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Abstract. The introduction of organic technology for growing vegetable plants will help to reduce
the environmental burden of pesticides and produce safe vegetable products with high yields. The
purpose of the study was to investigate the effect of biological preparations on the organic cultivation
of vegetable plants. Field, measuring and weighing, mathematical and statistical methods were used
to determine the efficacy of the preparations. The study was conducted in 2018-2021 in different
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regions of Ukraine. It was established that the systemic use of biologics during the growing season of
vegetable plants provided rapid growth and development, helped to increase immunity to diseases,
reduced the activity of pathogenic microorganisms in the soil, and provided an increase in overall
yield. The general use of biologic preparations in open ground conditions contributed to a total
potato yield of 25.4 t/ha, and the complex use of preparations on Brussels sprouts forms a larger
number of heads - 90 units. The Organic Balance biological product provided an increase in yield of
up to 3.5 t/ha and 90% marketability of products when growing Chinese cabbage. Chemical analysis
showed that the use of biologics increased the dry matter in tomato fruits by 1.03% - in the Rio Fuego
variety and 1.39% - in the Missouri variety. The yield increase in the studied varieties of asparagus
beans Laura and Purpurova was 0.5 and 0.6 t/ha compared to the variants without seed inoculation.
The use of biological preparations provided a higher yield in tomato plants of the Asvon variety by
2.2 t/ha, significantly reduced the content of nitrates in fruits to 50-80 mg/kg, while in the control -
110-170 mg/kg, increased the content of dry matter by 1.03 and 1.39%, depending on the variety. The
gross yield of winter garlic with the use of biologics increased by 5%, and the marketability of potato
tubers increased by 5%. Organic technologies would allow farmers to minimise the use of pesticides,

produce environmentally friendly products, and increase yields

Keywords: biologics; organic technology; vegetable plants; productivity; quality, yield

INTRODUCTION

Vegetables contain high concentrations of vi-
tamins, antioxidants, minerals and dietary fi-
bre, and are low in fat, soluble sugars, and cal-
ories, so they are a supportive component of
a healthy diet. The consumption of vegetables
rich in vitamins, antioxidants, minerals and die-
tary fibre, with a low content of fat, soluble sug-
ars and calories, is relevant, as it contributes to
human health and the favourable development
of industry, avoiding the problem of insuffi-
cient consumption of vegetables of plant origin
worldwide. Human health and sustainable in-
dustrial production are under threat due to the
imbalance and scarcity of plant-based vegetable
consumption around the world, as indicated in
papers by B.R. Havalli § S.N. Pradeep (2020) and
J. Dong et al. (2022).

Organic vegetable production is becom-
ing increasingly important and is spreading in
162 countries. Their annual increase is about 2
million hectares. The largest increase in agri-
cultural land certified under organic standards
was noted in Europe. The International Feder-
ation of the movement for organic agriculture,
which unites participants from 108 countries of
the world, promotes the development of organic
production. Moreover, it covers the agricultural
and processing industry, and other areas of ac-
tivity. The most important and main segment of

D

organic farming is the production of environ-
mentally friendly, safe food. For this purpose,
special agricultural land is allocated, and in par-
ticular, 37.2 million hectares of agricultural land
have already been certified (Kundilovska, 2019).

Data from Organic Market in Ukraine (2020)
indicate that high-quality organic products
grown on agricultural land comply with the Eu-
ropean Union regulation on organic produc-
tion, and the areas respectively have the status
of organic or transitional. Their total number
is 309,100 hectares, including the area of ag-
ricultural land with a certified organic status -
233,500 hectares. The possibility of increasing
the production of organic products is ensured
by the fact that Ukraine can sell its products
in Western countries. The main organic prod-
ucts supplied to Western markets are cereals,
oilseeds and legumes, mushrooms, nuts, wild
berries, and medicinal plants, but the variety of
products is constantly growing.

Stress resistance of the variety is important
when using organic vegetable products. V. Ma-
zur et al. (2020) found that a variety should be
characterised by high adaptability, which allows
metabolic processes to be restored to an opti-
mal level after a stress factor, which is especially
important due to climate change and instabili-
ty. The effectiveness of the organic technology

Plant and Soil Science (15)1
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used on farms also depends on the quality of soil
cultivation. Ultimately, proper tillage will help
to preserve moisture in the soil and increase
yields. The quality of tillage directly depends on
agricultural machinery, as noted by O. Solona et
al. (2020), 0. Tkachuk & N. Telekalo (2020).

Since organic farming is a dynamic system
that responds to internal and external require-
ments and conditions, T. Ilakiya et al. (2020) con-
cluded that practicing organic agriculture con-
tributes to increased efficiency and productivity,
but this should not be at the expense of human
health and well-being. Over nearly two decades,
people have become aware of the harmful effects
of chemical fertilisers on human health and
have started to move towards organic farming.

In the traditional cultivation method, as not-
ed by B. Alaoui § R. Hamimaz (2023), excessive
use of pesticides and fertilisers leads to an im-
balance of nutrients in the soil, an increase in
pests and diseases, and a decrease in the quality
and yield of vegetables. Therefore, the demand
for organic food is mainly motivated by health
and nutrition issues. Much attention is paid to
biological control methods as an alternative to
traditional chemical fungicides against plant
diseases. A. Allayarov et al. (2021) showed that
one of the most promising new areas of crop
protection against phytopathogens is to in-
crease the induction of plant resistance to path-
ogens and adverse environmental factors pro-
vided by the use of biologics.

The development of organic farming is
observed in almost all countries of the world.
The demand for organic products is growing,
which has led to people’s awareness to consume
eco-friendly products. The technology has been
developed to produce fresh food in both off- and
on-season, while maintaining traditional agri-
culture and organic production, but export mar-
kets are increasingly demanding organic prod-
ucts for further sale.

The purpose of the study was to investigate
the effect of biological preparations on organic
cultivation of vegetable plants in various soil and
climatic conditions of Ukraine.

MATERIALS AND METHODS

The research on the effective action of biolog-
ical products was conducted in 2018-2021 at

Plant and Soil Science (15)1

farms in Vinnytsia, Odesa and Volyn oblasts and
at the experimental plots of Vinnytsia National
Agrarian University (Vinnytsia Oblast), Mykolaiv
National Agrarian University (Mykolaiv Oblast),
Uman National University of Horticulture
(Cherkasy Oblast) and the Institute of Vegetable
and Melon Growing of the National Academy of
Agrarian Sciences of Ukraine (Kharkiv Oblast).

In particular, the investigation of the effect
of biologics on the growth, development and
yield of garlic was carried out in the conditions
of LLC NZCh of the Volyn Oblast (Ukraine). The
Lyubasha winter garlic variety was used in the
experiment. The design of the experiment in-
volved the use of the existing technology on the
farm, which was taken as a control, and a tech-
nology with the introduction of biological prod-
ucts. Biological preparations were applied dur-
ing the growing season of plants in the phase
of 2-4 leaves: Fitocide 2.0 1/ha, Azotofit 0.3 1/ha,
HelpRost Vegetables 2.0 l/ha. Organic balance
0.5 1/ha, Bitoxibacillin BTU 10.0 1/ha, Lepidocide
70 1/ha, Lyposam 0.5 1/ha; phase 8-9 leaves -
Fitohelp 2.0 1/ha, HelpRost Vegetables 2.0 1/ha,
Organic Balance 0.5 l/ha, Bitoxibacillin BTU
100 l/ha, Lepidocide 70 l/ha, Lyposam 0.5 1/
ha; head development and growth - Mycohelp
2.0 1/ha, HelpRost Boron 2.0 1/ha, Organic Bal-
ance 0.5 1/ha, Bitoxibacillin BTU 10.0 1/ha, Lep-
idocide 7.0 1/ha, Lyposam 0.5 1/ha; leaf yellow-
ing - technical ripeness - Mycohelp 2.0 l/ha,
HelpRost Boron 2.0 1/ha, Organic balance 0.5 1/
ha, Bitoxibacillin BTU 10.0 1/ha, Lepidocide 7.0 1/
ha, Lyposam 0.5 1/ha. The predecessor was win-
ter wheat, grey podzolic soil, soil pH: 6.6.

Inthe conditions of the farm of M.M. Shkury-
na, Odesa Oblast (Ukraine), the effect of biologi-
cal productswas studied during the cultivation of
the Tiras potato variety. The design of the experi-
ment included the following variants: no biolog-
ical products were used (control) and a variant
with the introduction of biological preparations.
Biological products were applied during the fol-
lowing periods: pre-sowing tillage — Groundfix
5.01/ha, Mycohelp 2.0 I/ha; before planting - My-
cofrend 1 l/t; during the growing season of the
plantinthe phase of 5-6leaves - Fitohelp2.01/ha,
Humifrend 0.6 1/ha, Lyposam 0.3 1/ha; the pe-
riod of growth of vegetative mass - Fitohelp
2.0 l/ha, Humifrend 0.6 1/ha, Lyposam 0.3 1/ha;
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before flowering — Mycohelp 3.0 1/ha, Humifrend
0.6 I/ha, Lyposam 0.3 l/ha; after flowering - My-
cohelp 3.0 l/ha, Humifrend 0.6 l/ha, Lyposam
0.3 l/ha. The predecessor was barley, grey
podzolic soil, soil pH: 6.6.

The study of the influence of biological
preparations on the development of the Brus-
sels sprouts crop took place in the Vinnytsia Na-
tional Agrarian University (Ukraine) for growing
hybrids Franklin F,, Diamant F,, Bokser F,, and
Dolores F,. The design of the experiment con-
sidered the following options, namely: without
the use of biological preparations - control; in-
troduction of the products at the recommend-
ed dose - in the phase of 5-6 leaves: Fitohelp
2.0 l/ha, Organic Balance 0.5 l/ha, Bitoxibacil-
lin BTU 100 l/ha, Lepidocide 70 l/ha, Lyposam
0.3 1/ha; before the development of heads — My-
cohelp 3.0 1/ha, HelpRost Boron 2.0 1/ha, Azo-
tofit 0.5 1/ha, Organic Balance 0.5 1/ha, Actoverm
formula 80 1/ha, Lepidocide 7.0 1/ha, Lyposam
0.3 1/ha; during the development of heads - My-
cohelp 3.0 1/ha, HelpRost Boron 2.0 l/ha, Organ-
ic Balance 0.5 l/ha, Actoverm formula 8.0 l/ha,
Lepidocide 7.0 1/ha, Lyposam 0.3 1/ha; growth of
heads - Mycohelp 3.0 I/ha, HelpRost Boron 2.0 1/
ha, Azotofit 0.5 1/ha, Organic Balance 0.5 l/ha,
Actoverm formula 8.0 1/ha, Lepidocide 7.0 1/ha,
Lyposam 0.3 l/ha. The predecessor was sweet
pepper, podzolized chernozem, soil pH: 6.6.

The study of the effect of biological prepa-
rations on the yield of Chinese cabbage was
carried out in the Uman National University of
Horticulture when growing the Willie F, hybrid.
Predecessor: winter garlic. Soil type: podzolized
chernozem, soil pH: 6.3. The design of the exper-
iment included the following options: without
the introduction of biologics (control); foliar top
dressing was carried out with organic balance
0.5 1/ha, Bitoxibacillin 8 1/ha, Lepidocide 7.0 1/ha,
Lyposam 0.3 1/ha; foliar top dressing in the phase
of head development - HelpRost Vegetables
2.0 l/ha, Bitoxibacillin 8 1/ha, Lepidocide 7.0 1/ha,
Lyposam 0.3 1/ha; foliar top dressing during head
growth - HelpRost Vegetables 2.0 1/ha, Organic
Balance 0.5 1/ha, Bitoxibacillin 8.0 1/ha, Lepido-
cide 70 1/ha, Lyposam 0.3 1/ha.

A study on the influence of biologics on the
yield of carrots was conducted during 2019-2021
at the Organic-D farm in the Vinnytsia Oblast
for hybrids Olympus F,, Abaco F, Bolivar F,

1)

Miroflores F,. Biologic preparations were applied
in the following stages: 1) pre-sowing tillage —
Groundfix 5.0 l/ha, Mycohelp 2.0 1/ha; 2) during
the growing season of the plant in the phase of
2-5 leaves - Fitohelp 1.0 1/ha, Azotofit 0.3 1/ha
Organic Balance 0.5 1/ha, Lyposam 0.3 l/ha; 3) in
the phase of 6-9 leaves - Fitohelp 1.0 1/ha, Az-
otofit 0.3 1/ha ha, Organic Balance 0.5 l/ha, Ac-
toverm formula 6.0 1/ha, Lepidocide 7.0 1/ha, Hel-
pRost Boron 1.0 1/ha, Lyposam 0.3 1/ha; 4) during
molting of the root crop - Azotofit 0.3 1/ha, Or-
ganic Balance 0.5 l/ha, HelpRost Vegetables
2.0 l/ha, Actoverm formula 6.0 1l/ha, Lepido-
cide 70 l/ha, Fitohelp 1.0 l/ha, Lyposam 0.3 1/ha;
5) during root fruit development - Azotofit
0.3 1/ha, Organic Balance 0.5 1/ha, HelpRost
Vegetables 2.0 l/ha, HelpRost Boron 2.0 l/ha,
Actoverm formula 6.0 1/ha, Lepidocide 7.0 1/ha,
Mycohelp 3.0 l/ha, Lyposam 0.3 1/ha. The control
was based on the technology used on the farm.
The efficacy of the preparations in tomato
cultivation technology was investigated at the
Institute of Vegetable and Melon Growing in the
Selektsiyne village, Kharkiv Oblast, during the
cultivation of Topaz tomato variety. The design
of planting seedlings was 140x25 cm, they were
planted in the 3rd ten days of May using drip ir-
rigation. The design of the experiment included
the application of the recommended cultivation
technology for Kharkiv Oblast (control), the var-
iant where humus 10 t/ha, wood ash 1 t/ha were
used; during the growing season, treatment with
Actophyt 1 1/ha, Mycohelp 3 1/ha; a variant with
an optimised nutrition system, namely humus
10 t/ha, wood ash 1t/ha in pre-sowing soil tillage,
Roundup 30 l/ha, Mycohelp 3.0 l/ha. During the
growing season of the plant in the phase of 5-6
leaves - Fitohelp 10 l/ha, HelpRost Vegetables
2.0 l/ha, Organic Balance 0.5 l/ha, Bitoxibacillin
BTU701/ha, Lepidocide 701/ha, Lyposam 0.3 1/ha;
before flowering - Mycohelp 3.0 1/ha, HelpRost
Boron 2.0 1/ha Azotofit 0.3 1/ha, Organic Balance
0.5 l/ha, Bitoxibacillin BTU 70 1/ha, Lepidocide
701/ha, Lyposam 0.31/ha; atthe beginning of fruit-
ing - Mycohelp 3.0 I/ha, HelpRost Boron 2.0 l/ha,
Azotofit 0.3 /ha, Organic Balance 0.5 1/ha, Bitoxi-
bacillin BTU 70 1/ha, Lepidocide 7.0 1/ha, Lyposam
0,3 l/ha; during the period of mass fruiting - My-
cohelp 3.0 1/ha, HelpRost Boron 2.0 1/ha, Azotofit
0.3 l/ha, Organic Balance 0.5 1/ha, Bitoxibacillin
BTU701/ha, Lepidocide 701/ha, Lyposam 0.3 I/ha.
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The effect of biological preparations on the
yield of seedling tomatoes was studied in the
conditions of the farm private enterprise Tre-
bukin of the Vinnytsia Oblast during the culti-
vation of hybrids Asvon F, (Kitano seeds), Bob-
cat F (Syngenta), Solerosso F, (Nunhems). The
design of the experiment provided for Ecos-
tern 2.0 l/ha in autumn tillage; and pre-sowing
tillage with Groundfix 5.0 1/ha and Mycohelp
2.0 l/ha. During the growing season of plants
in the phase of 5-6 leaves - Organic Balance
0.5 l/ha, Azotofit 0.3 l/ha, Actoverm formu-
la 6.0 1/ha, Lepidocide 7.0 1/ha, Fitohelp 1.0 1/ha,
HelpRost Vegetables 2.0 1/ha, Lyposam 0.3 1/ha;
before flowering - Azotofit 0.3 1/ha, Organic Bal-
ance 0.51/ha, Actoverm formula 6.0 1/ha, Lepido-
cide 70 l/ha, Mycohelp 2.0 1/ha, HelpRost Boron
2.0 l/ha, Lyposam 0.3 l/ha; in the phase of the
beginning of fruiting - Azotofit 0.3 1/ha, Organic
Balance 0.51/ha, Actoverm formula 7.0 1/ha, Lep-
idocide 7.0 1/ha, Mycohelp 2.0 I/ha, HelpRost Bo-
ron 2.0 1/ha, Lyposam 0.3 I/ha; during mass fruit-
ing - Azotofit 0.3 1/ha, Organic Balance 0.5 1/ha,
Lepidocide 70 1/ha, Mycohelp 3.0 1/ha, HelpRost
Boron 2.0 1/ha, Lyposam 0.3 I/ha.

Studies on the development of the bean
yield depending on seed inoculation were con-
ducted in the experimental fields of the Uman
National University of Horticulture. The treat-
ment was carried out with Anderiz preparation.
The soil was characterised by the following agro-
chemical indicators: humus content - 3.91%;
pH - 6.1; mobile phosphorus - 110 mg/kg of soil;
exchange potassium - 195 mg/kg of soil. Inocu-
lation of bean seeds was carried out on the day
of sowing at the rate of 1 litre of the biological
preparation per 1tonne of seeds.

The influence of biological products on the
yield of tomato was investigated in the Mykolaiv
National Agrarian University with the cultivation
of Rio Fuego (Lark Seeds) and Missouri (Semi-
nis vegetable seeds) varieties. The design of the
experiment provided for the use in pre-sowing

tillage: Groundfix 5.0 1/ha + Mycohelp 2.0 l/ha +
Metawhite 8 1/ha; during the growing season of
plants in the phase of 5-6 leaves: Fitohelp 1.0 1/
ha + HelpRost Vegetables 2.0 1/ha + Organic Bal-
ance 0.5 I/ha + Lyposam 0.3 1/ha; before flower-
ing: Mycohelp 2.0 l/ha + HelpRost Vegetables
2.0 l/ha + Azotofit 0.2 1/ha + Organic Balance
0.51/ha + Actoverm formula 7.0 I/ha + Lepidocide
70 l/ha + Lyposam 0.3 1/ha; beginning of fruit-
ing: Mycohelp 3.0 1/ha + HelpRost Boron 2.0 l/ha
+ Azotofit 0.3 I/ha + Organic Balance 0.5 I/ha +
Actoverm formula 7.0 l/ha + Lepidocide 70 1/ha
+ Lyposam 0.3 l/ha; mass fruiting: Mycohelp
3.0 l/ha + HelpRost Boron 10 l/ha + Azotofit
0.31/ha +Organic Balance 0.51/ha + Actoverm for-
mula701/ha+Lepidocide 701/ha+Lyposam 0.31/ha.

All studies were carried out in accordance
with generally accepted modern methods in
crop production by A.O. Rozhkov et al. (2016),
and the Greentest device (China) was used to
determine the total nitrate content in the prod-
uct organs of tomato and carrot roots. Based on
the existing instructions for the device and the
established recommendations, the permissible
nitrate content in tomato berries should not ex-
ceed 300 mg/kg of product, and in carrot roots -
400 mg/kg. All values above the specified value
are considered to be exceeded and must not be
used for further consumption.

The study complied with all the require-
ments set out in the Convention on Biological
Diversity (1992) and Convention on the Trade
in Endangered Species of Wild Fauna and Flo-
ra (1973).

RESULTS AND DISCUSSION

Based on the results of studies conducted to
study the effect of a complex of biologics, their
positive effect on the growth, development and
formation of the crop of vegetable plants was es-
tablished. The effect of biological preparations
on the growth, development, and yield of garlic
is shown in Table 1.

Table 1. Yield of the Lyubasha garlic variety using a complex system

of biological preparations in the Volyn Oblast (Ukraine), t/ha

Control Experimental Yield increase,
Area, ha | Gross harvest, t Yield, t/ha Area, ha Gross harvest, t Yield, t/ha t/ha
0.5 3.6 7.2 0.5 3.8 7.6 0.4

Source: compiled by the authors
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Systemic use of biological preparations dur-
ing the growing season of garlic plants of the
Lubasha variety ensures rapid growth and de-
velopment, helps to increase immunity to dis-
eases, reduces the activity of pathogenic micro-
organisms in the soil, and provides an increase
in overall yield. On the variant with the use of
a complex of biological preparations, a yield
of 76 t/ha was obtained, which is 0.4 t/ha more
compared to the control version. The gross yield
at the study site was 3.8 t/ha, which is 0.2 t/ha
(5%) more than the control. The activity of bacte-
ria that form the basis of biological preparation
contributes to the timely formation of a typical
product organ, the cloves are characterised by a

standard size, the plant is more resistant to bac-
terial diseases.

The use of biologics during the growing sea-
son of the potato plant ensures optimal plant
development, especially in its early stages; in-
creases its immunity, growing process, and the
overall yield (Fig. 1). The activity of bacteria that
form the basis of Mycofrend preparation en-
sures the development of mycorrhiza on the
surface of tubers and the root system, and the
development of a larger number of commer-
cial tubers. When studying the complex effect of
biological preparations in the conditions of the
Odesa Oblast (Ukraine), an increase in the pota-
to yield was noted (Table 2).

Figure 1. Development of potato tubers depending on the use of biological preparations

Note: a - control, b - experiental
Source: compiled by the authors

Table 2. Yield of Tiras potatoes using a comprehensive system
of biologics in the Odesa Oblast (Ukraine), t/ha

Control Experimental
Increment, t/ha
Area, ha | Gross harvest, t Yield, t/ha Area, ha Gross harvest, t Yield, t/ha
0.5 10.85 21.7 0.5 12.7 25.4 3.7

Source: compiled by the authors

The general use of biologics of bacterial or-
igin in open ground conditions contributed to
the total potato yield of 25.4 t/ha, or 171%. Plants
develop tubers weighing 50-80 g. The content of
tubers in the total crop weighing 80 g is 187%,
and tubers weighing from 50-80 g - 81.3%, and
are characterised by a more stable immunity to

1)

diseases, the marketability of products increas-
es by 5%. According to biometric measurements,
the average weight of the Brussels sprouts head
was higher in hybrids grown using organic tech-
nology and provided an increase in the indicator
of relatively intensive technology by 01-0.6 g,
depending on the hybrids under study (Table 3).
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Table 3. Biometric indicators of Brussels sprouts

Variant Average head weight, g Number of heads per plant, units Plant height, cm

Organic cultivation technology

Franklin F_ (control) 9.8 90 82

Diamant F, 9.2 87 80

Bokser F_ (control) 8.9 86 75

Dolores F, 8.4 85 73
Intensive cultivation technology

Franklin F, (control) 9.2 88 80

Diamant F, 8.7 86 76

Bokser F_ (control) 8.5 86 72

Dolores F, 8.3 83 70

Source: compiled by the authors

The complex use of biological preparations
contributed to the development of a much larger
number of heads on the plant. In particular, the
largest number of heads was obtained using or-
ganic technology from plants of the Franklin F,
hybrid - 90 units, while with intensive technol-
ogy, this hybrid on average developed 88 heads
perplant. The use of biological preparations dur-
ing the cultivation of Brussels sprouts ensures
rapid survival of the plant in the open ground,
stimulates growth processes. Fungicidal and

insecticidal preparations help to increase the
plant’s resistance to damage. Biological prepa-
rations, especially stimulating ones, and orga-
no-mineral fertiliser HelpRost increase plant
resistance to stress factors and improve plant
nutrition. Plants of Franklin F, hybrid (control)
had the highest height under organic cultivation
technology, where the increment relative to in-
tensive technology was 2 cm (Table 4). A strong
correlation was found between plant height and
the number of heads per plant (r=0.91).

