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Influence of the fertiliser system on the soil nutrient regime
and onion productivity

Abstract. Modern approaches to optimising the nutrition of vegetable plants often have low efficiency and negatively
affect various components of the agrobiocoenosis (soil, microbiota). In this regard, the purpose of the study was to
determine the influence of various fertiliser systems on the yield and quality of onions in irrigated vegetable-fodder
crop rotation, changes in the main agrochemical and microbiological parameters of the soil. The study was conducted
in the laboratory of agrochemical research and quality of products of the Institute of Vegetable and Melon Growing of
NAAS of Ukraine. Research methods: long-term stationary field experiment; laboratory determination of agrochemical
and microbiological parameters of soil and biochemical composition of bulbs; statistical data processing. It is determined
that a significant increase in the content of nitrate nitrogen in the arable soil layer is provided by the use of mineral
fertilisers, mobile compounds of phosphorus and potassium - mineral and systems. The use of mineral fertilisers leads
to anincrease in the number of fungi in the soil rhizosphere and a decrease in the potential activity of nitrogen fixation,
which worsens the microbiological activity of the soil. The application of organic fertilisers in combination with mineral
fertilisers leads to an increase in the number of nitrogen-fixing microorganisms and potential nitrogen-fixing activity,
which improves soil fertility. The use of organo-mineral and mineral fertiliser systems leads to an increase in the yield
of onions by 6.6-8.6 t/ha or 41.3-53.8%. When using biologised nutrition optimisation systems, the yield increases by
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19.4-23.8%. The maximum level of onion yield is indicated for the introduction of organo-mineral fertiliser systems
(63 t/ha of humus + randomly NP, K, ; 36 t/ha of humus +locally N,.P,.K,.); causing an increase in yield by 8.2-8.6 t/ha.

457 454577

There is a certain pattern of a decrease in the dry matter content in bulbs and an increase in the nitrate content under
various fertiliser systems. The research materials are of practical value for the implementation of nutrition optimisation
systems aimed at both sustainable growth in the yield of vegetable products and maintaining the level of soil fertility

of vegetable agrobiocoenoses

Keywords: nutrition optimisation, vegetable and fodder crop rotation, yield, quality composition of the bulb

INTRODUCTION

Onions are a valuable vegetable plant that ranks first
among other vegetable crops in terms of world produc-
tion. Increasing gross production without expanding the
area of sowing crops is possible only through the use of
intensive cultivation technologies, where the key aspect
is the system of nutrition optimisation (fertilisation). At
the same time, the use of high fertiliser rates often has
a number of negative consequences: deterioration of
product quality, accumulation of nitrates in bulbs, and
negative impact on the microbiota and soil fertility pa-
rameters (Horodniy & Bykina, 2000).

There are many opinions of researchers regarding
the mechanisms of improving the nutrient regime of the
soil and the efficiency of applying various types of fertil-
isers (Armstrong et al., 2000; Kuts et al., 2017 Novikova,
2020;). Some researchers suggest that the most effec-
tive factor in increasing the availability of mobile forms
of nitrogen, phosphorus and potassium in the arable soil
layer is the use of mineral fertilisers, especially the lo-
calisation of their application (Backes et al., 2018; Beza-
bih & Girmay, 2020). A number of agricultural chemists
point to a decrease in the mobility of nutrients at the end
of the growing season of agricultural crops for the use of
mineral fertilisers, and a more prolonged positive effect
on the soil nutrient regime for the use of organic fertil-
isers (Diaz-Perez et al., 2018). According to the results of
a number of studies, it was found that the most effective
way to improve the nutrient regime of the soil during
the entire growing season of plants is to use the orga-
no-mineral fertiliser system (Colla et al., 2018; Moraes et
al., 2018; Moraiet § Ansari, 2022). The level of soil fertili-
ty also depends on the fertiliser system, since fertilisers
affect many parameters of fertility: nutrient regime, ab-
sorption capacity, structure and water-physical proper-
ties, microbiological activity, etc.

