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Abstract 
 
The article draws attention to a particularly sensitive period of spring barley development, which directly relates to the 
germination phase. On the basis of the obtained data, it was established that the germination phase of spring barley 
during the studied sowing dates is 10.03; 20.03; 30.03; 9.04. 19.04 is characterized by a decrease in the duration of the 
period from sowing to seedlings for each subsequent sowing period. It was established that soil temperature is an 
important factor influencing the duration of spring barley germination. Correlation coefficient r = -0.97 was 
established accordingly. The dependence of the onset of the tillering phase in spring barley plants on the sowing dates 
was revealed. Accordingly, the barley plants of the first sowing period entered the tillering phase earlier by 13-15 days 
compared to the third sowing period and by 22-25 days compared to the April 9 sowing period. This is a rather 
important advantage, since the duration of the tillering phase will be the longest in barley plants of the first sowing 
period, which will contribute to the implementation of the first and second elements of the grain yield structure.  
 
Key words: spring barley, sowing time, germination duration, soil temperature regime, seedlings, tillering of plants. 
 
INTRODUCTION 
 
Barley is a food, technical and fodder crop 
(Bomba et al., 2020). It belongs to the oldest 
and most famous diverse grain crops, it is 
grown all over the world in large quantities on 
large areas (Kasatkina et al., 2018; Gorobets et 
al., 2020). Barley is especially important as a 
fodder crop (Petrychenko et al., 2018). Dry 
matter contains 70-85% of total carbohydrates, 
10-12% – protein, 2-3% – fats, 2-4% – 
minerals and 1-2% – other substances. The 
volume of world grain production fluctuates 
depending on the year in the range of 135-150 
million tons. 
Grown barley grain is also used for the 
production of food products – flour, pearl 
barley, hollandaise, barley groats. Pearl barley 
is a whole grain from which the flower film has 
been removed. Hollanda is a cereal in the form 
of a ball of barley grain, from which the film is 
removed and the top and the lower germ part of 
the grain are freed. Barley groats – finely 
ground, polished barley. 
In addition, barley grain is an important raw 
material for the production of brewing and 
vodka malt (Toma et al., 2024; Kostadinova, 
2023). In order to obtain malting barley, it is 
necessary to comply with the special 

requirements of the cultivation technology, 
which is supposed to achieve high 
technological qualities of the grain. In 
particular, issues of biochemical quality are 
important, namely ensuring the appropriate 
parameters of grain protein content, 
extractability, diastatic force, Kolbach number, 
friability, beta glucan content (Buturlym et al., 
2021; Puzik, 2019).  
Numerous studies confirm the centuries-old 
experience of using barley for the purpose of 
treatment (Rybalka et al., 2016). Swedish 
scientists found out that barley groats protect 
against type 2 diabetes, obesity, and some 
diseases of the cardiovascular system. It is 
known that a decoction of crushed barley 
groats treats the gastrointestinal tract (ulcers, 
inflammation of the intestines), strong cough, 
acts as a diuretic, as well as a sedative, 
antispasmodic, is characterized by enveloping 
and expectorant properties, and improves 
metabolism. It is believed that barley 
decoctions and porridges remove radionuclides 
from the body and lower cholesterol. A 
decoction of barley grain in a film is useful for 
vision, liver, kidneys, helps with headaches, 
infectious diseases (fungus, pneumonia, 
pyelonephritis, hepatitis, sinusitis), helps 

dissolve kidney stones. Therefore, barley is 
given the role of a healing plant. 
Barley is rich in vitamins. These 
physiologically active substances are localized 
in the germ and the aleurone layer of the grain. 
Among B vitamins, barley grain contains 
vitamin B1 (thiamine), vitamin B2 (riboflavin), 
B6 (pyridoxine), PP (nicotinic acid). Vitamin H 
(biotin), pantothenic acid, folic acid and α-
aminobenzoic acid are also present. Barley is 
also rich in vitamin C, the accumulation of 
which is greatly facilitated by the high level of 
provision of potassium fertilizers. Vitamin E in 
barley is contained in the form of isomers α, β, 
γ, δ – tocopherol and tocotrienoly, and exhibits 
antioxidant properties. 
Regarding the historical reference, very little 
information is given about how barley was 
grown in ancient times. The first written 
documents about the cultivation of barley are 
laid out on a fragment of a board around 1700 
BC in Mesopotamia. On 109 lines, a significant 
amount of agronomic advice is indicated in 
cuneiform script, which touches on the issues 
of soil preparation, plowing, sowing, harvesting 
and seed sorting. 
Today there is a different view of historical 
reality. The scientific sensation is that there 
were settlements on the territory of modern 
Ukraine even in Mesolithic times. The 
cultivated plant grown by our distant ancestors 
was barley. Cultivated cereals began to spread 
precisely from the Dnieper region. This was 
proven by radiocarbon analysis of artifacts 
found at the bottom of the Black Sea as a result 
of research conducted in 2012 by a deep-sea 
archaeological expedition under the auspices of 
UNESCO. 26,000 years before the end of the 
Neolithic, the level of the Black Sea rose by 
100 m and flooded the inhabited shelf. 
Therefore, it can be assumed that many years 
before our era, on the right-bank part of the 
territory of our Ukraine, people mastered 
household chores, including barley cultivation 
(Horash et al., 2019). 
So, scientific evidence proves that the 
cultivation of flaky barley began on the 
territory of modern Ukraine earlier than in the 
Middle East and before the development of 
agricultural culture by Western Europe. 
Today, despite the ancient past, barley 
cultivation, starting with our distant ancestors, 

constantly poses new and new challenges to 
humanity. 
The production of plant products, in particular, 
barley grain, depends on many factors 
(Ishchenko, 2021; Hospodarenko et al., 2015; 
Gavriliuk, 2009).  
Production volumes are primarily influenced 
by market conditions and the need for a 
specific type of technical raw material 
(Radishchuk, 2015). At the same time, not only 
the biological features of barley plants as a 
culture are important, but also the perfection of 
the growing technology. 
Agricultural cultivation of spring barley is 
severely limited by various abiotic and biotic 
stress factors (Mittler, 2006; Kosova et al., 
2014). Abiotic factors include various factors 
of environmental conditions, in particular, 
precipitation, solar radiation, temperature 
regime, air flows (Kosová et al., 2013). Biotic 
factors include pathogenic microflora, harmful 
organisms, living organisms that negatively 
affect the growth and development of plants 
(Yang et al., 2013). These are viruses, fungi, 
bacteria and insects that damage plants. These 
factors can reduce the yield of spring barley 
grain up to 50% (Basu et al., 2016; Lamaoui et 
al., 2018). 
In order to obtain a high level of yield of spring 
barley, various new agronomic practices aimed 
at creating optimal conditions for the growth 
and development of plants are being 
introduced. That is why research aimed at 
evaluating new approaches and methods of 
increasing the yield of agricultural crops, 
including spring barley, is an urgent task of our 
time. 
To maximize the biological productivity 
potential of varieties and hybrids of agricultural 
crops, it is necessary to have thorough 
knowledge of all the factors on which the 
potential realization process depends. 
From the point of view of modernity, the 
intensive technology of growing agricultural 
crops should be considered as a technology that 
provides the opportunity to realize the potential 
of the external environment of the ecosystem to 
the greatest extent, under the condition of 
ensuring the effective implementation of the 
potential of the biological factor at the lowest 
costs of intensification means. 
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Barley is a food, technical and fodder crop 
(Bomba et al., 2020). It belongs to the oldest 
and most famous diverse grain crops, it is 
grown all over the world in large quantities on 
large areas (Kasatkina et al., 2018; Gorobets et 
al., 2020). Barley is especially important as a 
fodder crop (Petrychenko et al., 2018). Dry 
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is a whole grain from which the flower film has 
been removed. Hollanda is a cereal in the form 
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increasing the yield of agricultural crops, 
including spring barley, is an urgent task of our 
time. 
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The agricultural ecosystem in crop production 
does not fundamentally differ from the 
ecosystem, which is natural, as it is 
characterized by the same features, the same 
laws, all the main elements, dependencies and 
properties exist in it. The main important 
components of the agroecosystem include the 
external environment (vegetation factors) and 
productivity factors (producers, that is, field 
crops that ensure the production of organic 
matter). 
Intensification of crop production by 
technological factors is a costly part of growing 
agricultural crops. There are sufficiently 
significant reserves associated with other 
factors, in particular with vegetation factors, 
the main of which include solar radiation and 
positive, effective and active temperatures 
dependent on it, which ensure the heat demand 
of plants. 
Ukraine has all the conditions for the effective 
development of agriculture, namely, fertile 
soils, favorable climatic conditions (Vozniuk et 
al., 2023; Bondar et al., 2023). 
In literary sources, it is noted about the trend of 
climate change regarding the increase in the 
average annual air temperature, and therefore 
by the end of the 21st century, an increase in 
temperature by 2-4°C is expected throughout 
Ukraine (Yatsyuk et al., 2021; Christidis et al., 
2021). As is known from literary sources, 
climate change can affect both yield and grain 
quality of agricultural crops, including barley 
(Ko et al., 2019; Kim et al., 2022). 
Today, the agroclimatic resource for growing 
spring barley in the conditions of the Western 
forest-steppe of Ukraine has undergone 
changes due to the earlier onset of heat. This 
makes it possible to start spring field work 25-
30 days earlier, to carry out sowing of early 
spring grain crops. This actually creates new 
additional levels of energy resources for their 
use in agricultural technologies. 
Technologically, it is possible to reach different 
levels of energy resources thanks to different 
sowing periods, where the potential of the agro-
climatic resource, its availability in terms of 
volume will depend on the degree of 
favorability. The explanation of this regularity 
lies in the correspondence of the constituent 
resources to the biological needs of growth and 
development. In this aspect, attention should be 

