+339 32732 1,142+122
Variation
coefficient, % 23 14 15 10 11
min 812 1,708 1,108 1,724 292 977
max 1,376 2,418 1,741 2,440 367 1,268

Source: compiled by the authors

Unlike fruits, the total flavanoid content
of blue honeysuckle leaves varies from 3721 to
20.61 mg/100 g, according to J. Xie et al. (2019).
This difference may be related to the morphol-
ogy of various plant organs and varietal char-
acteristics, location and growing conditions,
etc. Drying at 65°C for 14 hours contributed to
an increase in the flavonoid content from 55 to
110%. On average, the content of the above sub-
stances in dried blue honeysuckle berries was
2,058 +296 mg/100 g dry weight, and the fruits
of the ‘Boreal Bist’ variety contained more than
the average value (2,418 +146 mg/100 g).

Blue honeysuckle fruits under growing con-
ditions in the forest-steppe of Ukraine accu-
mulate 1,520 + 289 mg/100 g of dry anthocyanin
weight, their maximum amount of 1,741+ 25 and
1,699 +100 mg/100 g of dry weight contained va-
rieties ‘Boreal Beauty’ and Boreal Blizzard’, re-
spectively. The data obtained are consistent with
studies conducted in Slovakia, according to re-
searcher T. Jurikova et al. (2012), berries Lonicera
caerulea L. contain 1,470 mg/100 g of anthocya-
nins. Moreover, the above-mentioned scientists
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noted that the content of anthocyanins signif-
icantly depends on the type and conditions of
cultivation, the limit of variation of the content
is 400-1,500 mg/100 g.

Theresults of research have established that
the fruits of varieties of Canadian selection - ‘Bo-
real Blizzard’, ‘Boreal Bist', ‘Boreal Beauty’, in the
drying process are enriched with anthocyanin
content, and their amount in the finished prod-
uctis-2,350;2,440;2,420 mg/100 g of dry weight,
respectively. Significantly higher amounts of
anthocyanins in dried samples of ‘Indigo Gem’
blue honeysuckle (4,223.25 + 12010 mg/100 g
of dry weight) were found by PY. Gokce et
al. (2022). R. Khattab et al. (2016) also noted a
significant anthocyanin content in this variety -
4,033 mg/100 g of dry weight. In the ‘Aurora’ va-
riety, the content of the above compounds was at
the level of the data obtained in this study.

Drying at 65°C contributed to an increase
in the anthocyanin content in blue honeysuck-
le berries by an average of 48%. J. Stojanovic &
J.L. Silva (2007), W. Yuan et al. (2011), who studied
another berry crop such as blueberries, noted
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a decrease in anthocyanin content. J. Stojano-
vic & J.L. Silva (2007) proved that the amount of
anthocyanins in the berries of the above crop
decreased by almost 60% compared to fresh,
A. Wilkowska et al. (2016) reported a decrease in
anthocyanin content in Vaccinium myrtillus ber-
ries by 57%, W. Yuan et al. (2011) also confirmed
this claim that the anthocyanin content of eight
different blueberry varieties also decreased
by 60% after hot air drying. They evaluated the
antioxidant activity and content of total phe-
nols and anthocyanins in both fruits and leaves
of 19 genotypes. Antioxidant activity, total phe-
nols, and anthocyanin content remained virtu-
ally unchanged when stored at 4°C or -20°C for
two weeks, but significantly decreased when the
berries were oven-dried at 65°C for 48 hours.

Studies have shown that the amount of chal-
cones in fresh and dried blue honeysuckle fruits
was stable. It was noted that the proportion of
these substances in fresh blue honeysuckle
fruits averaged 327 + 32 mg/100 g of dry weight,
in dried fruits — 1,142 +122 mg/100 g. As a result
of the study, it was proved that the drying pro-
cess contributed to an increase in the content of
chalcones in blue honeysuckle berries by 190-
335%. The highest amount of chalcones in both
fresh and dried fruits was noted in the ‘Boreal
Beauty' variety - 367+16and 1,182 +123 mg/100 g
of dry weight, respectively.

The conducted studies of the content of phy-
tosubstances in fresh fruits of 4 varieties of blue
honeysuckle and their changes during drying do
not give a complete understanding of the effect
of heat treatment on the preservation of ascor-
bic acid and polyphenolic components in them.
Therefore, it will be advisable to conduct further
research with other varieties of this crop.

CONCLUSIONS

As a result of the conducted studies, the ma-
teriality of degradation of bioactive substanc-
es (polyphenols, flavonoids, anthocyanins and
chalcones) and the materiality of changes in
sensory quality indicators (general appearance,
circles and taste) in the fruits of blue Honey-
suckle varieties ‘Boreal Blizzard’, ‘Boreal Beau-
ty’, ‘Boreal Bist’ and ‘Karina’ during drying were
established. The greatest amount of vitamin C
was accumulated by the fruits of the varieties

‘Boreal Blizzard’ and ‘Boreal Bist’, polyphenolic
substances - ‘Boreal Blizzard’, flavonoids - ‘Bo-
real Beauty’, anthocyanins - ‘Boreal Bist’. The
highest percentage of ascorbic acid retention
(35%) was found in the ‘Boreal Beauty’ variety,
and total polyphenols at the level of 50% were
found in dried berries of the ‘Boreal Beauty’ va-
riety. The amount of flavonoids up to more than
2,000 mg/100 g and anthocyanins up to more
than 2,400 mg/100 g of dry weight during drying
increased in the fruits of the mentioned variety
and the ‘Boreal Bist’ variety.