Table 4. Yield of Brussels sprouts under various technologies
in the conditions of Vinnytsia National Agrarian University

+
No. | Hybrids (A) Yield, t/ha — to °‘°"“°' - A‘;:::gf;“ A‘f’::fff:y
Intensive cultivation technology (B)
1 Franklin F, (c) 8.1 - - -
2 Diamant F, 7.5 0.6 -7.4 7.8 74
3 Boxer F_(c) 7.3 - - -
4 Dolores F, 6.9 -0.4 -5.4 7.1
Organic cultivation technology (B)
1 Franklin F, (c) 8.8 - - -
2 Diamant F, 8.0 0.8 -9.0 8.4 8
3 Boxer F_ (c) 7.6 - - -
4 Dolores F, 7.1 -0.5 -6.5 7.3
LD, (A) 03
LSD,, (B) 0.4 -
LSD,, (AB) 0.7

Source: compiled by the authors

The action of biological preparations con-
tributes to the development of marketable cab-
bage heads. In order to obtain a high-quality
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preparation three times in the phase of devel-
opment and growth of the product organ, where
the yield increase is 0.4 t/ha.

The use of biologics during the growing
season of Chinese cabbage plants has a posi-
tive effect on growth, development, and yield.

Biological products, especially those with a
stimulating effect, and organo-mineral fertil-
iser HelpRost ensure plant resistance to stress
factors, namely biotic, anthropogenic, climat-
ic, and edaphic, improve product quality, and
provide balanced plant nutrition (Table 5).

Table 5. Chinese cabbage yield, t/ha

Yield, t/ha
Experiment variant Marketability, %
Harvest on * to control Total * to control
15.06
Control 1.7 - 18.1 - 78
Organic Balance 0.5 |/ha, Bitoxibacillin
BTU 8.0 I/ha, Lepidocide 7.0 |/ha, 2.7 +1.0 20.1 +2.0 87
Lyposam 0.3 I/ha
HelpRost Vegetables 2.0 I/ha,
Bitoxibacillin BTU 8.0 I/ha, Lepidocide 2.2 +0.5 19.2 +1.1 85
7.0 1/ha, Lyposam 0.3 I/ha
HelpRost Vegetables 2.0 I/ha, Organic
Balance 0.5 I/ha, Bitoxibacillin
BTU 8.0 I/ha, Lepidocide 7.0 I/ha, 33 1.6 216 3.5 %0
Lyposam 0.3 I/ha

Source: compiled by the authors

Organic products are becoming increas-
ingly popular in Ukraine, and there are a num-
ber of farms that grow them. Among these
farmsis Organic-D enterprise. Growing carrots

with the introduction of a complex of biolog-
ical preparations, a yield increase of 3.7 t/ha
was obtained, and the gross yield increased
by 1.9 t (Table 6).

Table 6. Yield of table carrots of the Olympus F, hybrid for the use
of a comprehensive system of biological preparations at the Organic D farm, t/ha

Control Experimental
Increment, t/ha
Area, ha | Gross harvest, t Yield, t/ha Area, ha Gross harvest, t Yield, t/ha
0.5 25.4 50.9 0.5 27.3 54.6 3.7

Source: compiled by the authors

By increasing the production of organic
goods, the farm in the following years also re-
ceived an increase in the carrot yield due to the

introduction of biological preparations in com-
binationwith the use of high-quality high-yield-
ing hybrids of foreign selection (Table 7).

Table 7. Yield of carrot hybrids using a complex system
of biological preparations at the Organic D farm, t/ha

* to control
Carrot hybrids (A) Introduction of biological preparations (B) Yield, t/ha t/ha %
(]
Bolivar F, (control) without introduction of biological preparations (control) 61.4 - -
Abaco F, introduction of biological preparations (experiment) 60.5 -0.9 -1.5
Miroflores F, introduction of biological preparations (experiment) 63.7 +2.3 +4
LAS,. (AB) 0.9 -

Source: compiled by the authors
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Among the studied hybrids, the high-
est yield was provided by the Miroflores F, -
637 t/ha, which is 2.3 t/ha more than the con-
trol, which is 4% more. The significance of this
difference is confirmed by the results of the var-
iance analysis. Considering the biological and
genetic characteristics of the Abaco F, hybrid
and the use of biologics in this variant, the yield
was at the level of 60.5 t/ha, which is 0.9 t/ha less

compared to the Bolivar F, hybrid. It is important
when growing agricultural products, including
vegetables, to obtain their high quality indica-
tors, and the nitrate content should not exceed
the permissible norm. The high content of ni-
trates primarily causes the use of high doses of
mineral fertilisers. That is why the use of bio-
logical preparations ensures the production of
products with a lower content of nitrates (Fig. 2).

Figure 2. Nitrate content in carrot vegetables (2021)
Note: a - experiment: introduction of biological preparations; b - control: without introduction of biological
preparations
Source: photo by authors

The use of biologics during tomato culti-
vation ensures good survival of the plant in the
open ground, increasing the total and marketa-
ble yield. Preparations of fungicidal and insecti-
cidal action contribute to increasing the plant’s

resistance to damage, and biological prepara-
tions of stimulating action and organo-miner-
al fertiliser HelpRost improve plant resistance,
improve plant nutrition, and stimulate the de-
velopment of more fruits (Table 8).

Table 8. Efficiency of tomato cultivation technology (Institute of Vegetable
and Melon Growing of the National Academy of Agrarian Sciences of Ukraine, 2019)

Biochemical f frui
. T(.)tal Yield of marketable Marketability, lochemica parameters 0. rUI-ts .
Variants yield e, e % Dry soluble | Total sugar, | Ascorbic acid, | Acidity,
t/ha ’ substance, % % mg/100 g %
Reference | oo o 413 74.0 4.05 3.42 20.55 0.55
(control)
BTU-centre | ¢ g 56.7 84.9 432 3.85 20.68 0.55
system
LD, . 53 4.4 0.37 0.36 155 0.05

Source: compiled by the authors
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The effect of these biologics contributes
to the formation of a total 66.8 t/ha and a mar-
ketable yield of 56.7 t/ha. To obtain high-qual-
ity tomatoes, the use of organo-mineral fer-
tiliser HelpRost Boron at a dose of 2 1/ha with

Organic Balance biological product with a
dose of 0.5 1/ha and Azotofit with a dose of
0.3 1/ha during the flowering and fruiting
phase of the plant improves the quality of
products (Table 9).

Table 9. Yield of tomatoes of the Asvon variety for the use of a comprehensive system
of biological preparations in the conditions of Ukraine in 2020, t/ha

Control Experimental
Increment, t/ha
Area, ha | Gross harvest, t Yield, t/ha Area, ha Gross harvest, t Yield, t/ha
0.25 6.82 27.3 0.25 7.37 29.5 2.2

Source: compiled by the authors

The use of biological products contributes
to better plant survival in the soil, provides nu-
trients to the plant during the growing season,
increases immunity to diseases, reduces the to-
tal number of pathogens, and increases overall
yields. The activity of bacteria that form the ba-
sis of biologics contributes to the development

of a typical and marketable product organ. In
open ground conditions, the use of biologics
increases the total yield of tomatoes by 8%,
which is 29.5 t/ha. Plants are characterised by
more resistant immunity to diseases, and plant
productivity increases by 9%, significantly re-
ducing the nitrate content in the fruit (Fig. 3).

Figure 3. Actual value of nitrate content in tomato fruits
Note: a - experimental tomato variety Asvon; b — control tomato variety Asvon Permissible rate - 300 mg/kg
Source: photo by authors

Research on biological products was also
carried out at the Mykolaiv National Agrar-
ian University (NAU), where tomatoes were
grown in open ground. Biological prepara-
tions were used in the cultivation of tomatoes.

Biochemical analysis showed that the use of
biological preparations contributed to an in-
crease in the dry matter in tomato fruits by
1.03% - for the Rio Fuego variety and 1.39% - for
the Missouri variety (Table 10).

Table 10. Dry matter content in tomato fruits depending on the use
of biological preparations for organic cultivation in the conditions of the Mykolaiv NAU, %

Repeatabilit
No. Variant 1 ‘ i 2 y‘ 3 Average * to control, %
Rio Fuego variety
1 Treatment with water (control) 3.59 3.54 3.62 3.58 -
2 | Introduction of biological preparations 4.52 4.71 4.61 4.61 +1.03

1)
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Table 10, Continued

Repeatability
No. Variant Average + to control, %
1 2 3
Missouri variety
1 Treatment with water (control) 3.04 2.83 2.97 2.95 -
2 | Introduction of biological preparations 4.42 4.32 4.28 4.34 +1.39

Source: compiled by the authors

Harvest accounting showed that the ap-
plied biological products contributed to an
increase in yield (Table 11). Thus, for the Rio
Fuego variety, the increase was 177 t/ha, that
is, 33.3% more than the control, and for the
Missouri variety, the increase was 14.2 t/ha,
which is 36.8% more compared to the vari-
ant where biologics were not introduced. In
order to determine the effect on the growth,
development, and yield of asparagus beans,
seed material was treated with an inoculant.
According to Table 12, it was found that the

biological preparation Anderiz has a positive
effectonthe assimilation surface, plant height,
number and weight of beans, and the overall
yield. The increase in leaf surface area in Lau-
ra and Purpurova asparagus bean varieties
was 0.8 and 1.0 m?ha, respectively. The height
of plants increased by 1.2 cm when using the
inoculant. The number and weight of beans
on the plant also increased by 0.6 units/plant
and 1 g/plant - in the Laura variety, as well as
0.8 units/plant and 1.4 g/plant - in the Pur-
purova variety.

Table 11. Commercial yield of tomato fruits depending on the use
of biological preparations for organic cultivation in the conditions of the Mykolaiv NAU, t/ha

No. Variant Repeatability Average D AT + to control, %
1 | 2 | 3 t/ha
Rio Fuego variety
Treatment with water (control) 314 41.3 334 35.4 - -
Introduction of biological preparations | 55.7 58.8 46.8 53.1 +17.7 +33.3
Missouri variety
Treatment with water (control) 23.9 25.1 23.8 24.3 - -
Introduction of biological preparations | 41.8 37.4 36.4 38.5 +14.2 +36.8

Source: compiled by the authors

Table 12. Productivity of asparagus beans based on seed inoculation, 2021

Variant Leaf area of crops, | Plant height, | Number of beans per | Weight of beans, Yield of green
m?/ha cm plant, units/plant g/plant beans, t/ha
Asparagus beans, Laura variety

Control 25.0 38.5 16.0 40.0 8.9

Anderiz 2 I/t 25.8 39.7 16.6 41.0 9.4
Asparagus beans, Purpurova Koroleva variety

Control 22.0 36.3 15.0 38.0 8.4

Anderiz 2 I/t 23.0 37.5 15.8 39.4 9.0

Source: compiled by the authors

The use of a nitrogen fixer significant-
ly increases the activity of nodule bacteria,
which contributes to the development of
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more nodules in the main root zone, which
increases the effectiveness of their action

(Fig. 4).
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Figure 4. Development of nodules on the root system of asparagus beans (2021)

Source: photo by authors

Seed inoculation contributed to an increase
in the yield of green asparagus beans. The yield
increase in the Laura and Purpurova varieties
was 0.5 and 0.6 t/ha compared to the variants
where seed inoculation was not carried out. A
strong direct correlation was found between the
number of beans per plant and yield (r=0.98),
and a strong direct correlation between the
weight of beans per plant and yield (r=0.96).

The introduction of advanced technologies
into production does not always allow produc-
ing high-quality vegetable products. As noted by
1. Koblianska et al. (2022), every year more and
more farmers are switching to organic produc-
tion, which is possible in Ukraine. According to
the findings of R.V. Logosha et al. (2019), L. Zari-
na et al. (2021), various methods and approaches
to growing vegetable plants are used in agricul-
ture. One way to increase yields is to use better
precursors, which increase the nitrogen content
due to the activity of nitrogen-fixing bacteria.

According to X. Feng et al. (2020), the use
of microorganisms in the growing process can
significantly improve the yield, quality, and anti-
oxidant enzymatic activity of tomatoes. The use
of straw mulching of soil significantly increases
the growth, chlorophyll content, transpiration
rate, and soluble sugar content in tomatoes, and
at the same time improves soil properties. In

)

addition, according to this study, it was found
that the general condition of plants, the quality
and resistance of tomatoes to diseases improves.

According to VH. Serhiienko et al. (2023),
fusarium wilt, alternariasis, vascular and mu-
cosal bacteriosis prevailed on various varieties
of white cabbage plants. The use of biological
preparations significantly reduced the develop-
ment of these diseases of white cabbage, includ-
ing fungal and bacterial diseases. Researchers
have found that biological preparations increase
resistance to diseases by 62%, and protection
against bacterial diseases by 65-79%. The pos-
itive effect of biological preparations on crop
indicators was revealed, which increased it by
14.5-92%. The use of biological preparations sig-
nificantly improves the biometric parameters of
the plant and the overall yield.

Orgamika F biological product not only re-
duced the damage to cabbage vegetable crops by
fusarium, but also helped to improve the quality
indicators of seedlings. A. Allayarov et al. (2021)
found that soaking seeds in a biological sus-
pension showed the best efficiency. Biological
efficiency of Orgamika F for growing white cab-
bage with titrated suspension 1x10* CFU/ml was
69.9%, and at a titer of 1x108 CFU/ml was 74.7%,
cauliflower - 72.2% and 75.1%, respectively, Chi-
nese cabbage - 72.5% and 76.2%, red cabbage -
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70.4% and 76.8%, and savoy cabbage — 72.4% and
77.8%, respectively.

Market research shows that the number
of organic products increases every year, but
their price is also increasing. In order to pro-
duce high-quality environmentally friendly
vegetable products, research is being conducted
on further improvement in specialised farms
(Koblianska et al.,, 2022). 1. Bender et al. (2020)
showed that organic products are much better
than those grown using traditional technology.
Such products have smaller pesticide residues
or do not accumulate them at all compared to
vegetables grown using traditional technology.
In addition to obtaining high-quality products,
a clean environment is is preserved and main-
tained (Mazur et al, 2020; Dydiv et al, 2023).
However, the accumulation of heavy metals in
vegetable products may depend on the time of
sowing. Therefore, it is important to optimise
the growing conditions, in combination with
the biological preparations used, it can ensure
maximum effectiveness. Substances of organic
origin have a positive effect on increasing and
maintaining soil conditions at the appropriate
level, namely, the physical, chemical, and biolog-
ical characteristics of the soil (Lepse et al., 2021).

Previous research by S.A. Vdovenko et
al. (2018) established the influence of new
strains of nodule bacteria on the development
of the symbiotic apparatus of common beans
(Phaseolus vulgaris L.). It was proved that the use
of biological preparations provides an increase
in interphase periods. The effect of inoculation
with a complex of bacterial preparations Azo-
tofit-L, Biomag, Biocomplex-BTU-L was investi-
gated. The use of the bacterial preparation Bio-
complex-BTU-L helped to increase the number
and weight of nodules on the root system of the
Zironka variety. The use of the bacterial prepara-
tion Biocomplex-BTU-L contributed to the pro-
duction of 184 t/ha or 94 t/ha.

The effect of pre-sowing seed treatment
with an inoculant and its combination with a
plant growth stimulator on the development of
symbiotic plant productivity and the accumula-
tion of biological nitrogen in the soil was studied
by LM. Didur et al. (2019). Based on the results
obtained, it was found that the use of pre-sow-
ing treatment of alfalfa seeds with rhizobophyte
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in combination with Emistim S against the back-
ground of liming of the soil and the introduction
of a full lime norm under hydrolytic acidity en-
sures the accumulation of the greatest amount
of biologically fixed nitrogen. This average
reached 236.1 hwt/ha over the years of research.

According to S.A. Vdovenko & P.A. Shvyd-
ky (2022) found that by growing sweet peppers
in open field conditions under organic farming,
it is possible to obtain a significant increase in
plant biometric parameters. It is important to
apply the recommended rates of the biologi-
cal product, as an increase in these rates does
not give the desired result. Adhering to optimal
standards, the number of fruits on the plant and
the overall yield increase. Bacterial prepara-
tions contribute to an increase in fruit weight of
uptol4.5g.

Thus, the use of bacterial-derived prepara-
tions is an impetus for economic growth and the
provision of quality products to the population.
Given the constant increase in demand for or-
ganic products, it becomes possible to provide
the population with high-quality vegetables and
preserve the environment as a whole.

CONCLUSIONS

To provide the population with high-quality veg-
etable products, it is necessary to use organic
technologies that can be implemented by using
preparations of bacterial origin. As aresult of the
use of bacterial preparations, the yield of vege-
table plants grown in open ground conditions
significantly increased. The use of biologics en-
sured the total yield of potatoes at the level of
254 t/ha, and the marketability of potato tubers
for the use of biological preparations increases
by 5%; the complex use of biological prepara-
tions on Brussels sprouts formed the largest
number of heads - 90 units; during the cultiva-
tion of Chinese cabbage, Organic Balance bio-
logical preparation provided an increase in yield
to 3.5 t/ha and marketability of products of 90%;
the use of biological preparations provided an
increase in the yield of the Asvon tomato variety
by 2.2 t/ha, and during the cultivation Laura and
Purpurova asparagus beans, it increased by 0.5
and 0.6 t/ha. The use of biological preparations
during the cultivation of winter garlic increased

gross output by 5%.
G
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Complex application of biological prepa-
rations had a positive effect on the biometric
parameters of the plant, they contributed to
the growth of the assimilation surface area in
asparagus bean plants of Laura and Purpurova
varieties by 0.8 and 1.0 m?/ha, respectively, in-
crease the height of the plant to 37.5-39.7 cm,
and the weight of beans to 39.4-41.0 g. A posi-
tive effect of biological preparations on the bio-
chemical parameters of products was revealed,
namely: they increased the dry matter in to-
mato fruits by 1.03% - in the Rio Fuego variety
and by 1.39% - in the Missouri Variety; the ni-
trate content in Asvon variety decreased to 50-
80 mg/kg.

The prospect of further research is to ex-
pand the understanding of the effect of bio-

impact on the quality and safety of products, and
optimisation of methods and recommendations
for farmers in the field of organic cultivation.
The research will be aimed at the mechanisms
of interaction between biological products and
plants, which will help improve their effective-
ness and adaptation to different growing con-
ditions. Consideration of the environmental
and economic aspects of the introduction of
biological preparations is also an important as-
pect of further research for the development of
sustainable and effective organic agricultural
production practices. In the future, it is planned
to investigate the effect of biological prepa-
rations on the yield and quality of vegetable
plant products under greenhouse conditions.

logical preparations on organic cultivation of ACKNOWLEDGEMENTS
vegetable plants to optimise their use. Possible = None.
areas of research include further analysis of the
effects of various biological preparations on dif- CONFLICT OF INTEREST
ferent types of vegetables, investigation of their ~ None.
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BnauB 6ionoriyHUx npenapartis
Ha opraHiyHe BUpPOLLYBaHHS OBOYEBUX POC/TUH

AHoTaUia. BIpoBa)KeHHS OpraHiuyHoI TeXHOJIOr] i1 BUPOILIYBaHHS OBOUYEBHX POCIUH IaCTh
MOJJIUBICTb 3MEHIIWTH €KOJIOTiYHe HaBaHTAaKEHHS IIeCTULMAAMU, OTPUMATH 6e3ledHy
OBOYEBY IIPOAYKILiI0 3 BUCOKUMU ITOKAa3HUKAaMU BpOJKai0. MeTo ZOCTiIKeHHS 6yJI0 BUBUEHHS
BIUIMBY 6i0JIOTiYHMX TIIperapaTiB Ha oOpraHiuHe BUPOIIYBAHHSA OBOYEBUX POCIUH. IJid
BUBUYEHHS eQeKTUBHOI Aii mpenapaTiB 6y710 BUKOPUCTAHO II0JIBOBUI, BUMIpIOBAJIBHO-BAaroBUH,
MaTeMaTU4YHUN Ta CTaTUCTUYHUM MeTonu. JOCHifsKeHHs IpoBojwuocs B 2018-2021 pp B
pi3Hux ob61acTax VRpaiHu. BCTaHOBJIEHO, L0 CUCTEMHE 3aCTOCYBaHHA biompemnaparis B Iporieci
BereTallii 0BOYEeBUX POCNTUH 3abesreuye IMBUAKUMN PIiCT i PO3BUTOK, CIPUAE ITiJBUILIEHHIO
iMyHITEeTy IO 3axXxBOpIOBaHb, 3HIKYE IisJIPHICTb IIQTOT€HHUX MIKpPOOpPraHi3MiB y TI'pyHTI,
3abe3meuyeTbcs 361NbIIEHHS 3arajbHOI BPOKAWHOCTI. 3arasbHe 3aCTOCYBaHHA biompernaparis
B YMOBax BiIKDUTOI'O I'PYHTY CIIpUS€ B OTPHUMAaHHI 3araJibHOI BPOXKaMHOCTI KapTOoIljli Ha piBHI
254 T1/ra, a KOMIUIEKCHE 3aCTOCYBaHHS 6i0lOriYHMX IpemapaTiB Ha KamycTi GpPIOCENbCHKiN
dbopmye b6inbiny KinbKicTb roy10BoK — 90 wT. Bionpenapar OpraHik 6aiaHc i yac BUPOUTyBaHHSA
KaIyCTU TEeKiHCBbKOI 3abe3meuye mpupicT yposkawn mo 3,5 T/ra i ToBapHicTh mpozykuii 90 %.
XiMiuHUM aHaji3 BU3HA4YMB, LI0 3aCTOCYBaHHA 6iompernapaTiB 36iibllye Cyxy peYOBHHY B
mozax nomizopa Ha 1,03 % - y copty Pio-®yero Ta 1,39 % - y copTty Miccypi. [Tpupict, ypoxxaro
y DOCTiIXyBaHUX COPTIB KBacoii crapykeBoi Jlaypa Ta IlypmypoBa ckinazae 0,5 ta 0,6 T/ra
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MOPiBHAHO 3 BapiaHTaMU [ie iHORy/ALiA HACiHHA He IPOBOAUIACh. BUROPHCTAHHA 61010TIUHIX
MpemnapartiB 3ab6e3reyye oTpUMaHHA 6iblI0I BPOXKAaMHOCTI ¥ POCIUH MTOMizopa copTy ACBOH
Ha 2,2 T/ra, 3HaYHO 3HUKYEThCA BMICT HiTparTiB y miogax fo 50-80 MI/KT, Tofi IK Ha KOHTPOJIi —
110-170 Mr/kr, 3pocTae BMICT cyxoi pedoBuHU Ha 1,03 Ta 1,39 % 3ajyexHO Bif copTy. BamoBuit
36ip MpoAyKLUii YaCHUKY 03UMOr0 CTPiJIKYIOYOro 3a BUKOPUCTAHHA biompernapariB 3pocTae Ha
5 %, ToBapHicTh 6yB6 KapTOIUIi 3pocTae Ha 5 %. OpraHiuHi TexHooril 03BONIATH depMepam
3MEHIIUTU BUKOPUCTAaHHS IeCTULWIiB, OTPUMATU €KOJIOTIYHO YMCTY IPOAYKLIiIO Ta MiABUIIUTYU
BPOXKAWHICTh

KniouoBi cnoBa: 6iorperapaTyi; opraHiuyHa TeXHOJIOTiA; 0BOUEBi pOCIMHY; TTPOAYKTUBHICTb; AKICT;
BPOYKaMHICTD
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Effect of filter cake and bagasse ash application
on selected chemical properties of acidic Nitisol

Abstract. The rising cost of lime, traditionally used to address soil acidity and its detrimental
effects on soil fertility, has prompted the exploration of organic by-products as more affordable
alternatives for mitigating soil acidity, particularly for low-income farmers. Therefore, the objective
of this study was to investigate effects of filter cake (FC) and bagasse ash (BA) application on soil
acidity under greenhouse condition. The experiment was laid out in a completely randomised
design with four replications. The FC and BA were investigated separately each with six levels
(0, 20, 40, 60, 80, and 100) t/ha™. The acidic soil was collected from Imdibir area at a depth of
0-20 cm, air dried, ground and passed through 4 mm sieve. Each pot was received 4 kg of soil with
respective treatment material after they were well homogenised. The laboratory analysis revealed
that the soil had an initial pH of 5.1, while filter cake and bagasse ash had pH values of 8.0 and
10.2, respectively. Application of FC increased soil pH from 5.1 to 7.3, along with improvements
in organic matter, nitrogen, phosphorus, sulphur, potassium, calcium, magnesium, and cation
exchange capacity. Similarly, BA application raised pH from 5.1 to 74 and enhanced organic matter,
nitrogen, phosphorus, sulphur, potassium, calcium, magnesium, and cation exchange capacity.
The maximum effects for both FC and BA occurred at the highest application rate (100 t/ha?), while
iron and manganese content increased with BA application but decreased as rates increased, and
copper and zinc levels were positively affected by both FC and BA applications. Overall, both FC and
BA applications significantly improved soil pH and nutrient content. The findings of this study can
provide practical and cost-effective solutions for improving soil fertility and crop production

Keywords: Imdibir; leaching; fixation; basic cations; acid forming cations; exchangeable acidity

INTRODUCTION

Soil acidity is a significant factor limiting agri- such as nitrogen, phosphorus, potassium, and
cultural productivity in highland regions of Ethi-  iron, leading to reduced crop yields and lower
opia. Excessively acidic soil hinders the avail-  quality agricultural produce. Farmers often have
ability of essential macro and micronutrients limited resources and may not afford expensive
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lime to address this issue. Therefore, the search
for more affordable and environmentally friend-
ly methods of soil acidity correction, including
the use of organic materials, becomes an urgent
task to support sustainable agricultural devel-
opment in Ethiopia’s highland regions.