Different fertiliser systems have different effects
on crop rotation productivity and soil fertility indica-
tors (Moraes et al., 2018; Bezabih § Girmay, 2020;). It is
established that the effectiveness of fertilisers varies
depending onthe level of soil fertility, doses and meth-
ods of fertilisation, balance in nutrition elements, and
distribution of fertilisers between crop rotations (Kuts
et al.,, 2017; Novikova, 2020;). Many studies have found
that the use of a mineral fertiliser system contributes
to an increase in soil degradation processes and a
gradual decrease in crop rotation productivity. Thus,

o

in studies on acidic forest soils of the Western For-
est-Steppe, long-term use of mineral fertilisers caused
a decrease in crop rotation productivity relative to the
option without fertilisers (Backes et al., 2018;). Whereas
systematic joint application of the organo-mineral fer-
tiliser system on the liming background (10 t/ha of ma-
nure + NP K, ) contributes to the development of high
crop rotation productivity at the level of 6.15-6.78 t/ha
of grain units (Kaminsky et al., 2012). Many researchers
have proven that a combination of organic and miner-
al fertilisers plays an important role in optimising crop
nutrition in crop rotation (Backes et al., 2018; Colla et
al., 2018). But for the combination of applying organ-
ic and mineral fertilisers, the dose of the latter should
be optimised considering the amount of nutrients in
the composition of organic fertilisers, the availabil-
ity of soil, and the crop rotation system (Backes et al.,
2018). The use of manure combined with mineral fer-
tilisers increases the efficiency of the latter, promotes
the growth of yield and product quality, increases the
recycling of nutrients and carbon in agrocoenoses, en-
sures the preservation and reproduction of soil fertility
(Backes et al., 2018; Colla et al., 2018; Erkalo et al., 2022).

The efficiency of using mineral fertiliser systems in
technological schemes for growing onions depends on
the type of soil, technological growing conditions, and
irrigation conditions. For each soil, climatic and tech-
nological growing conditions, a certain range of fertil-
iser rates can be distinguished, which is economically
feasible. Thus, according to Ethiopian researchers, in
irrigation conditions, it is economically feasible to ap-
ply the fertiliser for growing onions at a rate N, P, S,
which provides a yield of 47.4 t/ha, causes an increase in
the height of the plant, the length of leaves, the diameter
and length of the bulb, its average weight, the content of
dry soluble substances in the bulbs (Shura et al., 2022).
According to Iraqi researchers, by using conditional-
ly suitable water for irrigation, an increase in the effi-
ciency of fertilisers depends on the norm of potassium,
which is economically feasible in the range of 60-80 kg/
ha (Khalefah et al,, 2022).

Localisation of the use of mineral fertilisers is also a
source of increasing their efficiency, which is especial-
ly important for nitrogen fertilisers. In the research by
Mexican scientists, local application of nitrogen fertil-
isers provided a significant increase in bulb weight and
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yield, but often created conditions for excessive sup-
ply of nitrogen to plants, which caused the appearance
of a thick neck, germination and rotting of bulbs during
storage (Kitila et al., 2022).

In conditions of a shortage of organic fertilisers, a
combination of green manure and microbiological fer-
tilisers can be used as an alternative. Thus, the use of
microbiological fertilisers (Azotovit, Phosphatovit) for
growing onions contributes to an increase in the leaf
surface area by 27-80 cm?, increase inyield by 0.9-3.9 /ha
or by 6.0-26.3% (Kanevskaya, 2022). The range of micro-
biological preparations for optimising nutrition and en-
hancing plant growth processes is constantly growing,
which allows introducing comprehensive solutions to
the problem of mineral nutrition of plants.

Currently, the problem of studying the influence of
various fertiliser systems on soil fertility, its agrochem-
ical and microbiological state in vegetable agrobiocoe-
noses remains neglected. The solution of this problem
would allow creating or correcting fertiliser systems for
vegetable plants, which, in addition to increasing yields,
will ensure the preservation or reproduction of soil fer-
tility, reduce the chemical load on plant communities,
and increase the economic efficiency of using fertilisers,
especially mineral fertilisers.

The purpose of the study - to investigate the dynam-
ics of agrochemical and microbiological parameters of
the arable soil layer, the level of yield and qualitative
composition of onion products under various fertiliser
systems in the irrigated vegetable-fodder crop rotation
of the Left-Bank Forest-Steppe of Ukraine.

MATERIALS AND METHODS

Scientific research was conducted at the Institute
of Vegetable and Melon Growing of the National Acade-
my of Agrarian Sciences of Ukraine in the laboratory of
agrochemical research and quality of products, during
2018-2020. The soil of the experimental site is repre-
sented by typical low-humus heavy loamy chernozem
on loessial soil (humus content - 4.3%; hydrolysed nitro-
gen - 139; mobile phosphorus - 135-352, and exchange
potassium - 66-177 mg/kg of soil, pH of salt extract - 5.7).

