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was to find ways to provide the topsoil with organic residues, develop soil microflora, and improve the activity
of nitrogen-fixing bacteria in a short grain legume crop rotation. The study was conducted in 2019-2023 using
the following methods: visual - to determine the stages of organogenesis; field - to determine the interaction
of abiotic factors; physiological - to determine the symbiotic fixation of atmospheric nitrogen. It was found that
due to mineralisation of organic residues of legume crop rotation, the amount of macro- and microelements in
the soil layers 0-10 cm, 10-20 cm, and 20-30 cm increased by 45.1-46.9-43.1 mg/kg, respectively. It was found
that saturation of short crop rotation by 50% with legumes, straw residues, and green manure contributed to
the reduction of pathogenic microorganisms and the growth of suppressive ones. It was found that in a short
rotation of crops, 10.3 t/ha of organic matter in the form of stubble and root residues, straw and green manure
enters the soil, which contributed to the cultivation of environmentally friendly agricultural products with the
restoration of soil fertility. The biological activity of the soil during the growing season in the layer of 10-20 cm
reached 47.4%, and the content of alkaline hydrolysed nitrogen in the rhizosphere of the root system increased
by 43.9 mg/kg. The value of the study lies in the fact that the introduction of short organic crop rotations in farms
of various forms of ownership is an innovative approach to providing light grey soils with organic raw materials,
restoring and maintaining their fertility,improving their phytosanitary condition, promoting biodiversity, achieving

environmental sustainability and high yields
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INTRODUCTION

To obtain high and sustainable crop yields in the Polis-
sia region of Ukraine, all elements of cultivation tech-
nology must be aimed at preserving and restoring soil
fertility through the accumulation of organic residues
and the formation of humus, which improves the wa-
ter-physical, thermal, and agrochemical properties of
the soil, increases its absorption capacity and buffering
capacity, and optimises its phytosanitary condition and
nutritional status.

In the system of modern intensive crop produc-
tion, increasing importance is gained by the scientif-
ic research on restoring soil fertility and its biological
activity, where the main component is the biological
cycle of substances and soil microorganisms; investiga-
tion of soil biological activity in short lequme crop ro-
tations using post-harvest residues and green manure,
establishing the processes of organic matter transfor-
mation and improving soil fertility in the biodynamic
processes of humus formation (Adamchuk et al., 2019;
Kliuchevych et al., 2020).

To provide the soil with organic raw materials, it
is necessary to introduce scientifically based soil con-
servation crop rotations, including the expansion of
perennial legumes and pulses, and the use of organic
fertilisers. According to M. Torbati et al. (2021), the ten-
dency to increase the volume of mineral fertilisers and
pesticides, reduce soil fertility, and over-compact it is
a cause for concern. There is a positive trend towards
an increase in the volume of crop by-products (stubble
and root residues, straw) and post-harvest green ma-
nure crops. Generally, applying 4-6 t/ha of straw and
using 11-12 t/ha of green manure is equivalent to ap-
plying 12 t/ha of organic fertiliser.

Soil biological activity is the principal indicator of
monitoring the intensity of organic residue decompo-
sition, providing scientific justification and assessment
of the impact of organic and mineral fertilisers on their

use in managing the growth process and developing
intensive elements of the technology for growing envi-
ronmentally friendly crops. Determining the biological
activity of the soil helps to optimise the regime of soil
restoration and preservation of its fertility. The conven-
tional practice was to use long-lasting energy crops and
pesticides to ensure high yields. However, this approach
led to a decrease in soil fertility, loss of beneficial my-
coflora, and, as a result, the accumulation of pathogens
of various aetiologies and environmental pollution.

Currently, the humus content in the ploughed soils
of Ukraine’s Polissia region, according to their parti-
cle size distribution, is insufficient to optimise the root
layer in terms of agrophysical and agrochemical prop-
erties. Therefore, the search for ways to reproduce the
soil organic matter, control and maintenance of the
optimum humus status is extremely relevant. Normal
humus recovery requires organic matter contained in
crop residues. That is why the purpose of this study
was to find ways to provide the topsoil with organic
residues, develop soil microflora, and improve the ac-
tivity of nitrogen-fixing bacteria in a short grain leg-
ume crop rotation.