M.T. Ejersa (2021) noted that in Ethiopia, 43%
of arable lands have been affected by soil acid-
ity. The western, southern, northwestern and
central highlands of the country are the areas
where soil acidity becoming a serious threat to
crop production. Imdibir, the site from where
the experimental soil was collected, is located
in central highlands that affected with soil acid-
ity. The leaching of basic cations (Ca, Mg, and
K) and replacing by acid forming cations (AI**
and H*) due to heavy rainfall, excessive appli-
cation of H* releasing inorganic fertilisers and
removal of basic cations during harvesting of
the crops are the main causes of soil acidity in
the study area. R. Hume et al. (2022) noted that
the excessive application of urea (NH,-CO-NH,)
and ammonium (NH,") containing fertilisers
contributes protons (H* ions) supply during the
nitrification of NH,* to nitrate (NO, ). The release
of H* into the soil solution reduces the pH of the
soil. PM. Kopittke et al. (2019) concluded that a
small decrease in soil pH decreases the availa-
bility of soil nutrients (P, K, Ca, and Mg), affects
the soil structure, functioning of microbial com-
munities, nitrogen fixation by soil microbes, and
sustainability of crop production. The level of
available phosphorus in acidic soils is also low.
The reason for low availability of phosphorus in
acidic soil is owing to fixation of dissolved phos-
phorus by aluminium and iron. This condition
can be minimised by organic amendments (Mu-
tammimabh et al, 2020). In Ethiopia, liming has
been practicing improving soil pH and nutrient
availability in acid affected soil. However, the
high price of agricultural lime has been chal-
lenging the low income (poor) farmers. For that
reason, the researchers and farmers are shift-
ing their idea to organic amendment of acidic
soils. According to D. Alabi et al. (2022), N. Xu et
al. (2022), organic fertiliser is cheap, affordable
and reduces the cost of using inorganic fertil-
iser. Furthermore, the addition of agricultural
by-products to mineral soils has the potential to
improve crop production. That is why this study
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was focused on filter cake (FC) and bagasse ash
(BA) application for soil acidity amendment.
A. Soltangheisi et al. (2019) determined that both
FC and BA are sugar industry by-products. FC is
a waste by-product from the process of sugar
clarification, composed of a mixture of ground
sediment and crushed sludge. FC increases soil
fertility by providing nitrogen and phospho-
rous for crops or soil cover. Due to its chemical
nature, FC can increase the organic matter con-
tent of the soil. Bagasse ash (BA) is also a sugar
industry by-product obtained from combustion
of bagasse that is used for steam/energy gener-
ation. These industrial by-products improve soil
properties and crop yields. Replacing chemical
fertilisation with these organic by-products not
only minimises the surplus usage of chemical
fertilisers, Replacing chemical fertilisation with
these organic by-products not only minimises
the surplus usage of chemical fertilisers, but also
a cost-effective and an eco-friendly approach
(Raza et al., 2021). These sugar industry by-prod-
ucts (FC and BA) contain micronutrients and ma-
cronutrients (Ca, Mg, P, and K) (Hale et al., 2020).
Soil application of FC can provide nutrients and
enhance physical quality. FC provides nutrients
suitable for plant development, and the levels
of available P. A. Gonfa et al. (2018) and E. Silva et
al. (2019) noted that FC keeps available P at agro-
nomically adequate levels by improving soil pH.
BA application is also recognised as a potential
fertiliser as it contains P and K. Nevertheless, it
is often disposed of as waste in landfills. Howev-
er, many reports have been presented by differ-
ent researchers as both FC and BA have capacity
of amending soil chemical properties. However,
there was no exhaustive investigation report of
FC and BA on acidic Nitisol. Therefore, the pur-
pose of this study was to investigate the effect of
FC and BA application on chemical properties
amendment of acidic Nitisol.

MATERIALS AND METHODS

Description of the study site. The pot experiment
was conducted in 2021 at Debre Zeit Agricultur-
al Research Centre (DZARC) under controlled
environment condition. The experimental soil
was acidic Nitisol and collected from Imdibir
area. Imdibir is located in Cheha District, Gu-
rage Zone, which is 188 km from the capital
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city, Addis Ababa. Imdibir is geographical-
ly located to south of the capital city, between
807'-8.117°N and 37°56’-37.933°E. The altitude of
Imdibir ranges between 2,130-2,164 m.a.s.1. The
average annual rainfall in the Imdibiru area is

1,268 mm, based on the ten years monthly data
(2001-2010) of the area. The average maximum
and minimum temperature for the last ten
years (2001-2010) were 24.64°C and 10.29°C, re-
spectively (Fig. 1).
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Figure 1. Average ten years monthly precipitation and temperatures of Imdibir area (2001-2010)

Source: District Agricultural Office (n.d.)

Collection of experimental soil. The repre-
sentative experimental soil was collected for pot
experiment from 20 farms. Acid affected soil was
selected purposely from the study area to inves-
tigate effects of filter cake (FC) and bagasse ash
(BA) application in amending soil acidity. The soil
was taken at the depth 0-20 cm from each field
using sampling system. Ten (10) kg of soil was
taken per field. To prepare for pot experiment,
all soils that collected separately were compos-
ited, well mixed, air dried, ground with mortar
and pestle and passed through 4 mm size. One
kg of soil sample was taken from homogenised
experimental soil, reground, passed through 0.5
and 2 mm sieve and used for laboratory analysis.

Treatment materials. Filter cake (FC) and ba-
gasse ash (BA) were collected from government
sugar estate factory. The FC and BA were select-
ed for two reasons: 1) they were locally available
in many sugar factories; 2) they were expected to
have a high nutrient content and the potential to
change soil acidity.

Experimental design and treatment set-up.
The pot experiment was conducted at Debre Zeit
Agricultural Research Centre (DZARC) under
greenhouse condition. The experimental de-
sign was completely randomised design (CRD).
Filter cake (FC) was air dried, grounded, and
weighed according to the treatment levels. The

)

bagasse ash (BA) was also weighed according to
the treatment levels. The levels (rates) of filter
cake and bagasse ash were 0, 20, 40, 60, 80, and
100 t/ha™. Each treatment was replicated quar-
tile (four times). The rates of FC were based on
that of E.M. Ossom et al. (2010) and of BA on that
of T. Ferreira et al. (2012). Each pot was labelled
(tagged) with treatment rate and material that
it received. Four (4) kg of experimental soil and
known amount of treatment material were well
homogenised and transferred to the pot that
had been tagged. Each pot was received equal
amount of water before sowing and left without
receiving seed for one day. In the next day, each
pot was received 10 seeds of durum wheat. Each
pot was receiving 100 ml of water within three
days interval. The seedlings were thinned to
seven after they reached 7 cm to minimise the
competition for nutrients. Ultimately, the wheat
that received BA application has matured earlier
than that received FC application. The time vari-
ation in maturity may be conditioned by time to
taken for FC to be mineralised and being availa-
ble to the plant.

Analysis of chemical properties of selected
soil and treatment materials. The chemical prop-
erties of the soil and treatment materials were
analysed using standard analytical laboratory
procedures. The pH of the soil and treatment
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materials was analysed potentiometrically with
1:2.5 soil to water ratio. Electrical conductivity
(EC) was measured using digital conductom-
eter and the supernatant used for pH reading.
Exchangeable acidity (H*+A3*) was determined
by percolating the soil with 1M KCl solution.
The acidity brought into soil solution from var-
ious sources was measured by titration in the
presence of standardised 0.02M HCl and 0.02M
NaOH using phenolphthalein indicator.

Organic carbon (OC) was determined by
Walkley-Black wet oxidation method and the
obtained results were converted to organic mat-
ter (OM) using the conversion factor 1.724. Total
nitrogen (TN) was determined by Kjeldahl mac-
ro digestion method using sulphuric acid and
mixed catalysts to convert organic nitrogenous
to ammonium sulphate. Soil phosphorus (P) was
analysed spectrophotometrically using Bray-II
method for soil before planting and Olsen meth-
od for soil that affected with treatment materials
based on their pH. Sulphur (S) was determined
turbidimetrically using barium chloride to pre-
cipitate SO,2-S in the form of barium sulphate
(BaSO,). The turbidity was measured using spec-
trophotometer. Exchangeable bases were deter-
mined by ammonium acetate method which

adjusted to pH 7.0. The reading was performed
using atomic absorption spectrophotometer
(AAS), AA series model. Cation exchangeable
capacity (CEC) was determined, using 10% so-
dium chloride as extractant solution after the
residue of ammonium salt have been washed
with 97% ethanol alcohol. The distillation was
conducted using Kjeldahl distillation unit and
the quantification was made by titration meth-
od. Soil micronutrients were determined using
diethylenetriaminepentaacetic acid (DTPA) as
extracting solution and reading was conducted
using atomic absorption spectroscopy (AAS), AA
series model. Correlations among the treatment
rates and different variables were computed us-
ing Pearson’s correlation analysis.

Statistical analysis and data interpretation.
All data generated from the soil affected by FC
and BA application were subjected to statistical
analysis using (SAS virsion 9.0). Significant dif-
ference among treatments means was assessed
using the least significant difference (LSD) test
at 0.05 probability level.

Analytical results of soil and treatment mate-
rials before planting. The experimental soil and
treatment materials were analysed before sow-
ing and the results are presented below (Table 1).

Table 1. Chemical properties of soil, filter cake and bagasse ash

Chemical parameter Soil before sowing Filter cake (FC) Bagasse ash (BA)
pH-H,0 5.1 8.0 10.2
EC (dS/m) 0.01 1.70 3.90
OM (%) 3.38 36.20 3.60
N (%) 0.16 1.77 0.17
Avail P (%) 0.0010 1.62 0.85
Avail S (%) 0.0035 1.67 1.29
Exch Na (cmol(+)/kg) 0.25 4.02 1.82
Exch K (cmol(+)/kg) 1.89 4.04 1.41
Exch Ca (cmol(+)/kg) 5.04 65.00 13.18
Exch Mg (cmol(+)/kg) 2.80 26.00 5.84

Exch.Al+H (Meq/100gsoil) 0.54 - -

Fe (mg/kg) 44.0 3.00 3.00
Mn (mg/kg) 154 39.00 19.00
Cu (mg/kg) 0.56 1.24 0.40
Zn (mg/kg) 2.40 31.00 10.50

Source: developed by the author

The EC of the soil before sowing was low.
The reason for low EC may be due to leach-
ing of cations and anions by heavy rain of the

study area. The organic matter (OM) content of
the soil before sowing was moderate according
to G. Getachew & T. Mamo (2019). However, the
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nitrogen content of the soil before sowing was
found being low (Landon, 1991). The reason may
be due to leaching of nitrogen that changed into
inorganic N form. The available P content of the
soil was determined using Bray-II method as the
soil was strongly acidic before sowing and the
results was found being medium and the value
was found being 0.001% (10 mg/kg™).

The available sulphur was determined by
turbidimetry and the result was found being
0.0035% (35.2 mg/kg?) for soil before sowing.
The exchangeable Na, K, Ca, and Mg content of
the soil before sowing were found low, very high,
very high, and medium, respectively (FAO, 2006)
(Table 1). The exchangeable acidity was found be-
ing 0.54 meq/100 g soil. The micronutrients were
also analysed for experimental soil before plant-
ing (Table 1). According to B. Jones (2003), the soil
Fe, Mn, Cu, and Zn content are rated as high, very
high, low, and high, respectively. The high mi-
cronutrients content of this soil shows that the
soil was strongly acidic. This may be due to high
leaching of basic cations with heavy rainfall

The experimental materials (filter cake (FC)
and bagasse ash (BA)) were analysed to deter-
mine their nutrient content. The data revealed
that the pH of FC and BA were 8.0 and 10.2, re-
spectively. The FC contained 36.2% OM, 177%

N, 1.62% P, and 1.67% sulphur. The BA contained
0.85% P and 1.29% SO, %-S before sowing.

The content of Na, K, Ca, and Mg in FC were
4.02, 404, 65, and 26 cmol(+) kg?, respective-
ly (Table 1). Soil CEC, sum of bases (S) and base
saturation ratio (V) were significantly improved
with increasing rates of filter cake. This coin-
cided with the finding of the Fe, Mn, Cu, and Zn
content of the FC of 3,39, 1.24, and 31 cmol(+)kg?,
respectively. BA contained 3.6% OM, 017% N,
0.85% P, and 129% sulphur. The exchange-
able base of BA were 1.84, 141, 13.81, and
5.84 cmol(+) kg for Na, K, Ca, and Mg, respec-
tively while the Fe, Mn, Cu, and Zn contents were
3,19, 040, and 10.5 mg/kg, respectively. The re-
sults show that FC contained relatively more nu-
trients compared to BA.

RESULTS AND DISCUSSION

Chemical properties of soil as affected by filter
cake (FC) and bagasse ash (BA) application

The soilwas also analysed after affected with
FC and BA rates application to assess the impact
of FC and BA on soil chemical properties. The
ANOVA showed that the pH of the soil was sig-
nificantly affected (P<0.0001) by FC and BA rates
application. The pH was increased with increas-
ing rates of FC and BA application (Table 2, 3).

Table 2. Analytical results of the soil as affected by FC application

FC (kg ha') | pH-H,0 (1.:2.5) EC (dS/m) OM (%) N (%) Ava.P (mg/kg) | Ava.S (mg/kg)
0 5.1¢ 0.01¢ 3.5 0.14¢ 10.0° 35.2f
20 6.2¢ 0.25¢ 3.8° 0.18¢ 42.0¢ 76.5¢
40 6.5¢ 0.30¢ 4.2¢ 0.20¢ 97.5¢ 119.4¢
60 6.9° 0.54° 4.8° 0.21° 139.8¢ 156.5¢
80 7.0° 0.54° 5.1° 0.22° 185.8° 266.5°
100 7.3° 0.63° 5.42 0.26° 224.52 389.42
LSD (5%) 0.20 0.03 0.11 0.01 5.71 0.156
CV (%) 2.14 4.13 1.64 3.75 3.28 0.059

Note: values with the same letters within a column are not significantly different at o = 0.05

Source: developed by the author

Table 3. Analytical results of soil as affected by BA application

Ba (kg ha?) | pH-H,0 (1.:2.5) EC (dS/m) OM (%) N (%) Ava.P (mg/kg) | Ava.S (mg/kg)
0 5.1¢ 0.01¢ 3.5¢ 0.14¢ 10.0° 35.2¢
20 6.8° 0.21¢ 3.6° 0.15° 14.4¢ 55.8¢
40 6.9 0.24¢ 3.8° 0.16° 19.9¢ 65.3¢
60 7.0° 0.30¢ 3.8° 0.17° 40.2° 76.6°
80 7.1° 0.34° 3.8° 0.17° 55.0° 77.3°

)
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Table 3, Continued

Ba (kg ha?) | pH-H,0 (1.:2.5) EC (dS/m) OM (%) N (%) Ava.P (mg/kg) | Ava.S (mg/kg)
100 7.4° 0.38° 3.8° 0.18° 57.7° 104.9°
LSD (5%) 0.19 0.02 0.06 0.01 1.61 3.40
CV (%) 1.81 3.21 2.46 4.56 3.96 3.42

Note: values with the same letters within a column are not significantly different at «=0.05

Source: developed by the author

In general, except for control, the soil pH fell
in the range of slightly acidic to slightly alkaline
for FC application and neutral to slightly alkaline
for BA application (Table 2, 3). The reason for soil
pH increment may be due to the presence of ba-
sic cations (Ca and Mg) in the form of carbonates
within the FC and BA. The finding was in line with
that reported by T. Matsi § V.Z. Keramidas (1999)
that changes in pH values strongly dependent
on ash application rates. The finding also cor-
roborates with A. Demeyer et al. (2001) that the
increase of pH in acidic soil is conditioned by
high alkalinity of BA. Application of FC and BA
also highly significantly affected (P<0.001) soil
EC,OM, N, Ava.P and Ava.S (Table 2, 3). The max-
imum and the minimum value were recorded at
100 t/ha™ and control treatment both for FC and
BA application (Table 2, 3). The EC of the soil was
low before FC and BA application. However, the
EC of the soil found being increased after the soil
affected with FC and BA application. The reason
may be due to the availability of free cations and
anionsinthe treatment materials. The soil treat-
ed with FC showed the dominance over the same
soil treated with BA application in EC. The rea-
son might be due to high Ca and Mg content in
the FC. S. Ghulam et al. (2010) also reported that
FC has capacity to increase the EC of the soil. In
general, both FC and BA applications signifi-
cantly increased the EC of the experimental soil
over the control treatment.

The OM content of the soil was highly sig-
nificantly (P<0.0001) increased over control with
increasing rates of FC and BA applications (Ta-
ble 2, 3) and the lowest and the highest values
were recorded at control and 100 t/ha™* for both
treatment variants. However, FC application in-
creased the soil OM content more than BA ap-
plications. Naturally, FC is rich in organic matter
content when compared with BA. This may be
due to removal of OM from BA during ashing
process. Similarly, the N content of the soil was
highly significantly (P<0.0001) affected with FC

and BA application (Table 2, 3). The maximum
and minimum values were recorded at 100 t/ha™!
and control treatment for both materials. The
same to OM, the maximum soil N content, was
recorded by the soil that affected with FC appli-
cation when compared with soil that affected
with BA application. This may be due to high N
content in FC when compared with that of BA.
According to J.R. Landon (1991) the maximum
value of N content for soil that affected with FC
application was in the range of moderate and in
the range of low for soil affected with BA appli-
cation. The reason is that during burning and /or
ashing of bagasse, N escapes in the form of gas.
However, both treatment materials increased
the soil N content progressively. When compar-
ing the two by-products, the FC application in-
creased soil N content over BA application with
respective to their rates. S. Ghulam et al. (2010)
also reported that application of FC increased
the soil N content progressively as the rates of
application increased.

The soil available P and S content were
highly significantly affected (P<0.0001) with FC
and BA application. The increment was gone
progressively and /or according to their rates
for both nutrients. Accordingly, the maximum
and minimum results were recorded at 100 t/
ha™ and at control for both treatment materi-
als (Table 2, 3). According to B. Jones (2003) the
maximum values of P that recorded with soil
that affected with FC and BA application are
categorised in the rate/range of very high and
the minimum value that recorded at control in
the range of low. .M. Khan (2011) reported that
both treatment materials (FC and BA) appli-
cation increased the P content of the soil. The
findings also coincide with that of E. Ferrei-
ra et al. (2012) that application of BA increased
soil P content. The reason for soil available P
increment may be due to incorporation of P
through FC and BA application, and due to soil
pH increment. The improvement of soil pH
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improves the release of P from fixed form to
available form. Application of FC and BA was
also improved the sulphur content of the exper-
imental soil (Table 2, 3). However, according to
D.A. Horneck et al. (2011), the experimental soil
was high in available S content before it was
receiving the treatment materials.

The basic cations of the soil were also sub-
jected to laboratory analysis using neutral am-
monium acetate (PH=70) as extracting solution.

The ANOVA showed that both FC and BA ap-
plication highly significantly affected (P<0.0001)
the basic cations, CEC and BS of the experimen-
tal soil (Table 4, 5).

Table 4. Analytical results of soil exchangeable basic cations as affected by FC application

FC (t/ha?) Na cmol®/kg K cmol®)/kg Ca cmol®/kg | Mgcmol“/kg | CEC cmol®/kg BS (%)
0 0.22¢ 1.40¢ 4.9 3.5 22.8f 43.8°

20 0.46¢ 2.28¢ 14.1¢° 4.8° 30.8¢ 71.0¢

40 0.46¢ 2.28¢ 16.6¢ 5.9¢ 31.8¢ 79.6¢

60 0.67¢ 2.88° 18.4¢ 6.3¢ 32.8¢ 86.0°

80 0.93° 2.93° 21.9° 7.8° 34.8° 96.6°
100 1.112 2.93° 22.9° 8.9° 36.5° 98.0°
Mean 0.64 2.45 16.45 6.03 31.54 79.12
LSD (5%) 0.07 0.14 0.54 0.05 0.74 8.77
CV (%) 7.15 1.14 2.19 0.59 1.56 7.59

Note: values with the same letters within a column are not significantly different at a=5%
Source: developed by the author
Table 5. Analytical results of soil as affected by BA application

BA(t/ha) Na cmol®/kg K cmol*/kg Ca cmol®/kg | Mgcmol“/kg | CEC cmol®/kg BS (%)
0 0.22¢ 1.4 4.9 3.5 22.8e 43.8f

20 1.1¢ 2.2¢ 8.4¢ 5.6° 28.1¢ 61.4¢

40 1.2¢ 2.6¢ 9.6¢ 6.5¢ 28.1¢ 70.9¢

60 1.5¢ 3.5¢ 9.8° 8.8° 29.1¢ 78.9¢

80 2.1° 3.9° 12.2° 9.1° 31.1° 87.8°
100 2.32 4.2° 13.1° 9.5° 32.0° 91.4°
Mean 1.52 3.30 9.51 7.54 28.92 72.50
LSD (5%) 0.05 0.13 1.13 0.15 0.62 2.55
CV (%) 2.20 2.57 0.88 1.33 1.41 2.33

Note: values with the same letters are not significantly different at a=5%

Source: developed by the author

The highest values were recorded at max-
imum rates of FC and BA application and the
minimum at control for all basic cations, CEC
and base saturation (Table 4, 5). The maximum
K results were recorded at maximum rate of
FC and BA application with values of 2.93 and
4.20 cmol(+)/kg, respectively. The application
of both treatment materials progressively in-
creased the K content in experimental soil.
S. Ghulam et al. (2010) also reported that filter
cake application progressively increased the
soil K content. The minimum soil K content was
recorded at control with value 1.40 cmol (+)/kg.
According to FAO (2006) both maximum and

2)

minimum value of K are categorised under very
high rate. The same to K the highest Ca content
was recorded at the highest rate of FC and BA
application with values 22.9 and 13.5 cmol(+)/kg,
respectively. Accordingly, the maximum Ca
value obtained from the soil that received the
maximum application of FC is in the range of
very high values, and the maximum value ob-
tained from the soil that received the maximum
application of BA is in the range of high values.
The maximum Mg content of the soil that af-
fected with FC and BA application was record-
ed at maximum rate of FC and BA application
with values 8.9 and 9.5 cmol(+)/kg, respectively
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(Table 4, 5). These values are rated as high and
very high for FC and BA application, respective-
ly. The results revealed that BA application was
more affected the soil Mg content when com-
pared to FC application. In general, application
of FCwas increased soil Ca content over the soil
that received BA application and BA increased
K and Mg content over the soil that received FC
rates application. The reason for high Ca con-
tent in the soil that affected with FC applica-
tion may be due to the existence of substantial
amounts of CaCO,in the FC. CaCO, used to in-
crease soil pH and soil calcium content. How-
ever, both treatment materials had increased
exchangeable basic cations of the experimental
soil. .M. Khan (2011) and E. Ferreira et al. (2012)
also reported that both FC and BA application
rates increased the basic cations content of the
soil. The reason may be conditioned by incor-
poration of cations through FC and BA applica-
tion and increment of soil pH which has contri-
bution for nutrient release and availability. This
indicates that nutrients are released and avail-
able at their optimum pH ranges. S.E. Hale et
al. (2020) also reported that application of ash
at the rates 3 to 5 t/ha™ decreased soil acidity,
increased base saturation and the total amount
of nutrients.