The study is a continuation of the long-term sta-
tionary experiment that was started in 1968. Determi-
nation of the effectiveness of various fertiliser systems
was carried out in an irrigated 9-field vegetable-fod-
der crop rotation: barley with the sowing of perennial
grasses — alfalfa of the first and second years of use -
cucumber - winter wheat - onion - tomato - white
cabbage - table beet.

Field studies were conducted according to the ex-
periment scheme:

1. No fertiliser (control)

2. Humus 36 t/ha (scattered)

3.N,,P,,K,, (randomly)

4.N_ P. K __ (randomly) + foliar top dressing with
Reakom-SO in three terms.

320 20077130
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5.Humus 36 t/ha+N P, K

457 457745

6. Humus 63 t/ha+N,.P, K

45T 457245

(randomly)
(randomly)

7.Humus 36 t/ha +N,.P K, (locally)
8.Humus 63t/ha+N,,.P,, .K,, . (locally)

9. Green manure system of onions includes plough-
ing 3 t/ha of straw with the addition of Ecostern stubble
biodestructor (11/ha) + soaking seeds in a solution of Az-
otofit-r biological preparation (11/t) + foliar top dressing
with a solution of Organik balans biological preparation
(11/ha) in three terms

Biologised fertiliser system includes an aftereffect
of 40 t/ha (applied to the predecessor - cucumber) +
ploughing of 3 t/ha of straw with the addition of Ecos-
tern stubble biodestructor (11/ha) + soaking of seeds in a
solution of Azotofit-r biological preparation (11/r) + foliar
top dressing with a solution of Organik balans biological
preparation (11/ha) in three terms

Foliar top dressing was carried out in three periods:
phase 3-4 of true leaves, phase 6-8 of true leaves, and
the beginning of bulb formation.

Total plot area 58.3 m? accounting area - 19.6 m?,
repetition - four-fold, systematic placement of plots in
two tiers (Bondarenko & Yakovenko, 2001).

In soil samples, the content of nitrate nitrogen was
determined: in fresh - the content of nitrate nitrogen
(DSTU 4729:2007, 2008) colourimetrically with disul-
fophenolic acid, in air-dry - mobile phosphorus com-
pounds and exchange potassium according to the mod-
ified Chirikov method, followed by determination of
phosphorus - photometrically, potassium - on a flame
photometer (DSTU 4115-2002,2003).

Determination of soil microbiological activity in-
cluded determination of:

- the number of fungi using the cup method on an
acidified Czapek medium (Zvyagintseva, 1980);

- the number of nitrogen-fixing microorganisms
using the method of limit dilutions using acetylene test
on Ashby semi-liquid media (Villemin et al., 1974);

- potential activity of nitrogen fixation (activity that
is noted for the formation of optimal carbon, tempera-
ture and water regimes for nitrogen-fixing microorgan-
isms) for the use of the acetylene method in rhizospheric
soil with the addition of glucose solution (Umarov, 1976;
Bilay, 1982);

- the mineralisation coefficient (an indicator of the
intensity of the processes of mineralisation and assim-
ilation of nitrogen compounds in the soil, expressed by
the ratio of the number of bacteria and streptomycet-
es that absorb mineral forms of nitrogen (cultivated on
starch-ammonia agar), to the number of bacteria that
consume nitrogen of organic compounds (cultivated on
meat-peptone agar) (Zvyagintseva, 1980).

The quality of onion products was determined using
the following methods: dry matter — (DSTU 7804:2015,
2016), total sugar - (DSTU 4954:2008, 2009), ascor-
bic acid - (DSTU 7803:2015, 2016), nitrates — (DSTU
4948:2008,2009).

(19
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Onions of the Tkachenkivska variety were grown
according to the technology recommended for the zone
(DSTU 8072:2015, 2017): cultivation - ploughing for 22-
25 cm with continuous cultivation in autumn and early
spring harrowing; sowing seeds in the third 10 days of
March - first 10 days of April with a norm of 650 thou-
sand units/ha; irrigation - sprinkling in 4 terms with
a rate of 250-35 m?/ha; plant protection - a complex
of recommended herbicides, fungicides, and insecti-
cides; harvesting with mechanical digging and drying
of bulbs in the field.