paid to global climate changes. The climate of 
the Western forest-steppe changes from 
moderately continental to sharply continental. 
The probability of dry years, hydrological 
droughts, moisture deficit during crop 
formation has increased. With reference to this, 
shifting the spring barley sowing dates from the 
traditional ones at the beginning of April to 
earlier ones is a justified and expedient 
measure in cultivation technology. 
Therefore, the question of the ecological 
expediency of crop production in order to 
ensure additional energy accumulation by the 
grown crop or other categories to obtain a 
higher level of productivity under the 
conditions of the same resources, both 
technical and anthropogenic, is an important 
step in the development of technology. Such 
directions and directions of scientific research 
will reveal quite significant reserves of the 
functioning of the agroecosystem at the higher 
energy levels of the ecosystem. 
The intensity of development of the agro-
ecosystem of field crops and their productivity 
depends on the arrival of two energy types, 
namely radiant and additional, which is 
necessary for the maximum use of solar 
radiation. Practically, the task that relies on the 
technology can be formulated as follows: 
obtaining the maximum productivity of crops 
with minimal expenditure of additional energy. 
Solving such tasks consists in ensuring the 
optimization of the elements of crop production 
technologies by adapting them to changes in 
existing conditions not only by selecting crops 
and appropriate varieties, but also by the entire 
complex of technological measures. 
In modern intensive systems of growing grain 
crops, there is a demand for increased attention 
to plants as a biological means of production. 
Varieties of spring barley are characterized by 
a number of productive, biological and 
technological properties. Special importance is 
given to biological properties and features in 
connection with the task of growing technology 
to maximize the potential of crop productivity 
(Horash et al., 2020; Horash, 2017). A number 
of scientific studies have established that the 
optimization of plant growth and development 
in the process of growing agricultural crops 
cannot be achieved without paying special 
attention not only to the biological object, as 

the main factor of technology, but also to 
vegetation factors (Horash et al., 2020; Horash, 
2017). In this regard, in the analysis of the 
energy efficiency of growing technologies, 
attention is paid to the processes of interaction 
of the biological factor, that is, the variety or 
hybrid and vegetation factors, taking into 
account the generally accepted requirements of 
the culture during cultivation. 
Barley is characterized by a wide variety of 
forms adapted to different soil and climatic 
conditions. The high adaptability of this culture 
ensured its spread on all continents of the 
globe. Insignificant demand for heat and a short 
growing season make it possible to grow barley 
in the northern areas of agriculture. 
Barley is characterized by an accelerated pace 
of development. This property ensures that the 
culture is indispensable not only in the northern 
regions of Europe, but also in the arid regions 
of the Asian continent. Better than other crops, 
barley uses the reserves of productive moisture 
accumulated in the cold period of the year and 
has time to form a crop before the onset of dry 
and hot weather in the second half of summer. 
Thanks to this, barley in arid growing zones 
provides higher and more stable yields than 
wheat and oats. Many varieties of barley are 
heat-resistant and resistant to soil salinity. 
Among the varieties of barley there are those 
that can be sown both in winter and in spring, 
i.e. two-handed. Accordingly, there are 
varieties of winter and spring forms, but these 
are not systematic units. 
At the heart of the growing barley technology 
is the task of maximally realizing the potential 
of the culture. Accordingly, it is necessary to 
ensure: 1) the maximum efficiency of the 
biological factor – varietal parameter 
(category) and biological potential of seeds; 2) 
the maximum efficiency of agricultural 
methods – the process of sowing, application of 
mineral fertilizers, compliance with the 
favorable development of the row spacing and 
seeding rate. 
Particular attention is currently being paid to 
the maximum effectiveness of the use of 
vegetation factors due to early sowing dates, 
the direction of placement of rows, uniformity 
of plant placement along the row, the 
favorability of the ecosystem to the biological 

requirements of the crop and variety (Tkachuk 
et al., 2018). 
Special attention should be paid to the issue of 
growing spring barley in the conditions of the 
zone allocated for the favorable soil, climate 
and hydrological resources for the needs of the 
brewing industry. 
According to calculations, the areas allocated 
for the cultivation of malting barley represented 
by chernozems amount to about 2 million 
hectares. As a result, the potential possibility of 
the allocated zone for the annual production of 
malting barley can be at least 2 million tons of 
grain. 
The designated zone for the cultivation of 
malting barley is part of the fourth agricultural 
specialization zone of Ukraine – "Intensive beet 
cultivation, grain and fodder production", 
justified on the basis of objective compliance 
with the law of wide zoning (Polupan et al., 
2005). 
Soils play an important role during the 
germination of barley seeds. They are an 
important factor in ensuring the resistance of 
agricultural crops to climate changes 
(Cojocaru, 2020; Dehtiarov, 2023). The 
thermal properties of podzolized chernozem 
soils are characterized by temperatures that, in 
relation to plants, significantly affect the 
development of the root system (Dudar et al., 
2022; Polupan et al., 2019). 
An important factor in establishing optimal 
conditions for growing malting barley in 
Ukraine based on its capabilities is the 
radiation balance, which affects the 
temperature regime of the soil, adjacent air 
layers, evaporation and transpiration processes. 
Barley is quite sensitive to soil fertility. This is 
explained by its biological properties. It has a 
root system with a low level of assimilation of 
hard-to-reach forms of nutrients from the soil 
and is characterized by a short period of 
intensive accumulation of nutrients. It produces 
high yields on fertile, structured, moderately 
cohesive loamy soils with a mechanical 
composition. The most suitable chernozems for 
it are deep and podzolized forest-steppe and 
steppe zones (Kononyuk et al., 1986). 
It has been established that dark-colored soils 
contain more mobile forms of nitrogen, 
phosphorus, and potassium, which contributes 
to better plant development. An important role 
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Among the varieties of barley there are those 
that can be sown both in winter and in spring, 
i.e. two-handed. Accordingly, there are 
varieties of winter and spring forms, but these 
are not systematic units. 
At the heart of the growing barley technology 
is the task of maximally realizing the potential 
of the culture. Accordingly, it is necessary to 
ensure: 1) the maximum efficiency of the 
biological factor – varietal parameter 
(category) and biological potential of seeds; 2) 
the maximum efficiency of agricultural 
methods – the process of sowing, application of 
mineral fertilizers, compliance with the 
favorable development of the row spacing and 
seeding rate. 
Particular attention is currently being paid to 
the maximum effectiveness of the use of 
vegetation factors due to early sowing dates, 
the direction of placement of rows, uniformity 
of plant placement along the row, the 
favorability of the ecosystem to the biological 

