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

pla nt an d SOl I Plant and Soil Science, 16(1), 61-73
__Scilence Received: 07.10.2024 Revised: 19.01.2025 Accepted: 27.02.2025

UDC631.58:631.3 Doi: 10.31548/plant1.2025.61

Mykhailo Pavlenko”

Postgraduate Student

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0008-3827-429X

Vitalii Kovalenko

Doctor of Agricultural Sciences, Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0001-7158-825X

Olena Pikovska

PhD in Soil Science, Associate Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-5052-9223

Oksana Tonkha

Doctor of Agricultural Sciences, Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-0677-5494

Productivity of binary crops under the application
of different cultivation technology elements

Abstract. Enhancing cultivation technologies adapted to climate change while maintaining soil
fertility is a key objective in the agricultural sector. Particular attention is given to implementing
intercropping systems and selecting the most effective technological elements to maximise
agroecosystem productivity. This study aimed to examine the effects of various biopreparations
on the productivity of a barley-pea binary crop and the mineral nitrogen content in the soil. The
research was conducted in 2023-2024 at the experimental field of the Separate Subdivision of the
National University of Life and Environmental Sciences of Ukraine, “Agronomic Research Station”
in the Kyiv Region. The experiment comprised five treatments: control, biochar, humus extract,
EM-5 preparation, and LF 20 humate. Plant samples for biomass assessment were collected on the
30, 60%, and 90 days after emergence. Soil samples from the 0-10 cm, 10-20 cm, and 20-30 cm
layers of typical medium loam chernozem were analysed for mineral (nitrate and ammonium)

Suggested Citation:

Pavlenko, M., Kovalenko, V., Pikovska, O., & Tonkha, O. (2025). Productivity of binary crops under the application of
different cultivation technology elements. Plant and Soil Science, 16(1), 61-73. doi: 10.31548/plant1.2025.61.

*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/0009-0008-3827-429X
https://orcid.org/0000-0001-7158-825X
https://orcid.org/0000-0002-5052-9223
https://orcid.org/0000-0002-0677-5494

Productivity of binary crops under the application of different cultivation technology elements

nitrogen content following DSTU 4729:2007. It was established that the best seedling emergence
in the pea-barley intercropping system was observed with the application of biochar, reaching 64
and 140 plants per m? respectively. However, by the 30™ day, biochar application suppressed plant
growth, whereas the highest values were recorded in the humus extract treatment, followed by
the EM-5 treatment. A similar trend was observed on the 60" day after emergence. Pea yield in
the LF 20 humate treatment was 1.56 t/ha, while in the humus extract treatment, it was 1.52 t/ha.
The corresponding barley yields were 4.52 t/ha and 5.19 t/ha. Biochar application was the least
effective in enhancing crop productivity in intercropping; the pea yield increase relative to the
control was negligible, while barley yield decreased by 0.23 t/ha. This decline was attributed to
the deterioration of the soil nitrogen regime, as mineral nitrogen content in this treatment was
the lowest on the 60™ day after crop emergence, ranging from 31.1 to 34.8 mg/100 g of soil. The
findings hold practical significance for improving organic fertilisation systems in binary cropping
and enhancing agroecosystem resilience. They may be utilised by agricultural producers across

various ownership structures

Keywords: intercropping; pea; barley; biochar; humates; biopreparations

INTRODUCTION

In contemporary agricultural production, en-
suring food security requires producers to con-
tinuously improve crop cultivation technologies,
adapt them to changing climatic conditions, and
preserve soil fertility. One key element of this
improvement is the utilisation of intercropping
systems, including binary crop systems, and the
selection of optimal technological components
tomaximise productivity with appropriate nitro-
gen nutrition. Binary cropping, which involves
growing two different crops in the same field, is
becoming increasingly prevalent as it enables
greater efficiency and reduces the risks associ-
ated with monoculture. However, the choice of
specific crops for binary cropping, as well as the
correct combination of cultivation technology
elements - such as soil tillage, fertiliser systems,
and plant protection - are of paramount impor-
tance for achieving maximum productivity and
maintaining soil fertility.