RESULTS AND DISCUSSION

The results of studies show that the content of mobile
forms of basic nutrientsin 0-30 cm soillayer during the
cultivation of onions significantly varied depending
on fertiliser systems. Thus, in the control option, the
amount of nitrate nitrogen was the lowest and ranged
from 23.6-26.5 mg/100 g of soil. Application of high
doses of mineral fertilisers (N,, P, K,,, + top dressing
“Reakom-S0”) caused the highest accumulation of ni-
trate nitrogen in 0-30 cm soil layer during all periods
of soil analysis from 111.9 in June to 45.9 mg/kg before
harvesting (Fig. 1).

120 1119
100 88.6
85 :
779 82.7 s
80 665 :
52.6
60 453”7495 422459
347385 372
40 -
261 23621 26925
. - . -
0
June July August
No fertiliser (control) - Green manure with MP complex
NooPgoKoeo 36 t/ha of humus
Na0P200K130+ "Reakom-SO" m 36 t/ha of humus + N,sP4sK.s (locally)
- Biological: organic fertilisers + green manure + MP

Figure 1. Content of nitrate nitrogen in the 0-30 cm soil layer,
depending on the fertiliser system (average for 2018-2020)

A high level of soil supply with nitrogen compounds
is also noted during the period of maximum increase in
the vegetative mass of the bulb (June - July) according to
the nutrition optimisation system for the use of straw as
green manure in combination with microbial prepara-
tions (45.3-77.9 mg/kg), for the introduction of N, P, K,
(52.6-85.0mg/kg) and 36 t/ha of humus (49.5-82.7 mg/kg).

During the period of physiological ripeness, the
amount of nitrate nitrogen sharply decreases to the lev-
el of 26.8-45.9 mg/kg of soil according to the fertiliser
systems under study. The explanation for this phenom-
enon is, firstly, the active accumulation of nitrogenous
substances by plants, and secondly, the migration of
soil nitrogen compounds to the suborder layer of the
soil. However, the pattern characteristic of previous
periods is also noted in the future: the combined use of
mineral and organic fertilisers causes high values of the
indicator (37.2-45.9 mg/kg of dry soil); the use of straw
ploughing in combination with microbial preparations
provides alower level of nitrogen regime in the soil (27.1-
28.5 mg/kg of dry soil).

Thus, it is noted that the improvement of the nitro-
gen regime of the soil provides, in addition to the use of
high doses of nitrogen fertilisers (N,,,), also the use of
organic fertilisers (humus). At the same time, there is
no peak increase in the provision of the arable soil layer

with nitrate nitrogen in the initial periods of vegetation
of the crop, as with the use of N,, P, K., but this pa-
rameter increases with the introduction of organic and
organo-mineral fertiliser systems relative to control (by
105-120%). Such data are noted in the research of South
Korean scientists (Lee, 2010).

It is indicated that the joint application of organic
and mineral fertilisers (locally N,.P,.K,.) creates the best
conditions for phosphorous nutrition for onion plants
(Fig. 2). Under such conditions, the content of mobile
phosphorus compounds in the soil increases to 316-
352 mg/kg of dry soil, depending on the development
phases of onion plants.

Application of N, P, K, and N_, P, K_ in combi-
nation with microfertilisers Reakom-SO contributes to
a high level of provision of the arable soil layer with mo-
bile phosphorus compounds - 252-320 mg/kg of dry soil.

When using organic fertilisers and ploughing straw
with microbial preparations, the content of mobile phos-
phorus was almost at the same level and amounted to
239-252 mg/kg for organic systems and 241-281 mg/kg
for biological fertiliser systems, which significantly ex-
ceeded the control (142-156 mg/kg of dry soil). It is also
noted that if the mineral and organic fertiliser systems
of onions provide the soil with mobile phosphorus com-
pounds during the growing season does not change, then

Plant and Soil Science (13) 4
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with the use of a biological fertiliser system (organic fertil-
isers + straw + microbial preparations) there is a certain

400
300
200

100

June
No fertiliser (control)

NgoPsoKeo
N320P200Ki30+ "Reakom-SO"

B Biological: organic fertilisers + green manure + MP

352
310
268 300 581 297
257 252 241 252 539 255
142 I 135
0

tendency to reduce the content of mobile phosphorus
compounds at the end of the growing season of the crop.