As a result of non-compliance with scientifically
based farming systems, the natural soil fertility of agri-
cultural land is declining (the humus content of Ukrain-
ian soils has decreased by 20%). The main reason for
these negative changes is the lack of organic fertiliser
application. The widespread use of mineral fertilisers
and chemical plant protection products against pests
has increased the threat of chemical degradation and
pesticide contamination of crop production (Richard et
al., 2022). The main challenge of transitioning to bio-
logical farming is to ensure enhanced reproduction of
soil fertility and increase crop yields. It is noted that
organic fertilisers are particularly important on light
sod-podzolic soils (Lisovyi et al., 2021).
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Crop rotation, the use of by-products and green
manure positively affect the ecological state of the
soil and are essential elements of agriculture to im-
prove soil fertility, provide and preserve moisture,
microbiological processes and increase crop yields
(Pisarenko & Pisarenko, 2022; Voitovyk, 2023). In the
research of E.G. Degodyuk et al. (2019), the use of
straw of predecessors shows a deterioration in the ni-
trogen regime, immobilisation of mobile forms of ni-
trogen occurs during humification of organic residues
(straw), which have a low nitrogen content. The use of
green manure in the form of fodder radish activates
the nitrification process.

The green manure incorporated into the soil be-
fore sowing is only 25% decomposed and provides
energy for nitrogen-fixing microorganisms during the
growing season. Green manuring of soil with a short
growing season (fodder radish) suppresses weeds in
maize crops, improves microbiological processes, phy-
tosanitary condition of the soil, and activates the de-
struction of organic raw materials. Chaika et al. (2019)
report an increase in sugar beet yield after vetch-oat
mixture and fodder radish by 5.0-5.7 t/ha. The com-
bined use of green fertilisers and straw creates optimal
conditions for the decomposition of organic raw mate-
rials, as it occurs at a carbon to nitrogen (C:N) ratio of
20-25:1 and provides a high humification factor. There-
fore, nitrogen fertilisation is not recommended under
such conditions (Sydletsky et al., 2021).

V.F. Petrychenko and V\V. Lykhochvor (2020) believe
that the phytosanitary condition of the soil in agricul-
ture plays an important role in ensuring plant health,
resistance to pests, and increasing yields. L.V. Honcha-
ruk et al. (2020) believe that biological farming, as the
main environment for plant growth and development,
is a factor in the phytosanitary regime of the soil-plant
system when saturated with crops with similar biologi-
cal characteristics. Placing crops in such rotations helps
to restore soil fertility and improves the phytosanitary
condition of crops. Thus, considering the relevance of
the scientific research, the purpose of this study was
to identify ways to restore the fertility of nutrient-poor
soil in short rotation of crops, improve its phytosanitary
condition to obtain high and sustainable crop yields.

MATERIALS AND METHODS

The study was conducted in a stationary short grain-leg-
ume crop rotation with saturation of cereals and leg-
umes (50 +50) in the conditions of the educational and
research field of Polissia National University during
2019-2023.The soil is grey forest light loam.

A four-field crop rotation scheme:

1. Perennial grasses for one mowing (clover).

2.Winter wheat using nutritious residues and green
manure (fodder radish).

3.Soybeans using leaf and stem mass for fertiliser.

4. Barley with clover undersowing.
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The system of using crop residues and green manure:

1. Biological control (root and stem residues).

2.Root and stem residues + chopped straw.

3. Root and stem residues + green manure.

4. Root and stem residues + straw + green man ure.

The experiments were replicated four times, with
a sowing plot of 39.6 (3.6x11) m? and a trial plot of
25 (2.5%10) m2 The experiments were conducted fol-
lowing the methodology and organisation of scientific
research (Yevtushenko & Khizhnyak, 2019). Agrochemi-
cal analyses of the soil were conducted in the measur-
ing laboratory of the Educational and Research Centre
of Ecology and Environmental Protection of Polissia
National University (certificate of conformity of the
measurement system according to the requirements of
DSTU ISO 10012:2005 (2007).