The CEC of the experimental soil was highly
significantly (P<0.0001) affected with FC and BA
application. The CEC of the soil was increased
progressively with increasing rates of FC and
BA application (Table 4, 5). The minimum CEC
was recorded at control and the maximum at
maximum rate (100 t/ha?) of FC and BA ap-
plication, and the values were 22.8, 36.5, and
320 cmol(+)/kg?, respectively (Table 4, 5). In
general, all treatments that received FC and BA
application had recorded the CEC values that
fell in the range of high rate. The CEC value that
recorded at control treatment was found fell

in the range of medium. The reason for incre-
ment of soil CEC by FC over that of BA was due to
high OM and Ca content of FC. M.S. Mokolobate
§ R.J. Haynes (2002) reported that application
of FC has improved the CEC of the soil. BA also
increased the CEC of the soil because of its high
cations contents and pH.

Base saturation (BS (%)) of the experimen-
tal soil was significantly (P<0.0001) affected
with FC and BA application. The lowest value
was recorded at control and the highest at the
maximum rates (100 t/ha?) of FC and BA appli-
cation (Table 4, 5) and the results were 43.8, 98.0,
and 914 cmol(+)/kg. According to P. Hazelton &
B. Murphy (2007) the maximum values record-
ed at 100 t/ha*of FC and BA application are rat-
ed as very high and the minimum as moderate.
The finding corresponds to that of S. Ghulam et
al. (2010) that FC application rates improved the
chemical properties of the experimental acidic
Nitisol. The finding are also in agreement with
that of E. Ferreira et al. (2012) that BA applica-
tions improved soil base saturation as it con-
tained good amount of basic cations. Hence, FC
and BA application can be potentially improve
soil fertility by increasing basic cations, of the
soil. As a whole, the organic inputs had shown
their potential of neutralising acidic Nitisol, im-
proved basic cations and base saturation. This is
a great advantage for farmers who cannot afford
the inorganic compounds used as lime material.

Exchangeable acidity and micronutrients
are other soil chemical parameters that were
subjected to laboratory analysis during this
study. The results are presented in the (Table 6,
7). The ANOVA showed that soil exchangeable
acidity (H*+Al**) highly significantly (P<0.0001)
affected with FC and BA application. The max-
imum value was recorded at control and the
minimum at 100 t/ha?FC and BA application
(Table 6, 7).

Table 6. Analytical results of soil acidity and micronutrients as affected by FC application

FC rates (t/ha?) | Ex. Acidity meq/100g soil Fe mg/kg Mn mg/kg Cu mg/kg Zn mg/kg
0 0.54° 16.1f 66.1f 0.54¢ 7.8
20 0.42° 22.3¢ 89.0¢ 1.9¢ 11.9¢
40 0.30¢ 24.6¢ 102.8¢ 2.1¢° 16.5¢
60 0.19¢ 26.5¢ 116.0¢ 2.2° 18.1¢
80 0.14¢ 29.1° 140.8° 2.52 22.0°
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Table 6, Continued

FC rates (t/ha?) | Ex. Acidity meq/100g soil Fe mg/kg Mn mg/kg Cu mg/kg Zn mg/kg
100 0.06f 31.3° 149.6° 2.5° 24.4°
Mean 0.27 24.9 115.11 2.14 16.80
LSD (5%) 0.01 0.80 2.37 0.06 0.39
CV(%) 2.60 2.29 1.35 1.96 1.52
Note: values with the same letters within a column are not significantly different
Source: developed by the author
Table 7. Analytical results of soil sample as affected by BA application
BA rates (t/ha?) | Ex. Acidity meq/100g soil Fe mg/kg Mn mg/kg Cu mg/kg Zn mg/kg
0 0.54° 16.1¢ 66.1¢ 0.54f 7.8°
20 0.42° 25.2° 75.2° 1.60° 16.2¢
40 0.28° 20.4° 72.0° 1.50° 16.5¢
60 0.20¢ 16.7¢ 60.5¢ 1.40¢ 17.5°
80 0.12¢ 10.4¢ 54.0¢ 1.30¢ 18.1°
100 0.04f 4.4f 43.8f 1.20° 18.5°
Mean 0.27 15.52 62.67 1.41 15.77
LSD (5%) 0.01 0.61 0.80 0.01 0.49
CV (%) 2.72 2.60 0.87 0.55 2.06

Note: values with the same letters within a column are not significantly different

Source: developed by the author

The results were 0.54, 0.06, and 0.04 cmol(+)
/kg* for control, and 100 t/ha?of FC and BA ap-
plication, respectively (Table 6, 7). BM. Dee et
al. (2002) reported that both FC and BA applica-
tion significantly reduced the concentration of
exchangeable acidity of the soil. The reason may
be due to soil pH and basic cations improvement
with FC and BA application. The presence of Ca
in the FC and BA can precipitate Al in the form of
Al(OH), and decrease its availability and/or solu-
bility in the soil solution.

Filter cake (FC) and BA application affected
the soil micronutrients differently and partly dif-
ferently. Application of FC affected soil micronu-
trients highly significantly (P<0.0001) and posi-
tively (Table 6). The results gradually increased
based on the increasing rates of FC applications.
The lowest values of micronutrients were re-
corded at control and the highest - at maximum
rate (100 t/ha?) of FC application. The values for
were 16.1,66.1,0.54, and 7.8 mg/kg* for minimum
results and 311, 149.6, 2.6, and 24.4 mg/kgfor
maximum Fe, Mn, Cu and Zn content, respec-
tively. According to B.Jones (2003), Fe and Zn fell
in the range of high and Mn in the range of high
to very high categories for FC applications. On

the other hand, all results of Cu fell in the range
of low for soil affected with FC applications even
if the results were going increasing based on
the rates of FC applications (Table 6). K. Kaur et
al. (2004), S. Ghulam et al. (2010) also reported
that FC application increased the micronutri-
ents content of the soil.

The BA application affected soil micronu-
trients partly negatively and partly positively. Fe
and Mn were affected negatively and Cu and Zn
positively with FC applications. Both Fe and Mn
were increased at 20 t/ha? BA applications and
then declined. The reason may be that the solu-
bility Feand Mndecrease as soil pH increase. The
lowest and the highest results were recorded at
100 and 20 t/ha'BA application, and the values
were (4.4, 43.8 and, 25.2 75.2 mg/kg?) for Fe and
Mn, respectively (Table 7). The highest Fe value
(25.2 mg kg) for soil affected with BA applica-
tion was found in the range of high and the low-
est (4.4 mg/kg?) in the range of medium. For Mn,
the lowest value (43.8 mg kg?) was in the range
of high, and the highest (75.2 mg/kg?) in the
range of very high. Both the lowest (0.54 mg/kg?)
and the highest (1.20 mg/kg) content of Cu were
found in the range of low Cu categories. The Zn
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content of the soil increased progressively with
increasing rates of BA applications. The lowest
value (7.8 mg/kg?) was recorded at control treat-
ment and the highest (18.5 mg/kg?) - at 100 t/
ha of BA applications (Table 7). The lowest and
the highest values of Zn were found in the range
of high and very high, respectively (Table 7). In
general, BA application reduced Fe and Mn con-
tent of the soil. E. Ferreira et al. (2012) also re-
ported that BA application reduced the soil mi-
cronutrients. The reason may be due to increase
in soil pH as BA rate application increase. As
soil pH increase the availability (solubility) of
micronutrients decrease. However, Cu avail-
ability increase at optimum (neutral) soil pH.

Comparison of soil chemical properties that
affected with FC and BA application. The analyt-
ical results of FC and BA indicated that the nu-
trients continent of FC was somewhat higher
than that of BA. The analysis was also conduct-
ed on soil affected with FC and BA application

to observe the nutrients contribution of FC
and BA for the soil. As observed from (Fig. 2)
above, BA applications more affected soil pH
compared with the soil affected with FC ap-
plications. On the other hand, FC applications
more affected soil OM (%), and N (%) compared
with BA rates application. The responses were
directly related with properties of treatment
materials with BA was high in pH when com-
pared with FC, and FC was high in OM and N
content. The reason for high OM and N content
in FC may be due to its existence in natural
status (without losing OM and N). However, BA
was an organic material that subjected to fire
(ashing) for the purpose of steam generation.
In general, ashing could affects OM, N, and S
content of organic substances. FC applica-
tions also dominated over BA applications in
improving soil phosphorus (P) content (Fig. 3).
The reason was that FC was rich in P content
compared with BA.

8 FC-pH
26 - B BA-pH
& FC-OM (%)
24
= W BA-OM(%)
§ 2 I FC-N (%)
Z M BA-N (%)
0
0 20 40 60 80 100
FC and BA (kg ha®)

Figure 2. Graph of soil chemical parameters as affected with FC and BA application

Note: FC-pH - FC-affected soil pH
Source: developed by the author

% 250 |

£ 200 |

E 150 | FC-Ava P (mg/kg)
g 100 | B BA-Ava.P (mg/kg)
a i

N S L

0 20 40 60 80 100
FC and BA rates (kg ha™)

Figure 3. Graph of soil P as affected with FC and BA application

Source: developed by the author
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The Figure 4 showed that FC application
rates progressively increased the Ca content of
the soil by dominating over soil Ca content that
affected by BA rate applications. The soil re-
sponse was correct that FC was high in Ca con-

w
o
]

N
o
]

-
o
]

tent compared to BA. However, BA improved soil
Mg content more than FC even if FC was high in
Mg content (Fig. 4). The lower contribution of Mg
in FC compared to BA may be conditioned by nu-
trient imbalance, as FC had an excess of Ca.

FC-Ca (cmol(+)/kg
M BA-Ca Cmol (+)/kg
FC-Mg Cmol (+)/kg

M BA-Mg Cmol(+)/kg

Al

o
!

Soil basic cations (Cmol (+)/kg)

0 20 40 60

80 100

FC and BA rates (kg hal)

Figure 4. Soil basic cations as affected with FC and BA rates application

Source: developed by the author

The FC application dominated over BA ap-
plication in improving soil cations exchange-
able capacity (CEC) (Fig. 5). The reason was
that FC was rich in CEC source substances
(OM and CaCO,). However, both treatment

40

CEC (Cmol(+)/kg)

materials (FC and BA) increased the soil CEC
progressively. In general, FC and BA applica-
tions were found to affect the soil nutrients
content according to the quantity of the nutri-
ents they contained.

FC-CEC (Cmol(+)/kg
mBA-CEC(Cmol(+)/kg)

0 20 40 60

FC and BA (kg ha)

80 100

Figure 5. Soil CEC as affected by FC and BA application rates

Source: developed by the author

Correlation analysis. The correlation anal-
ysis was conducted among the nutrients and
rates of FC and BA, and among different nutri-
ents values obtained from soil affected with FC
and BA application. The correlation analysis
showed that all nutrients positively and high-
ly significantly (P<0.0001) correlated with FC
application rates. The OM, Ava.P, Ca, and MG

%)

positively correlated with pH with correlation
coefficient (r)=0.86, 0.76, 0.80, and 0.88, respec-
tively (Table 8). OM correlated with Ava.P, Ca, and
Mg with r=0.69, 0.76, and 0.77, respectively. In the
same way, Ava.P of the soil positively and highly
significantly correlated with Ca and Mg with cor-
relation coefficient r=0.98 and 0.96 for FC appli-
cation. Mg correlated with Ca with r=0.96.
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Table 8. Correlation of soil nutrients as affected with FC application

Var. Rates pH OM(%) Ava.P Ca Mg
Rates 1
pH 0.81"" 1
OM(%) 0.74"" 0.86™" 1
Ava.P 0.98"" 0.76™" 0.69"""" 1
Ca 0.98™"" 0.80""" 0.76""" 0.98""" 1
Mg 0.98"" 0.88"" 0.77"" 0.96""" 0.96""" 1
Source: developed by the author
Table 9. Correlation of soil nutrients as affected with BA application
Var. Rates pH %0M Ava.P Ca Mg
Rates 1
pH 0.95"" 1
OM (%) 0.99" 0.96™" 1
Ava.P 0.99"" 0.95™" 0.99""" 1
Ca 0.94 0.96™"" 0.93"" 0.90""" 1
Mg 0.98"" 0.95™" 0.90""" 0.98""" 0.97"" 1

Source: developed by the author

The same as FC, the nutrients positive-
ly and significantly correlated (P<0.0001) with
the rates of BA application. OM, Ava.P, Ca, and
Mg highly significantly correlated with pH of
the soil obtained from the soil affected with
BA application and the correlation coefficients
(r) were =0.96, 0.95, 0.96, and 0.95, respectively
(Table 9). This indicates that BA application in-
creased soil pH and the availability of P, Ca, and
Mg. Available P (Ava.P), Ca, and Mg were corre-
lated with OM with r=0.99, 0.93, and 0.90, re-
spectively. The Ava.P content of the soil affected
with BA positively correlated with Ca and Mg
with correlation coefficient (r) =0.98 and 0.96,
respectively. Magnesium (Mg) positively corre-
lated with calcium (Ca) with r=0.97.

CONCLUSIONS

Soil acidity is becoming a critical problem in
Ethiopian high rainfall areas. To solve this prob-
lem, researchers and farmers practice liming
even on a large scale. However, the cost of lime
is rising, and farmers are unable to afford the
cost. Hence, organic amendments were con-
sidered as an option to manage soil acidity.
The application of organic fertilisers increas-
es soil pH, available P, available Ca, organic

matter, CEC, and total N. Organic amend-
ments improve soil phosphorus availability
by forming Al-complex (Al(OH) ,) with organic
anions. The complex of Al with organic anions
improves soil P availability by making P freely
available in the soil. Hence, to amend chemi-
cal properties of acidic Nitisol, FC and BA were
considered as organic amendment materials.
FC and BA had pH of 8.2 and 10.2, respectively
and they affected the pH of the soil according-
ly. Both sugar industry by-products are also
rich in basic cations, CEC, and base saturation.
FC was richer in Ca, OM, P, and N content com-
pared to BA. The results showed that the pH of
acidic Nitisol was improved with FC and BA ap-
plication. Both, FC and BA application improved
the soil fertility parameters (OM, N, Ava.P, CEC),
basic cations (K, Ca, Mg), base saturation, mi-
cronutrients, and decreased soil exchangeable
acidity (Al*+H*). FC has increased soil OM, N,
and Ca content of the soil when compared to
BA application. The reason is that FC is more
organic in nature when compared to BA. The
reason is that, bagasse ash is a by-product ob-
tained after bagasse subjected to the boilers of
sugar factory for steam for steam/energy gen-
eration. Therefore, its OM, N, and S content are

Plant and Soil Science (15)1 @
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negatively affected during combustion. As a re-
sult, BA relatively less affected soil OM, N, and
S compared to FC application. Nevertheless, BA
has well affected acidic Nitisol when compared
to the control. BA application also increased
soil pH and Mg content over FC application. The
reason is that BA was comparatively high in pH
compared to FC. In general, the results showed
that FC and BA application are promising in
amending soil acidity. However, a far-reaching
field experiment is required to make a better
recommendation.
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Aceda loHpa

bakanasp npuKkaagHOI XimiT, MaricTp rpyHTO3HaBCTBa
LleHTp cinbcbKorocnoaapcbkmx agocniaxeHs Jebpe-3enTt
EdbioncbKuit iIHCTUTYT CiNbCbKOroCNoAapCbKMX A0CAIAKEHD
P.O. Box 2003, m. Ananc-Abeba, Edionis
https://orcid.org/0000-0003-0707-7257

BnauB 3acTocyBaHHA PiNbTpauiiHOro Keky
Ta 30/1M YKOMY Ha OKpeMi XiMiuHi BNacTUBOCTI
KMCIOro HiTisony

AHoOTaUifa. 3poCTaHHs BapTOCTI BallHA, SIKE TPAIULIMHO BUKOPUCTOBYETHCS IS 60poTBOU 3
KUCJIOTHICTIO I'PYHTY Ta Il HeTaTUBHUM BIUIMBOM Ha POJIOUiCTh IPYHTY, CIIOHYKAJIO IO BUBUEHHS
OpraHiYHUX ITO6IYHUX IIPOAYKTIB AK 6iMIbII JOCTYIIHOI aJIbTEPHATHUBY 111 3MEHIIeHHS KUCITOTHOCTI
IPYHTY, 0CO67IMBO AJ1 depMepiB 3 HU3BKUMU HOX0JaMU. ToMy METOI0 LIbOTO JOCIiIKeHHA 6yI10
BUBYMTY BIUIUB 3aCTOCYBaHHs dinerpauiriHoro keky (®K) ta 3omu sxkomy (33K) Ha KUCIOTHICTD
IPYHTY B TEIUIMYHUX yMOBaX. ERCIIEpUMEHT OyB 3aKJIafleHu y IOBHICTIO paHAOMi30BaHOMY
Iocuiai 3 4oTupMa moBTopeHHaMu. OKpeMo fociimrysanu ®K ta 33K 3 urictbMa pisasamu (0, 20, 40,
60, 80 Ta 100) T/ra’’. Kucnuit rpyHT 6yB Bimi6panwuit 3 IMaubipcbkoro paioHy 3 mubuau 0-20 cM,
BUCYIIIEHWH Ha TOBITPi, TOApi6HEeHUH i ITPOITYIIEeHUH Yepe3 CUTO 3 PO3MipOM OTBOPIB 4 MM. Y KOSKEH
TOpIIMK 6yJI0 BHECEHO IT0 4 KT IPYHTY 3 BiAMOBIZHUM 06pO6III0OBAIBHUM MaTepiajioM ITicjIg TOTo,
K BOHU 6yJIu 06pe roMoreHi30BaHi. JlabopaTopHUI aHaJi3 II0Ka3as, o MOYaTKOBUM pH IPyHTY
CTaHOBUB 5,1, ToZi IK GiNBTpaLiliHUM 0caf, Ta 30J1a 3KOMY MaJjiu 3HaueHHs pH 8,0 Ta 10,2, BiAmmoBigHO.
3actocyBanHa ©K migsumuno pH rpyHTy 3 51 70 73, a TaKOXX IOKpPAIIWIO BMICT OpraHigyHOI
pedoBHHY, a30Ty, docdopy, CipKy, Kasiio, KaJbllifo, MarHilo Ta €MHICTh KaTiOHHOTO O6MiHY.
AnasoriuHo, 3actocyBanssa 3XK migBummio pH 3 5,1 10 74 i 36i1bI11110 BMIiCT OpraHigyHoi pe40BUHY,
asoty, docdopy, cipku, Kajito, Kabllilo, MarHilo Ta EMHICTh KaTiOHHOTO 06MiHy. MaKCUMaIbHUN
edekrT aK mug ®K, Tak i myia 3XK crocrepiragcs npy HaWBUIIK HOpMi BHeceHHd (100 1/ra’), Tomi
AK BMICT 3ai3a i MapraHiiio 36inbiuyBaBcs npu BHeceHHi 3K, ajie 3MeHUIyBaBCcs 3i 36iIbLUIEHHAM
HOpPMH, a BMICT MiJii i IMHKY MTO3UTHMBHO BIUINBAaB fK IIpU 3acTocyBaHHI @K, Tak i 3K. 3aranom,
3acTtocyBaHHA gK @K, Tak i 33K 3HAYHO IMOKpallIo pH IPyHTY Ta BMICT IOKUBHUX DEYOBHH.
Pe3yybTaTél IIBOTO JOCTIIPKEHHSI MOXXYTh 3a6€3[1eYUTU IPAaKTUYHI Ta eKOHOMIUHO epeKTHUBHI
pillleHHs AJi MOKpaLleHHS POAIOYOCTi I'PYHTY Ta BUPOOHUIITBA CiTBCBKOTOCIIOAAPCHKUX KYJIETYD

KniouoBi cnoBa: IMaubip; BUIyroByBaHHS; OiKcallis; OCHOBHI KaTiOHY; KUCJIOTOYTBOPIOHOUi
KaTioHU; 06MiHHA KUCJIOTHICTh
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Assessment of the development
of Lactuca sativa Batavia Aficion
in hydroponic and aquaponic systems

Abstract. The need to improve the methods of growing plants in hydroponic systems to ensure
optimal conditions for their growth and achieve high yields is urgent. The purpose of this study
was to compare the hydroponic production of Lactuca sativa Batavia Aficion using a conventional
Knop nutrient solution compared to aquaponics using nutrient-rich fish water. Laboratory,
potentiometric, and photometric methods were used for this purpose. The yield, biometric, and
qualitative indicators of lettuce leaves were investigated. Despite the lower nutrient concentration
in the aquaponic solution, the nutritional status of Lactuca sativa Batavia Aficion was within the
optimal range. The nitrate content of lettuce grown in the aquaponics system was higher than in
hydroponics, but there were no significant differences in the content of total N (3.24% and 2.97%),
Mg (1,973 mg/kg and 1,943 mg/kg), Fe (93.91 mg/kg and 93.83 mg/kg), K (73.7 mg/kg and 73.6 mg/kg),
and Ca (19.5 mg/kg and 20.1 mg/kg). The yield of Lactuca sativa Batavia Aficion on aquaponics was
2.8 kg/m? and 3.2 kg m? - on hydroponics, with a density of 36 plants per square metre. Water
monitoring in the aquaponic system showed low concentrations of nitrates, phosphorus (P),
potassium (K), and magnesium (Mg), but the proportion of mineral nutrients and pH were stable
throughout the lettuce growing period. Lettuce leaves in the aquaponics system reached a fresh
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weight of 80 g in 34 days, which is on average 13% less than lettuce leaves in the hydroponics
system. The EC (electrical conductivity) values recorded in this study in a hydroponic system were
between 1.2 and 1.5 cm/m. In the aquaponic system, EC has higher values due to the low rate of
water replacement, contributing to greater growth and accumulation of solution ions. However,
due to continuous recirculation in the water, the conditions become satisfactory for growing plants.
The results obtained can contribute to the creation of more efficient and sustainable agricultural
systems, reducing resource consumption and improving the resistance of cultivated crops to

various stressful conditions

Keywords: electrical conductivity; yield; lettuce; nutrition; macro- and microelements

INTRODUCTION

Climate change on planet Earth, the devastation
of fertile land in Ukraine caused by insufficient
rainfall, and the use of pesticides, herbicides,
and insecticides make it difficult to grow crops
for food. Population growth and urban expan-
sion create demand for products with less water
and energy use. In urban areas, where there is a
lack of available soil due to development, soil-
free farming systems should be introduced.