requirements of the crop and variety (Tkachuk 
et al., 2018). 
Special attention should be paid to the issue of 
growing spring barley in the conditions of the 
zone allocated for the favorable soil, climate 
and hydrological resources for the needs of the 
brewing industry. 
According to calculations, the areas allocated 
for the cultivation of malting barley represented 
by chernozems amount to about 2 million 
hectares. As a result, the potential possibility of 
the allocated zone for the annual production of 
malting barley can be at least 2 million tons of 
grain. 
The designated zone for the cultivation of 
malting barley is part of the fourth agricultural 
specialization zone of Ukraine – "Intensive beet 
cultivation, grain and fodder production", 
justified on the basis of objective compliance 
with the law of wide zoning (Polupan et al., 
2005). 
Soils play an important role during the 
germination of barley seeds. They are an 
important factor in ensuring the resistance of 
agricultural crops to climate changes 
(Cojocaru, 2020; Dehtiarov, 2023). The 
thermal properties of podzolized chernozem 
soils are characterized by temperatures that, in 
relation to plants, significantly affect the 
development of the root system (Dudar et al., 
2022; Polupan et al., 2019). 
An important factor in establishing optimal 
conditions for growing malting barley in 
Ukraine based on its capabilities is the 
radiation balance, which affects the 
temperature regime of the soil, adjacent air 
layers, evaporation and transpiration processes. 
Barley is quite sensitive to soil fertility. This is 
explained by its biological properties. It has a 
root system with a low level of assimilation of 
hard-to-reach forms of nutrients from the soil 
and is characterized by a short period of 
intensive accumulation of nutrients. It produces 
high yields on fertile, structured, moderately 
cohesive loamy soils with a mechanical 
composition. The most suitable chernozems for 
it are deep and podzolized forest-steppe and 
steppe zones (Kononyuk et al., 1986). 
It has been established that dark-colored soils 
contain more mobile forms of nitrogen, 
phosphorus, and potassium, which contributes 
to better plant development. An important role 
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in heat accumulation by soils is played by their 
heat absorption capacity. Black soils reflect the 
sun's energy the least – 8%. The amount and 
quality of humus, which determine the color of 
the soil, as well as the granulometric 
composition, have the most significant effect 
on the heat-absorbing capacity of soils. Soils 
with a high humus content (chernozems) 
absorb 10-15% more radiation energy than 
soils with a low humus content. Accordingly, 
heat capacity is better in soils with a high 
content of humus. The amount and quality of 
humus also affect the volume heat capacity, the 
more humus in the soil, the more heat capacity 
it has (Polupan et al., 2019). 
The thermal properties of soils are 
characterized by their temperatures, which in 
relation to plants significantly affect the 
development of the root system. 
Deep medium-loam chernozems warm up 
earlier in time to a depth of 5 cm than dark gray 
podsolized medium-loam soils. 
Due to their black color, high content of humus 
and good parametric characteristics in terms of 
particle size composition, black earth soils 
better absorb the energy of the sun, they retain 
heat for a long time, which is quite important in 
connection with the strategy of early sowing of 
spring barley and ensuring effective initial 
development already at the beginning of 
germination. 
The annual amount of precipitation and the 
uniformity of its distribution during the 
growing season ensure the total water demand 
and correspond to the biological optimum of 
spring barley. The beginning of the vegetative 
period from 1.IV and the course of increasing 
positive temperatures with the effectiveness of 
technological measures to realize the biological 
potential of spring barley can contribute to the 
grain yield of at least 8-10 t/ha. According to 
the biological content of solar radiation, the 
conditions of the zone ensure the advantage of 
accumulation of carbohydrates in cereal crops, 
scattered radiation as part of the total is 50-
52%. In general, the favorable conditions for 
productivity of spring barley in the designated 
growing zone are the highest in Ukraine and 
amount to 80-85%. 
However, it should be noted that until recently, 
over a period of 10 years, two of them were 
such that ensured the implementation of field 

work in the first days of March, the rest 
ensured the beginning of spring field work in 
late March – early April. According to the 
observation of the duration of the period from 
2014 to 2023, two of them, 2021 and 2022, 
were those years that, according to the 
conditions, contributed to the implementation 
of sowing field work in early April, for the 
remaining years, the arrival of heat contributed 
to the sowing of early grain crops in the first 
decade of March. 
Barley seeds begin to germinate at a 
temperature of 1-2°C. However, under such 
conditions, the germination process is very 
slow. At a temperature of 4°С, the duration of 
seed germination takes from 5 to 7 days, at 
10°С – 3 days, and at 16-19°С – 1-2 days. 
Accordingly, the duration of the sowing-
emergence period depends on the soil 
temperature. The higher it is, the earlier the 
seedlings appear on the soil surface. However, 
the most favorable temperature at the beginning 
of barley development is 10-15°С, which is 
slightly less than the optimal parameters for 
seed germination, for which the indicators are 
20-23°С. High temperature accelerates the 
development of plants by shortening the 
duration of the tillering phase, which causes a 
decrease in the productivity of the barley ear. 
Germination of barley seeds is a complex 
biological process during which the formation 
of a seedling takes place from the very 
beginning. This is the first stage of the life 
cycle, which is characterized by the growth 
process. Conditions or factors such as heat, 
water, air and nutrients are necessary for 
normal germination. It is important to pay 
attention to the fact that germination occurs 
through the process of respiration, during 
which carbon dioxide is released and oxygen is 
absorbed. 
Barley seedlings can withstand short-term 
frosts from 5 to 8°С. At lower temperatures, the 
tops of the leaves may be damaged (Shuvar et 
al., 2021). 
The intensity of germination during this 
phenophase depends on the viability of the 
seed, its quality, where it is necessary to 
include the high energy of germination, the 
amount of energy resources concentrated in the 
endosperm, the enzymatic potential (enzymatic 
complex of cytase, enzymes that break down 

starch – α and β-amylases, proteolytic enzymes 
– proteases, phosphoric acid enzymes – 
phosphatases) grain weight, seed wrapping 
depth during sowing. To what extent the 
germination of barley, which is an early-
sowing culture, depends on the temperature 
regime of the soil is of particular interest. 
How initial development depends on 
environmental conditions is little reported in 
literary sources. To a greater extent, there is 
detailed information on the formation of 
elements of ear productivity as a result of the 
influence of the external environment, where it 
is stated that among the factors to which plants 
respond sensitively are the duration of the light 
period of the day and temperature. 
In the description of macrophenological phases, 
it is noted that the zero phase is the seedling 
phase, when a coleoptile appears on the soil 
surface. How factors of the external 
environment affect germination is little 
reported in literary sources and we do not find 
detailed information. However, it is the phase 
of seed germination that is quite important, it is 
the field germination, the dynamics of seedling 
emergence, and the balanced growth and 
development of plants that depend on it. The 
relevance of the research lies in the fact that, 
according to its biological characteristics, 
barley belongs to the crops of the early sowing 
period, which is often emphasized in literary 
sources. Scientists pay attention to global 
climate changes due to warming, which cause 
an increase in such phenomena as heat, 
drought, etc. (Niţu et al., 2023). Limiting 
negative climate change requires technological 
solutions and new approaches. In particular, 
this applies not only to barley, but also to such 
an important grain crop as wheat (Partal et al., 
2023; Lozinskiy et al., 2023). It is possible to 
resist these changes, in particular regarding the 
cultivation of spring barley in Ukraine, thanks 
to the observance of early sowing dates. How 
to use this feature for practical purposes? The 
task of scientific research takes an important 
position, in particular, how favorable is the 
ecosystem in accordance with the culture of 
spring barley during the early sowing period 
regarding the issue of the phase of seed 
germination before the emergence of seedlings. 
Undoubtedly, the perfection and development 
of technologies consists in the effective use of 

agrotechnical resources of the external 
environment – vegetation factors in relation to 
the development of plants and the realization of 
the biopotential of agrophytocenosis. In 
general, the agroecosystem is created by a 
certain part of the technology, the task of which 
is to effectively use the accumulated energy of 
sunlight, which accumulates in the soil from 
the very beginning of the spring warming. This 
is the ecological expediency of the 
development of crop production, both the 
maximum and the full rational use of the 
energy resource of the environment. 
The purpose of the research is to improve the 
existing technology for growing malting spring 
barley developed over the past decade in 
cooperation with the National Academy of 
Sciences of Ukraine. 
 
MATERIALS AND METHODS 
 
The organization of the field experiment took 
place by laying out plots in 4 repetitions with a 
registered area of 20 m2. Sowing dates: the first 
– March 10, the second – March 20, the third – 
March 30, the fourth – April 9, the fifth – April 
19. The object of research is the Sebastian 
spring barley plant. The seeding rate is 250 
sprouting seeds/m2. 
The soil temperature was determined according 
to the Pessl Instruments iMetos IMT300USW 
weather station. 
The research was carried out during 2015-2017 
at the Higher Educational Institution "Podillia 
State University" in the conditions of the 
Western Forest Steppe of Ukraine. 
Agrochemical characteristics of the soil of 
experimental plots. The type of soil is 
chernozem, gilded with medium loam, 
characterized by its physical and agrochemical 
properties as favorable for growing agricultural 
crops. Humus content is 3.2%, supply of 
nutrients: alkaline hydrolyzed nitrogen – 100 
mg per 1 kg of soil, mobile phosphorus P2O5 – 
176 mg per 1 kg of soil, exchangeable 
potassium K2O – 160 mg per 1 kg of soil. The 
reaction of the soil solution is close to neutral 
or neutral – the pH of the salt extract is 6.8-7.0 
mg-eq./100 g of soil, the hydrolytic acidity is 
low 0.56-0.62 mg-eq./100 g of soil, the amount 
of absorbed bases 32-36 mg-eq./100 g of soil. 
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in heat accumulation by soils is played by their 
heat absorption capacity. Black soils reflect the 
sun's energy the least – 8%. The amount and 
quality of humus, which determine the color of 
the soil, as well as the granulometric 
composition, have the most significant effect 
on the heat-absorbing capacity of soils. Soils 
with a high humus content (chernozems) 
absorb 10-15% more radiation energy than 
soils with a low humus content. Accordingly, 
heat capacity is better in soils with a high 
content of humus. The amount and quality of 
humus also affect the volume heat capacity, the 
more humus in the soil, the more heat capacity 
it has (Polupan et al., 2019). 
The thermal properties of soils are 
characterized by their temperatures, which in 
relation to plants significantly affect the 
development of the root system. 
Deep medium-loam chernozems warm up 
earlier in time to a depth of 5 cm than dark gray 
podsolized medium-loam soils. 
Due to their black color, high content of humus 
and good parametric characteristics in terms of 
particle size composition, black earth soils 
better absorb the energy of the sun, they retain 
heat for a long time, which is quite important in 
connection with the strategy of early sowing of 
spring barley and ensuring effective initial 
development already at the beginning of 
germination. 
The annual amount of precipitation and the 
uniformity of its distribution during the 
growing season ensure the total water demand 
and correspond to the biological optimum of 
spring barley. The beginning of the vegetative 
period from 1.IV and the course of increasing 
positive temperatures with the effectiveness of 
technological measures to realize the biological 
potential of spring barley can contribute to the 
grain yield of at least 8-10 t/ha. According to 
the biological content of solar radiation, the 
conditions of the zone ensure the advantage of 
accumulation of carbohydrates in cereal crops, 
scattered radiation as part of the total is 50-
52%. In general, the favorable conditions for 
productivity of spring barley in the designated 
growing zone are the highest in Ukraine and 
amount to 80-85%. 
However, it should be noted that until recently, 
over a period of 10 years, two of them were 
such that ensured the implementation of field 