Humus content was determined according to Tyu-
rin's DSTU 4289:2004 (2005); hydrolysable nitrogen
content was determined according to the Kornfield
method (DSTU 7863:2015, 2016); mobile phosphorus
and exchangeable potassium content was determined
according to Kirsanov (DSTU 4405:2005, 2006). The bi-
ological activity of the soil was determined by the ap-
plication method, the degree of decomposition of linen
fabric in the soil layer 0-20 cm. The application meth-
od - the specified weight of linen fabric was embed-
ded in the soil to a depth of 20 cm, and the degree of
cellulose decomposition was determined after 45 days.
The species composition of micromycetes was analysed
according to generally accepted methods (Azam et
al., 2020; Dignam et al., 2022; Kara & Soylu, 2023).
Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were
following the institutional, national, or international
guidelines. The study adhered to the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on Trade in Endangered Species of Wild Fauna
and Flora (1979).

RESULTS AND DISCUSSION

It was established that in the system “cereals without
the use of straw by-products”, a positive humus balance
can be achieved only if the structure of sown areas is
at least 20-21%. In the legume-grain system, a positive
humus balance is achieved only when straw and fer-
tiliser are used on 25-30% of the sown area. The defi-
cit-free use of humus can be overcome only if the crop
rotation is saturated with cereals with the use of straw
and fertilisers of at least 55-60%. A noticeable humus
formation was found: the maximum increase in humus
was observed in the 0-10 cm soil layer compared to the
initial content (1.0-1.1%). Straw in combination with
green fertilisers decomposes slowly in the soil without
polluting it with high concentrations of nitrate nitro-
gen, promotes the development of soil fauna, increases
the viability of bacteria, earthworms, and other living
soil organisms, and improves the biological activity of




the soil. The formation of alkaline hydrolysed nitrogen
in the soil layer of 10-20 cm increased by 43.9 mg/kg
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over the years of research and amounted to 109.2 mg/
kg, and at a depth of 20-30 cm - 106.4 mg/kg (Fig. 1).

2021 2022 2023
79.8 116.2 108.8
854 105.7 109.2
74.2 89.6 106.4

Figure 1. Dynamics of alkaline hydrolysed nitrogen supply
in a short grain-legume crop rotation depending on the use of crop residues and green manure

Source: compiled by the authors of this study

In the soil layer of 10-20 cm, the accumulation and
storage of productive moisture, improvement of soil
porosity, which contributed to the processes of nitrifica-
tion of nitrogen,and intensification of biological activity
of decomposition of cellulose, hemicellulose, and other
organic compounds were detected. With deep incor-
poration of organic matter (20-30 cm), anaerobic min-
eralisation processes were observed, accompanied by
the release of low molecular weight fatty acids, which
in large quantities adversely affect the vegetation of
cereal crops, the process of decomposition of organic
matter in the soil proceeds towards humification. Due
to the mineralisation of organic residues, straw, green
manure containing macro- and microelements, their
amount in organic short rotation of crops increases by
45.1 mg/kg in the 0-10 cm soil layer, by 46.9 mg/kg at
a depth of 10-20 cm, and by 43.1 mg/kg at 20-30 cm.
Furthermore, organic residues contain a significant
amount of nitrogen-free substances: glucose - 33-75%,
hemicellulose - 21-22%, and lignin - 18-22%.
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Phosphorus is of great importance in the decom-
position of nutrients (straw, stubble, root system), as it
plays an active role in the development of microorgan-
isms and cellular metabolism.The main source of phos-
phorus in the soil is its content and reserves, depend-
ing on the particle size distribution of the soil and its
humus content. Light grey sandy loam soils are poor in
total phosphorus. The state of phosphate in the soil is
influenced by organic matter, non-commodity products,
soil moisture, and temperature. Insufficient availabili-
ty of phosphorus reserves in the soil is conditioned by
poor diffusion of phosphate ions in the soil. The rel-
atively low utilisation rate of phosphate fertilisers in
the first year of application (10-15%) is due not only
to the transition of phosphates into unavailable forms,
but also to their limited availability to the root system.
With the introduction of organic matter and its min-
eralisation, available phosphorus (119.3-126.5 mg/kg)
accumulates in the soil layer of 10-30 cm (Fig. 2) and is
used to feed crops in crop rotation by 35-40%.