During the period of military operations,
most of the land is not suitable for agricultur-
al use, which increases the demand for alter-
native types of crop cultivation. According to
J. Lobo (2019), hydroponic cultivation improves
crop growing technologies through minimal
environmental impact, improved pest control,
and high yields. As for aquaponics, compared to
traditional agriculture, it produces 8 times more
protein and vegetable crops. In addition, anoth-
er advantage is the independence of production
from environmental conditions, the possibility
of an automated, controlled regime of growing
conditions for almost any type of hydrobionts
and agricultural plants (Singh, 2019).

One of the industries that produces food the
fastestinthe world is aquaculture. Between 2010
and 2018, global aquaculture production in-
creased by 5.3% annually. Production increased
from 577 million tonnes in 2010 to 82.1 million
tonnes in 2018. It is expected that 186 million
tonnes of fish will be consumed worldwide in
2030, and aquaculture will provide up to 50.2%
of this demand (Summary report..., 2018).

The prospects of using both technologies
in Ukraine and the positive environmental
and economic conditions were discussed by
Y.-T. Chu et al. (2023). They noted that there are

)

various methods of hydroponics, such as drip
irrigation techniques, film systems and root
immersion systems, which help to precisely
control the nutrition of plants and create opti-
mal conditions for their growth. Hydroponics
can be classified according to the typology of
systems, such as soil-free irrigation, aeropon-
ics or aquaponics, opening up wide opportu-
nities for improving agricultural products and
creating sustainable and efficient plant cultiva-
tion systems.

Aquaponics, according to S.O. Lavrenko et
al. (2019), helps to reduce the use of chemical
fertilisers and water treatment chemicals, mak-
ing this system environmentally friendly. It con-
tributes to the conservation of water resources,
as the water in the system circulates and is pro-
cessed, providing optimal conditions for plant
growth and fish health. In addition, aquaponics
can be implemented even in limited spatial con-
ditions, making it an excellent option for urban
farming and sustainable development. This
reasonable combination of fish and crop pro-
duction contributes to the development of a bal-
anced ecosystem approach to food production,
where the interaction between components
contributes to high productivity and reduces the
negative impact on the environment.

Aquaponic nutrient solutions are not as
easy to maintain as hydroponic solutions. Aqua-
ponics is influenced by many factors, such as
fish feeding rate, hydraulic loading rate, and pH.
The study by B. Matysiak et al. (2023) showed that
despite the low mineral content of aquaponic
solution, the mineral content of medium-type
lettuce leaves was within the optimal range.
Z.M. Nadia et al. (2023) found that tilapia fish is

Plant and Soil Science (15)1
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commonly used in aquaponics to study yield.

T. Yang § HJ. Kim (2019) investigated the
effect of hydraulic load velocity on spatial and
temporal characteristics of water quality and
crop growth and yield in aquaponics systems,
which is an urgent problem in modern agro-
ecology. The results have helped to improve
plant cultivation technologies and aquatic bi-
oresources, contributing to the efficient use
of resources and environmental conservation.
Understanding this impact helped to optimise
the management processes of aquaponic sys-
tems to achieve more sustainable and efficient
agricultural products. S. Wongkiew et al. (2017)
proved that the use of aquaponic systems for
sustainable resource recovery is a hot topic in
modern science. Combining nitrogen transfor-
mation processes with microbial communities
in such systems opens up opportunities for a
deeper understanding of ecosystem processes
and optimising their functioning. This ensures
sustainable food cultivation and efficient use
of resources, and reduces the negative impact
on the environment. These technologies have
potential and will play a significant role in food
production in the future.

The goal was to compare the cultivation of
Lactuca sativa Batavia Aficion on hydropon-
ic and aquaponic systems. To achieve this goal,
it was necessary to conduct an experiment to
determine the possibility of obtaining a proper
harvest and high quality of lettuce leaves.

MATERIALS AND METHODS

The study was conducted in June-July 2023 in
the educational and scientific laboratory of cy-
clic aquatic agroecosystems of the National
University of Water and Environmental Engi-
neering. One variety of lettuce was used - Bat-
avia Aficion. Lettuce seedlings were grown in a
coconut substrate for two weeks and placed on
aquaponics and hydroponics on June 2, 2023, on
specially designed floating expanded polysty-
rene boards (0.9 mx0.6 m) with holes (12 pcs. on
a raft with a planting density of 36 seedlings per
square metre. To meet the nutrient concentra-
tion targets, high-purity mineral salts were add-
ed to the hydroponics system according to the
Knop recipe (Kotsyuba, 2006), which contained
N - 200 mg/l, P - 62 mg/], K - 150 mg/], Ca -
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210 mg/1, Mg - 50 mg/l, S - 70 mg/l, Fe - 2.5 mg/l,
Mn - 0.62 mg/l, Mo - 003 mg/l, Zn - 0.09 mg/l,
Cu-0.5mg/l, B - 044 mg/l, which was filled with
settled water with a volume of 350 litres. The wa-
terused in both systems had the following levels:
pH - 6.3; EC (electrical conductivity) ranged from
1.2 to 1.5 mmS/cm, remaining within the limits
necessary for good salad development; hard-
ness - 6.5 mmol/dm?; nitrites - 018 mg/dm3;
sulphates - 11.6 mg/dm?3; chlorides - 7 mg/dm?,
phosphates - 1.04 mg/dm?; nitrates - 9 mg/dm?.
HCI and Na,CO, were added to regulate the pH.
The temperature was at 25°C, the humidity was
75%, and the photoperiod was 17 hours. Dis-
solved oxygen was maintained at more than 6
mg/l to support nitrification and fish growth in
the aquaponic system (Tyson et al., 2004). Clari-
as gariepinus (African sharptooth catfish) was
used in aquaculture because of its high pro-
ductivity indicators, fastidiousness to the con-
ditions of maintenance and easy adaptation to
their changes, good consumption of any feed,
and resistance to various diseases (Ola-Oladi-
meji et al., 2016). With an average planting den-
sity of 90.6 kg/m? with a total volume for growing
of 51 m3, this resulted in a total fish biomass of
4621 kg. Nitrates in fresh plant material were
determined by the potentiometric method. The
content of other components was determined
from dried plant raw materials. The content of P,
K, Ca, Mg, Fe, Mn, Cu, Zn, and B was determined
photometrically. The nitrogen content was ana-
lysed using the Kjeldahl method (Latimer, 2012).

The macronutrient content in water was
analysed using Lasa Agro 1900 spectrophotom-
eter (Germany). The following methods were
also used to study water quality: measuring the
concentration of nitrate ions by photocolouri-
metric method (Measurement Methodology
No. 081/12-0651-09, 2010), measurement of the
mass concentration of ammonium ions by pho-
tocolourimetric method with Nesler reagent
(Measurement Methodology No. 081/12-0106-
03, 2010), measurement of the mass concentra-
tion of chlorides by titrimetric (Measurement
Methodology No. 081/12-0653-09, 2010), and
measurement of the mass concentration of
calcium and magnesium by titrimetric method
(Measurement Methodology No. 081/12-0644-
09, 2010). During the first experimental week,
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only half the amount of salts was added to limit
EC and allow the seedlings to adapt to the nutri-
ent solution and avoid osmotic shock. Hydrogen
pH and ppm mineralisation, electrical conduc-
tivity, and temperature were monitored regu-
larly (every 4 days).

When harvesting lettuce from the systems,
the weight of shoots and roots was analysed us-
ing one-way variance analysis (Anova). The plant
growth index NDVI (normalised differential veg-
etation index) was also calculated. Lactuca sati-
va Batavia Aficion was collected when it reached
commercial maturity, i.e., 34 days after trans-
planting, after which the air-dry and absolutely
dryweight of the plant, the number of leaves, the
height and width of the plant, the volume of the
root system, and the biomass of the plant were
determined. During the study, the Convention
on Biological Diversity (1992) and Convention on
the Trade in Endangered Species of Wild Fauna
and Flora (1973) standards were observed.

RESULTS AND DISCUSSION

The assessment of development in hydroponic
and aquaponic systems included a comprehen-
sive investigation of various aspects of these in-
novative agricultural production methods. First,
the key aspect is plant productivity, which is im-
portant to evaluate in terms of parameters such
as height, number of leaves, root system weight,
and yield. In hydroponic systems, it is important
to consider optimal nutrient levels and control
their concentration. In addition, in the case of
aquaponics, where the interaction of fish and
plants plays an important role, the influence of
fish on plant development and the quality of the
grown product should be evaluated. Water pa-
rameters such as pH, electrical conductivity, and
nutrient concentration determine the effective-
ness of these systems and their environmental
safety. In addition, the assessment of develop-
ment in hydroponic and aquaponic systems in-
volves monitoring the biological environment,
including the state of microorganisms in the
root environment of plants. Understanding the
diversity and activity of microorganisms helps
to ensure optimal conditions for biological fil-
tration and ecosystem maintenance, ensuring
the sustainability and effectiveness of these in-
novative agricultural practices.

)

In addition, it is important to evaluate the
economic performance of hydroponic and aqua-
ponic systems. Analysing inputs and outputs,
determining the costs of maintaining the sys-
tems and the profitability of growing plants and
fish, allows assessing the effectiveness of these
methods in terms of financial decision-making.
A significant part of the assessment should fo-
cus on sustainable development and environ-
mental safety. Determining the impact of these
systems on the environment, in particular water
resources and biodiversity, helps to determine
their suitability for sustainable use in practice.
This assessment should also consider techno-
logical aspects, such as automation and mon-
itoring of systems that can affect production
efficiency and reduce risks in hydroponics and
aquaponics systems. A comprehensive assess-
ment of these aspects helps not only to under-
stand the current state of hydroponic and aqua-
ponic systems, but also to develop strategies to
further improve their productivity, environmen-
tal safety, and economic sustainability.

Analysis of water in a hydroponic system
showed a good balance of mineral nutrients,
since the content of N-NH,*(at the beginning of
the experiment - 0.29 mg/dm? and at the end -
0.14 mg/dm?3), P (respectively 0.34 mg/dm? and
0.16 mg/dm?), K (3.5 mg/dm? and 31 mg/dm3),
Ca (142 mg/dm?® and 143 mg/dm?® and Mg
(276 mg/dm? and 26.8 mg/dm?3) remained at the
same level throughout the entire growing period
of Lactuca Batavia Aficion. Relative to the aqua-
ponic system, the average macronutrient con-
tent is NO, - 4 mg/l, P - 3mg/], K - 20 mg/l, Ca -
143 mg/l, Mg - 29 mg/1. Copper as a component
of enzymes is involved in photosynthesis and
the synthesis of carbohydrates and protein. The
copper content of water in the hydroponic sys-
tem was five times higher than in aquaponics.
PH affects the solubility and toxicity of chemi-
cals and heavy metals, and the ability of plants
to absorb them, so it is necessary to adjust and
control the ideal pH range.

At the beginning of the experiment, there
was a normal pH, but there was a slight decrease
(6.1) due to the addition of new water with a low
pH. Then it rose again until it reached pH 71,
which leads to precipitation of nutrients and
other chemical compounds.
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For an aquaponic system, the pH val-
ues range from (7.0-8.0). As can be seen from
Figure 1, the pH starts at 7.0, which is normal
and ideal for this system, after a while the PH

85

increased sharply (8.2), which is associated
with the accumulation of waste and chemicals
in the water that are produced by fish and oth-
er microorganisms.
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Figure 1. pH value of aquaponic and hydroponic systems

Source: compiled by the authors

From the hydroponic system, it ranged from
(1.2-1.5 S/m). These values are in the ideal range,
especially for growing lettuce. In fact, the EC was
slightly high at the beginning (17), and to avoid
any further increase, the solution was replaced
and diluted. After about 12 days and with in-
creased plant growth, the EC values decreased

2

and remained stable. This can be explained by
the absorption of chemicals and nutrients from
the water, as plant growth has increased dra-
matically at this stage, which requires a large
amount of nutrients and ultimately leads to low
EC. In the aquaponic system, EC values ranged
from (1.2-1.8 S/m).

19

18

17

16

15 -

+— ECin hydroponics

14

ECinaquaponics

13

12

11

Figure 2. Electrical conductivity (S/m) in hydroponic and aquaponic systems

Source: compiled by the authors
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The studied morphological characteristics
of lettuce showed that the yield of leafy lettuce
grown on hydroponics is better than on aqua-
ponics. Lactuca sativa Batavia Aficion reached
fresh weights of 93 g and 80 g in hydroponics
and aquaponics and developed 20 and 17 leaves,
respectively. The height of the largest (leaflength
was taken into account together with the length
of the root system) plant in hydroponics was
60 cm, aquaponics - 48 cm. The maximum vol-
ume of the lettuce root system in hydroponics
was 55 ml, in aquaponics - 45 ml. The results of
air-dry plant biomass with a maximum weight
of 55 g in hydroponics and 44 g in aquaponics
were also obtained, including absolutely dry
plant biomass with a maximum weight (samples
were dried in a drying oven at 65°C for 4 hours
for two days) in hydroponics - 54 g, in aquapon-
ics — 42 g. Based on the calculation of the plant
growth index, the average daily growth rate was
established (the difference between measuring
the plant size at the end of the experiment and
at the beginning, divided by the number of days
between measurements), in hydroponics lettuce
grew — 2.2 cm, aquaponics - 1.9 cm daily.

The accumulation of nutrients by plants did
not differ significantly between the systems.
By nitrate content (2,742 mg/kg - hydropon-
ics, 2,263 mg/kg - aquaponics), total N (3.24%
and 2.97%), Fe (93.91 mg/kg and 93.83 mg/kg), K
(737 mg/kg and 73.6 mg/kg), and Ca (19.5 mg/kg
and 20.1 mg/kg) content. Magnesium is part of
chlorophyll, the main pigment of green plants
that provides photosynthesis, a process that is
key to life on Earth. Magnesium is the leading
atom in the structure of chlorophyll and plays
a critical role in converting solar energy into
chemical energy necessary for plant growth
and development. In addition, magnesium is
one of the most important mineral elements
for many biochemical processes in living or-
ganisms, including the activation of enzymes
and the regulation of cell function. Regarding
its content, higher values were recorded in the
hydroponic system - 1,973 mg/kg, compared to
the aquaponic system - 1,943 mg/kg. The sul-
phur content in the leaves was almost twice as
high in the aquaponic system (18.3 mg/kg) as
in the hydroponic system (8.6 mg/kg). This is
due to the fact that sulphur deficiency is rarely

D

observed in aquaponic systems, and it is mainly
present as a soluble sulphate anion (S0,%). Sul-
phate is absorbed directly by the plant and plays
an important role in the synthesis of numerous
amino acids, proteins, and oils.

To ensure optimal access of lettuce roots to
nutrients in the hydroponic system, it is recom-
mended to keep the pH range in the range of 6.0-
6.5, since even a slight increase in the pH level
to 70 can lead to a decrease in the fresh and dry
weight of plants. In aquatic aquaculture systems,
theideal pHisin the range 0of 70-8.0, and for nitri-
fying bacteria, the optimal pH is about 7.5 for effi-
cient conversion of ammonia to nitrates (Suhl et
al., 2016). In aquaponics, the key step is nitrifica-
tion, which converts toxic ammonia (NH,) to ni-
trates (NO,") for absorption by plants. When the
pH level increases above 7.0, most phosphorus
forms insoluble compounds, and from 30% to
65% of this element remains in fish sediments,
which cannot be used by plants. In addition, if the
pH values are higher than 6.5, plants will face a
complicated process of absorbing trace elements
such asiron, copper, zinc, boron, and manganese.

According to T. Asao (2012), the use of hydro-
ponics as a standard methodology for research
in plant biology is widespread. Hydroponics in-
volves growing plants without soil, providing the
necessary nutrients directly through the solu-
tion. This controlled and soil-free environment
allows researchers to precisely regulate various
factors, which contributes to the standardisa-
tion of methodologies in plant biology research.

TS. Anderson et al (2017) studied the
growth response and elemental composition
of Batavia lettuce fibres (Lactuca sativa, Flan-
dria variety) under hydroponic conditions, in
particular, by investigating changes in pH and
alkalinity levels. By experimenting with dif-
ferent pH and alkalinity levels in a hydroponic
environment, the researchers aim to under-
stand how these environmental factors affect
the overall growth and elemental composition
of plant tissues. The experiment examines the
effect of different levels of acidity (pH) and al-
kalinity on parameters such as plant height, leaf
development, and the concentration of essential
elements in lettuce fibres. This analysis is im-
portant for optimising hydroponic cultivation
practices, as it provides conclusions about ideal
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conditions for maximising the growth and nu-
tritional quality of Batavia lettuce.

The aquaponics system is considered to be
one of the most productive in agricultural pro-
duction, but its efficiency and yields are still in-
sufficiently studied compared to hydroponics,
which is one of its alternatives. Researchers, in-
cluding B. Delaide et al. (2016), conducted a com-
parative study that analysed the yield of shoots
and roots, and the nutrient content of lettuce
grown in conventional hydroponic solutions and
under aquaponic conditions. They concluded
that aquaponics systems can outperform hydro-
ponics in terms of growth and productivity. This
study compared aquaponics with hydroponics
to test this, because a number of studies have
shown that a nutrient solution in hydrocultural
media is better and more successful in growing
lettuce and plants are mostly stress-free be-
cause water and nutrients are always available.

This study found that the water in the aqua-
ponics system was deficient in nitrogen, phos-
phorus, and potassium, but at the same time
had adequate levels of calcium and magnesium,
which came from tap water used to fill aquari-
ums. According to A. Graber & R. Junge (2009),
aquaponics solution contains three times less
nitrogen, 10 times less phosphorus, and 45
times less potassium compared to hydropon-
ics solution. G. Rafiee § CR. Saad (2005) and
Z. Schmautz et al. (2015) confirm that the main
source of phosphorus in aquaponics is fish feed,
although only 15% of the phosphorus from the
feed is consumed by fish, and plants can absorb
phosphorus from aquaculture.

J.E. Rakocy (2012) and H.R. Roost (2014) ar-
gue that fish feeds also contain certain trace
elements, but the amount of potassium (K),
iron (Fe), magnesium (Mg), manganese (Mn),
and copper (Cu) in them is limited. Despite this,
it was possible to achieve a satisfactory yield of
lettuce - 2.8 kg/m? in the aquaponics system
and 3.2 kg/m? in the hydroponic system, with
a density of 36 plants per square metre. This
demonstrates the effectiveness of both systems
in growing plants and highlights the potential of
aquaponics to provide a sustainable crop with a
limited content of certain nutrients in the water.

E. Pantanella et al. (2012), E. Alcarraz et
al. (2018) previously reported higher yields in
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aquaponics compared to hydroponics, even at
lower concentrations of mineral nutrients. How-
ever, the current study found that the growth and
yield of lettuce grown in aquaponics was lower
than in hydroponics. Factors that can affect the
yield of aquaponic lettuce include the level of
electrical conductivity (EC), pH, concentration
and ratio of nutrients in the water for fish, wa-
ter quality, water temperature, and the com-
position of the nutritious diet for fish. T. Yang &
H.J. Kim (2020) investigated the effect of differ-
ent levels of hydraulic loading on the spatial and
temporal characteristics of water quality, and
on plant growth and yield in aquaponics sys-
tems. By changing the hydraulic load, research-
ers aim to study its effect on the distribution of
water quality parameters in the system in space
and time. In addition, the paper examines how
these changes affect the overall growth and pro-
ductivity of plants in aquaponics. E.A. van Os et
al. (2002) described that the method of hydro-
ponic cultivation of vegetables and ornamental
plants can effectively control the growth envi-
ronment of plants, providing them with the nec-
essary nutrients in optimal concentrations.

WA. Lennard & B.V. Leonard (2004) com-
pared two methods of fluid circulation mutual
movement and constant flow in an integrated
aquaponics system with a gravel bed. These two
methods were evaluated for their effectiveness
and impact on the growth and health of plants
and fish. As aresult of the study, it was found that
the system with mutual fluid movement showed
better indicators of plant growth and fish devel-
opment compared to the constant flow system.
The analysis showed that the mutual movement
of fluid contributes to better circulation of nutri-
ents and oxygen, which contributes to an overall
increase in system performance. These results
highlight the importance of optimising fluid cir-
culation to improve the efficiency of aquaponic
gravel bed systems.

S. Wongkiew et al. (2017; 2018) focused on
aquaponic systems as a means of sustainable
resource recovery, in particular, investigating
the relationship between nitrogen transforma-
tions and microbial communities to uncover the
complex relationships between nitrogen trans-
formations, which are key to nutrient cycling in
aquaponic ecosystems, and diverse microbial
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communities. Nitrogen plays an important role
in aquaponics, being converted from fish waste
(ammonium) to forms that can be absorbed by
plants (nitrate), which contributes to the overall
stability and efficiency of the system.

Leafy vegetables such as lettuce contain
significant amounts of natural nitrates, which
can pose a risk to human health. The study by
M. lammarino et al. (2014) includes systematic
monitoring of nitrite and nitrate levels in leafy
vegetables, particularly spinach and lettuce, to
contribute to the risk assessment associated
with their consumption. Nitrites and nitrates are
essential components for plant nutrition, but
their accumulation in the edible parts of vege-
tables can pose a potential health risk to con-
sumers. By regularly evaluating and quantifying
the levels of nitrites and nitrates in spinach and
lettuce, researchers aim to understand changes
overtime and identify possible factors that affect
their concentrations. This monitoring process is
important for assessing the safety of consuming
these leafy greens, as increased levels of nitrites
and nitrates are associated with negative health
effects, especially in certain cancers.

Comparing both systems, this study showed
that aquaponics produces lower yields. In the
future, special attention should be paid to the
microbiota present in both water and the rhiz-
osphere; it can be assumed that they contain ef-
fective rhizobacteria and/or fungi that promote
growth and supplement the aquaponic solution
with minerals for greater yield. In addition, it
can be concluded that the effectiveness of aqua-
ponics without additional minerals depends on
plant genotype.

CONCLUSIONS

Under optimal conditions in the laboratory, in-
cluding light and temperature, a satisfactory
yield and quality of Lactuca sativa Batavia Afi-
cion was obtained in the aquaponics system
with a deep culture module after 34 days of
aquaponics cultivation - 2.8 kg/m? and in hydro-
ponics - 3.2 kg/m? Production of Lactuca sativa
Batavia Aficion using a hydroponic system with
a nutrient solution according to Knop's recipe
yielded a 40% higher yield. This is conditioned
by free access to nutrients and easy root growth
in a hydroponic solution. The development of

)

Lactuca sativa Batavia Aficion in the aquaponic
system requires a slightly longer period due to
the fact that it mainly depends on the amount,
quality, and rate of transformation of fish waste
by the microbiome, which are organic materials
and usually take time to decompose by micro-
organisms. The aquaponic solution had a low
mineral content,but despite this, the mineral
content of lettuce leaves was within the opti-
mal range (the nitrate content of lettuce grown
in the aquaponic system was higher than in hy-
droponics, but there was no significant differ-
ence in the content of total N (3.24% and 2.97%),
Mg (1,973 mg/kg and 1,943 mg/kg) and Fe
(93.91mg/kg and 93.83 mg/kg), K (73.7 mg/kg and
73.6 mg/kg) and Ca (19.5 mg/kg and 20.1 mg/kg),
and the nutritional value was similar to lettuce,
which was traditionally grown in a greenhouse).