R.-P. Yu et al. (2025) note that intensive crop
cultivation technologies, which have met the sig-
nificant demand for agricultural products, are
based on monoculture and the use of mineral
fertilisers and pesticides, leading to the loss of
biodiversity in agricultural lands and a negative
impact on the environment. In recent years, sci-
entists’ attention has been focused on intercrop-
ping and mixed cropping systems. A. Scavo et
al. (2022) conclude that long-term intercropping
research is warranted, particularly regarding

«)

its impact on soil fertility indicators. Y. Fan et
al. (2020) highlight the higher economic effi-
ciency and productivity of maize and soybean in-
tercropping compared to monocultures of these
crops. As this practice is effective in influencing
land productivity, specifically, the highest Land
Equivalent Ratio (LER), System Productivity In-
dex (SPI), and Monetary Advantage Index (MAI)
were obtained when mixing barley at 25% with a
grass pea sowing rate of 75%. Intercropping bar-
ley with peas has significant potential to improve
forage productivity with high land-use efficien-
cy (Jaskulska et al., 2022). R. Cowden et al. (2020)
state that growing cereals and legumes together
increases nitrogen input through biological ni-
trogen fixation. A. Oberson et al. (2024) point to
the improved utilisation of both fertilisers and
soil nitrogen, which often leads to increased
grain nitrogen content and higher productivity
per unit area compared to monocultures. Re-
search results from V. Vakhnyak et al. (2025) have
shown that over 40% of Ukraine’s arable land is
degraded, resulting in a 20-30% yield reduction
and economic losses reaching 15 billion UAH an-
nually. However, the application of biochar in
areas with organic matter deficiency has in-
creased humus content by up to 12%, and inno-
vative restoration approaches generally provide
a 15-25% yield increase in the first five years.

Biopreparations have a positive impact on
crop productivity indicators. The research by
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Y. Ma et al. (2024) has established the positive
effect of humic acid preparations on agricul-
tural crop productivity and nitrogen utilisation,
thereby ensuring the sustainability of agricul-
tural landscapes by reducing the excessive use
of synthetic fertilisers. The use of 50% com-
post +50% mineral nitrogen fertilisers together
with 1.5 L ha™ of biostimulants (VIUSID® agro)
increased the yield of both wheat varieties (Ab-
bas et al, 2022). A 100% compost application
significantly increased protein, crude fibre,
total sugars, Mg, and Mn content in the grain,
while a 100% mineral nitrogen fertiliser treat-
ment significantly increased ash, total phe-
nols, P, and Ca content in the grain. Replacing
nitrogen fertilisers with compost significantly
increased ether extract and carbohydrate con-
tent in the Nigerian variety’s grain, while N, K,
and Fe content increased in the grain of both
studied varieties. Foliar feeding with biostim-
ulants at various levels significantly increased
protein, carbohydrate, total sugar, P, K, Ca, Cu,
and Zn content. Replacing mineral nitrogen
fertilisers with a combination of compost and
mineral nitrogen (50% compost + 50% min-
eral nitrogen) together with 1.5 L ha of bi-
ostimulants is recommended to enhance yield
and grain quality. The biologisation of the

fertiliser system in the Right-Bank For-
est-Steppe of Ukraine contributed to improv-
ing the humus status of typical chernozem
and enhancing its physicochemical properties
(Balayev et al., 2020).

This research aimed to determine the im-
pact of biostimulants on the biomass accu-
mulation of barley-pea intercropping and the
dynamics of mineral nitrogen consumption in
typical chernozem. This will enhance the pro-
ductivity and stability of agricultural production
by improving the understanding of the effects of
soil nitrogen consumption and cultivation tech-
nology elements in binary cropping systems.

MATERIALS AND METHODS

The research was conducted in 2023-2024 at the
Separate Subdivision of the National University
of Life and Environmental Sciences of Ukraine,
“Agronomic Research Station” in the village
of Pshenychne, Fastiv District, Kyiv Region,
Ukraine (located in the northeastern part of the
RightBank Forest-Steppe, 49°46' N, 30°44' E). In
the field experiment, the size of the experimen-
tal plots was 15 m?with three replications of each
treatment. The experimental design included
the following treatments involving bioprepara-
tions and organic fertilisers (Table 1).