2021 2022 2023
1214 120.8 120.9
141.7 94.8 128.6
126.9 103.8 1299

Figure 2. Dynamics of exchangeable phosphorus supply
in a short grain-legume crop rotation depending on the use of crop residues and green manure

Source: compiled by the authors of this study
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Potassium has a positive effect on reducing the
damage to plants by fungal pathogens, thickens the wall
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cells. The potassium content in the 10-20 cm soil layer
did not change and ranged within 144-149 mg/kg (Fig. 3).

2021 2022 2023
146.5 1221 116
146.4 141.6 144
1213 89.5 148

Figure 3. Dynamics of potassium availability
in a short grain-legume crop rotation depending on the use of crop residues and green manure

Source: compiled by the authors of this study

The mineralised potassium in organic matter is
quickly transferred to the soil solution and becomes
available for plant nutrition. In a short grain legume
crop rotation with 10.3 t/ha of organic residues, it is
not washed off and accumulates in the upper soil lay-
ers. Potassium from mineral salts in the soil solution is
the best source of plant nutrition. Organic residues and
green fertilisers are re-integrated into the mineral and
organic plant nutrition cycle to form the next phyto-
mass. The combination of organic residues with green
manure prevents the leaching of mobile elements and

their removal by groundwater, and promotes the devel-
opment of soil fauna, increases the activity of bacteria
and earthworms, which help improve the agrochemical
and physical properties of the soil.

The findings of the study established the frequen-
cy of isolation of soil microbial communities in organic
short rotation of crops (Table 1). Among them, patho-
genic species (from the genera Fusarium spp., Alternaria
spp., Cladosporium spp., Pythium spp.) and suppressive
species (Trichoderma spp., Aspergillus spp., Penicillum
spp., Mucor spp., Rhizopus spp.) were identified.

Table 1. Frequency of soil microbial isolation in organic short rotation of crops

Isolation frequency, %

Micromycetes

2019 2020 2021 2022 2023
Pathogenic micromycetes
Fusarium spp. 18.0 13.0 15.0 12.0 11.0
Alternaria spp. 12.0 9.0 10.0 6.0 4.0
Cladosporium spp. 7.0 5.0 3.0 4.0 5.0
Pythium spp. 5.0 7.0 2.0 6.0 4.0
Suppressive micromycetes
Trichoderma spp. 12.0 16.0 14.0 19.0 20.0
Aspergillus spp. 19.0 18.0 23.0 16.0 21.0
Penicillum spp. 17.0 19.0 17.0 21.0 19.0
Mucor spp. 8.0 10.0 7.0 12.0 10.0
Rhizopus spp. 2.0 3.0 9.0 4.0 6.0

Source: compiled by the authors of this study

It was found that throughout all the years, the study
of 50% saturation of short rotation of crops with leg-
umes (clover, soybean), residues of straw, and green
manure contributes to the reduction of pathogenic
microorganisms - the causative agents of diseases of
the root system of plants in the soil and the growth
of the development of suppressive micromycetes, es-
pecially Trichoderma spp., Penicillum spp., Mucor spp. It

Scientific Horizons, 2024, Vol. 27, No. 4

is the optimum selection of crops in a short organic
legume crop rotation that promotes the development
of trophic relationships, depriving plant pathogens of a
constant source of food, which reduces their numbers.
Furthermore, legumes secrete substances with natural
antifungal properties, which reduces the development
of phytopathogen infestation and improves soil biolog-
ical activity (Table 2).
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Table 2. Biological activity of light grey soil and crop yields of short rotation of crops, average for 2019-2023

A A A . Yield, t/ha
Organic substance Biological activity, % .
winter wheat soybean barley
Stubble and root residues 28.2 5.6 2.2 2.9
Stubble and root residues + straw 334 6.1 2.4 3.2
Stubble, root residues + green manure 42.2 7.2 2.7 3.8
Stubble, root residues + straw + green manure 474 7.6 3.0 4.0
LSD 0.6 0.44 0.15