work in the first days of March, the rest 
ensured the beginning of spring field work in 
late March – early April. According to the 
observation of the duration of the period from 
2014 to 2023, two of them, 2021 and 2022, 
were those years that, according to the 
conditions, contributed to the implementation 
of sowing field work in early April, for the 
remaining years, the arrival of heat contributed 
to the sowing of early grain crops in the first 
decade of March. 
Barley seeds begin to germinate at a 
temperature of 1-2°C. However, under such 
conditions, the germination process is very 
slow. At a temperature of 4°С, the duration of 
seed germination takes from 5 to 7 days, at 
10°С – 3 days, and at 16-19°С – 1-2 days. 
Accordingly, the duration of the sowing-
emergence period depends on the soil 
temperature. The higher it is, the earlier the 
seedlings appear on the soil surface. However, 
the most favorable temperature at the beginning 
of barley development is 10-15°С, which is 
slightly less than the optimal parameters for 
seed germination, for which the indicators are 
20-23°С. High temperature accelerates the 
development of plants by shortening the 
duration of the tillering phase, which causes a 
decrease in the productivity of the barley ear. 
Germination of barley seeds is a complex 
biological process during which the formation 
of a seedling takes place from the very 
beginning. This is the first stage of the life 
cycle, which is characterized by the growth 
process. Conditions or factors such as heat, 
water, air and nutrients are necessary for 
normal germination. It is important to pay 
attention to the fact that germination occurs 
through the process of respiration, during 
which carbon dioxide is released and oxygen is 
absorbed. 
Barley seedlings can withstand short-term 
frosts from 5 to 8°С. At lower temperatures, the 
tops of the leaves may be damaged (Shuvar et 
al., 2021). 
The intensity of germination during this 
phenophase depends on the viability of the 
seed, its quality, where it is necessary to 
include the high energy of germination, the 
amount of energy resources concentrated in the 
endosperm, the enzymatic potential (enzymatic 
complex of cytase, enzymes that break down 

starch – α and β-amylases, proteolytic enzymes 
– proteases, phosphoric acid enzymes – 
phosphatases) grain weight, seed wrapping 
depth during sowing. To what extent the 
germination of barley, which is an early-
sowing culture, depends on the temperature 
regime of the soil is of particular interest. 
How initial development depends on 
environmental conditions is little reported in 
literary sources. To a greater extent, there is 
detailed information on the formation of 
elements of ear productivity as a result of the 
influence of the external environment, where it 
is stated that among the factors to which plants 
respond sensitively are the duration of the light 
period of the day and temperature. 
In the description of macrophenological phases, 
it is noted that the zero phase is the seedling 
phase, when a coleoptile appears on the soil 
surface. How factors of the external 
environment affect germination is little 
reported in literary sources and we do not find 
detailed information. However, it is the phase 
of seed germination that is quite important, it is 
the field germination, the dynamics of seedling 
emergence, and the balanced growth and 
development of plants that depend on it. The 
relevance of the research lies in the fact that, 
according to its biological characteristics, 
barley belongs to the crops of the early sowing 
period, which is often emphasized in literary 
sources. Scientists pay attention to global 
climate changes due to warming, which cause 
an increase in such phenomena as heat, 
drought, etc. (Niţu et al., 2023). Limiting 
negative climate change requires technological 
solutions and new approaches. In particular, 
this applies not only to barley, but also to such 
an important grain crop as wheat (Partal et al., 
2023; Lozinskiy et al., 2023). It is possible to 
resist these changes, in particular regarding the 
cultivation of spring barley in Ukraine, thanks 
to the observance of early sowing dates. How 
to use this feature for practical purposes? The 
task of scientific research takes an important 
position, in particular, how favorable is the 
ecosystem in accordance with the culture of 
spring barley during the early sowing period 
regarding the issue of the phase of seed 
germination before the emergence of seedlings. 
Undoubtedly, the perfection and development 
of technologies consists in the effective use of 

agrotechnical resources of the external 
environment – vegetation factors in relation to 
the development of plants and the realization of 
the biopotential of agrophytocenosis. In 
general, the agroecosystem is created by a 
certain part of the technology, the task of which 
is to effectively use the accumulated energy of 
sunlight, which accumulates in the soil from 
the very beginning of the spring warming. This 
is the ecological expediency of the 
development of crop production, both the 
maximum and the full rational use of the 
energy resource of the environment. 
The purpose of the research is to improve the 
existing technology for growing malting spring 
barley developed over the past decade in 
cooperation with the National Academy of 
Sciences of Ukraine. 
 
MATERIALS AND METHODS 
 
The organization of the field experiment took 
place by laying out plots in 4 repetitions with a 
registered area of 20 m2. Sowing dates: the first 
– March 10, the second – March 20, the third – 
March 30, the fourth – April 9, the fifth – April 
19. The object of research is the Sebastian 
spring barley plant. The seeding rate is 250 
sprouting seeds/m2. 
The soil temperature was determined according 
to the Pessl Instruments iMetos IMT300USW 
weather station. 
The research was carried out during 2015-2017 
at the Higher Educational Institution "Podillia 
State University" in the conditions of the 
Western Forest Steppe of Ukraine. 
Agrochemical characteristics of the soil of 
experimental plots. The type of soil is 
chernozem, gilded with medium loam, 
characterized by its physical and agrochemical 
properties as favorable for growing agricultural 
crops. Humus content is 3.2%, supply of 
nutrients: alkaline hydrolyzed nitrogen – 100 
mg per 1 kg of soil, mobile phosphorus P2O5 – 
176 mg per 1 kg of soil, exchangeable 
potassium K2O – 160 mg per 1 kg of soil. The 
reaction of the soil solution is close to neutral 
or neutral – the pH of the salt extract is 6.8-7.0 
mg-eq./100 g of soil, the hydrolytic acidity is 
low 0.56-0.62 mg-eq./100 g of soil, the amount 
of absorbed bases 32-36 mg-eq./100 g of soil. 
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The content of humus was determined 
according to the Tiurin method, alkaline 
hydrolyzed nitrogen – according to the 
Kornfield method, mobile phosphorus and 
exchangeable potassium – according to the 
Chirikov method, the amount of absorbed bases 
– according to the Kappen-Hilkovits method, 
the reaction of the soil pH solution with salt – 
according to the potentiometric method, 
hydrolytic acidity – according to the Kappen 
method. 
The experiment was organized under the 
condition of forming crops with a rowing space 
of 15 cm – the usual row method of sowing. 
The depth of seed wrapping is within 2-3 cm. 
The parameters of the grain weight of the 
barley seeds used for sowing are 48-52 mg. 
Correlation-regression analysis was used for 
the mathematical analysis of the obtained 
research results in order to establish the 
dependence of the sowing-seedling period on 
the temperature conditions of the environment. 
 