Further study may include expanding the
research area to other plant varieties or spe-
cies to determine whether the approaches and
results obtained remain effective across crops.
It is also worth investigating the effect of oth-
er nutrient solutions or aquaponic systems on
the cultivation of Lactuca sativa Batavia Aficion
and studying the optimal conditions for better
growth and yield. In addition, a detailed anal-
ysis of the interaction between plants and fish
in the aquaponic system can be performed to
improve relationships and optimise processes.
Such further research will help to expand the
understanding of the optimal conditions for hy-
droponic and aquaponic cultivation of Lactuca
sativa Batavia Aficion and may be important for
practical applications in agriculture.
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OuiHka po3BUTKY Lactuca sativa Batavia Aficion
B riApONOHHIN Ta aKBaNoOHHiN cucteMax

AHoTauig. IToTpeba yAOCKOHAJIEHHS METOAIB BUPOIIYBaHHS POCIUH V TiIPOIIOHHUX CHCTeMax
3abe3MeyeHHs ONTHMAJIBHUX YMOB JJI IXHBOTO DOCTy Ta [NOCATHEHHS BHCOKUX BpOXKAiB €
aKTyaJIbHOI0. MeTa I1bOT0 LOCITiIKEeHHS I10JIAraa B TOMY, 1[06 TOPiBHATH [ IPOIIOHHE BUPOGHUIITBO
Lactuca sativa Batavia Aficion 3 BHRKOpHCTAaHHAM 3BUYANHOIO IOKWBHOTO po3umHy KHoma B
ITOpiBHAHHI 3 AKBAIIOHIKOI0 3 BUKOPUCTAHHAM 6araroi MOXXUBHUMU PEUOBMHAMU PUOGHOI BOAMU.
[71a 1poro 6yIM BUKOPUCTAHI JJab0paTOPHUM, IOTEHI[IOMETPUYHNN Ta GOTOMETPUYHUN METOMMU.
JocmimkeHo BpoKarHiCTh, 6ioMeTpUYHi Ta IKiCHi TOKa3HUKU JINCTSA cajaTy. He3Baskalouu Ha HKYY
KOHIIEHTpallifo [TO)XKMBHUX PEYOBUH B aKBAIIOHIYHOMY PO3YMHIi, TOXKUBHUM cTaTyc Lactuca sativa
Batavia Aficion 6yB y Meskax OITMMaJIbHOTO Aialta30Hy. BMIiCT HiTpaTiB B JIMCTi caaTy, BUPOIIEHOTO
y cucTeMi akBaIloHiKu 6yB BUIIKUM HiXX y TiIpOIIOHiL, ITpoTe He 6y/10 BUABJIEHO iCTOTHOI pi3HUII
3a BMicToM 3aranbHOrO N (3,24 % Ta 2,97 %), Mg (1973 Mr/kr Ta 1943 mr/kr) Ta Fe (93,91 Mr/kr Ta
93,83 Mr/kr), BmicT K (73,7 Mr/kr Ta 73,6 Mr/kr) i Ca (19,5 Mr/kr Ta 20,1 Mr/Kr). BposkaiiHicTh Lactuca
sativa Batavia Aficion cTaHoBMJIa Ha akBaroHiIi — 2,8 Kr/M?Ta 3,2 Kr/M? — Ha TiAPOIOHIL, TIpH
UTiITBHOCTI 36 POCTIMHU Ha MeTp KBaipaTHUY. MOHITOPUHT BOAU B aKBAIIOHIUHIN cHCTeMi ITOKa3aB
HU3bKY KOHLIEHTpalliio HiTpaTis, docdopy (P), kaito (K) i Maruio (Mg), ayie yacTra MiHepaIbHUX
IIOKVMBHUX PEYOBUH, & TAKOX pH Oyau CTabiIBHUMU IIPOTATOM YCBOTO Iepiofly BHUPOLIYBAaHHS
canary. JINCTA cajaTy B CUCTeMi aKBaIlOHIKY 3a 34 [Hi gocariu cBbKol Baru 80 T, 1110 B CepeJHbOMY
Ha 13% MeHIIle, HDK JIUCTA CajaTy B CUCTeMi rigponoHiku. 3HadyeHHs EIT (eJIeKTpOIpOBiAHICTS)
3apeecTpoBaHi B IIbOMY JOCTIIKEHH] y TiIPOITOHHi crcTeMi 6ymu Mixk 1,2 11,5 CM/M. B akBarioHi
cucteMi, ETI Ma€ BUII 3HAYEHHS Yepe3 HU3bKY IBUIKICTb 3aMiHU BOIU, CIIPUSIOYH O1TIBIINM PicT i
HaKOIIMYEHHA 10HiB po3unHy. OZHaK 32 paxyHOK 6e311epepBHOI peLIUPKYIALil B BOAL, YMOBH CTAIOTh
3aJ0OBIIBHUMMMU [AJIS1 BUPOLIYBaHHA POCIWH. OTpUMaHi pe3yabTaTh MOXXYTb CIIPUATHA CTBOPEHHIO
6inplr eQEeKTUBHUX Ta CTIMKUX arpOKYJIBTYPHUX CHCTEM, 3MEHINYIOYM CIIOKUBAHHS PecypciB i
TTOKPAIllyI04YH CTiMKiCTh BUPOILIYBaHUX KyJIBTYD 10 PiI3HUX CTPECOBUX YMOB

Knio4oBi cnoBa: eneKTPOIIPOBITHICTb; BPOXKAMHICTD; CajaT JIMCTOBUM; JKUBJIEHHS; MaKpo- Ta
MiKpoejleMeHTH
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Formation of productivity
of maize hybrids of different ripening groups
in the Forest-Steppe region

Abstract. The relevance of the study is determined by the necessity of scientifically substantiating
therationalratioof maize hybrids of differentripening groupstoensuretherealisation ofthe genetic
potential in forming pre-harvest grain moisture at the level of 18-22%. Therefore, the purpose
of the study is to identify the most adapted and plastic ripening groups considering biological
features and to identify stable hybrids based on economic efficiency through the calculation of
the hybrid's productivity efficiency index. The method of plot division was used to conduct field
research in accordance with the requirements of the research methodology. The results revealed
that maize hybrids of different ripening groups react differently to temperature conditions,
especially during the interphase period - 3-5 leaves. Maize hybrids with FAO (ripening group of the
hybrid) 180-250, having a flint grain subtype, are characterised by faster linear plant growth due to
higher cold resistance, making them suitable for early sowing when the soil temperature is 6-80C.
Hybrids with FAO 300 and above, with a dent grain subtype, exhibit slower initial plant growth and
are more thermophilic. Therefore, it is advisable to plant them after the soil has been thoroughly
warmed to 8-100C. Studies have established that the highest grain yield was obtained from mid-
late maturity maize hybrids (FAO 401-500) - 10.04-10.17 t/ha, with a maximum level of 14.89 t/ha
in 2017. However, considering the dynamics of productivity levels over the years, the most plastic
hybrids, i.e., those with the smallest difference in yield between years, are phenotypes with FAO
201-300. It was determined that early and mid-early ripening group hybrids had lower pre-harvest
grain moisture - 0.6-23.9% compared to 28.7-2.7% in mid-ripening and mid-late ripening groups.
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This resulted in a higher productivity efficiency index for these hybrids. The materials of the study
contain results for further research on optimising the use of maize hybrids with different FAO
numbers and are of practical significance for farms of various ownership forms

Keywords: growth and development phases; yield; mineral fertilisers; pre-harvest moisture;

organogenesis

INTRODUCTION

The stability of maize production and the op-
timisation of sequential harvesting with sub-
sequent moisture control are ensured through
the selection and optimal balance of hybrids
from different ripening groups. Research on
maize hybrids of various ripening groups in
the Forest-Steppe region is essential for opti-
mising crop cultivation and ensuring a stable
food supply in the region. The focus is on select-
ing the most productive and resilient hybrids
(Bakhmat & Kyrylyuk, 2016). Considering the
increasing costs of post-harvest grain process-
ing, it is practical to increase the proportion of
intermediate hybrids with dent kernels to 45-
50%, characterised by higher moisture content
(Ovcharuk et al.,, 2021). Obtaining existing and
developing new elements of regional maize cul-
tivation technology requires significant atten-
tion to optimizing production costs and study-
ing grain market dynamics (Maslak, 2017).

S.0. Serna-Saldivar (2019) analysed the
lengthening of the vegetation period for in-
termediate hybrids of maize in the context of
applying standard mineral fertilizer rates to
achieve programmed yields of 12-14 t/ha. This
extension results in reduced grain moisture
levels, necessitating additional production
costs and, consequently, an increase in produc-
tion costs. Long-term studies have shown that
harvesting maize with high pre-harvest grain
moisture, besides increasing production costs
for post-harvest processing by 25%, also dete-
riorates its quality indicators (Heiniger, 2018;
Shynkaruk & Lykhochvor, 2021a).

Based onthe study by R.W. Geschetal.(2021),
it can be concluded that in regions with limited
heat resources, desiccation is a suitable ag-
ritechnical measure for reducing pre-harvest
grain moisture and limiting the development
of disease agents, particularly Fusarium. Des-
iccation significantly reduces grain moisture,

Plant and Soil Science (15)1

enabling optimal harvest timing and, conse-
quently, reduces post-harvest processing costs.

By multi-year research conducted by
R. Khanam et al. (2022), it has been established
that 50% of corn productivity is determined
by adaptive properties to specific soil-climat-
ic conditions, 30% by the level of material-re-
source provision of the cultivation technology,
and 20% by weather conditions. S.M. Kalenska
§ V.A. Taran (2018) asserted that corn hybrids
from different breeders manifest differently in
specific zonal cultivation conditions since the
realisation of potential individual productivity
occurs under certain characteristics. Hence, the
correct choice of hybrid, especially considering
the maturity groups according to FAO, its resist-
ance to abiotic factors, and immunity to harm-
ful organisms, determines the features of grain
yield formation and its production cost.

According to O. Hayduk (2022), the rates of
moisture removal are crucial in regions with lim-
ited thermal resources, as of November 2022, the
cost of drying 1 tonne of corn amounted to 150
UAH. Considering unfavourable ripening weath-
er conditions, the cost of grain post-harvest pro-
cessing for a yield of 8 tons/ha and pre-harvest
moisture content of 28% was 16,800 UAH, consti-
tuting almost 75% of the expenses for the cultiva-
tion technology. Therefore, optimising the ratio of
maturity groups of corn hybrids, considering cli-
mate changes, the structure of production costs,
and post-harvest grain processing, acquires
significant scientific and practical importance.

The purpose of the study is to substantiate
the features of growth and development of corn
hybrids of different maturity groups, investigate
the influence of the size of FAO (Food and Agri-
cultural Organization) on the formation of grain
yield level and moisture content. Calculations of
the efficiency index of hybrid productivity were
planned to justify economic efficiency.

€
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MATERIALS AND METHODS
The experimental study was conducted in the
educational, scientific, and production laborato-
ry of the Department of Plant Science, a separate

unit of the “Agronomic Research Station” at the
National University of Life and Environmental
Sciences of Ukraine during the years 2017-2022
according to the developed scheme (Table 1).

Table 1. Experiment scheme

Factor A — corn hybrid maturity group by FAO Factor B — corn hybrids
degz:::i‘on 20 deg:::;'lon it
Al 180-200 B1 EAKACS31005.2(£:X§2,625§)3151( Bayer), EU Sirius (Lidea),
A2 201-300 B2 ?:Ag\%lfslj(iéi'g)é ?‘IaaP:eerr;omenon (Syngenta), Lipekks
A3 301-400 B3 E?;r?rl](gr?i?i? ((I_Biz\é(:;), Dublikks (RAGT), Gekksgon (RAGT),
A4 401-500 B4 glll(cLSeﬁt;[B(aRs;')l'), DKC5075 (Bayer), DKC4717 (Bayer),

Source: compiled by the authors

The field study was established using the
split-plot method according to the require-
ments of the research methodology. The ef-
ficiency index of hybrid productivity was
calculated following the method of YM. Pa-
shchenko et al. (2008). The soil was typical
chernozem with low humus content, loamy
in texture. The humus content in the arable
layer (according to Tyurin) was 34% (DSTU
7855:2015...). The soil was moderately provided
with easily hydrolysed nitrogen, above-average
in mobile phosphorus and exchangeable potas-
sium. The study was conducted following the
requirements of the International Convention
on Biological Diversity (1992).

The technology of growing hybrids of corn
of different maturity groups was as follows:
predecessor — winter wheat; soil cultivation -
plowing to a depth of 25-27 cm; pre-sowing
soil treatment included closing moisture and
pre-sowing cultivation to a depth of seed place-
ment (4-5 cm); fertilisation - N, P, K., particu-
larly phosphorus and potassium fertilisers were
applied under the main soil treatment; nitro-
gen fertilisers - finely, N, was applied during
pre-sowing cultivation and N, - as top dressing

=)

in the phase of 5-7 leaves; during sowing, a com-
plex mineral fertiliser was applied at the rate of
N,,P, K, per row; sowing time - the soil tem-
perature at the depth of seed placement was
8-10°C; the seed sowing rate was determined by
the maturity group, specifically for hybrids FAO
180-200, it was 80,000 seeds/ha, FAO 201-300 -
70,000seeds/ha, FAO301-400-60,000seeds/ha,
and FAO 401-500 - 55,000 seeds/ha; crop care
included applying a Titus herbicide (Corteva,
USA) at the rate of 50 g/ha) with the addition
of Trend 90 as insurance; the crops were treat-
ed with Coragen insecticide (Food Machinery
and Chemical Corporation, USA) at the rate of
120 mg/ha with a working solution volume of
250 1/ha at the beginning of high ear flowering
using a high-clearance sprayer; harvesting was
done at the stage of full grain ripeness.

RESULTS AND DISCUSSION

The entire range of corn hybrids based on FAO
values is divided into 5 maturity groups: early
maturing — FAO up to 200, intermediate-ear-
ly - FAO 201-300, intermediate — FAO 301-400,
intermediate-late — FAO 401-500, and late ma-
turing — FAO above 501 (Table 2).
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Table 2. Distribution of corn hybrids by maturity groups

Maturity group
Hybrid requirements . . intermediate- . .
early-ripe mid-early o mid-late late-ripe
Active temperature sum, °C 2200 2400 2600 2800 3000
Effective temperature sum, °C: 900-1000 1100 1150 1200 1300
n specifically, from emergence 400 450 500 550 600
to tassel emergence
n from tassel_ emergence to wax 400 450 500 550 600
ripeness
Vegetation period, days 90-105 106-115 116-120 121-130 More than 131
Number of leaves, pcs. 12-14 14-16 16-18 18-20 More than 20
FAO value 100-200 201-300 301-400 401-500 More than 501

Source: developed based on research by V.M. Kabanets et al. (2022)

FAO (conditional index of rapidity) is a com-
prehensive indicator that considers the hybrid's
relation to the sum of active and effective tem-
peratures, mineral nutrition level, moisture
supply, etc. A difference of 10 points in FAO in-
dicates that the hybrid will have an extended
vegetative period by 1-2 days, or it will form 1-2%
more dry matter at the beginning (Kalenska §
Taran, 2018). One of the criteria for determining
the FAO value is the number of leaves. However,
this property is determined not only by genetic
characteristics but also depends on the growing
conditions. Thus, based on long-term studies of
corn morphogenesis by D.F. Tomashevsky (1970),
it is stated that the first and second stages of
organogenesis occur at the stage of vernali-
sation. The longer this interphase period, the
more nodes and leaves are formed at the second
stage of organogenesis. This explains that when
moving hybrids that are regionally adapted for
southern regions to northern latitudes, they
form more leaves because these hybrids under-
go the stage of vernalisation slowly due to low
spring temperatures.

To ensure sustainable corn production in
the Forest-Steppe region, a well-founded ra-
tio of corn maturity groups should be followed
(Lavrynenko et al., 2016). According to V.S. Tsyk-
ov (2003), the recommended ratio of maturity
groups in the Forest-Steppe is as follows: early

Plant and Soil Science (15)1

maturing hybrids - 35%, intermediate-ear-
ly - 55%, intermediate - 10%. However, climate
change in recent years has influenced the distri-
bution of hybrids by FAO, and according to sci-
entific and production recommendations, the
share of early maturing hybrids is 20%, inter-
mediate-early - 40%, intermediate - 30%, and
intermediate-late - 10% (Mokrienko et al., 2017,
Khanam et al.,, 2022; Kabanets et al., 2022).

Hybrids of different maturity groups differ
inbothbiological characteristics and economic
traits. Specifically, early and intermediate-ear-
ly corn hybrids with a flint grain subtype are
more cold-resistant and characterized by fast-
er initial growth, indicating their suitability
for early sowing when the soil temperature at
a depth of 10 cm is 6-8°C. The middle-ripen-
ing and late-ripening hybrids with dent grain
are more thermophilic plants and require soil
warming up to 10-12%°C. Accordingly, hybrids
with flint grain during ripening will be charac-
terized by slower rates of moisture loss - 0.2-
0.4% per day, whereas dent hybrids have the
ability to reduce moisture content from 0.5 to
0.8% (Pashchenko et al., 2008). Field studies
have shown that hybrids of maize of different
maturity groups reacted differently to chang-
es in temperature regime at the initial stages
of organogenesis, particularly until the forma-
tion of 5-7 leaves (Fig. 1).
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Figure 1. Initial growth rates of maize hybrids of different maturity groups, 2022
Note: a - mid-early hybrids with FAO 201-300; b - intermediate ripening hybrids with FAO 301-400

Source: photographed by the authors

Hybrids with FAO 301-400 and FAO 401-
500 were found to be more sensitive to tem-
perature fluctuations, exhibiting lower cold
resistance. Genotype and grain subspecies in-
fluenced cold resistance, especially early and
mid-early maturity group hybrids, thanks to
the flint grain subspecies, proved to be more
resistant to rapid fluctuations in daily and
nighttime temperatures. Particularly note-

worthy are the years 2017 and 2021 when, af-
ter a sharp increase in active temperatures in
the second and third decades of April, a sig-
nificant drop in air temperature was observed
at the beginning of May. As a result, partial
damage to the growth point was noted, lead-
ing to a 10% decrease in yield. This phenom-
enon in agronomy is called “temperature pa-
ralysis” (Fig. 2).

Figure 2. Determination of maize plant viability of hybrids with FAO 301-400 after 24 hours, 2017

Source: photographed by the authors

Maize cold resistance is also associated with
the plant’s need for a sum of effective tempera-
tures required at the initial stages of growth and
development. Hybrids with FAO 201-300 have
greater tolerance to fluctuations in daily and
nighttime temperatures (Mokrienko et al,, 2017).
Starting from the 11-13 leaf stage (tassel emer-
gence), changes in the intensity of linear growth
occur — more intensive plant growth is ob-
served in mid-ripening hybrids. These differ-
ences in growth and development throughout
the vegetative period are due to both genetic

%)

and morphobiological characteristics. Analys-
ing the initial growth rates of maize plants, it
was noted that early and mid-early hybrids are
less responsive to deviations from the optimal
temperature regime, being more cold-resistant.
Therefore, it is advisable to sow them in opti-
mal-early sowing dates.

Observations of the growth and devel-
opment of maize plants of different maturity
groups confirmed that the duration of the in-
terphase period between emergence and tas-
seling has a significant impact on pollination
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efficiency. It was established that a duration
of more than 60 days negatively affects polli-
nation efficiency, increasing the likelihood of
“poor kernel filling”. This is because plants are
exposed to critically high temperatures (pol-
lination burn) during the formation of gen-
erative organs, resulting in a delay in tassel
flowering and initiation. Studies have shown
that in maize hybrids with FAO 301-400 and
FAO 401-500, the delay in tassel flowering and
initiation averaged 7 and 9 days, respectively.

In early and mid-early hybrids, tassel emer-
gence occurs on the 55th day after emergence,
resulting in nearly simultaneous flowering,
differing by 2-3 days, ensuring full pollination
(Mokrienko, 2014).

The ultimate indicator of maize production
efficiency is grain yield. Studies have shown
that the realisation of genetic potential and
natural resources is determined by the com-
plex influence of all cultivation factors, espe-
cially temperature and water regimes (Table 3).

Table 3. Grain yield of maize hybrids from different maturity groups, t/ha 2017-2022

. Year Average for
FAO Hybrid 2017 2018 2019 2020 2021 2022 2017-2022
DKC 3050 8.25 7.71 5.67 5.17 8.74 8.22 7.29
MAC 10.A 7.64 6.54 5.01 5.00 8.04 7.88 6.69
180-200 ES Sirius, 8.01 7.94 4.18 4.35 8.24 8.06 6.80
DKC 3151 8.76 8.13 6.08 5.75 9.02 8.71 7.74
Average 8.17 7.58 5.24 5.07 8.51 8.22 7.13
Ayax 10.15 9.23 7.02 7.54 10.78 11.25 9.33
SI Phenomenon 10.78 9.15 6.42 6.12 11.02 11.86 9.23
201-300 Lipekks 11.6 9.61 7 6.97 11.78 12.12 9.85
DKC3796 11.4 9.46 6.52 6.14 11.97 11.97 9.58
Average 10.98 9.36 6.74 6.69 11.39 11.80 9.49
DKC3939 10.45 9.22 6.04 5.74 10.97 8.98 8.57
Dublikks 11.22 9.47 5.01 4.32 11.74 9.03 8.47
301-400 Hexagon 12.87 12.21 4.78 4.12 13.12 10.78 9.65
Harmonium 13.23 12.45 4.62 4.47 13.45 11.12 9.89
Average 11.94 10.84 5.11 4.66 12.32 9.98 9.14
Lekstur 12.54 10.42 4.06 4.00 11.23 9.25 8.58
DKC5075 13.74 11.03 3.98 3.74 12.57 10.06 9.19
401-500 DKC4717 14.51 13.97 4.15 3.78 13.02 10.78 10.04
DKC5141 14.89 14.02 3.75 3.56 13.74 11.03 10.17
Average 13.92 12.36 3.98 3.77 12.64 10.28 9.49

Source: compiled by the authors

Studies have shown that in dry years, espe-
cially in 2019 and 2020, when Growing Degree
Days (GDD) for June-July were 0.64 and 0.52,
respectively, mid-early and mid-late hybrids,
being exposed to heat stress, yield lower com-
pared to mid-early and early maturity groups.
For instance, in 2019, the average grain yield of
mid-late hybrids was 3.98 t/ha, while in early
maturity groups, it was 574 t/ha. This is also as-
sociated with the higher drought resistance of
hybrids belonging to the flint grain subspecies.

For example, the test weight of flint hybrids was
620 g/l, whereas dent hybrids had only 497 g/1.
In wetter years, a reverse pattern was ob-
served, where hybrids with higher FAO num-
bers produced higher grain yields. For example,
in 2017, the grain yield of mid-late hybrids was
13.92 t/ha, while for early maturity groups, it was
817 t/ha. On average over the years of the study,
hybrids with FAO 201-300 and FAO 401-500
were the most stable maturity groups. However,
it is noteworthy that in critical years regarding
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moisture supply, mid-late hybrids show a more
significant reduction in productivity compared
to mid-early hybrids.

Research aimed at determining the op-
timal maturity group was also conducted by
V. Cherchel et al. (2021). They noted that in fa-
vourable conditions, the difference in grain yield
of maize hybrids from different maturity groups
was 042 t/ha between early and mid-early
forms, 017 t/ha between mid-early and mid-late
forms, and 0.07 t/ha between mid-late and late
forms. In stressful conditions, the differences
were 0.33 t/ha, 0.25 t/ha, and 0.21 t/ha, respec-
tively. It should be noted that the largest differ-
ence in grain yield was observed between early
and mid-early maturity groups. In these studies,
the biggest difference in grain yield was record-
ed between hybrids with FAO 180-200 and 401-
500, amounting to 2.36 t/ha.

High grain yield does not always correspond
to a corresponding level of maize production
profitability. When choosing maize hybrids, it
is also important to consider the rate of mois-
ture loss (Mokrienko, 2014). Table 4 shows the
calculations of the productivity efficiency in-
dex, which takes a comprehensive approach to
selecting the maturity group into account. The
higher the index, the higher the level of prof-
itability. Research has shown that the lowest
pre-harvest moisture content was recorded in
early and mid-early maize hybrids, respectively
20.6% and 23.9%, while in mid-early and mid-
late hybrids, it was 28.7% and 32.7%. The efficien-
cy index was calculated by dividing grain yield
by pre-harvest moisture content. The highest
efficiency index was observed in mid-early ma-
turity group hybrids — 049, whereas in mid-late
group, it was only 0.31.