320 316
279
266 5cq

156 I

M Green manure with MP complex
36 t/ha of humus
M 36 t/ha of humus + NysP4sKys (locally)

243

July August

Figure 2. Dynamics of mobile phosphorus in 0-30 cm soil layer depending
on the fertiliser system of Tkachenkivska onion variety (average for 2018-2020)

Similar patterns are also inherent in the supply of
potassium (Figure 3). During the growing season, a high
level of soil supply with potassium mobile compounds
is indicated for organo-mineral (36 t/ha humus + local-
lyN,.P,.K,)and biologised systems for optimising plant
nutrition (with the content of exchange potassium in

200

177
166
150 126 128 130 131
106 59
100 774 78.8
50
0

June
No fertiliser (control)
NooPgoKsgo
N320P200Ki30+ "Reakom-SO"

M Biological: organic fertilisers + green manure + MP

0-30 cm soil layer at the level of 148-177 mg/kg of soil).
For the green manure fertiliser system with a complex
of microbial preparations, the content of exchange po-
tassium in the soil significantly exceeded the control -
66-79 mg/kg of dry soil, although it was less than for the
biological fertiliser system (98-106 mg/kg).

172 1g¢ 161
148
122 121 130 124
98 106
65.5I
July August
- Green manure with MP complex

36 t/ha of humus

m 36 t/ha of humus + NasPasKas (locally)

Figure 3. Content of exchange potassium in 0-30 cm soil layer, depending
on the onion fertilisation system (average for 2018-2020)

Thus, the introduction of biologised and green ma-
nurefertiliser systems with a complex of microbial
preparations that can be actively involved in the systems
of growing agricultural plants according to the princi-
ples of organic farming, determine the optimal level of
supply of plants with mobile compounds of phosphorus
(241-281 mg/kg) and potassium (121-130 mg/kg) with an
excess of 69-75% of the corresponding indicators on the
control variant. The effectiveness of a complex of micro-
bial preparations in combination with organic and green

Plant and Soil Science (13) 4

manure fertilisers has also been proven by studies con-
ducted in Venezuela (Blanco et al,, 2021), in IndiaParray
et al,, (2016), Spain-Barea et al., (2013).

Analysing the influence of onion fertilisation sys-
tems on the microbiological activity of the soil, the
dependence of the content of nitrate nitrogen in the
soil on the number of nitrogen-fixing microorgan-
isms is indicated. A certain increase in the number
of nitrogen-fixing microorganisms (46-71 thousand
colony-forming units (CFU)/g of dry soil) and potential
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nitrogen-fixing activity (28.6-34.2 nmol C,N,/ g of dry
soil per hour) according to the green manure, biolog-
ical, and organo-mineral fertiliser system (Table 1).
An increase in the number of nitrogen-fixing micro-

organisms was also noted when using an organic fer-
tiliser system with the introduction of humus under
the culture; the number of microorganisms was 68.4
thousand. CFU/g of dry soil.

Table 1. Changes in soil microbiological activity, onion growth
and development phase of 6-8 true leaves, average for 2018-2019

Number of microorganisms, thous. CFU/g of Potential nitrogen
e dry soil fixation activity, nmol Mineralisation
Fertilisation system » — . . .
n Nitrogen-fixing C,N,/g of dry soil per coefficient
Fungi microorganisms hour
Without fertilisers (control) 18.8 38.8 21.8 0.38
Green manure: straw 3 t/ha
+ stubble biodestructor (1 1/
ha) + seed treatment with
Azotophyte-r (11/t) + foliar top 236 463 286 0.52
dressing with Organik balans
(11/ha)
36 t/ha of humus (scattered) 20.7 68.4 30.5 0.41
N,.P..K,, (randomly) 22.3 42.5 24.1 0.47
36 t/ha of humus +N P, K, 19.3 523 28.6 0.41
(randomly)
Biological: aftereffect 40 t/
ha of manure + straw 3 t/ha
+ stubble biodestructor (1 1/
ha) + seed treatment with 21.1 715 34.2 0.44
Azotophyte-r (11/t) + foliar top
dressing with Organik balans
(11/ha)
Least significant difference 132 512 455 )
(LSD)D o

The use of mineral fertilisers causes a certain de-
crease in the potential activity of nitrogen fixation rel-
ative to other fertiliser systems to the level of 24.1 nmol
C,N,/g of dry soil per hour.