RESULTS AND DISCUSSIONS 
 
Growing spring barley is ensured by 
agrometeorological conditions, where 
agroclimatic resources determine the start and 
end of the growing season (Lipinskii et al., 
2003). 
Accordingly, agricultural resources depend on 
the intensity of heat accumulation and the 
amount of precipitation for certain periods. The 
total heat demand of barley is determined by 
the total number of positive temperatures 
during the growing season. The idea of 
R.A. Reomura explains the irreversible 
processes of biological reactions that ensure 
growth and development with appropriate sums 
of temperatures for all periods of phenotype 
formation (Lipinskii et al., 2003). 
The potential of agroclimatic resources in terms 
of volume for spring barley depends on the 
degree of their favorability, which causes, as a 
rule, different levels of productivity. 
According to the record of soil temperature in 
the last decade, the degree of favorability for 
barley sowing is ensured already in the months 
of February and March. In particular, the heat 
demand in the pre-sowing period in 2015 was 
ensured at the level of 2.4°С for the period 
from February 25 to March 10 (average value 

of the indicator). In 2016, the favorable pre-
sowing period lasted 26 days from February 14 
to March 10, with an average soil temperature 
of 3.5°C. In 2017, the pre-sowing period of 
positive soil temperatures was 8 days. 
However, the temperature regime of the soil 
was quite favorable. The average value of the 
indicator for this period was 3.6°С. 
The conducted research with barley culture in 
relation to sowing dates in the period from 
2015-2017 makes it possible to establish the 
dependence of the duration of seedlings or the 
intensification of development in the process of 
germination from the influence of 
environmental factors. The peculiarity of this 
phase of development, as an exception 
compared to all others, is that the development 
of the embryonic root and shoot does not 
depend on the supply of carbohydrates 
synthesized by the leaf apparatus, it is not yet 
there. Clearly, the root system begins to 
function in barley much earlier than the 
photosynthesis of the first truly developed leaf 
begins. 
In foreign literary sources, it is noted that the 
growth and development of the above-ground 
part of plants depends on the intensity of the 
functioning of the root system, and the growth 
of the root system, in turn, depends on the 
above-ground part of plants. During the phase 
of seed germination, such a relationship is 
excluded. 
According to the obtained data, the intensity of 
growth processes, namely the germination of 
barley, depends on the temperature regime of 
the soil. In 2015, when barley was sown on 
March 10, germination took 17 days with the 
average soil temperature during this period of 
3.46°С. The temperature regime of the soil 
during this period is characterized by the 
coefficient of variation V – 26.7% with 
minimum values of 2.5°C and maximum values 
of 6.1°C. Air temperature indicators for the 
same period are characterized by the coefficient 
of variation V – 56.8% with an average daily 
temperature parameter of 4.1°C. The maximum 
temperature during this period was 9.4°С, and 
the minimum was 0.2°С. Plant bushing began 
on April 12 (Table 1). 
Under the condition of sowing on March 20, 
germination occurred for 16 days at an average 
soil temperature of 4.51°C, where the 

coefficient of variation of the data was V – 
31.4%, at a maximum temperature of 6.6°C and 
a minimum of 2.6°C. During the same period, 
the variation of these air temperatures was at 
the level of V – 54.0%, according to the 
average air temperature of 5.0°C, where the 
maximum values were 9.4°C and the minimum 
0.2°C. The planting of plants on the condition 
of sowing on March 20 began on April 18. 
When sowing after 10 days on March 30, the 
duration of germination or germination phase 
was also 16 days at average values of the soil 
temperature index for this period of 5.09°C, 
where the coefficient of variation of soil 
temperature was V – 32.5%, with a value of 
maximum data of 8.2°C and minimum 3.0°C. 
The index of data variation for the same period 
in relation to air temperature was V – 60.4% 
with an average daily temperature of 6.0°C, 

and the maximum air temperature was 12.8°C, 
and the minimum 1.3°C. Bushing of barley 
plants during this sowing period started on 
April 27. 
Sowing on April 9 took place under the best 
conditions of the soil temperature regime. 
Seedlings appeared 14 days after sowing, the 
average value of the soil temperature was 
6.75°С, with the established variation of the V 
data – 18.7%, the maximum temperature values 
were at the level of 8.8°С, and the minimum 
4.9°C. During the same period, the temperature 
regime of the air is characterized by the 
coefficient of variation V – 40.9%, with 
maximum values of 14.7°С and minimum 
values of 4.0°С, with an average daily air 
temperature of 8.3°С. Bushing of plants for 
sowing on April 9 began on May 4.  

 
Table 1. The development of barley plants during the period of sowing – seedling depending on the temperature regime 

of the soil 

Sowing 
period 

Duration, 
days 

Air temperature, °С Soil temperature, °С 
amount average V, % max. min. amount average V, % max. min. 

2015 
10.03 17 70.4 4.14 56.8 9.4 0.2 58.9 3.46 26.7 6.1 2.5 
20.03 16 80.1 5.01 54.0 9.4 0.2 72.2 4.51 31.4 6.6 2.6 
30.03 16 96.5 6.03 60.4 12.8 1.3 81.5 5.09 32.5 8.2 3.0 
09.04 14 115.6 8.26 40.9 14.7 4.0 94.5 6.75 18.7 8.8 4.9 
19.04 12 130.7 10.90 48.8 17.4 4.0 102.1 8.51 27.1 11.6 5.5 

2016 
10.03 17 50.0 2.94 70.6 8.1 -0.6 61.7 3.63 30.7 6.5 2.0 
20.03 15 75.8 5.06 73.1 12.8 0.4 69.8 4.65 45.6 9.0 2.0 
30.03 11 138.0 12.54 35.0 17.2 4.5 101.8 9.25 27.0 12.5 6.3 
09.04 9 126.6 14.07 15.1 17.4 10.4 108.2 12.02 4.8 12.6 10.7 
19.04 11 101.5 9.23 27.3 12.9 4.9 102.4 9.31 11.9 11.6 7.7 

2017 
10.03 17 80.9 4.76 55.3 12.3 1.4 75.0 4.41 29.3 7.1 2.8 
20.03 14 119.0 8.50 45.2 15.4 2.5 87.6 6.26 26.4 9.2 3.0 
30.03 11 115.0 10.46 36.9 15.4 5.5 93.2 8.47 15.6 10.3 6.8 
09.04 13 88.5 6.80 24.9 10.0 4.0 87.9 6.76 13.2 8.1 5.2 
19.04 12 110.6 9.22 54.5 17.6 3.5 89.4 7.45 29.6 11.2 5.2 

 
And the sowing carried out on 19.04 was better 
characterized by the intensity of the 
germination phase, the average value of the soil 
temperature was 8.51°C, and the duration of 
barley germination was 12 days. At the same 
time, the coefficient of variation of the soil 
temperature indicators was V – 27.1% with 
maximum values of temperature data of 11.6°С 
and minimum values of 5.5°С. For air 
temperature indicators for the same period, the 
coefficient of variation was at the level of V – 
48.8% with the established average daily air 

temperature indicator of 10.9°С based on the 
data of maximum indicators of 17.4°С and 
minimum of 4.0°С. Bushing of plants began on 
May 11. 
In 2016, the regularity of the duration of the 
germination phase due to the influence of the 
temperature regime of the soil is repeated. 
Under the condition of sowing on March 10, 
the duration of this phenophase was 17 days. 
During this period, the average value of the soil 
temperature index was set at 3.63°С, with a 
variation of V data of 30.7%, where the 
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The content of humus was determined 
according to the Tiurin method, alkaline 
hydrolyzed nitrogen – according to the 
Kornfield method, mobile phosphorus and 
exchangeable potassium – according to the 
Chirikov method, the amount of absorbed bases 
– according to the Kappen-Hilkovits method, 
the reaction of the soil pH solution with salt – 
according to the potentiometric method, 
hydrolytic acidity – according to the Kappen 
method. 
The experiment was organized under the 
condition of forming crops with a rowing space 
of 15 cm – the usual row method of sowing. 
The depth of seed wrapping is within 2-3 cm. 
The parameters of the grain weight of the 
barley seeds used for sowing are 48-52 mg. 
Correlation-regression analysis was used for 
the mathematical analysis of the obtained 
research results in order to establish the 
dependence of the sowing-seedling period on 
the temperature conditions of the environment. 
 
RESULTS AND DISCUSSIONS 
 
Growing spring barley is ensured by 
agrometeorological conditions, where 
agroclimatic resources determine the start and 
end of the growing season (Lipinskii et al., 
2003). 
Accordingly, agricultural resources depend on 
the intensity of heat accumulation and the 
amount of precipitation for certain periods. The 
total heat demand of barley is determined by 
the total number of positive temperatures 
during the growing season. The idea of 
R.A. Reomura explains the irreversible 
processes of biological reactions that ensure 
growth and development with appropriate sums 
of temperatures for all periods of phenotype 
formation (Lipinskii et al., 2003). 
The potential of agroclimatic resources in terms 
of volume for spring barley depends on the 
degree of their favorability, which causes, as a 
rule, different levels of productivity. 
According to the record of soil temperature in 
the last decade, the degree of favorability for 
barley sowing is ensured already in the months 
of February and March. In particular, the heat 
demand in the pre-sowing period in 2015 was 
ensured at the level of 2.4°С for the period 
from February 25 to March 10 (average value 