Table 1. Experimental treatments at the Separate Subdivision of NULES of Ukraine
“Agronomic Research Station”

Tr(:;tnr:\:nt Application rates of organic fertilisers and biopreparations
T1 Control — no fertilisers or biopreparations applied
T2 Biochar — 250 kg/ha applied during primary soil tillage
T3 Humus extract — 50 L/ha at 30 days after emergence + 50 L/ha at 60 days after emergence
T.4 EM-5 -5 L/ha at 30 days after emergence + 5 L/ha at 60 days after emergence
T.5 Humate LF 20 — 0.4 L/ha at 30 days after emergence + 0.4 L/ha at 60 days after emergence

Source: developed by the authors

Biochar is a charcoal produced by the ther-
mal decomposition of biological materials un-
der limited oxygen conditions. Biochar IDEALE
is a highly active soil amendment composed of
92-96% carbon accumulated in biomass, pro-
cessed via hydrothermal carbonisation (Bio-
char, n.d.). Humus extract is an organic product
derived from the processing of humus waste.
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EM-5 is a complex of organically ferment-
ed ingredients with Effective Microorgan-
isms® (EM®), which enhance plant resistance
to conditionally pathogenic and pathogenic
microorganisms. This preparation is used as a
preventative measure to avoid plant diseases
and as a pest control agent (EM-Ukraine, n.d.).
Humate LF 20 is a concentrated organo-mineral
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fertiliser, plant growth stimulant, and soil condi-
tioner based on humic acids derived from leon-
ardite. It contains 180 g/L of humic acids, 20 g/L
of fulvic acids, and 30 g/L of potassium, has a pH
of 9-11, and contains no less than 5 g/L of micro-
elements (AgroPlant, n.d.).

Crops were sown using a row method with
a 12.5 cm inter-row spacing at a soil tempera-
ture of 4-6°C at seed placement depth, utilising
a Klen-1.5 seeder for binary cropping of peas
and barley under various cultivation technol-
ogies. The soil of the experimental plot was a
typical medium loam chernozem developed on
carbonate loess. The organic carbon content
ranged from 2.55-2.61% in the 0-30 cm layer, pH
was 8.2-84, and the cation exchange capacity
was 31.7-32.2 meq per 100 g of soil.

The 2023 season was characterised by a
stable increase in temperature during spring,
while 2024 experienced high temperatures
throughout May-August and very low precipita-
tion. Sowing in 2023 was conducted at the end
of March, followed by the total monthly precip-
itation. A significant amount of April precipita-
tion occurred before crop emergence, resulting
in soil moisture levels close to full field capaci-
ty. Temperature increases were moderate until
June, which somewhat slowed crop develop-
ment. Soil moisture reserves were sufficient
for normal crop development despite low May
precipitation. In June, the average monthly tem-
perature exceeded 20°C, but precipitation was
adequate for normal crop development. After
the previous crop was harvested, ploughing was
carried out to a depth of 20-22 cm. In spring,
moisture was retained using tine harrows, and
pre-sowing cultivation was performed to adepth
of 6-8 cm. The application of mineral fertilisers
and plant protection products was not included
in the experimental design.

Identical varieties for production systems
were used in the experiment: pea ORCHESTRA
and barley PROSPECT. On the day of sowing, pea
seeds were inoculated with Rizoactive Legumes
at a rate of 2 L/tonne of seeds. Seeds were sown
without seed dressing. The sowing depth for
peas was 6-8 cm, and for barley 4-6 cm. In in-
tercropping, peas were sown first at a depth of
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6-8 cm, and then barley was sown in the same
rows at a depth of 4-6 cm.

Plant samples for biomass determina-
tion were collected on the 30%, 60%, and 90%®
days after emergence. For barley, the density of
standing ears, the number and weight of seeds
per ear, and the 1,000-seed weight were de-
termined. For peas, the number and weight of
seeds per plant, the number of plants, and the
1,000-seed weight were recorded. Yield and
weight elements of yield structure are present-
ed in terms of 14% moisture content. Soil sam-
ples were collected from soil layers 0-10, 1020,
and 20-30 cm following DSTU 4287:2004 (2005),
and preparation for analysis and prelimi-
nary processing of soil samples for physico-
chemical analysis were performed according
to DSTU ISO 11464:2007 (2009). The content
of mineral (nitrate and ammonium) nitrogen
was determined in soil samples according to
DSTU 4729:2007 (2008). Dispersion analysis
was performed using the STATISTICA 13.0 pack-
age (©TIBCO). Fisher’s LSD-post hoc test (al-
pha = 0.05) was used to assess differences be-
tween treatments. The research complied with
the ethical standards set out in the Convention
on Biological Diversity (1992) and the Conven-
tion on International Trade in Endangered Spe-
cies of Wild Fauna and Flora (1973).