It is indicated that the number of soil fungi for
the use of humus both separately and in combina-
tion with mineral fertilisers (19.3-20.7 thous. CFU/g
of dry soil) is significantly reduced relative to other
fertiliser systems and is within the values in the con-
trol variant (18.8 thous. CFU/g of dry soil). According
to the green manure, biological, and mineral fer-

tiliser systems, the number of soil fungi increases.
This does not correspond to the results of studies
obtained by Serbian researchers, where for the use
of microbial preparations (Azotobacter chroococcum,
Pseudomonas fluorescens) there is a decrease in the
number of soil fungi (Colo et al., 2014).

Improvement of agrochemical and microbiologi-
cal parameters of the soil with the use of organic and
mineral fertilisers provides an increase in the yield of
onions and an improvement in the biochemical com-
position of products (Table 2).

Table 2. Influence of fertiliser systems on the yield and quality
of onions of the Tkachenkivska variety (average for 2018-2020)

Yield Biochemical parameters of bulbs
: L ascorbic nitrates,
Onion fertiliser system t/ha increment SUbstdar':(ce w total ‘;ugar, ! (Ms
’ mg/100 g 80 mg/kg)

Without fertilisers (control) 16.0 - 12.8 9.6 7.5 35.5
Organic system

36 t/ha of humus (scattered) | 223 6.3 13.1 98 | 75 | 660
Mineral system

N,.P..K,, (randomly) 226 6.6 115 9.4 7.2 124.4

N, .P,.K 5, (randomly) + Reakom-SO 23.6 7.6 11.4 11.2 7.5 136.0

Plant and Soil Science (13) 4
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Table 2, Continued

Yield Biochemical parameters of bulbs
. i~ ascorbic nitrates
Onion fertiliser system ’
v t/ha increment substirr:,ce % total;ugar, acid, (ms?*
7 ? mg/100g | 80 mg/kg)
Organo-mineral system
36t/ha of humus NP, K,g 2258 6.8 13.3 9.5 7.4 60.1
(randomly)
63 t/ha of humus + N,.P K, 24.6 8.6 12.5 9.4 7.3 59.0
(randomly)
36 t/ha of humus + N _P_K,_ (locally) 24.2 8.2 11.8 10.6 7.7 72.1
63 t/ha of humus + N, P,, Ko, 22.8 6.8 11.9 10.1 7.5 1117
(locally)
Biological fertiliser system
Green manure (straw 3 t/ha +
stubble biodestructor (1 I/ha) + seed
treatment with Azotophyte-r (11/t) + 19.8 3.8 12.8 10.2 7.6 57.0
foliar top dressing with Organik balans
(11/ha)
Biologised (aftereffect 40 t/ha of
manure + straw 3 t/ha + stubble
biodestructor (1 I/ha) + seed
treatment with Azotophyte-r (11/t) + 191 31 131 100 7.8 9.1
foliar top dressing with Organik balans
(11/ha)
LSD, 2.17 0.94 1.25 0.76 15.8

Note: ! MS - molar solution

Ahighlevel of yield is noted for organo-mineral fer-
tiliser systems. Thus, for the introduction of 63 t/ha of hu-
mus with N, P, K, randomly orless than the humus rate
(36 t/ha), but with the use of mineral fertilisers locally,
theyield of onionsincreases by 8.2-8.6 t/ha or51.3-53.8%.

Using only mineral fertilisers at arate N, P, K. ran-
domly provides a yield increase of 41.3%. Increasing the
normtoN, P, K. (toensureayield of 30 t/ha) does not
significantly increase the yield of onions.

The use of a system for optimising plant nutrition
with the involvement of green manure fertilisers and
microbial preparations causes the smallest increase in
yield at the level of 3.1-3.8 t/ha or 19.4-23.8%. The corre-
sponding results were obtained by other researchers.
Thus, in the conditions of Ethiopia, inoculation of seeds
with preparations containing bacteria from genera
Pseudomonas, Bacillus, Azotobacter, Enterobacter and
Azospirillum was effective for growing onions (Mekon-
nen § Kibret, 2021). According to Indian researchers, the
use of a consortium of microorganisms Azotobacter sp.
+ Sphingobacterium sp. + Burkholderia sp. provides an
increase in crop yield by 12.0% (Tinna et al., 2020). The
combination of microbial preparations with mineral
fertilisers is also effective, which reduces the amount of
the latter (Devi & Ado, 2005; Rafique et al., 2019).