It is established that during the drying pro-
cess, the fruits of blue honeysuckle lose their at-
tractiveness and their taste qualities deteriorate.
In particular, dried berries of the ‘Karina’ variety
were the least attractive in terms of appearance
and colour. Best of all, according to the definition
of tasters, the score is 8 points, the taste during
drying was preserved by the fruits of the variety
‘Boreal Blizzard'. Considering the data obtained,
namely the assessment of the preservation of
sensory indicators of quality and biological ac-
tivity, the most suitable for processing by drying
method are fruits of Canadian selection, ‘Boreal
Blizzard’, ‘Boreal Beauty’, and ‘Borial Bist'.

The obtained data will be useful for further
scientific research on the creation of new va-
rieties with a high content of phytosubstances.
The varieties ‘Boreal Blizzard' and ‘Boreal Beau-
ty’ will be involved in hybridisation, since the
first of these varieties, when grown in the for-
est-steppe of Ukraine, accumulates the most
total polyphenols, and the second anthocya-
nins. The next research will be to expand knowl-
edge about the impact of blue honeysuckle
consumption on human health, and to create
new products and technologies to maximise the
use of blue honeysuckle fruits in various indus-
tries and medicine. In the future, it is possible
to study the possibilities of using blue honey-
suckle fruits in various industries, including the
food and pharmaceutical industries. This may
include creating new products, supplements, or
pharmaceuticals based on this plant, determin-
ing the content of vitamins (such as vitamin C,
vitamin E), minerals (such as potassium, mag-
nesium), and antioxidants (such as flavonoids,
anthocyanins) in different parts of the fruit and
their changes during drying.
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AHoOTaUifl. AKTYaJIbHICTh [OOCHIIKeHb 6a3yeTbCa Ha OCOGIUBIM IIHHOCTI AT XUMOJIOCTI
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HaZiNeHi aHTUOKCUZAHTHUMU BJIACTHMBOCTSAMU. ajle MaloTh HETPUBAJMUI I1epiof, CIIOKMBAHHS.
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[l Fioro TONOBXKEHHS Ta 3abe3lleYeHHS HACeNIEHHS HYTPIEHTHOIIIHHOIO IPOAYKIi€ 6yIIo
IIOCTaBJIEHO METY BUAIIUTH COPTH, IUIOAY SKUX € HAMOLIBUI MPUAATHUMU IJIsS ITepepobIeHHS
CIIoco60M CyIniHHA. Bylo BUKOPUCTAHO J1abopaTopHi MeToau AJis 6i0XiMIYHOTO HOCTimsKeHHS
IIJIOZIB Ta CTATUCTUYHI MeToxu (3 MormoMororo rporpamu STATISTICA Ta AuCIIepCifiHOTO aHai3y
ANOVA po3rnafaiucs CeHCOpHi ITOKa3HUKM SIKOCTI Ta BMICT ¢iTopedoBUH, a caMe: BiTaMiHy C,
rionideHosiB, $pIaBOHOIAIB, aHTOLIAHIB i XaJIKOHIB ¥ CBIKMX Ta CyLIeHUX IUI0Jax cOpTiB ‘Boreal
Blizzard', ‘Boreal Beauty’, ‘Boreal Bist’ i ‘Kapina'). B pesysnbrari NpoBefeHUX AOCIIAXEHb 6YII0
BU[IiJIEHO COPTH, KOTPi B mporieci TepMiuHO1 06p06KYU MaKCUMAJIBHO, 10 BiIHOIIEHHIO [0 CBIYKOT0
aHaJIory, 36eperyIi CEHCOPHI Ta CIIOJKUBYI ITOKA3HUKU AKOCTI. BCTAHOBJIEHO [Iiania30H BapitoBaHHA
rosiGeHOIBPHUX PEYOBUH, KU 3HAXOAUBCA B MeXkax MiHiMymy 7370 (‘KapiHa') Ta MarCUMyMy
7336 Mr/100 r cyxoi Macu (Boreal Blizzard'), BificOTOK ix 36epeskeHH4 Y CYLIeHUX SrOAaxX HAMBUILINAN
6yB y copty Boreal Beauty'. CepepHiil BMicT GIaBOHOIAIB y CBURUX IUIOAAX HOCIIIKYBAHUX
copTiB craHoBUB 1064 + 240 Mr/100 1, aHTOLiaHiB — 1520 + 289 Mr/100 r cyxoi Macu. CyImiHHA
Arig cripuao 36iTblIeHHI0 KiTBKOCTI JaHUX PeYOBUH Ha 55-110 % — ¢naBoHOIIB Ta Ha 48 % -
aHTOIliaHiB. JIOBEeIEHO, 1110 B MPOIIEC] CYNIIHHA IOAY YXUMOJIOCTI rony60i BTpayaoTh BiTaMiu C,
BTPaTH 3aJIe’KHO Bifi COPTY CTaHOBIATH 65-72%. Pe3ynbTaTu HOCHTIAKEeHb CTaHYThb KOPUCHUMU
pu ming6opi 6aTbKiBCBKUX GOPM AJig CTBOPEHHS CUPOBUHHUX COPTIB Ta MpU BU60OPi COPTY IJist
CYLIiHHA i BUTOTOBJIEHHS HATypalbHUX IJIOAOBUX [TOPOIIKOBUX KOHILIEHTPATIB 3 MiABUIIEHUM
BMicTOM 6i0JTOTiUHO aKTUBHUX PEUOBUH

KniouyoBi cnoBa: OpraHOJENTUYHUN aHali3 IUIOAIB; CYUIiHHS; TmoJibeHony; ¢IaBOHOIAY;
aHTOIliaHU; XaJIKOHU
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