RESULTS AND DISCUSSION

Theresearchrevealed thatthe germinationrates
of peasandbarley, sown atthe same seedingrate,
varied across the different treatments, with the
best results observed in the biochar treatment -
64 pea plants/m? and 140 barley plants/m2
The control treatment yielded 54 pea plants/m?
and 148 barley plants/m?, indicating a positive
effect of biochar on the germination of these
crops (Table 2). The differences in pea plant
numbers during the germination phase due to
the influence of different biostimulants were
not statistically significant.

The results of the study on the weight of
peas and barley in green biomass under the in-
fluence of various biostimulants on the 30" day
of the growing season (PS30 - plant weight) are
presented in Figure 1.

Plant and Soil Science (16)1
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Table 2. Germination rates of peas and barley under different biostimulants treatments
(average for 2023-2024), plants/m?

Experimental variant Peas Barley
Control 54 148
Biochar 64 140

Humus Extract 64 124
Humate LF 20 62 112
EM-5 62 127

Source: developed by the authors based on research
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Biochar === Humate LF 20 === Humus Extract === EM-5
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Figure 1. Dynamics of green biomass accumulation in peas and barley on the 30%, 60, and 90 days
of the growing season for mixed cultivation of peas and barley, g/m? (average for 2023-2024)

Source: developed by the authors based on research

In the control treatment without the appli-
cation of biopreparations, the green biomass
weight was 130 g for peas and 144 g for barley.
The use of biochar led to a decrease in weight for
both crops by 27% and 31%, respectively, while
the application of humus extract resulted in an
increase of 27% and 15% compared to the con-
trol. The application of Humate LF 20 and EM-5
did not lead to significant changes in the indi-
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cators relative to the control. Corresponding
changes on the 30" day of the growing season
were observed in dry matter (Fig. 2). The de-
crease in weight with the application of biochar
was 19% for peas and 20% for barley. The in-
crease in pea weight with the use of humus ex-
tract was 20%, while the other biostimulants did
not have a significant effect on the dry matter of

peas and barley.

PS90

EM-5 m Humate LF 20

PS30 PS60

Barley

Figure 2. Dynamics of dry mass accumulation in peas and barley on the 30™, 60, and 90" days
of the growing season for mixed cultivation of peas and barley, g/m? (average for 2023-2024)

Source: developed by the authors based on research
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At 60 days of growing season, the control
treatment showed a pea weight of 894 grams in
green biomass and 2324 grams in dry matter,
while barley weight was 1,170 grams in green
biomass and 3604 grams in dry matter. The
biochar treatment showed a slight increase
in pea weight and a decrease in barley weight
at 60 days of growing season compared to the
control. Peas reached 975 grams in green bi-
omass and 222.3 grams in dry matter, while
barley reached 1,111 grams in green biomass
and 320.0 grams in dry matter. The use of Hu-
mate LF 20 also contributed to an increase
in pea weight but decreased barley weight at
this stage of the growing season. Peas reached
1,080 grams in green biomass and 254.9 grams
in dry matter, while barley reached 1,138 grams
in green biomass and 320.9 grams in dry matter.
The highest results were observed in the humus
extract treatment. Peas reached 1,217 grams in
green biomass and 284.8 grams in dry matter,
and barley reached 1,216 grams in green bio-
mass and 294.3 grams in dry matter.

At 90 days of growing season, the control
treatment showed a pea weight of 322.2 grams
in green biomass, with a seed weight of
101.3 grams per square meter. Barley weight was
1,014.0 grams in green biomass and 403.0 grams
per square meter. The use of biochar increased

pea weight compared to the control, reach-
ing 3477 grams in green biomass, and a seed
weight of 111.7 grams per square meter, while
barley decreased relative to the control to
956.6 grams in green biomass and 380.1 grams
per square meter. Humate LF 20 significant-
ly increased the weight of both peas and bar-
ley at this stage of the growing season, reach-
ing 469.1 grams in green biomass, with a seed
weight of 156.1 grams per square meter, while
barley reached 1,160.6 grams in green biomass
and 451.6 grams per square meter.