of the indicator). In 2016, the favorable pre-
sowing period lasted 26 days from February 14 
to March 10, with an average soil temperature 
of 3.5°C. In 2017, the pre-sowing period of 
positive soil temperatures was 8 days. 
However, the temperature regime of the soil 
was quite favorable. The average value of the 
indicator for this period was 3.6°С. 
The conducted research with barley culture in 
relation to sowing dates in the period from 
2015-2017 makes it possible to establish the 
dependence of the duration of seedlings or the 
intensification of development in the process of 
germination from the influence of 
environmental factors. The peculiarity of this 
phase of development, as an exception 
compared to all others, is that the development 
of the embryonic root and shoot does not 
depend on the supply of carbohydrates 
synthesized by the leaf apparatus, it is not yet 
there. Clearly, the root system begins to 
function in barley much earlier than the 
photosynthesis of the first truly developed leaf 
begins. 
In foreign literary sources, it is noted that the 
growth and development of the above-ground 
part of plants depends on the intensity of the 
functioning of the root system, and the growth 
of the root system, in turn, depends on the 
above-ground part of plants. During the phase 
of seed germination, such a relationship is 
excluded. 
According to the obtained data, the intensity of 
growth processes, namely the germination of 
barley, depends on the temperature regime of 
the soil. In 2015, when barley was sown on 
March 10, germination took 17 days with the 
average soil temperature during this period of 
3.46°С. The temperature regime of the soil 
during this period is characterized by the 
coefficient of variation V – 26.7% with 
minimum values of 2.5°C and maximum values 
of 6.1°C. Air temperature indicators for the 
same period are characterized by the coefficient 
of variation V – 56.8% with an average daily 
temperature parameter of 4.1°C. The maximum 
temperature during this period was 9.4°С, and 
the minimum was 0.2°С. Plant bushing began 
on April 12 (Table 1). 
Under the condition of sowing on March 20, 
germination occurred for 16 days at an average 
soil temperature of 4.51°C, where the 

coefficient of variation of the data was V – 
31.4%, at a maximum temperature of 6.6°C and 
a minimum of 2.6°C. During the same period, 
the variation of these air temperatures was at 
the level of V – 54.0%, according to the 
average air temperature of 5.0°C, where the 
maximum values were 9.4°C and the minimum 
0.2°C. The planting of plants on the condition 
of sowing on March 20 began on April 18. 
When sowing after 10 days on March 30, the 
duration of germination or germination phase 
was also 16 days at average values of the soil 
temperature index for this period of 5.09°C, 
where the coefficient of variation of soil 
temperature was V – 32.5%, with a value of 
maximum data of 8.2°C and minimum 3.0°C. 
The index of data variation for the same period 
in relation to air temperature was V – 60.4% 
with an average daily temperature of 6.0°C, 

and the maximum air temperature was 12.8°C, 
and the minimum 1.3°C. Bushing of barley 
plants during this sowing period started on 
April 27. 
Sowing on April 9 took place under the best 
conditions of the soil temperature regime. 
Seedlings appeared 14 days after sowing, the 
average value of the soil temperature was 
6.75°С, with the established variation of the V 
data – 18.7%, the maximum temperature values 
were at the level of 8.8°С, and the minimum 
4.9°C. During the same period, the temperature 
regime of the air is characterized by the 
coefficient of variation V – 40.9%, with 
maximum values of 14.7°С and minimum 
values of 4.0°С, with an average daily air 
temperature of 8.3°С. Bushing of plants for 
sowing on April 9 began on May 4.  

 
Table 1. The development of barley plants during the period of sowing – seedling depending on the temperature regime 

of the soil 

Sowing 
period 

Duration, 
days 

Air temperature, °С Soil temperature, °С 
amount average V, % max. min. amount average V, % max. min. 

2015 
10.03 17 70.4 4.14 56.8 9.4 0.2 58.9 3.46 26.7 6.1 2.5 
20.03 16 80.1 5.01 54.0 9.4 0.2 72.2 4.51 31.4 6.6 2.6 
30.03 16 96.5 6.03 60.4 12.8 1.3 81.5 5.09 32.5 8.2 3.0 
09.04 14 115.6 8.26 40.9 14.7 4.0 94.5 6.75 18.7 8.8 4.9 
19.04 12 130.7 10.90 48.8 17.4 4.0 102.1 8.51 27.1 11.6 5.5 

2016 
10.03 17 50.0 2.94 70.6 8.1 -0.6 61.7 3.63 30.7 6.5 2.0 
20.03 15 75.8 5.06 73.1 12.8 0.4 69.8 4.65 45.6 9.0 2.0 
30.03 11 138.0 12.54 35.0 17.2 4.5 101.8 9.25 27.0 12.5 6.3 
09.04 9 126.6 14.07 15.1 17.4 10.4 108.2 12.02 4.8 12.6 10.7 
19.04 11 101.5 9.23 27.3 12.9 4.9 102.4 9.31 11.9 11.6 7.7 

2017 
10.03 17 80.9 4.76 55.3 12.3 1.4 75.0 4.41 29.3 7.1 2.8 
20.03 14 119.0 8.50 45.2 15.4 2.5 87.6 6.26 26.4 9.2 3.0 
30.03 11 115.0 10.46 36.9 15.4 5.5 93.2 8.47 15.6 10.3 6.8 
09.04 13 88.5 6.80 24.9 10.0 4.0 87.9 6.76 13.2 8.1 5.2 
19.04 12 110.6 9.22 54.5 17.6 3.5 89.4 7.45 29.6 11.2 5.2 

 
And the sowing carried out on 19.04 was better 
characterized by the intensity of the 
germination phase, the average value of the soil 
temperature was 8.51°C, and the duration of 
barley germination was 12 days. At the same 
time, the coefficient of variation of the soil 
temperature indicators was V – 27.1% with 
maximum values of temperature data of 11.6°С 
and minimum values of 5.5°С. For air 
temperature indicators for the same period, the 
coefficient of variation was at the level of V – 
48.8% with the established average daily air 

temperature indicator of 10.9°С based on the 
data of maximum indicators of 17.4°С and 
minimum of 4.0°С. Bushing of plants began on 
May 11. 
In 2016, the regularity of the duration of the 
germination phase due to the influence of the 
temperature regime of the soil is repeated. 
Under the condition of sowing on March 10, 
the duration of this phenophase was 17 days. 
During this period, the average value of the soil 
temperature index was set at 3.63°С, with a 
variation of V data of 30.7%, where the 
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maximum values of the temperature index were 
6.5°С, and the minimum values were 2.0°С. 
During the same period, the average value of 
air temperature data for 17 days was at the 
level of 2.94°C with a variation of V data of 
70.6% with a range of indicators from a 
minimum value of -0.6°C to a maximum of 
8.1°C. Bushing of plants under the condition of 
sowing on March 10 began on April 10. 
When sowing on March 20, the duration of 
barley germination was 2 days shorter – 15 
days, the average daily soil temperature was 
4.65°C with the set coefficient V – 45.6%, 
where the maximum temperature was 9.0°C 
and the minimum was 2.0°C. During the same 
period, the average daily value of the air 
temperature was 5.06°С, with the coefficient of 
variation V – 73.1%. Fluctuations in air 
temperature ranged from a minimum value of 
0.4°C to a maximum value of 12.8°C. Bushing 
of plants began on April 15. 
Under the condition of sowing on March 30, 
seedlings appeared on the 11th day at an 
average daily value of the soil temperature 
during this period of 9.25°С, where the 
coefficient of variation was V – 27.0% with 
temperature fluctuations from 4.5°С to 17.2°C. 
During the same period, the average air 
temperature was at the level of 12.5°C with the 
corresponding coefficient of variation of the 
data V – 35.0% with minimum values of 4.5°C 
and maximum values of 17.2°C. Bushing of 
barley plants during this sowing period began 
on April 23. 
When sowing 10 days later, that is, on April 9, 
germination took place for 9 days. The 
corresponding average daily soil temperature 
for this period was 12.0°С with the established 
coefficient of variation of the data V – 4.8%, 
where the minimum temperature values were 
10.7°С, and the maximum 12.6°С. During the 
same period, the average air temperature was 
14.1°С, with a coefficient of variation V of 
15.1%, with a minimum temperature of 10.4°С 
and a maximum of 17.4°С. Bushing of plants, 
provided that sowing was done on April 9, 
began on May 2. 
Under the conditions of sowing on April 19, 
the temperature regime of the soil was 
somewhat similar to that of crops sown on 
March 30. Accordingly, the duration of 
germination was also 11 days for the average 