On average, over the years of research, there was
a certain pattern of reducing the dry matter content in
bulbs under different fertiliser systems. The dry matter
content was significantly reduced for mineral fertil-
iser systems, as well as for the use of 36 t/ha of humus +

Plant and Soil Science (13) 4

locally N, P, K,; the indicator was 11.4-11.8%. At the same
time, using only organic fertilisers (36 t/ha of humus)
and with the joint application of 36 t/ha of humus and
randomly N, P, K, or according to the biological fer-
tiliser system, there is a tendency to increase this bio-
chemical parameter (13.1-13.3%).

According to the effect on the total sugar content in
bulbs, a variant with an estimated dose of mineral fer-
tilisers is distinguished, which provides a significant
increase in this indicator to the level of 11.2% relative to
the control with a sugar content of 9.6%. According to
other fertiliser systems, the total sugar content in bulbs
ranged from 9.4-10.6%.

The content of ascorbic acid (vitamin C) in bulbs was
not significantly affected by the fertiliser system. At the
same time, the value of the indicator ranged from 7.2-
7.8 mg/100 g with a vitamin content of 7.5 mg/100 g in
the control.

Theuseofdifferent types andrates of fertilisersleads
to an increase in the content of nitrates in bulbs. There
are quite high values of this parameter for the use of
mineral fertiliser systems, as well as for organo-mineral
fertiliser systems, where mineral fertilisers are applied
locally. At the same time, the nitrate content in the bulbs
increases to the level of 72.1-136.0 mg/kg of raw weight.
For organo-mineral fertiliser systems, where mineral
fertilisers are used randomly, as well as for green ma-
nure and biologised fertiliser systems, the nitrate con-
tent increases significantly relative to the control, but
within smaller limits (up to the level of 57.0-60.1 mg/kg

€
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of raw weight), which does not exceed the maximum
allowable level (80 mg/kg of raw weight).

CONCLUSIONS

The maximum growth of the main parameters of the soil
nutrient regime is provided by the use of mineral and orga-
no-mineral fertiliser systems, as well as a biologised system,
which includes the use of a complex of microbial prepara-
tions for the aftereffect of organic fertilisers in crop rotation.

Deterioration of some parameters of soil microbio-
logical activity causes the use of mineral fertilisers (the
numberoffungiintherhizosphericsoilincreases, the po-
tential activity of nitrogen fixation decreases). The intro-
duction of organic and organo-mineral systems for opti-
mising the nutrition of onion plants provides an increase
in the number of nitrogen-fixing microorganisms (52.3-
71.5thousand CFU/gof drysoil) and potential nitrogen fix-
ation activity (46.3-71.5 nmol S,N,/g of dry soil per hour).

The maximum level of onion yield was noted for
the introduction of organo-mineral fertiliser systems
(63 t/ha of humus + randomly NP, K, ; 36 t/ha of humus
+ locally N, P 45K‘G); which contribute to an increase in
yield in the range of 8.2-8.6 t/ha or 51.3-53.8%.

The use of organo-mineral fertiliser systems with
the introduction of mineral fertilisers randomly, and the
use of green manure and biologised fertiliser systems
ensure the production of vegetable products with a high
content of biologically active substances.

The continuation of these studies is aimed at solv-
ing two problems: 1) investigation of the transforma-
tion of the main parameters of chernozem soils of the
forest-steppe of Ukraine under various fertiliser sys-
tems in vegetable agrobiocoenoses; 2) development
of systems for optimising the nutrition of vegetable
plants with a shortage of organic fertilisers and high
cost of mineral fertilisers.
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Bname cucteMmn yao6peHHs Ha NOXXUBHUIN PEXXUM FPYHTY
Ta NPOAYKTUBHICTb LGy i pinyacToi