The highest results were obtained in the
humus extract treatment, with 446.9 grams of
green biomass and a seed weight of 152.1 grams
per square meter for peas, and 1,247.8 grams of
green biomass and 519.3 grams per square me-
ter for barley. EM-5 also showed high results,
while biochar had a lesser impact on the yield of
these crops at this stage. Biopreparations have
different mechanisms of action on legumes. In
studies by M. Solomiychuk & M. Pikovskyi (2021),
the application of biological preparations for
seed treatment and vegetating soybean plants
increased yield and reduced the manifestation
of the soybean mycotic complex. As a result, bi-
ostimulants had a positive effect on the yield of
peas and barley, except biochar, the use of which
led to a slight decrease in yield (Table 3).

Table 3. Effect of biostimulants on pea and barley yield in intercropping,
t/ha (average for 2023-2024)

Experimental variant Peas Barley
t/ha + t/ha +

Control 1.01 - 4.03

Biochar 1.12 0.11 3.80 -0.23
Humate LF 20 1.56 0.55 4.52 0.49
Humus Extract 1.52 0.51 5.19 1.16
EM-5 1.42 0.41 4.17 0.14
LSD, . 0.16 0.24

Source: developed by the authors based on research

Significant yield increases in peas were
achieved with the use of humates and the
EM-5 preparation. The highest yield increases
were obtained with the use of humus extract,
amounting to 0.51 t/ha for peas and 116 t/ha for
barley. The use of Humate LF 20 resulted in an
increase in peayield of 0.55 t/ha and barley yield
of 0.49 t/ha compared to the control, indicating
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its high effectiveness in intercropping. The high
effectiveness of applying a mixture of bioactive
humic molecules together with microbial con-
sortia to improve crop productivity in binary
crops is also evidenced by the results of other
researchers (Atero-Calvo et al., 2024).

Regarding humus extract, it also contributed
to an increase in yield for both peas (by 0.51 t/ha)

Plant and Soil Science (16)1
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relative to the control and barley (1.16 t/ha). In
the biochar treatment, pea yield increased by
011 t/ha compared to the control, while barley
yield decreased by 023 t/ha compared to the
control. However, the use of biochar in mono-
culture had a positive effect and improved soil
fertility indicators, as well as increased grain
yield of barley by 2.84-19.88% and maize by 12.27-
16.74% (Tang et al., 2023). Intercropping advan-
tages only arise when each species has sufficient
time and space to maximise cooperation and
minimise competition between them. Research
on binary cropping of other crops was conduct-
ed by F Han et al. (2023), who studied the impact
of maize and soybean binary cropping systems
on the uptake and utilisation of nitrogen, phos-
phorus, and potassium. They found that com-
pared to maize monoculture, biological yield and
economic efficiency increased. In other studies,
it was established that the application of a mix-
ture (1:1) of chemical and organic nitrogen fer-
tilisers increased maize seed yield and quality,
and soybean yield in studies conducted in Chi-
na (Lin et al,, 2022). It is important to compare
not only fertilisation treatments but also spatial
variations in the arrangement of a barley-pea
50:50 mixture. In all cases of spatial variations,
the dry matter content in companion crops was
higher than in monocultures. Intercropping also
improves soil physical properties, including mi-
croaggregation, porosity, and infiltration. It also
leads to the accumulation of soil organic carbon
(Walker et al, 2011). Research by J. Abdollah et
al. (2014) demonstrated that intercropping bar-
ley (Hordeum vulgare L.), vetch (Vicia villosa), and
grass pea (Lathyrus sativus L.) in barleylegume
ratios of 75:25, 50:50, and 2575 reduced the dry
matter yield of the three component plants com-
pared to their respective monocultures. Inter-
cropped barley had a higher crowding coefficient
(K =1.64) than intercropped legumes (K =1.20),
indicating that barley was more competitive

than legumes in the mixtures. Furthermore,
grass pea was more competitive than vetch
in mixtures with barley. Studies by T. Darch et
al. (2018) have shown that growing intercrops of
barley and legumes accumulate 10-70%% more
phosphorus compounds and up to 40% more
plant biomass than monocultures. Moreover,
the greatest increase occurred at or below the
sub-critical phosphorus requirement for barley.