daily value of the soil temperature for this 
period of 9.3°С, the coefficient of variation was 
V – 11.9% for the established temperature 
indicators of minimum values of 7.7°С and 
maximum values of 11.6°С. The average air 
temperature during this period was at the level 
of 9.2°C with a variation of V data of 27.3%, 
where the maximum values were at the level of 
12.9°C, with minimum values of 4.9°C. 
Weeding of plants began on May 11. 
The conditions of 2017 in terms of the 
temperature regime of the soil were similar to 
the conditions of 2015 and 2016 in comparison 
of individual sowing dates. The duration of 
barley germination of crops of the first sowing 
period was 17 days, where the average value of 
the soil temperature indicator was 4.4°C with 
the established coefficient of variation V – 
29.3%, where the maximum soil temperature 
indicators during this period were 7.1°C, and 
minimum 2.8°С. During the same period, the 
average value of the air temperature indicator 
was 4.8°C with a variation of V data of 55.3% 
with temperature fluctuations from the 
minimum values of 1.4°C to the maximum of 
12.3°C. Bushing of plants under the condition 
of sowing on March 10 began on April 10. 
When sowing on March 20, the duration of the 
sowing-emergence period was less than 14 
days. The average daily value of the soil 
temperature was slightly higher, the indicator 
was 6.26°С, with the established coefficient of 
variation V – 26.4% with maximum 
temperature values of 9.2°С and minimum 
3.0°С. During the same period, the average 
daily value of the air temperature was at the 
level of 8.5°С according to the variation of V 
data – 45.2% with fluctuations in values from a 
minimum of 2.5°С to a maximum of 15.4°С. 
Bushing of plants began on April 17. 
When sowing on March 30, the temperature 
conditions were slightly better. The duration of 
germination decreased to 11 days. The average 
daily value of the soil temperature during this 
period is characterized by an increase in heat, 
and according to these conditions, the duration 
of the germination phenophase decreased by 3 
days compared to the previous sowing period. 
The average daily temperature index of the soil 
during this period was 8.5°C with a variation of 
V data of 15.6%, where the minimum soil 
temperature values were 6.8°C and the 

maximum 10.3°C. During the same period, the 
average value of the air temperature indicator 
was 10.5°С, with a variation of V data of 
36.9%, where the minimum indicator was at 
the level of 5.5°С, and the maximum was 
15.4°С. Bushing of barley plants during this 
sowing period began on April 26. 
During the next sowing period on April 9, the 
duration of the sowing-seedling period, or the 
germination phase, increased to 13 days, as 
there was a cooling. On average, the soil 
temperature for this period was 6.76°С, with a 
variation of V data of 13.2%, where the 
minimum value was 5.2°С, and the maximum 
was 8.1°С. The average daily air temperature 
for this period was 6.8°C with a variation of V 
data of 24.9% for the set minimum air 
temperature of 4.0°C and maximum of 10.0°C. 
Bushing of plants began on May 7. 
At the next term of sowing, i.e. on April 19, 
despite some improvement in soil temperature, 
germination lasted 12 days with an average 
daily parameter during this period of 7.45°С, 
the variation component of the temperature 
data was at the level of V – 29.6% with 
minimum values of 5.2°C and maximum data 
of 11.2°C. The temperature regime of the air 
during this period is characterized by an 
average daily indicator of 9.2°C with a 
variation of V data of 54.5% for the set 
minimum indicators of 3.5°C and maximum of 
17.6°C. Bushing of plants, provided that 
sowing was done on April 19, began on May 
11. 
The conducted correlation analysis of the 
dependence of soil temperature data on air 
temperature during the period of duration of the 
germination phase of spring barley shows a 
strong relationship, which is r=0.96. Also, a 
strong correlation between the sum of soil 
temperature indicators during the period of 
spring barley germination and the sum of air 
temperature during this period was established, 
where r=0.90. 
So, the sowing of barley for five terms, starting 
from March 10 to April 19 after 10 days 
inclusive, made it possible to establish that the 
duration of the germination phenophase is 
influenced by the temperature of the soil, which 
was the only exception in this study, since the 
light regime of the day is excluded here. 
Therefore, it is the vegetation factor, in 

particular the heat supply of the soil, that plays 
an important role, which, without a doubt, 
cannot be controlled anthropogenically. The 
relationship between the intensity of the barley 
germination process and the parameters of the 
number of days from sowing to the emergence 
of seedlings is a dependent indicator of the 
temperature regime of the soil, which is 
characterized by the correlation coefficient  
R=-0.97. The established regression equation 
dpS-S (duration of the period of sowing – 
seedling) = 20.56175 – 1.02881 × Ts 
(temperature of the soil) (Ff˃Ft, р=0.00) makes 
it possible to predict the duration of the 
germination process from the influence of the 
soil temperature regime. In particular, an 
increase in the average daily value of the soil 
temperature by 1°C during the corresponding 
period of seed germination will contribute to 
reducing the duration of this period by 1 day. 
 
In the characteristics of heat requirements, it 
should be noted that barley is undemanding and 
begins to germinate at a temperature of 1-2°C 
(Ko et al., 2019). The biological minimum 
temperature for barley from the beginning of 
growth is 5.0°С (Polupan et al., 2019), which is 
already included in the parameters of the 
favorability degree. At a temperature of 4°C, 
germination of barley seeds occurs in 5-6 days, 
at 10°C in 3 days. How the growth and 
development of spring barley occurs during the 
early sowing period, in particular before the 
onset of generative development in the 
conditions of the Western Forest Steppe of 
Ukraine due to global climate changes, it has 
not been investigated and it has not been fully 
clarified how much it positively or negatively 
affects plant productivity and grain yield, it 
requires detailed study and analysis of research 
results. 
 
CONCLUSIONS 
 
The regularity of the decrease in the duration of 
the germination phase of spring barley in the 
conditions of the Western Forest Steppe with 
the postponement of the sowing dates in 
accordance with the dates 10.03; 20.03; 30.03; 
09.04; 19.04 was established. 
Barley germination took place depending on 
the conditions of the year during the first 
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maximum values of the temperature index were 
6.5°С, and the minimum values were 2.0°С. 
During the same period, the average value of 
air temperature data for 17 days was at the 
level of 2.94°C with a variation of V data of 
70.6% with a range of indicators from a 
minimum value of -0.6°C to a maximum of 
8.1°C. Bushing of plants under the condition of 
sowing on March 10 began on April 10. 
When sowing on March 20, the duration of 
barley germination was 2 days shorter – 15 
days, the average daily soil temperature was 
4.65°C with the set coefficient V – 45.6%, 
where the maximum temperature was 9.0°C 
and the minimum was 2.0°C. During the same 
period, the average daily value of the air 
temperature was 5.06°С, with the coefficient of 
variation V – 73.1%. Fluctuations in air 
temperature ranged from a minimum value of 
0.4°C to a maximum value of 12.8°C. Bushing 
of plants began on April 15. 
Under the condition of sowing on March 30, 
seedlings appeared on the 11th day at an 
average daily value of the soil temperature 
during this period of 9.25°С, where the 
coefficient of variation was V – 27.0% with 
temperature fluctuations from 4.5°С to 17.2°C. 
During the same period, the average air 
temperature was at the level of 12.5°C with the 
corresponding coefficient of variation of the 
data V – 35.0% with minimum values of 4.5°C 
and maximum values of 17.2°C. Bushing of 
barley plants during this sowing period began 
on April 23. 
When sowing 10 days later, that is, on April 9, 
germination took place for 9 days. The 
corresponding average daily soil temperature 
for this period was 12.0°С with the established 
coefficient of variation of the data V – 4.8%, 
where the minimum temperature values were 
10.7°С, and the maximum 12.6°С. During the 
same period, the average air temperature was 
14.1°С, with a coefficient of variation V of 
15.1%, with a minimum temperature of 10.4°С 
and a maximum of 17.4°С. Bushing of plants, 
provided that sowing was done on April 9, 
began on May 2. 
Under the conditions of sowing on April 19, 
the temperature regime of the soil was 
somewhat similar to that of crops sown on 
March 30. Accordingly, the duration of 
germination was also 11 days for the average 

daily value of the soil temperature for this 
period of 9.3°С, the coefficient of variation was 
V – 11.9% for the established temperature 
indicators of minimum values of 7.7°С and 
maximum values of 11.6°С. The average air 
temperature during this period was at the level 
of 9.2°C with a variation of V data of 27.3%, 
where the maximum values were at the level of 
12.9°C, with minimum values of 4.9°C. 
Weeding of plants began on May 11. 
The conditions of 2017 in terms of the 
temperature regime of the soil were similar to 
the conditions of 2015 and 2016 in comparison 
of individual sowing dates. The duration of 
barley germination of crops of the first sowing 
period was 17 days, where the average value of 
the soil temperature indicator was 4.4°C with 
the established coefficient of variation V – 
29.3%, where the maximum soil temperature 
indicators during this period were 7.1°C, and 
minimum 2.8°С. During the same period, the 
average value of the air temperature indicator 
was 4.8°C with a variation of V data of 55.3% 
with temperature fluctuations from the 
minimum values of 1.4°C to the maximum of 
12.3°C. Bushing of plants under the condition 
of sowing on March 10 began on April 10. 
When sowing on March 20, the duration of the 
sowing-emergence period was less than 14 
days. The average daily value of the soil 
temperature was slightly higher, the indicator 
was 6.26°С, with the established coefficient of 
variation V – 26.4% with maximum 
temperature values of 9.2°С and minimum 
3.0°С. During the same period, the average 
daily value of the air temperature was at the 
level of 8.5°С according to the variation of V 
data – 45.2% with fluctuations in values from a 
minimum of 2.5°С to a maximum of 15.4°С. 
Bushing of plants began on April 17. 
When sowing on March 30, the temperature 
conditions were slightly better. The duration of 
germination decreased to 11 days. The average 
daily value of the soil temperature during this 
period is characterized by an increase in heat, 
and according to these conditions, the duration 
of the germination phenophase decreased by 3 
days compared to the previous sowing period. 
The average daily temperature index of the soil 
during this period was 8.5°C with a variation of 
V data of 15.6%, where the minimum soil 
temperature values were 6.8°C and the 