Table 4. Productivity efficiency index of hybrids in 2022

FAO Hybrid 2022 Pre-harvest moisture, % Productivity efficiency index of hybrid
DKC 3050 8.22 22,0 0.37
MAC 10.A 7.88 21.6 0.36
180-200 ES Sirius 8.06 20.2 0.40
DKC 3151 8.71 18.7 0.47
Average 8.22 20.6 0.40
Ayax 11.25 25.4 0.44
SI Phenomenon 11.86 24.1 0.49
201-300 Lipekks 12.12 23.1 0.52
DKC3796 11.97 23.2 0.52
Average 11.80 23.9 0.49
DKC3939 8.98 26.8 0.34
Dublikks 9.03 27.9 0.32
301-400 Hexagon 10.78 30.5 0.35
Harmonium 11.12 29.8 0.37
Average 9.98 28.7 0.35
Lekstur 9.25 32.8 0.28
DKC5075 10.06 31.5 0.32
401-500 DKC4717 10.78 32.6 0.33
DKC5141 11.03 34.1 0.32
Average 10.28 32.7 0.31

Source: compiled by the authors

In Table 5, calculations of grain drying costs
and economic efficiency associated with drying
it to the base moisture level of 14% are provided.
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The calculations consider the cost of 1 tonne of
maize grain, which is 4500 UAH, and drying cost
of 1tonne percent is 150 UAH.
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Table 5. Calculation of grain drying costs and economic efficiency of maize production in 2022

FAO Mmstt: r';ea(;l::'f;'ence Drying costs, UAH/ha Harvest value, UAH/ha wi t: 3:‘;?:;’3:’: /ha
180-200 6.6 8137.8 36978.8 28841.0
201-300 9.9 17523 53100.0 35577.0
301-400 14.7 22005.9 44898.8 22892.9
401-500 18.7 28835.4 46260.0 17424.6

Source: compiled by the authors

The highest harvest value was obtained
when growing mid-early and mid-late maturity
group hybrids, amounting to 44898.8 UAH/ha
and 46260 UAH/ha, respectively. However, due
to the high pre-harvest moisture content of
the grain, additional costs for drying the grain
to the base level significantly increase, result-
ing in a harvest value of 22892.9 UAH/ha and
17424.6 UAH/ha for these maturity groups, re-
spectively. The highest figures were recorded
when growing mid-early hybrids, amounting to
35577 UAH/ha.

The calculation of the harvest value, consid-
ering the drying costs, confirmed the reliability
of the productivity efficiency index. Therefore,
when choosing a hybrid, it is necessary to con-
sider not only the potential yield but also the
moisture loss characteristics, which depend on
the maturity group, grain subspecies, number
of envelope leaves, and peculiarities of tassel
formation. Long-term research has established
that optimising maize hybrid maturity groups
will enhance their productivity by realising
their genetic potential and effectively utilising
resources, especially heat and moisture. The
hybrids of the mid-early maturity group are the
most stable in forming high yields due to the
reduced risk of plant exposure to high temper-
atures during flowering and grain formation,
thus avoiding firing and “tip-back”.

The conducted study has established that to
achieve high grain yield, the duration of the in-
terphase period from emergence to tassel flow-
ering should also be considered. The importance
of the duration of this vegetative growth period is
highlighted by the findings of M.F. Danilevicz et
al. (2021). Anincrease in this period raises the risk
of flowering occurring under higher, suboptimal
temperature conditions of 23-25°C, adversely
affecting silk pollination. The current study re-
vealed that in early and mid-early maturity group

hybrids, this period was 54-58 days, whereas in
mid-early and mid-late hybrids, it extended to
62-66 days. This negatively affected silk pollina-
tion and consequently reduced grain yield, espe-
cially in years with high-temperature regimes,
resulting in a decrease ranging from 10% to 17%.

The highest grain yields from 2017 to 2021
were achieved by mid-early and mid-late ma-
turity group maize hybrids, indicating their
high ecological plasticity. However, the study by
L. Shynkaruk & V. Lykhochvor (2021b) showed
that hybrids with a long vegetative period, hav-
ing FAO 400 and above, are characterised by
increased pre-harvest grain moisture content.
Consequently, their efficiency index was 0.31
compared to 049 in mid-early hybrids, indi-
cating increased production costs. Economic
efficiency calculations for maize production
demonstrated that drying costs for mid-early
maturity group hybrids amounted to 17.5 thou-
sand UAH/ha, mid-early and mid-late hybrids
incurred 22.0 thousand UAH/ha and 28.8 thou-
sand UAH/ha, respectively.

Similar studies by R.W. Gesch et al. (2021)
and R.L. Nielsen (2020) noted that the use of
mid-early and mid-late maturity group maize
hybrids, especially under restricted tempera-
ture conditions, requires desiccation to achieve
grain with optimal pre-harvest moisture con-
tent. This, in turn, increases the cost of grain. Pa-
shchenko conducted similar studies determin-
ing the productivity efficiency index of hybrids
in the Steppe zone, and their production verifi-
cation confirmed the effectiveness of calculat-
ing this indicator, leading to an 8-10% increase
in maize grain yield due to the correct choice of
maturity group (Pashchenko, 2008).

This study established that the rate of mois-
ture loss is influenced by morphological char-
acteristics of plants, including the number of
husk leaves, the diameter of the tassel, grain
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subspecies - dent subspecies capable of losing
0.5-0.7% moisture, whereas flint subspecies lose
0.2-0.3%, corresponding to the quality compo-
sition of the grain. The shape of the tassel also
significantly influences the rate of moisture
loss - barrel-shaped maize tassels exhibit uni-
form moisture loss along the tassel. Similar re-
sults regarding moisture loss dynamics in maize
hybrids were obtained by M.V. Kapustian et
al. (2021). L. Shynkaruk & V. Lykhochvor (2021a)
also note that the formation of the number of
tassels on the plant significantly influences the
pre-harvest moisture content of maize grain.
Thus, the formation of the second (lower) tassel
leads to an increase in the pre-harvest moisture
content of the grain by 2-4%. In the conditions
of the Forest-Steppe, studies on determining the
stability of maize hybrids of different maturity
groups with high and medium yield values and
high agronomic stability have also confirmed
the effectiveness of maize hybrids with FAO 240-
270. Accordingly, their share should constitute
55-60% (Grabovsky et al., 2014).

Therefore, the correct selection of maize
hybrids based on the intensity of cultivation
technology and optimising their ratio, with a
preference for mid-early hybrids up to 60%,
will stabilise grain production, especially in ex-
treme years.

CONCLUSIONS

Hybrids of maize with different vegetative pe-
riods differ in their growth and development
rates at the initial stages of organogenesis, have
varying resistance to temperature regimes, and
therefore respond differently to sowing dates.
Early and mid-early maize hybrids, belong-
ing to the flint grain subspecies, exhibit higher

Under extreme weather conditions, when
there is a deficit of soil moisture during the veg-
etative period and the negative impact of aerial
dryness on plants, early and mid-early maturity
group maize hybrids are more adapted and flex-
ible. For instance, in the dry years of 2019 and
2020, the grain yield of early maturity group hy-
brids was 5.24 and 5.07 t/ha, respectively, while
for mid-late maturity group, it was 3.98 and
377 t/ha, respectively. In years with sufficient
soil moisture, hybrids with FAO 301-401and FAO
401-500 are more productive, yielding 12.32 and
12.64 t/ha, respectively, compared to 851 t/ha
in early maturity group. However, it should be
noted that maize hybrids with FAO 301-400
have alower pre-harvest grain moisture content
of 287% compared to 32.7% in hybrids with FAO
401-500, resulting in lower costs for drying.

Utilising the productivity efficiency index of
a hybrid as a comprehensive parameter allows
optimising hybrid selection across maturity
groups. Based on years of research, hybrids with
FAO 201-300 are the most stable maturity group
considering economic efficiency. The research
findings will be promising for further studies
aiming to optimise the hybrid composition for
specific soil-climatic conditions, enhancing
maize production efficiency. In the future, re-
search on the productivity formation of maize
hybrids of different maturity groups can explore
more aspects, such as molecular mechanisms
of maturity, interaction with different soil types,
and the impact of climate change on maize cul-
tivation. This can help develop new hybrids that
are more productive, stress-resistant, and con-
tribute to increased maize yield, which is crucial
for ensuring food security.
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dopMyBaHHA NPOAYKTUBHOCTI ri6puaiB KyKypya3mu
pi3HMX rpyn cturnocTi B Jlicocteny

AHOTaUif. AKTYaJIBHICTh [OCTIIKEHb 3yMOBJIEHA HeOOXiIHICTIO HAYKOBOTO OOIPYHTYBaHHS
pallioHaNbHOTO CIiBBITHOIIEHHS Ti6pUIIB KYKYPYA3U Pi3HUX TPYIl CTUIIOCTI, IO 3a6e3l1ednTh
peastizallito FeHEeTUYHOTO MTOTeHLIiaNy 3 OpMyBaHHIM MTepeA361pabHOI BOJIOTOCTI 3epHa Ha piBHI
18-22 %. ToMy METOIO HOCIiAKeHb Mependadasocs BUABUTYA HAMGIMBII aJarrToBaHi Ta IIaCTUYHI
TPYIIU CTUIIIOCTI 3 ypaxyBaHHAM 6i0JIOTTUHIX 0COBIUBOCTEM, a TAKOK BUSBUTU CTAbLIBHI ribpuau 3
ypaxyBaHHSIM eKOHOMIUHOI edeKTUBHOCTI Yepe3 po3paxyHOoK iHIeKCy epeKTUBHOCTI ITPONYKTHUBHOCTI
ribpuzy. MeTo[ po3UeIUIeHHS AUIAHOK 6YB BUKOPUCTAHUM [JIS IIPOBEAEHHS II0JIbOBOTO HOCIiAy
3TiIHO3BUMOTaMHUMETOIUKUAOCIIAHOICITpaBy. Pe3yIsTaTaMUA0CITiIKEHbBCTAHOBIIEHO, L0 T 6 pyIn
KYKYPYZ3U Pi3HUX IPYIl CTUIVIOCTI HEOZHAKOBO PEAryloTh Ha TEMIIEPATypHUM PEKUM, OCOBIUBO, Y
MikdasHUY mepiof cxomu — 3-5 MKUCTOK. Ii6puay KyRypyasu 3 ®AO (rpyma cruriocTi ribpuay) 180-
250, gKi MaroTh KpeMEeHUCTUH MiABU, 3€pHA, XapaKTepU3YOThCSA 61TBII HIBUAKUM JTiHITHUM POCTOM,
110 06YMOBJIEHO BUIIOIO XOJIOJOCTIMKICTIO POCJIVH, a BiATIOBiAHO, i MpumaTHi 19 paHHIX CTPOKiB
ciB6H, KOJIU TeMIlepaTypa IPYyHTY CTaHOBUTH 6-80°C. Ii6pumu 3 ®AO 300 i Buile, 3 3y60BUAHUM
IMiABHOM 3€pHA, MAOTh ITOBLIBHIIIIE TEMITH [TOYAaTKOBOTO POCTY POCIIHH i € G1JIBII TEITIONI06HUM, a
TOMY IX JOLIIJIBHO BHCiBaTU 3a CTiMIKOT0 IIPOrPiBaHHA IPYHTY 8-100°C. LOoCIiIRKeHHIMU BCTaHOBJIEHO,
110 HAMBUIIY BPOSKAWHICTD 3epHa pOpPMYBaIy CEpeAHbOMI3HI ri6puan KyKkypyasu (GAO 401-500) -
10,04-10,17 T/ra, 3 MaKCUMaJIBHUM piBHeM 14,89 T/ra y 2017 potii. [TIpoTe, SIKIIO BpaxyBaTH JUHAMIKY
PiBHA MPOAYKTUBHOCTI IO POKaM, TO HAMGIMBLI MIACTUYHUMU Ti6pUAaMu, TO6TO Ti, SKi MalOTh
HaMMEeHIIY Pi3HUIIIO 10 BPOXKAMHOCTI IT0 poKaM, € peHoTumu 3 PAO 201-300. 3'9COBaHO, IO Tibpuan
PaHHBOCTUIIIO! i cepeTHbOPaHHBOI IPYII CTUIVIOCT] XapaKTEPU3YBAIUCA HMYKUOIO IIepe 36 paIbHOI0
BOJIOTiCTIO 3epHa — B 0,6-23,9 % mpotu 28,7-2,7 % BIAIIOBILHO y CEpeIHbOCTUITINX 1 CEpeIHBOIII3HIX,
1110 i 06yMOBMIIO BUILINH iHIEKC ebeKTUBHOCTI MPOAYKTUBHOCTI TibpHAiB. Marepiany cTaTTi MicTITh
Pe3yJIBTaTH 11 IOAAJIBLINX JOCIIiIKEHb 3 OIITUMi3allii BUKOPHUCTaHHA Ti6pUIiB KyKypYA3U 3 Pi3HUM
®AO, a TaKOK MalOTh ITPaKTUYHEe 3HaYeHHS )15 TOCIIONAPCTB pi3HMX $OpM BIACHOCTI

KnouoBi cnoBa: ¢pasu pocTy 1 pO3BUTKY, YPOKaMHICTh; MiHEpaJIbHi 06pUBa; epea36rpaibHa
BOJIOTiCTB; OpraHOTEHE3

' @ Plant and Soil Science (15)1


https://orcid.org/0000-0002-5604-442X
https://orcid.org/0009-0002-6664-6392
https://sciencehorizon.com.ua/en/journals/tom-24-12-2021/vpliv-zastosuvannya-desikantiv-na-peredzbiralnu-vologist-kukurudzi-serednorannogo-gibridu-lg-3258-v-umovakh-zakhidnogo-lisostepu
https://knigi-fermeru.ru/kukuruza-tehnologija-gibridy-semena-cikov-v-s.html

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

pla ntan d SOl I Plant and Soil Science, 15(1), 63-74
__Science Received: 03.11.2023 Revised: 26.01.2024 Accepted: 28.02.2024

UDC 631.82:631.445.4:631.559:633.854.78:633.11"324" DOI: 10.31548/plant1.2024.63

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

Olga Pak *

Postgraduate Student

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0005-1282-5311

Volodymyr Kozak

PhD in Agricultural Sciences, Associate Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0009-0635-9528

Oleg Hryshchenko

PhD in Agricultural Sciences, Associate Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0001-7450-4389

Olena Pikovska

PhD in Agricultural Sciences, 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

Assessment of the influence of mineral fertilisers
on the phosphate regime of meadow chernozem carbonate
soil and yield of sunflower and winter wheat

Abstract.Therelevance of the studyliesinthe need tomaintain optimallevels of mobile phosphorus
in carbonate soils to support healthy plant growth and development, as it can be converted into
less mobile forms in such soils. The purpose of the study was to assess the impact of various long-
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this availability. The research was conducted in 2019-2022 as a stationary experiment in a separate
division of the National University of Life and Environmental Sciences of Ukraine “Agronomic
Experimental Station” in Kyiv Oblast on meadow chernozem carbonate low-humus coarse-sawn
light loamy soil in a five-field crop rotation, where the influence of different levels of fertiliser
saturation (no fertiliser, minimum, average, and optimal) on soil phosphate status and yield of
Etana winter wheat variety and Sumiko sunflower hybrid was investigated. Soil samples were taken
from the 0-20 and 20-40 cm layers, and the group and fractional composition of phosphates was
determined using the Chang-Jackson method and the content of mobile phosphates using the
Chirikov and Machigin methods. According to the analysis of the group and fractional composition
of soil phosphates, it was found that in meadow chernozem carbonate low-humus coarse-sawn
light loamy soil, the content of iron phosphates prevails among all fractions during long-term
fertilisation. The results showed an increase in the content of aluminium phosphates in the 0-20 cm
surface layer of the soil of two variants with long-term fertilisation, and an increase in the content of
the second fraction of soluble calcium phosphates (Ca-P,), with the minimum saturation (N,,P K, )
with the highest available phosphate fraction for plants (Ca-P) is observed The content of mobile
phosphates was maximal at optimal fertiliser saturation (N, P, K,,) and was 4.8 and 8.5 mg/100 g of
soil, the aftereffect of organic fertilisers positively affected the accumulation of mobile phosphates
in the soil. The highest yield of winter wheat (7.55 t/ha) and sunflower (4.28 t/ha) was obtained with
optimal fertiliser saturation, the lowest — without the use of fertilisers, where it was 4.45 t/ha for
winter wheat and 2.23 t/ha for sunflower. The results of the study can be used to develop more
sustainable and effective strategies for using phosphorus in soils, which can help preserve soil
resources and prevent possible contamination of water sources due to excessive phosphorus intake

Keywords: group and fractional composition; mobile phosphates; soil medium reaction;

phosphate mobilisation; available phosphorus

INTRODUCTION
Soils by genetic types are characterised by a dif-
ferent composition of mineral forms of phos-
phates. Thus, di- and octacalcium phosphates
predominate in carbonate soils, and calcium
phosphates and fluorooxides (hydroxyl-, fluo-
rapatite, variscite, etc.) predominate in slightly
acidic soils, and aluminium and iron phosphates
(variscite, strangite, barrandite, etc.) predomi-
nate in acidic soils. The stability of mineral com-
pounds depends on different soil conditions.
First of all, it depends on the size of the reaction
of the soil environment, the activity of various
cations (especially Ca, Mg, Al, Fe), and on fertil-
isers applied, liming, plastering, irrigation. Thus,
A.0.Khristenko (2020) found that the systematic
use of organo-mineral fertilisers creates condi-
tions for increasing the mobility of phosphates
even in conditions when the phosphorus bal-
ance was negative. Thus, they suggest that the
use of even small fertiliser rates will create con-
ditions for simple restoration of soil fertility. Ac-
cording to O. Litvinova et al. (2019; 2020), plants

o)

can use all those phosphorus fractions that are
converted to phosphate ions in the soil. Phos-
phorus is the macronutrient of plant nutrition,
without which their growth and development
are impossible, which is why organic and miner-
al fertilisers are used to cover the removal of this
element, and preserve and increase it in soils.
S.L. Bauke et al. (2018) state that phosphorus lev-
els in deep soil vary significantly depending on
the specific feeding strategy used in long-term
agricultural experiments. Long-term agricultur-
al experiments show that the fertilisation meth-
ods used can significantly affect the availability
of phosphorus in deep soil layers.

WW. Zhang et al. (2019) proved that wa-
ter-soluble fractions of P, the content of which
in soils is only 0.8-8.0 mg kg, are closely re-
lated to crop yields. In addition, plants absorb
mobile, namely metabolically sorbed phospho-
rus compounds, which easily and quickly enter
the soil solution. The content of mobile phos-
phates in non-fertilised soils varies significantly
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(10-100 mg kg?). FJ. van der Bom et al. (2019)
found that fertiliser application methods and
their forms are an important factor affecting
P fractions in the soil. They described that the
practice of long-term application of phospho-
rous fertilisers has a significant impact on the
soil's ability to supply and retain phosphorus,
changing its chemical characteristics over time.
Understanding the impact of long-term appli-
cation of phosphorous fertilisers is important
for optimising soil management and ensuring
sustainable phosphorus resources for growing
crops. The study by Y.P. Wang et al. (2022) aims to
create a global model for understanding the dy-
namics of inorganic phosphorus in soil, in par-
ticular, to investigate the relationship between
the kinetics of metabolism and the bioavailabil-
ity of phosphorus in soil, which affects various
physical and chemical properties of soil. The pa-
per examines how various soil characteristics,
such as pH, texture, organic matter content, and
mineral composition, affect the kinetics of inor-
ganic phosphorus metabolism. This exchange
process plays an important role in determining
the availability of phosphorus for plants and its
potential for release into the environment.

C.M. Nobile et al. (2020) investigated the
sorption and availability of phosphorus in an-
dosol after a decade of applying organic or
mineral fertilisers, highlighting the importance
of changes in soil pH and organic carbon com-
pared to phosphorus accumulation. The study
highlights how changes in soil pH and the pres-
ence of organic carbon that affect different fer-
tilisation practices can affect the sorption and
availability of phosphorus, affecting its availa-
bility for plant uptake. Understanding the inter-

action between soil pH, organic carbon content,
and phosphorus accumulation is essential for
optimising fertiliser nutrition strategies and
managing phosphorus availability in agriculture
and environmental systems, with important im-
plications for sustainable nutrient management
and environmental protection practices.

The results of the investigation of Ukrainian
and foreign studies indicate that the process-
es of phosphate conversion in soil are complex
and are associated with a number of phenom-
ena: dissolution and precipitation, adsorption
and desorption, mineralisation and biological
absorption, and other processes of phosphorus
conversion occurring in different soil, and cli-
matic conditions with different intensity. Fertil-
iser application affects the available phosphorus
concentrations in the soil in the long run. There-
fore, the purpose of the study is to investigate
the impact of various long-term fertilisation
strategies on the availability of phosphorus in
the soil to improve this availability.

MATERIALS AND METHODS

The research was conducted on the territory of
a Separate Division of the National University
of Life and Environmental Sciences of Ukraine
(SD NUBIP of Ukraine) “Agronomic experimen-
tal station” (coordinates of the research site lat-
itude: 50° 4'25.30"N, longitude: 30°13'18.14"E)
in a stationary experiment in a five-field crop
rotation with the following alternation of crops:
clover - sunflower - winter wheat - grain corn -
barley + clover in 2019-2022 PP. Table 1 shows
various crop rotations and fertiliser composi-
tions for growing sunflower and winter wheat in
experimental plots used for research.

Table 1. Saturation of crop rotation with fertilisers in experimental plots

Crop rotation

Fertilisers for sunflower (NPK)

Fertilisers for winter wheat (NPK)

1. No fertilisers (control)

2. Minimal N,.P.Ksp N,.P,.K,,
3. Aftereffect of organic fertilisers N..P.K,, NP Ky,
4. Average NP K, NooP 1sKes
5. Optimal N_P_K NP 7oKs0

81 54 62

Source: compiled by the authors

The soil of the experimental site is meadow
chernozem carbonate low-humus coarse-sawn
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(pH was 7.8) and a high absorption capacity of
31.2 meq/100 g of soil. Studies on the determi-
nation of the group and fractional composition
of soil mineral phosphates by the Chang-Jack-
son method in the Ginzburg-Lebedeva mod-
ification in 0-20 and 20-40 cm layers (DSTU
7854:2015, 2015). This method is based on se-
quential tillage with various solvents, each of
which extracts certain fractions of soil phos-
phates: the phosphorus fraction Ca-P, Ca-P,,
Ca-P,, Al-P, and Fe-P. First, the fraction of the
most soluble forms of phosphates of alkaline
and alkaline earth elements (Ca-P, fraction)
was isolated using an ammonium-molybdate
extract (pH 4.8): alkali metal and ammonium
phosphates, acidic and freshly deposited Ca and
Mg phosphates, and partially F** (like vivianite)
phosphates pass into the extract. The second
fraction of less soluble forms of phosphates
(Ca-P,) was determined in an acetate-molyb-
date extract (pH 4.3), where di-base and Mg
phosphates (mainly secondary-formed di-,
tri-, octacalcium phosphates) and a significant
amount of F?* (like vivianite) phosphates pass.
The third fraction of phosphates (Al-P) was de-
termined in a fluoramonic extract (pH 8.5), into
which aluminium phosphates (such as var-
iscite, wawelite, etc.) and part of organic phos-
phorus pass. The fourth fraction of iron-bound
phosphates (Fe-P) was determined in the alka-
line extract of the washed soil residue after pre-
liminary extraction. Determination of the last
fraction in the sequential isolation of mineral
forms of phosphorus (Ca-P,) was carried out
in an acid extract (0.5 rate H,SO,), where highly

basic calcium phosphates such as apatite (nat-
ural and secondary formed) pass. The content
of mobile phosphates in non-carbonate soil
samples was determined by Chirikov methods
(DSTU 4115-2002,2002), and in carbonate sam-
ples - by Machigin method (DSTU 4114-2002,
2002). Soil samples at the experimental sites
were taken in 0-20 and 20-40 cm layers. The
content of mobile phosphates was determined
by Chirikov (DSTU 4115-2002, 2002) and Machi-
gin (DSTU 4114-2002,2002) methods. The study
complied with the provisions of the Convention
on the Trade in Endangered Species of Wild
Fauna and Flora (1973) and Convention on Bio-
logical Diversity (1992).