The cultivation of binary crops of pea and
barley led to an increase in total accumulated
nitrogen compared to monocultures. In the bar-
ley field, more mineral nitrogen was consumed,
while peas relied on nitrogen fixation. Regard-
less of the location and pattern of the binary
crop, a higher contribution of nitrogen fixation
to the total nitrogen in pea plants was observed
when grown in intercropping with barley. An in-
crease in the accumulation of phosphorus (P),
potassium (K), and sulphur (S) was also ob-
served in the binary crop, which can influence
overall yield and competitiveness for other re-
sources. Overall, the binary sowing of pea and
barley in an organic cultivation system proved
to be an effective way to enhance nitrogen fixa-
tion (Hauggaard-Nielsen et al., 2009). Studies by
T. Sahota & S. Malhi (2012) found that growing a
mixed crop of barley and peas on grey-clay soil in
Canada improved barley yield by 420-488 kg/ha
and reduced land use in production by 7-17%.
The net profit from mixed cropping without ni-
trogen application increased to 854-939 USD
per hectare, which is more than for monoculture
barley with 80 kg N/ha (628 USD per hectare). It
was also shown that the protein concentration
in barley grain increased with nitrogen applica-
tion, and mixed cropping with peas also led to an
increase in this indicator.

Table 4 presents data on the mineral nitro-
gen content in the 0-30 cm soil layer for differ-
ent treatments in the barley-pea intercropping
experiment.

Table 4. Effect of biostimulants on mineral nitrogen dynamics in typical chernozem
under barleypea intercropping, mg/100 g soil (average for 2023-2024)

Experifnental Py Mineral nitrogen content, mg/100 g of soil
variant ! 30 days after germination | 60 days after germination | 90 days after germination
0-10 21.2 34.2 21.3
Control 10-20 23.3 33.3 23.5
20-30 23.7 31.7 19.2

Plant and Soil Science (16)1
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Table 3, Continued

Experimental Depth, cm Mineral nitrogen content, mg/100 g of soil
variant 30 days after germination | 60 days after germination | 90 days after germination
0-10 231 31.1 24.6
Biochar 10-20 23.5 33.5 24.9
20-30 23.8 34.8 23.7
0-10 27.6 38.6 25.8
Humate LF 20 10-20 27.4 37.4 25.2
20-30 27.8 37.8 22.3
0-10 26.4 38.6 29.2
Humus Extract 10-20 27.1 34.4 30.1
20-30 26.2 31.8 28.6
0-10 26.9 36.9 24.2
EM -5 10-20 26.6 36.6 21.7
20-30 24.1 34.1 23.0
LSD, .. 1.74 2.04 1.45

Source: developed by the authors based on research

A seasonal dynamic in nitrogen content
was observed, with the highest values occurring
on the 60™ day of intercropping. T. Chapagain &
A. Riseman (2014) indicate that the decrease in
land productivity caused by a reduction in soil
organic carbon and nitrogen content is a serious
problem in barley monoculture. Intercropping
barley and peas can increase field productivity.
In their study conducted in Vancouver, it was es-
tablished that barley and pea intercropping is an
effective strategy for increasing land productivi-
ty, yield, biomass, and grain quality, as well as ni-
trogen and carbon content, at a barley:pea ratio
of 21 in the intercrop. In the control treatment,
the nitrogen content at the beginning of the
growing season was 21.2 mg/100 g. On the 60®
day, as in the other treatments, it was the highest
at 34.2 mg/100 g and then decreased by the 90®
day after emergence to almost the initial level.
The use of biochar had little effect on the change
in mineral nitrogen content, indicating the sup-
pression of nitrification processes and the bind-
ing of nitrogen compounds. Therefore, when us-
ing this biopreparation, special attention should
be paid to plant nitrogen nutrition. It is also im-
portant to study not only the content of mineral
nitrogen in the soil but also its ratio to carbon,
since the critical C:N ratio in fertilisers is 10:1, and
below this level, significant nitrogen losses can
occur, negatively affecting the soil, plants, and
the environment. A high C:N ratio leads to the
loss of a significant amount of carbon and an en-
hanced greenhouse effect (Balayev et al., 2023).

o)

Scientists Z. Ahmad et al. (2021) established
improved nitrogen mineralisation in soil based
on laboratory studies, which, in their opinion,
complicates the understanding of nitrogen
transformation processes in soil with nitrogen
application. Therefore, they warn that when ap-
plying biochar, soil nitrogen content should be
monitored. C. Xiao et al. (2023) note that enzymes
involved in the nitrogen cycle are extremely im-
portant in the biological catabolism of organic
and mineral soil components in agroecosystems.