05

Source: compiled by the authors of this study

The vital activity of cellulose-degrading microor-
ganisms depends on the introduction of organic matter.
The biological activity of the soil during the growing
season was within 28.2-47.4%. During warming up and
optimum soil moisture in the variant with the incorpo-
ration of crop residues and green manure (fodder rad-
ish), the intensity of fibre decomposition increased and
reached a maximum of 42.2-47.4% in the 10-20 cm soil
layer. In the surface layer at 0-10 cm, without incorpo-
rating straw and post-harvest green manure, the bio-
logical activity of the soil was only 28.2%. Thus, during
the period of macrostages (BBCH 10-61, cotyledons ful-
ly opened - the beginning of flowering), the cellulosic
acidity of flax fabric decomposition was 47.4%.

It was found that harvesting and chopping straw
into pieces of 2.5-4.5 cm and embedding them in the

soil to a depth of 10-12 cm contributed to the decom-
position of straw by 5.2% faster compared to the bio-
logical control. Microorganisms that carry out minerali-
sation require two main elements: carbon and nitrogen,
with a ratio of 10-12:1 in the soil. The low coefficient
of humus formation by the ratio of N:C ratio in straw
was 1:86, and the potential for humification stayed
high. When straw and green mass were used, the N:C
ratio was within 1:21, optimum conditions for humus
formation were created, and biological activity reached
47.4%. It was found that in the short rotation of crops,
on average, over the years of research, 10.5 t/ha of
by-products were received, consisting of stubble and
root residues (straw and green manure), which ensured
ayield of winter wheat of 5.6 t/ha, soybeans of 3.0 t/ha,
and spring barley of 4.0 t/ha (Table 3).

Table 1. Crop yields in short rotation of crops depending on the supply
of organic raw materials and nitrogen of biological origin, average for 2019-2023

Dry matter, t/ha Nitrogen, kg/ha

© 7] 8
§ -r% 03) é [ ::‘
Short rotation of crops g vz z g = c g Lew =
s ¢ § £ & 8% g& §
> 28 7 g sE 3
wn O = Ke)
= [=)]
Clover 4.7 3.0 4.7 - 77 98.0 60.0 158.0
Winter wheat + by-products + green manure 5.6 6.7 8.4 4.2 19.3 16.8 - 16.8
Soybeans + by-products 3.0 2.6 4.5 - 7.1 13.6 85.0 98.6
Barley with clover undersowing 4.0 4.0 3.8 - 7.8 36.0 60.2 96.2
Total - 16.3 214 4.2 419 164.4 205.2 369.6
Per 1 ha of crop rotation area - 4.0 5.3 1.0 10.3 41.1 51.3 92.4

Source: compiled by the authors of this study

The combination of straw and green manure creat-
ed conditions for a uniform acceleration of humification
and accumulation of nutrients in the topsoil, specifical-
ly nitrogen, and increased their efficiency when using
green manure by 14.0-15.2%. Organic residues and
green fertilisers were reintroduced into the plant nutri-
tion cycle to form new phytomass. The combination of
organic residues with green manure prevents the leach-
ing of mobile elements and their removal by ground-
water, promotes the development of the soil fraction,
and improves the agrophysical properties of the soil.

The present study showed that the use of green
manure and the introduction of legumes (clover, soy-
beans) into short rotation of crops activates soil nitro-
gen-fixing bacteria, increases the supply of symbiotic
atmospheric nitrogen, and improves biological activi-
ty. The humified nutrients are not washed out, bind to
the soil, and take part in the nutrition of crop rotation
plants. V. Oliynyk (2019) argues that perennial grasses
and cereals are of exceptional importance in improving
the humus condition of the soil. The optimum parame-
ters of sod-podzolic clay-sandy soils are 1.4-1.6%, and

Scientific Horizons, 2024, Vol. 27, No. 4
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sandy loam soils - 1.6-1.8%. In fact, the humus content
in ploughed soils is between 0.6-1.0%.