RESULTS AND DISCUSSION

Phosphorus, unlike nitrogen and potassium,
does not disappear from the soil due to its inert-
ness and accumulates in large quantities. This
leads to a change in the phosphate regime of the
soil: the ratio between different groups of phos-
phorous compounds, the degree of their mobil-
ity, and the redistribution of phosphorus forms
along the soil profile.

It is important to note that most of the re-
serves of available phosphorus compounds are
located in the arable soil layer and naturally in
deeper soil layers they decrease. According to
the analysis of forms of mineral phosphorus
compounds in meadow chernozem carbonate
low-humus coarse-sawn light loamy soil with
the annual application of various fertiliser op-
tions, the predominant fraction in all variants of
the experiment is iron phosphates (Table 2).

Table 2. Group and fractional composition of soil mineral phosphates according
to the Chang-Jackson method in the Ginzburg-Lebedeva modification (2019-2022)

Mineral phosphate fractions, mg/100 g of soil
Fertiliser saturation

Ca-P, Ca-P Ca-P, Al-P Fe-P
Without fertilisers (control) 4.42 6.63 13.9 7.70 31.8
Minimum (N, P, K, 13.8 12.5 16.2 14.6 354
Aftereffect of organic 8.71 9.65 13.5 9.90 455

fertilisers + NP, K, ' ’ ’ ’ ’
Average (NP, K, ) 4.42 7.24 12.3 7.42 33.0
Optimal (N,,P_K,,) 9.12 13.1 19.7 15.1 51.2

Source: compiled by the authors
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A high amount of iron phosphates is also
observed in the variant without fertilisation
(control) - 31.80 mg/100 g of soil. The greatest
changes in this phosphate fraction occurred
at the optimal saturation of fertilisers with the
application of mineral fertilisers at the rate
N, P K, and amounted to 51.2 mg/100 g of soil,
which is 19.4 mg higher than the amount of Fe-P
in the control variant. In addition, a fairly sig-
nificant increase in iron phosphates compared
to the control was observed in the variant with
the aftereffect of organic fertilisers + N P, K, -
45.5 mg/100 g of soil, or 137 mg more than the
control variant. Changes in the content of iron
phosphates in variants with the introduction of
lower rates of mineral fertilisers (N,,P, K, ) and
N..P, K, without the aftereffect of organic fer-
tilisers were not so significant and exceeded the
amount of Fe-P in the control variant by 3.63 and
1.21mg/100 g of soil, respectively.

Soils contain from amorphous to crystalline
forms of Fe oxides, such as goethite, whose effect
on the retention of inositol phosphates is well
known. Contribution of other common crystal-
line Fe oxides, such as hematite, magnetite, and
maggemite. These oxides exhibit different abili-
ty to retain and release phosphorus due to their
specific surface properties and resistance to
protons, organic acids, and complexing agents.
Thus, the four crystalline iron oxides showed
different ability to retain organic phosphorus
in the form of myoinositol hexaphosphate de-
pending on the surface properties and stability
of complexes, affecting the degree of release, ac-
cumulation, and turnover in soils.

With long-term application of mineral fer-
tilisers, the content of aluminium phosphates
in the surface layer of the soil of 0-20 cm of two
variants increased especially. Option with the
application of N, P K, was distinguished by an
increase in the Al-P fraction by 6.87 mg/100 g
of soil compared to the control variant. In the
variant with the introduction of mineral fertil-
isers at the rate N, P_K_, the changes in alu-
minium phosphate content were even greater -
151 mg/100 g of soil versus 770 mg/100 g of soil
in the control. Minor changes in the content of
aluminium phosphates occurred in the variant
with the aftereffect of organic fertilisers and the
introduction of NP, K, - 9.90 mg/100 g of soil,

557 367 41
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thatis, only 2.2 mg/100 g of soil is higher relative
to the Al-P content in the non-fertilised option.

In the variant with the introduction of
only mineral fertilisers (NP, K,) conditions
were created that contributed to minor chang-
es in the amount of aluminium phosphates
(742 mg/100 g of soil versus 770 mg/100 g of soil
in the control). Under the influence of miner-
al fertilisers, the soil was enriched with active
phosphorus mineral compounds. The amount
of the second fraction of soluble calcium phos-
phates (Ca-P,) increased most significantly in
comparison with the control in variants with
the rates of mineral fertilisers N, P K = and
N, P. K., Thus, the content of active phospho-
rus compounds in the control variant was at the
level of 6.63 mg/100 g, while in the above-men-
tioned variants, this indicator increased, respec-
tively, to 12.45 and 13.08 mg/100 g of soil. In the
soil on variants with an aftereffect of organics +
N_.P, K, and by applying only mineral fertilisers

41
(NS;S;K ., the increase in active mineral phos-
phorus compounds compared to the control was
significantly less - by 3.02 and 0.61 mg/100 g of
soil, respectively.

Content of the most accessible phospho-
rus fraction for plants (Ca-P) is observed in
the variant with the introduction of NP K -
13.8 mg/100 g of soil, and the least (442 mg/100 g
of soil) - in the control variant and in the option
with the application of mineral fertilisers at the
rate N P, K, . By the content of strongly bound
calcium phosphates (Ca-P, fraction) com-
pared to the control variant, the options with
the introduction of mineral fertilisers at the
rate NP K, and N P_K_ are very different.
In the 0-20 cm soil layer of the control variant,
the amount of strongly bound phosphates was
13.92 mg/100 g of soil. In the variant with the
addition of NP K,, the content of this frac-
tion increased to 16.19 mg/100 g of soil, which
is 2.27 mg/100 g more than in the control. The
use of a higher rate of mineral fertilisers con-
tributed to an increase in the Ca-P, fraction to
19.72 mg/100 g of soil, which is 5.80 mg/100 g
more than in the control version. Application of
only mineral fertilisers at the rate N P, K, and
their application against the background of the
aftereffect of organic fertilisers did not contrib-

ute to such a significant increase in the content



Assessment of the influence of mineral fertiliser...

of strongly bound calcium phosphates relative
to the control variant. On the contrary, the con-
tent of the Ca-P fraction in the soil, these var-
iants were lower compared to the control and
amounted to 13.50 mg/100 g of soil in the vari-
ant with an aftereffect of organic fertilisers and
12.16 mg/100 g of soil in the version with the in-
troduction of only mineral fertilisers.

One of the conditions for obtaining high
stable crop yields and preventing phosphorus
losses from soils is rational management of
phosphorus nutrition. The study by Q. Wang et
al. (2022), which covered a period of more than
29 years, found that the application of mineral
fertiliser in the amount of 36 t/ha on chernozem
provided higher yields of agricultural crops, and
the level of phosphorus compounds compared
to non-fertilised variants. However, there was
practically no difference in crop yields when
using nitrogen-potash and nitrogen-phos-
phorus-potash fertilisers. A possible reason
for this is that adding nitrogen and potassium
can increase plant phosphorus uptake and root
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biomass. L.P. Yuan et al. (2020) suggest that an-
other reason for the lack of changes in crop
yields is the rather high phosphorus content in
soils. Most crops, especially grain crops, use only
mobile forms of phosphorus. It is such crops as
rye, wheat, barley and corn that have a very low
degree of assimilation of hard-to-dissolve soil
phosphorus compounds. This is the reason for
a good response to the application of available
forms of phosphorous fertilisers. Under these
conditions, phosphorus is absorbed more vig-
orously and calcium is absorbed significantly
less. If an excessive amount of calcium cations
is formed, they bind phosphorus and transfer it
to hard-to-reach forms. It is precisely because
of the low availability of phosphorus available to
plants in the soil that the payback of phospho-
rous fertilisers is quite high. The availability of
phosphorus compounds in the soil is closely re-
lated to the reaction of the soil environment. The
studies, conducted on meadow chernozem soil,
found that the response of the soil environment
varied depending on fertiliser (Fig. 1).
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pH | Content of mobile phosphates, mg/100 g of soil

Figure 1. Reaction of the soil medium and the content of mobile phosphates
according to the Machigin method in meadow chernozem carbonate soil (2019-2022)

Source: compiled by the authors

The control showed the lowest pH values -
6.5 in the 0-20 cm layer of soil and 6.6 in the
20-40 cm layer. Therefore, in these samples, the
content of mobile phosphates was determined
according to the Chirikov method and it was 15.9
and 17.6 mg/100 g of soil, respectively, according

o)

to the soil layers, which corresponds to a high
content (15.1-20.0 mg/100 g of soil). Other soil
samples contained carbonates, so the content of
mobile phosphates was determined according
to the Machigin method. Fertilisation options
differed in pH values, which was 6.9-7.3 pH units
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ina 0-20 cm layer and 6.8-7.0 in a 20-40 cm layer
of meadow chernozem soil. The highest pH val-
ue, which corresponds to a slightly alkaline re-
action of the soil medium, was 7.3 in the variant
withN, P K, .

The content of mobile phosphates on fer-
tilised variants was 2.2-4.8 mg/100 g of soil in
the upper 0-20 cm layer and 2.5-8.5 mg/100 g of
soil in a 20-40 cm layer. Naturally, the highest
content of mobile phosphates in the arable and
sub-arable layers was on the variant with the
highest rate of mineral fertilisers NP, K  and
rated as high in 0-20 cm layer and very high in
20-40 cm layer. On the variant with an afteref-
fect of organic fertilisers + NP, K, , the content
of mobile phosphates according to Machigin was
2.8-3.0 mg/100 g of soil, respectively. Such values

indicate an average degree of soil availability.

Based on the research, the effectiveness of or-
ganic fertilisers on the phosphorus regime of
the soil was proved, as the content of mobile
phosphates was slightly lower in the variant with
N..P_ K, andamountedto2.2-30 mg/100 g of soil.

G.N. Hospodarenko et al. (2015) based on
mathematical analysis of spring barley yield
data, show that with low fertilisation rates
(N,.P,.K,), it is not possible to maintain it at a
constant level, although it was higher compared
to areas without fertilisers. In the variants of
the experiment with high doses of fertilisers, a
decrease in the average annual yield increase
was noted over time. The researchers conclude
that the nutrient regime of the soil is no longer a
limiting factor in the development of the spring
barley crop, and its increase is possible due to
such factor as the variety (Table 3).

Table 3. Influence of fertiliser application on the yield of the Ethana winter wheat variety
and the Sumiko sunflower hybrid on meadow chernozem carbonate soil

. . Grain yield, t/ha*
Fertiliser saturation -
winter wheat sunflower
Without fertilisers (control) 4.45e 2.23 e
Minimum (N, P K ) 5.30d 2.83d
Aftereffect of organic fertilisers + N_P, K, 6.15¢ 342b
Average (N_,P_ K, ) 6.67 b 3.17c
Optimal (N,,P_K.) 7.55a 4.28 a

Note: means in columns with the different letter are highly significantly different according to the Fisher’s test

(P<0.05)
Source: compiled by the authors

Analysing the data in Table 3, it should be
noted that the use of fertilisers on meadow
chernozem carbonate soil had a significant ef-
fect on the yield of both winter wheat and sun-
flower. The yield increase was 0.85-3.1 (winter
wheat); 0.60-2.05 t/ha! (sunflower). The highest
yield of winter wheat is obtained with optimal
fertiliser saturation - 7.55 t/ha?, and the small-
est — without fertiliser application - 4.45 t/ha™.
The difference between the minimum and aver-
age saturation was significant and the increase
inyield for the latter was 1.37 t/haX. When grow-
ing sunflower seeds, the average fertiliser sat-
uration also had a greater impact on the yield
compared to the minimum, the difference was
+0.34 t/ha™. The highest yield of sunflower is
obtained with optimal fertiliser saturation -

Plant and Soil Science (15)1

4.28 t/ha?, and the smallest — without fertiliser
application - 2.23 t/ha™.

Other researchers have also conduct-
ed similar studies. For example, M. Chen &
T.E. Graedel (2016) found that the introduction
of superphosphate for 65 years caused a signif-
icant increase in the proportion of all mineral
phosphate fractions in the soil, except for the
calcium-bound fraction. However, no signifi-
cant effect of superphosphate on the content of
organic phosphorus compounds was observed.
In the experiment, where manure was used as a
fertiliser containing phosphorus in an equiva-
lent amount to superphosphate, the proportion
of easily accessible phosphorus mineral com-
pounds in the soil increased compared to the
use of mineral fertilisers.

(>
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Some long-term studies by J. Ahlgren et.
al. (2013) showed that the combination of min-
eral fertilisers with organic fertilisers primarily
affected the concentration of P in the soil. Phos-
phorousfertiliserscandirectly affectthe concen-
tration of phosphorusinthesoilbyingestingboth
orthophosphates and organic phosphorus com-
pounds (Abdala et al.,, 2015; Barrow et al., 2015).

According to the conclusions of the research
team, the application of organic fertilisers in-
creased the concentration of organic matter
in the soil. This led to an increase in the deso-
rption of mineral phosphorus compounds due
to changes in the soil reaction, which led to an
increase in the availability of phosphates in soils
(Sharpley et al, 2004). C.M. Nobile et al. (2020)
found that with an increase in the pH value of the
acidic soil environment, phosphorus desorption
Fe,0, s Al,O, (or Fe(OH), and Al(OH), occurs, in-
stead, phosphorus desorption in carbonate soils
occurred with a decrease in the pH value of the
soil medium.

JK. Whalen & C. Chang (2001) considered
the accumulation of phosphorus in treated soils
due to constant annual applications of mount-
ed manure from a large feeding cowshed over a
long period. The study aims to understand how
thelong-term practice of adding manure from a
feeding cowshed to agricultural soils affects the
accumulation of phosphorus, which is impor-
tant for crop growth but can also cause prob-
lems in the environment when it accumulates
in excessive amounts. The availability of phos-
phate fractions in the soil also depends on the
processes of interaction of soil organic matter
with metal oxides. As a result of such process-
es, some of the phosphorus compounds bind
and become less accessible to plants (Fink et
al., 2016; Kramer & Chadwick, 2018). Other stud-
ies have shown that changes in the composition
of phosphate fractions are important for deter-
mining the effectiveness of various mineral fer-
tilisers and help to better reveal the availability
of phosphorus in soils (Mundus et al,, 2017). Only
a few comprehensive quantitative studies have
covered suchresearch Anotherimportant factor
affecting the mobilisation of nutrients is soil mi-
croorganisms. Due to the fact that available P is
constantly supplied due to insufficient dissolu-
tion, desorption, and mineralisation of organic

)

phosphorus, the level of available compounds
depends on the specific soil and climatic condi-
tions, the crop grown, and the date of soil sam-
pling (Tiessen & Moir, 1993).

M.B. McGechan & D.R. Lewis (2002) found
that studying the availability of phosphorus
compounds is challenging because some of the
phosphorus in fertilisers can be fixed by the soil.
In those areas where phosphorous fertilisers
were applied, the presence of mobile phos-
phates in the composition of soil colloids and/
or bound to soil particles was noted. When ap-
plying phosphorous fertilisers, the content of
mobile phosphates in the soil increases, the de-
gree of their mobility and availability for plants
increases. M. Kulhének et al. (2007) showed a
gradual increase in phosphorus concentrations
when applying organic and mineral fertilisers.
The absorption of phosphorus by barley plants
ranged from 9 to 14.5 kg/ha, and an increase in
the use of phosphorus led to an increase in the
concentration of phosphorus in plants. The clos-
est relationship was found for aqueous extracts
and phosphorus uptake by plants when the co-
efficient of determination was 65%.

Thus, the issue of phosphorus in soils is ex-
tremely relevant and complex at the same time.
There is no doubt about the role of phosphorus
in shaping crop productivity, but in soils, a sig-
nificant part of the phosphorus reserves cannot
be used by plants, since they are in hard-to-
reach forms. The conducted research revealed
the impact of different levels of fertilisation on
phosphate composition and yields.

CONCLUSIONS

Based on the conducted studies, the influence
of long-term fertilisation on the indicators of
the phosphorous regime of meadow chernozem
soil was established. The group and fractional
composition of mineral phosphates accord-
ing to the Chang-Jackson method in the Ginz-
burg-Lebedeva modification showed that the
largest proportion is occupied by phosphorus
compounds that are bound to iron: their content
was 31.8-5119 mg/100 g of soil. An increase in
mineral fertilisation rates led to an increase in
Al-phosphates. Fraction content (Ca-P), which
is most accessible to plants, is noted in variant
N, P _K .Naturally,the highestcontent of mobile
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phosphates in the arable and sub-arable layers
was at optimal fertiliser saturation (option with
the highest rate of mineral fertilisers NP, 4Ksz)
and rated as high and very high respectively. It
was 4.8 and 8.5 mg/100 g of soil, respectively. The
content of mobile phosphates and the fractional
composition of phosphorus compounds depend
on the reaction of the soil medium. The lowest
pH values (6.5) of meadow chernozem soil were
found in the control, where a high content of
mobile phosphates was detected; on fertiliser
variants, the values were 6.9-7.3 pH units in the
arable layer. At the same time, it is difficult to dis-
tinguish the effect of the soil reaction from the

chernozem carbonate soil had a significant ef-
fect on the yield of both winter wheat (0.85-3.1t/
ha?), and sunflower (0.60-2.05 t/ha’®).

Future studies may consider different types
of fertilisers and their impact on the phospho-
rus regime and plant yield. Learning the optimal
fertiliser combinations can be useful for max-
imising yields and efficient use of resources.
Further studies may also focus on the investiga-
tion of various plant species that are grown on
meadow chernozem carbonate soils. This will
allow understanding how the effect of mineral
fertilisers can differ for different crops.

action of fertilisers, so studies on the depend- ACKNOWLEDGEMENTS
ence of the phosphate regime on pH in differ- None.
ent soil conditions with similar fertilisation op-
tions will be promising. The minimum, average, CONFLICT OF INTEREST
and optimal fertiliser saturation on meadow None.
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OuiHKa BNIMBY MiHepanbHUX AO6pUMB Ha pochaTHUN pEXKUM
NYYHO-YOPHO3€MHOIro Kap60oHaTHOIrO FPYHTY
Ta YPOXXaUHICTb COHALUHUKY i NWeHUUi o3MMoi

AHOTaLifl. AKTyaNbHICTh JOCIIIPKeHH I0JIATae B Heo6xiMHOCTI 36epesKeHHS ONTUMaIbHOTO
piBHA pyxomoro pocdopy y KapboHATHUX IPYHTAX AJIs MiATPUMKU 3J0POBOI0 POCTY Ta PO3BUTKY
POCJIVH, OCKIJIBKY caMe B TAaKUX I'PYHTaX BiH MOsKe [IepexXOOUTH y MeHII pyxoMi ¢opMu. MeToro
IOCTiIKeHHSA 6y710 OL[iHUTH BIUIUB PiSHUX JOBrOCTPOKOBUX CTPATEriti BHECEHHA OO PUB Ha BMICT
pisHUX dopM docdopy B I'PYHTI AJIg ITOKpalleHHS L€l JOCTYITHOCTI. [JOCIiIyReHHS IIPOBOLWIN
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Assessment of the influence of mineral fertiliser...

yHiBepcuTeTy 6iopecypciB i MpUpOgOKOPUCTYBaHHS YKpaiHU « ATpOHOMIYHA JOCITiAHA CTaHIig»
KuiBcpkoi 061aCTi Ha JIyYHO-YOPHO3eMHOMY Kap6OHATHOMY MaJIoTyMyCHOMY TPyOOIIMIyBaTO-
JIETKOCYITIMHKOBOMY IDYHTI y II'SITUIIINIBHIN CiBO3MiHi, Jle BUBYajM BIUIUB Pi3HUX piBHIB
HacU4YeHOCTi fobpuBaMu (6e3 1o6puB, MiHIMaNbHUM, CEpeAHil | ONITUMaNbHUNA) Ha TTIOKA3HUKU
docdaTHOTO peRUMY I'PYHTY i YpOSKAMHICTh MINEHUIl 03UMOI cOpTy ETaHa i COHAMIHUKY
ribpuny Cymiro. 3pa3ku I'PyHTY Bimbupanu 3 mapiB 0-20 i 20-40 cM, y HUX BH3HAYaIu
rpynoBo-dpakUinHuM crian ¢ocdaris 3a MeTozmoM YaHra-IKeKCOHa, BMicT pyxoMux docdaTiB
3a MertomaMu YupuroBa Ta MauuriHa. 3TifHO 3 aHaANi30M TPyHoBO-OPaKLiMHOIO CKIALY
docdatiB IpyHTY BCTAHOBJIEHO, IO Y JIYYHO-YOPHO3E€MHOMY Kapb60HATHOMY I'PYyOOIIMIYBATO-
JIETKOCYITIMHKOBOMY IDYHTI cepell ycix ¢pakiiil IepeBaskae BMicT ¢ocdariB 3amiza 3a
JIOBrOTPMBAJIOTO BHECEHHS AOODPUB. Pe3ynbTaTy AOCTIIKEHb ITOKA3ajay 36iTblIeHHS BMICTY
docdariB anmoMiHio0O Yy ToBepXHeBOMy LIapi pyHTY 0-20 ¢M ABOX BapiaHTIB 3a LOBrOTPHBAJIOrO
BHECEHHS NOOPUB, a TAKOXK IMiJBUIIEHHS BMicTy Apyroi dpakiii po3ynHHUX GpocdaTiB Kanbliio
(Ca-P)), y minimanpHOi Hacuyenocti (N,P K, ) BimmideHo Hai6inbumre pocTymHoi ¢paxiii
docoariB gy pocaun (Ca-P) YmicT pyxomux pocdariB 6yB MaKCHUMaJbHUM 3a OITHMAJbHOI
HacuyeHocTi go6pusamu (NP, K, )i ckiazas 4.8 i 8.5 Mr/100 T I'pyHTY, miC/Iais OpraHiqHUX
IOo6pUB TMO3WUTHMBHO BIMBajla Ha HAKOMUYEHHS pyxoMux docdaTiB y rpyHTti. Haiibinbina
YPOXKaMHICTD MineHuIli 03uMoi (7,55 T/ra) i cOHAMHUKY (4,28 T/ra) OTpUMAaHa 3a ONTUMAJIbHOI
HacH4YeHOCTi [o6puBaMy, HalMeHIIa 6e3 3aCTOCYyBaHHSA LO6PUB, [ie BOHA CKiazia 4,45 T/ra Ajis
MIIIeHUI 031MOi Ta 2,23 T/ra y COHSIIHUKA. Pe3yIbTaTy JOCIiAKeHHS MOKYTh Oy TH BUKOPHUCTaHI
IJIS PO3PO6KU 6iIbII CTIMKUX Ta epeKTUBHUX CTPaTETiyt BUKOPUCTAHHA pochopy B IPYHTAX, 1[0
MOJKe CIIPUATU 36epeKeHHIO IPYHTOBUX PECYPCIB Ta 3ar106iraHHI0 MOKINBOMY 3a6pyIHEHHIO
BOIHUX A)Kepesl BHACTiAOK HaIMipHOTO BHeceHHA dochopy

KniouyoBi cnoBa: rpyrnoBo-QpakLiHUN CKJIaJ;, pyxoMmi ¢ocdary; peaxils I[PYHTOBOIO
cepenmoBuUIIa; Mobimizatiia docaTis; mocTyrHUM hochop
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