Studies on the use of Humate LF 20, humus
extract, and EM-5 showed a statistically signif-
icant increase in mineral nitrogen compound
content in the 0-10 and 10-20 cm soil layers by
10-30.2% relative to the control throughout the
growing season. The greatest increase in nitro-
gen content was observed with the use of Hu-
mate LF 20 in the 0-10 cm layer, amounting to
30.2% on the 30" day, 12.3% on the 60" day, and
21.5% on the 90" day. Thus, the use of humates
promoted pea nitrogen fixation. Similar conclu-
sions were established by S. Malhi (2012), who
noted that the use of nitrogen fertilisers im-
proved the yield of barley and canola intercrops.
The LER for intercropping were always greater
than1,indicating a lower need for land resources
in intercropping compared to monocultures for
the same yield. The general conclusion is that in-
tercropping improves yield, nitrogen uptake, and
economic outcomes, highlighting its potential in
organic farming systems. Thus, a positive effect
of biopreparations in companion crops of barley

Plant and Soil Science (16)1
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and peas on productivity and the nitrogen pool
of typical chernozem was established.

CONCLUSIONS

Biopreparations and organic fertilisers had a
significant impact on the productivity indica-
tors of peas and barley in binary crops under the
conditions of the Kyiv region in the Right-Bank
ForestSteppe of Ukraine on typical medium
loam chernozems. The greatest impact of bio-
preparations in the experiment was established
in terms of crop yield in intercropping. Biostim-
ulants had a positive effect on the growth, de-
velopment, and yield of peas and barley, except
for the biochar treatment. The application of
humus extract led to a significant increase in
pea and barley yield, with the largest yield in-
crease recorded in peas at 0.51 t/ha, while the
barley yield increase was the highest at 1.16 t/ha.
Humus extract and EM-5 preparation showed
the greatest impact on plant weight and seed
weight indicators at various stages of the grow-
ing season compared to other treatments. The
application of biochar led to a decrease in plant
weight for both crops by 27% and 31% compared
to the control, while humus extract increased
these indicators by 27% and 15%. The application
of humates and EM-5 preparations noticeably
increased the mineral nitrogen content in the

soil layers, indicating an improvement in the
nitrogen regime due to symbiotic nitrogen fixa-
tion during pea cultivation.

The application of biochar caused a de-
crease inbarleyyield in the intercrop by 0.23 t/ha
relative to the control. These results correlate
with the mineral nitrogen content, which was
the lowest in this treatment, especially on the
60" day after crop emergence, ranging from
311-34.8 mg/100 g of sail, indicating some im-
mobilisation of nitrogen compounds by biochar.
Thus, the issue of studying the effect of biochar
in companion crops on the soil nitrogen regime
is promising and requires detailed study in the
context of researching the processes of organic
and mineral compound transformations in soils.
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MpoayKTUBHICTb GiHapHMX NOCIBIB 3a 3aCTOCYyBaHHS
Pi3HMX efleMeHTIB TeXHONOri BUPOLLYyBaHHA