According to S.P. Tanchyk et al. (2019), S.I. Kud-
rya (2020), predecessors, their rotation, and the use of
crop residues are important for improving soil fertility.
However,the researchers do not indicate what the struc-
ture of crops should be in crop rotations on light grey
soils, unlike the present study. However, in Ukraine, only
0.5 t/ha of manure is applied. To restore the fertility of
light grey soils, it is necessary to return non-commodity
products to the soil and introduce crop rotations with
legumes saturated within 50%, which is equivalent to
the application of manure. The content of alkaline-hy-
drolysed nitrogen in the 10-20 cm soil layer reaches
109 mg/kg, and potassium - 148 mg/kg. V.V. Gangur and
V.M. Sakhatska (2019) state that the most intensive mi-
crobiological processes occur after manure application
(50t/ha),both separatelyand in combination with miner-
al fertilisers, with glucose destruction reaching 59-61%.

In studies by D. Porodzinsky (2020) and V. Kyrychen-
ko (2020), it took 5-7 years for the soil to restore fertility
functions. To accelerate the decomposition of cellulose
and lignin, live strains of cellulose-degrading bacteria
(destructors) should be used. According to our obser-
vations, after harvesting stubble and root residues, the
complete decomposition of linen fabric took place with-
in 3.5 years. M. Kara and E. Soylu (2023), S. Stankevich et
al.(2020) highlight the evidence that providing the top-
soil with organic residues increases the growth of fungi
and bacteria that decompose cellulose, which increases
cellulose-degrading activity in the 10-20 cm soil layer.
M. Torbati et al. (2021) note that soil acts as the main
nutrient medium for plant growth and development,
but at the same time it can also be a carrier of harmful
microorganisms that contribute to the spread of plant
diseases. The main groups of phytopathogenic microor-
ganisms in soil include bacteria (genera Agrobacterium,
Ervinia),fungi (genera Fusarium spp., Alternaria spp., Cla-
dosporium spp.), nematodes, etc. However, the research-
ers did not conduct studies in short rotation of crops
on light grey soils and did not indicate the structure
of pathogenic and suppressive microflora in the soil.

Thus, in this context, a short organic crop rotation
is a promising solution that helps to create optimum
conditions for the development of plants and beneficial
microorganisms-antagonists, improves the phytosani-
tary condition of the soil and increases its fertility.

CONCLUSIONS

A short four-field grain and legume crop rotation with
perennial legumes and legumes (50%) and cereals
(50%) ensures the supply of 10.3 t/ha of organic matter
to the soil in the form of stubble root residues, straw
and green manure, which contributes to the cultivation
of environmentally friendly agricultural products and
the restoration of soil fertility. It was found that with
the introduction of organic substances and their miner-
alisation in the soil layer of 10-30 cm, the formation of
alkaline hydrolysed nitrogen increased to 109.2 mg/kg,
the accumulation of available phosphorus increased to
119.3-126.5 mg/kg, and the potassium content did not
change and was within 144-149 mg/kg.