AHoTauia. CyyacHi miaxonu mopo onTuMisallii JKUBJIeHHS OBOYEBUX POCIMH YacTO MaloTh HU3BKY eDeKTHUBHICTh
T4 HETaTUBHO BIUIMBAIOTh Ha Di3HI KOMITIOHEHTH arpobiolneHosy (rpyHT, MiKpo6ioTy). Y 3B'M3Ky 3 LM METOH0
IOCi>KeHb 6yJI0 BU3HAYEHHS BIUIMBY Di3HUX CUCTEM YIOOpeHHSA Ha (GOpMyBaHHA BPOKANMHOCTI Ta SKOCTI
M6y pirryacToi B 3poIIyBaHiil 0BOUYe-KOPMOBIii CiBO3MiHi, 3MiHy OCHOBHUX arpoxiMiyHUX Ta MiKpo6iomoriaHux
mapaMeTpiB I'pyHTY. JOCTiIKeHHs IPOBENeHO B ylaboparopii arpoxiMiuHMX NOCTII)KEHb Ta SKOCTI MPOAYKIil
[HCTUTYTY OBOYIBHUIITBA i 6amTaHHUIITBa HAAH VRpaiHy. MeTomu AOCIiIKeHb: JOBIOTPUBAJIUM CTAlliOHAPHUN
TIOJIBOBUH JOCIIiJ, TabopaTopHe BU3HAUYEHHS arpoxiMiuHuX Ta MiKpo6ionoriyHux mapaMeTpiB IpyHTY, 6ioxiMYHOTO
CKJIafy LUOYIUH, CTaTUCTHMYHA 06po6Ka JZaHuX. BU3HAUEHO, IO iCTOTHe MigBUIEHHSA BMICTY HITpaTHOrO a30Ty
B OpPHOMY IIapi I'PyHTY 3abe3ledye BUKOPUCTaHHI MiHEpalbHUX NOOPUB, PyXOMUX CHONYK dpocdopy Ta Kasito —
MiHepasibHa Ta OpraHO-MiHepaJbHA CHUCTEeMU YZO6peHHS. BUKODUCTAHHA MiHepaJbHUX HOGPUB 3YMOBIIOE
36iNbIIEHHS YHMCENBHOCTI rpubiB y pusocdepi IpyHTY i 3MeHIeHHS IOTeHLIMHOI aKTUBHOCTI a3oTdircariii, 1o
roripurye Mikpo6ionoriyHy akTUBHICTh I'PYHTY. BHECEHHs OpraHiYHUX ZO6pUB B ITOEOHaHHI 3 MiHepalbHUMU
IO6pUBaMU, IIPU3BOAUTS 10 3POCTAHHS KiJIBKOCTi a30TGiKCyBaIbHUX MiKpOOPTaHi3MiB Ta IIOTEHIiMHOI aKTUBHOCTI
asotdikrcallil, 0 MOKpAIIye POAIOUICTb I'PYHTY. BUKOpHCTAHHA OpraHO-MiHepaJbHUX Ta MiHEepaJbHUX CHUCTEM
ymo6peHHs 3yMOBJIIOE ITiABUILIEHHS YpOKaWHOCTI M6y pirryacToi Ha 6,6-8,6 T/ra a60 41,3-53,8%. 3a BURKOPUCTAHHS
6i0JI0Ti30BaHMUX CHUCTEM ONTHMI3allil JKUBJIEHHA YPOXKAWHICTb 3pocTae Ha 19,4-23,8%. MaKCHMaJIbHUM piBEHB
ypokaHoCTi Iubynmi pimyacToi 3a3HayeHO 3a BIIPOBAJKEHHA OpPraHO-MiHepaJbHUX CHUCTEM YIOOpPEHHS
(63 T/ra meperHowo + Bpo3kUAN,.P, K,; 36 T/ra meperHon + noxaanoN45P45K45); 3YMOBJIIOIOYN ITiIBUILIEHHS
yposRaHoCTi Ha 8,2-8,6 T/ra. BigMiueHa meBHA 3aKOHOMIPHICTh 3HIKEHHS B IUOYIMHAX BMICTY CyX0l peYOBUHU
Ta MiIBUIIEHHS YMICTy HITpaTiB 3a pisHUX cUCTeM yAobpeHHA. Marepiaiu HOCTiIKeHb CTAHOBJATH IIPAKTUYHY
LiHHICTB 1151 BIIPOBAJI’KEHHS CHCTEM ONITHMIi3allil JKUBJIEHH, L0 CIIPSMOBaHi SIK Ha CTaJle 3pOCTaHHSA YPOXKaWHOCTI
OBOYEBOI ITPOAYKIIi], TaK i 36epeskeHHS PiBHA POLIOYOCTI IPYHTIB OBOYEBHX arpo6iolieHO3iB
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