AHoTauiqa. YIOCKOHaJIeHHSl TeXHOJIOTiM BUPOIIyBaHHSA CiJIbCBKOTOCIOZAPCBKUX KYJBTYP,
110 aJariTOBaHi 1o 3MiH KjiMaTy i 3a6e31meuyoTh 36epesKeHHI POAI0YOCTi I'PYHTIB, € OMHUM
i3 BasKJIMBUX 3aBIaHb arpapHOro ceKTopy. OCO6IMBY yBary mpUIAiNAITh BIIPOBaKeHHIO
cyMicHuxX TmociBiB i Bubopy Halbinbil ePpeRTUBHUX TEXHOJOTIYHUX eJeMEeHTIB MAJjd
3abe3meyeHHsS MaKCUMalbHOI NMPOAYKTUBHOCTI arponaHzmadriB. MeToo pobotu 6yio
IOCIiJP)KeHHsI BIJIUBY pi3HUX 6iompemapariB Ha IIPOAYKTUBHICTH 6iHapHOTO MOCiBY
SYMEeHIO Ta TOPOXY, & TAKOXK BMICT MiHepaJIbHOI'0 a30Ty Y I'PYHTI. [JOoCIif KeHHS IPOBOA U
npoTaroM 2023-2024 pp. Ha LOCIiLHOMY IOl y BiokpeMiieHOMy Nifpo3Aini HanioHanbHOT O
yHiBepcuTeTy 6iopecypciB i MpUpPOmOKOPUCTYBaHHSA VKpaiHU «ATpoHOMiuHa mdociimzHa
cTaHIlis» KuiBchkoi obmacTi. [Jociif BKIOYAB IT'ATh BapiaHTiB: KOHTPOJb, 6iouap, TyMyc
eKCTpakT, mpenapaT EM-5, rymar LF 20. [Tpo6u poC/IuH s BUSHAYEeHHS 6ioMacu Bigbupanu
Ha 30-1, 60-11 Ta 90-1 OeHb Iicys MOSBU CXOHiB. V 3pa3Kax IPyHTY, Bimibpanux 3 0-10, 10-
20 Ta 20-30 cM LIapy YOpHO3eMy TUIIOBOIO CepefHBOCYIJIMHKOBOI'O, BU3HA4YaJU BMICT
MiHepaJbHOro (HITpaTHOro Ta aMOHINHOTO) a3oTy 3a JICTV 4729:2007. BCTaHOBIIEHO, ILII0
HaWKpalle IPOPOCTAHHSA CXOZIiB CYMICHUX IIOCiBiB ropoxy Ta SuMeHI0 6YJI0 3a BHECEHHS
6iouapy i ckyamano 64 i 140 pocnuH Ha 1 M? BiAmosigHo. BogHouac BxXe Ha 30-U OeHb
BHeCeHHd 6ioyapy IpUTHiYyBaJo PiCT poCcanH, a HaWBUILi 3HaUeHHA 6yJIM Ha BapiaHTi rymMyc
eKCTPaKTy, [elllo IIOCTynaBcs BapiaHT EM-5. AHanoriyHa TeHZeHILiq 6yna Ha 60-1 IeHb
micasg mosBU cxXoniB. [IOKa3HMKU BPOXKAWHOCTI ropoxy Ha BapiaHTi rymar LF 20 ckianu
1,56 T/Ta, T'yMyC eKCTPaKT - 1,52 T/ra, SYMeHI0 — BifnoBigHo 4,52 1 5,19 T/ra. BHeceHHd 6iouapy
Majno HaWMeHIy edeKTHUBHICTDH 3a BIJIMBOM Ha MPOAYKTUBHICTb KyNbTYD y CyMicHOMY
MociBi: mpupicT BpoKal TOPOXY BiZHOCHO KOHTPOJIO 6YB HECYTTEBUM, a YPOXKAMHICTh
AYMeHI0 3HU3WwIach Ha 0,23 T/ra. Take 3HUKEHHS MOSCHIOBAJIOCH MOTIpUIEHHAM a30THOIO
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peXUMy I'PYHTY, aJ’ke BMICT MiHepaJbHOro a30Ty 3a IIhOTO BapiaHTy 6YB HAMHUKYUM
Ha 60-M IeHbIIicIg cXoniB KyIbTypickiaamas31,1-34,8 Mr/100 rr'pyHTY. OTpHMaHi pe3yibTaTu
MaloTh MPAKTUYHY LIHHICTb y BAOCKOHaJEHHI OpraHiYHUX CHUCTeM ymobpeHHS 6iHapHUX
MoCiBiB Ry/MbTyp Ta 3a6e3medeHHs CTiNKOCTi arpoOeKOCUCTEM i MOXKYTh 6YTH BUKOPUCTaHI
BUPOOGHUKAMU CiJIbCHKOTOCIIONAPCHKOI MPOAYKILii pisHUX pOpM BIaCHOCTI

KniouoBi cnoBa: cyMicHi IoCiBY KyJIBTyD; ropox; T9MiHb; 6iodap; rymaty; 6iorperapaT
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