Saturation of the short rotation of crops by 50%
with legumes (contributes to the reduction of path-
ogenic microorganisms in the soil and the growth
of the development of suppressive micromycetes:
Trichoderma spp., Penicillum spp., Mucor spp. It was
found that the biological activity in the soil layer of
10-20 cm of legume crop rotation after planting crop
residues and green manure during the growing season
reaches 47.4%. With by-products in the soil (10.5 t/ha),
the short rotation of crops yielded 5.6 t/ha of win-
ter wheat, 3.0 t/ha of soybeans and 4.0 t/ha of barley.
Further research will be aimed at investigating and
implementing innovative approaches to restoring and
preserving soil fertility, increasing biodiversity, and
using effective microorganisms to generate sustaina-
ble and high crop yields.
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AHoTauif. 3a iHTeHCUbiKaLii BUKOPUCTAHHSA CiflbCbKOTOCMOAAPCbKMX 3eMeNb i 3MiHM MPUPOLHUX YMOB SKiCTb
IPYHTIB B YKpaiHi NOriplyeTbCS, 3SMEHLIYETLCS BMICT T'yMYyCy, CepeAHbOpPiYHi BTPATK SKOro cTaHoBAATb 6amn3bko 0,6
T/ra. ToMy Hapasi HabyBa€ aKTyasbHOCTi MOro BiATBOPEHHS 3@ PaXyHOK 3aCTOCYBaHHA 06CAriB OpraHiyHOT CUPOBUHM
Ta BBELEHHS Y CiBO3MiHY 3epHO6000BMX KyNbTYp, WO 3YMOB/IOE YaCTKOBY 3aMiHy a30Ty 3 MiHepanbHUX A00OpUB Ha
HionorivyHuit. MeToto focniaxeHHs 6yno NOWyK WASxiB 3abe3neyeHHs OpHOTo Wapy rPYHTY OPraHiuYHMMK peLuTKamu,
pO3BMTKOM [PYHTOBOi MiKpod/iopK, MNOKpaLLeHHs AisNbHOCTI a3o0Tdikcyounx OakTepii KOPOTKOPOTALiMHOI
3epH06060B0i ciBO3MiHM. [ocnimkeHHs nposoaunu Brnpogosx 2019-2023 pokiB, KOpUCTYHOYMUCb MeTOAAMM:
Bi3yaslbHWI — BU3HAYEHHS eTaniB OpraHoreHesy; MoJfibOBMIA — B3AEMOLiA abiOTUUHUX YMHHUKIB; di3ionoriuyHui -
BM3HA4YeHHs cMMbioTMuHOI dikcauii azoty atmMocdhepu. BctaHoBneHo, WO 3a paxyHOK MiHepanisauii opraHiyHmx
pewwTKiB 3epHOH6000BOI CiBO3MiHM 30inblyBanacsa KinbkKiCTb Makpo- i MikpoeneMeHTiB y wapax rpyHty 0-10,
10-20 T1a 20-30 c™m BignoBigHO Ha: 45,1-46,9-43,1 mr/kr. byno focnigXeHo, Wo HAaCUYEHHS KOPOTKOPOTALiMHOI
CiBo3MiHM Ha 50 % 6060BMMU KynbTypamu, 3a/MLLKaMKU CONOMM Ta CHAepaTaMu CNPUSI0 3MEHLIEHHI NAaTOrEHHMX
MiKPOOPraHi3MiB i 3pOCTAHHIO PO3BMUTKY CYyNpecuMBHUX. YCTAHOBEHO, WO B KOPOTKOPOTALiMHIMA CIBO3MIiHI B IpyHT
HagxoauTb 10,3 T/ra opraHiuyHOi peyoBMHM Yy BUINALI CTEPHbOBMX | KOPEHEBUX PELUTKIB, CONOMU Ta CUAEPATIB,
WO ChApMUSN0 BMPOLLYBAHHIO €KONoriYyHo 6e3neyHoi CiNbCbKOrocnofapcbkoi Mpoaykuii 3 BiAHOBIEHHSAM
pOAYOCTi pyHTY. bionoriyHa akTUBHICTL FPYHTY 3a nepion Beretauii B wapi 10-20 cm pocsirana 47,4 %, a BMicT
NY>KHOTipOi30BaHOIO a30Ty B pu3ocdepi KopeHeBoi cuctemu 36inbwyBaBcs Ha 43,9 Mr/kr. LLiHHICTb HayKoBMX
[OCNioKeHb NONSrae B TOMY, LLO BMPOBAAXKEHHS B roCnogapCTBax pisHMX $GOpM BAACHOCTI KOPOTKOPOTALIMHUX
OpraHiYHMX CiBO3MiH € iHHOBALiMHMM MiAXo4oM y 3abe3neyeHHi SCHO-CipUX FPYHTIB OpPraHi4HOK CMPOBMHOI,
BiATBOPEHHI i NiATPMMAHHI MOro POAKOYOCTI, NOKPALLEHHI QITOCAHITAPHOrO CTaHy, CMPUSHHI 36iNblueHHI0 BionorivyHoi
Pi3HOMAHITHOCTI, AOCATHEHHI €KOMOTYHOI CTIMKOCTi Ta BUCOKOT BPOXAMNHOCTI

KniouoBi cnoBa: CiBo3MiHa; MOXHWBHI peLUTKM; CMAepaTH; 6ionoriyHa akTUBHICTb; I'PYHT; diTonaTtoreHu
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