maximum 10.3°C. During the same period, the 
average value of the air temperature indicator 
was 10.5°С, with a variation of V data of 
36.9%, where the minimum indicator was at 
the level of 5.5°С, and the maximum was 
15.4°С. Bushing of barley plants during this 
sowing period began on April 26. 
During the next sowing period on April 9, the 
duration of the sowing-seedling period, or the 
germination phase, increased to 13 days, as 
there was a cooling. On average, the soil 
temperature for this period was 6.76°С, with a 
variation of V data of 13.2%, where the 
minimum value was 5.2°С, and the maximum 
was 8.1°С. The average daily air temperature 
for this period was 6.8°C with a variation of V 
data of 24.9% for the set minimum air 
temperature of 4.0°C and maximum of 10.0°C. 
Bushing of plants began on May 7. 
At the next term of sowing, i.e. on April 19, 
despite some improvement in soil temperature, 
germination lasted 12 days with an average 
daily parameter during this period of 7.45°С, 
the variation component of the temperature 
data was at the level of V – 29.6% with 
minimum values of 5.2°C and maximum data 
of 11.2°C. The temperature regime of the air 
during this period is characterized by an 
average daily indicator of 9.2°C with a 
variation of V data of 54.5% for the set 
minimum indicators of 3.5°C and maximum of 
17.6°C. Bushing of plants, provided that 
sowing was done on April 19, began on May 
11. 
The conducted correlation analysis of the 
dependence of soil temperature data on air 
temperature during the period of duration of the 
germination phase of spring barley shows a 
strong relationship, which is r=0.96. Also, a 
strong correlation between the sum of soil 
temperature indicators during the period of 
spring barley germination and the sum of air 
temperature during this period was established, 
where r=0.90. 
So, the sowing of barley for five terms, starting 
from March 10 to April 19 after 10 days 
inclusive, made it possible to establish that the 
duration of the germination phenophase is 
influenced by the temperature of the soil, which 
was the only exception in this study, since the 
light regime of the day is excluded here. 
Therefore, it is the vegetation factor, in 

particular the heat supply of the soil, that plays 
an important role, which, without a doubt, 
cannot be controlled anthropogenically. The 
relationship between the intensity of the barley 
germination process and the parameters of the 
number of days from sowing to the emergence 
of seedlings is a dependent indicator of the 
temperature regime of the soil, which is 
characterized by the correlation coefficient  
R=-0.97. The established regression equation 
dpS-S (duration of the period of sowing – 
seedling) = 20.56175 – 1.02881 × Ts 
(temperature of the soil) (Ff˃Ft, р=0.00) makes 
it possible to predict the duration of the 
germination process from the influence of the 
soil temperature regime. In particular, an 
increase in the average daily value of the soil 
temperature by 1°C during the corresponding 
period of seed germination will contribute to 
reducing the duration of this period by 1 day. 
 
In the characteristics of heat requirements, it 
should be noted that barley is undemanding and 
begins to germinate at a temperature of 1-2°C 
(Ko et al., 2019). The biological minimum 
temperature for barley from the beginning of 
growth is 5.0°С (Polupan et al., 2019), which is 
already included in the parameters of the 
favorability degree. At a temperature of 4°C, 
germination of barley seeds occurs in 5-6 days, 
at 10°C in 3 days. How the growth and 
development of spring barley occurs during the 
early sowing period, in particular before the 
onset of generative development in the 
conditions of the Western Forest Steppe of 
Ukraine due to global climate changes, it has 
not been investigated and it has not been fully 
clarified how much it positively or negatively 
affects plant productivity and grain yield, it 
requires detailed study and analysis of research 
results. 
 
CONCLUSIONS 
 
The regularity of the decrease in the duration of 
the germination phase of spring barley in the 
conditions of the Western Forest Steppe with 
the postponement of the sowing dates in 
accordance with the dates 10.03; 20.03; 30.03; 
09.04; 19.04 was established. 
Barley germination took place depending on 
the conditions of the year during the first 
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sowing period for 17 days, during the second – 
14, 15, 16 days, during the third – 11, 11, 16, 
during the fourth – 9, 13, 14 days, during the 
fifth – 11, 12, 12 days. 
A decrease in the duration of the germination 
phase of spring barley takes place under the 
condition of an increase in soil temperature, the 
corresponding correlation coefficient r = -0.97 
is established. 
In the characteristics of the barley germination 
period, a direct correlation between the soil 
temperature regime and the air temperature is 
established, where the correlation index is 
r=0.96. 
The dependence of the onset of the tillering 
phase in spring barley plants on the sowing 
dates was revealed, where in the first tillering 
period it began on April 10-12, in the second – 
on April 15-18, in the third – on April 23-27, in 
the fourth – on May 2-7, for the fifth – May 11. 
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sowing period for 17 days, during the second – 
14, 15, 16 days, during the third – 11, 11, 16, 
during the fourth – 9, 13, 14 days, during the 
fifth – 11, 12, 12 days. 
A decrease in the duration of the germination 
phase of spring barley takes place under the 
condition of an increase in soil temperature, the 
corresponding correlation coefficient r = -0.97 
is established. 
In the characteristics of the barley germination 
period, a direct correlation between the soil 
temperature regime and the air temperature is 
established, where the correlation index is 
r=0.96. 
The dependence of the onset of the tillering 
phase in spring barley plants on the sowing 
dates was revealed, where in the first tillering 
period it began on April 10-12, in the second – 
on April 15-18, in the third – on April 23-27, in 
the fourth – on May 2-7, for the fifth – May 11. 
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Abstract 
 
The research was conducted with the aim of assessing the health risks to people caused by agricultural soil pollution 
with heavy metals, specifically lead, in agricultural areas near landfills in Mostar, Bosnia and Herzegovina. Soil 
samples from seven locations were analyzed for lead concentration and chemical characteristics. The results showed 
high concentrations of lead in the soil at all locations, with the highest values in Buđevci 2 (203.90 mg/kg) and the 
lowest in Buđevci 4 (51.63 mg/kg). 
Using the Human Health Risk Assessment Model of the United States Environmental Protection Agency (US EPA), the 
carcinogenic and non-carcinogenic risks for children and adults were calculated, considering exposure pathways 
through ingestion, inhalation, and dermal contact. The results revealed significant potential risks, with hazard quotients 
exceeding safe values at some locations. The non-carcinogenic hazard for adults is 5.58, while for children, it is 43.83. 
Furthermore, the Ecological Risk Index (ERI) was calculated to assess the overall ecological impact of heavy metal 
pollution in the soil. Based on the contamination factor (CF), moderate contamination was determined at all locations, 
while significant contamination was found at Buđevci 2. These findings indicate serious potential risks to the health of 
the population engaged in agriculture in these areas. 
 
Key words: agricultural soil, lead Pb, ecological risk, health risk. 
 
INTRODUCTION  
 
Good human health is linked to a healthy 
environment. Disposed materials with heavy 
metals in open landfills raise concerns and 
present a risk to individuals, plants, and 
animals that encounter contaminated soil, 
primarily due to inadequate waste management 
(Ugurlu, 2004).  
The creation and disposal of waste have been 
observed as one of the driving forces of soil 
pollution with heavy metals. 
The improper disposal of waste poses a 
significant global environmental hazard, 
leading to the pollution of heavy metals. 
WHO (World Health Organization), EFSA 
(European Food Safety Agency), and US EPA 
(United States Environmental Protection 
Agency) define risk assessment methodology 
for chemical contaminants (Dorne et al., 2011).  
The heavy metals Cr (VI), Cd, As, Hg, and Pb 
are considered non-threshold pollutants due to 
the effect of their highly toxic nature on 
organisms. Even at low concentrations, they 

can be lethal (Jayanthi et al., 2017; Rahman & 
Singh, 2019).  
Since they are not biodegradable, their 
bioaccumulation through food chains can cause 
long-term environmental risks. Several authors 
determined disturbances in the natural 
biological balance due to contamination with 
heavy metals originating from landfill leachate 
and the slowing down of the self-purification 
process in nature (Gworek et al., 2016; Öman 
& Junestedt, 2008; Talalaj, 2015).  
Investigating soil pollution in landfills is 
crucial due to the complex interactions of 
heavy metals with the environment (Vaverková 
et al., 2018) indicate that untreated landfills can 
increase metal levels in air, soil, and 
groundwater. Therefore, continuous monitoring 
of environmental parameters near the landfill is 
necessary. Inhaling emitted substances, 
consuming food grown in a contaminated area, 
and contaminated water and soil can have 
harmful effects on the health of residents living 
near the polluted place (Krčmar et al., 2018). 
Due to these considerations, it is essential to 


