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Abstract. The topicality of the topic is due to the need to develop the production of energy crops, in particular hemp,
given the limited amount of available minerals for the needs of heat supply. Hemp is suitable for biofuel production
as a profitable crop with a wide range of uses. For the purpose of the study, the authors assessed the influence
of agrotechnical factors on the productivity of sowing and quality indicators of hemp seeds for the production of
solid fuel in Latvia. The Polish hemp variety “Bialobrzeskie” and the Latvian hemp variety “Parini” were evaluated
for application of 3 doses of nitrogen fertilizers. Analyzes are used, which are classified as systemic, statistical and
comparative. Research methods are applied: generally accepted in crop production, field and laboratory - to clarify
the interaction of the object of research with agrotechnical and natural abiotic factors; calculated and weighted -
to determine the productivity of crops; calculation and comparison; mathematical and statistical (dispersion) - for
assessing the probability of research results. It was determined that for fibrous hemp, the dry matter yield of the
stem ranges from 6.5 to 11.0 t/ha, and the seed yield is 0.7-1.4 t/ha. The productivity of hemp significantly depends
on agrotechnical factors, in particular, on the variety and application of fertilizers, because these component
technologies significantly affect the yield and quality indicators of seeds for the production of solid biofuel. The
hemp variety “Parini” is less productive than the hemp variety “Bialobrzeskie”, even with the use of N, nitrogen
fertilizer dose. The dose of nitrogen fertilizers affects such energy parameters as ash content and the highest
calorific value. The research revealed a significant (P<0.05) influence of the trunk fraction on productivity, the
highest calorific value and ash content. The scientific novelty is that the impact of the variety and doses of nitrogen
fertilizers on productivity, including the energy properties of hemp, has been evaluated, and the practical value is
in the improvement of the technology of growing hemp by correctly selecting the variety and optimizing the dose
of nitrogen fertilizers to create high-quality products for heating and use of waste-free technologies
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INTRODUCTION

Solid fuel from biomass has a wide range of applica-
tions: production of heat, electricity, heating, etc. [1; 2].
This indicates that solid biofuels have greater potential
than other biomass resources. It is important to use local
resources for biofuel production, as this will reduce
costs, support local producers and contribute to energy
self-sufficiency and the development of the national
economies of both Latvia and Ukraine.

Substitution of natural gas, oil, coal with agri-
cultural waste (e.g. straw, chaff, etc.) and energy plants
will become economically viable if the prices of non-re-
newable resources increase and the volume of mineral
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extraction decreases [3], therefore energy crops must be
fully utilized of all factions.

For the development of new technologies for the
development of alternative energy sources in Ukraine,
the scientific and technical program of the National
Academy of Sciences “Grape Crops”was launched. It was
carried out by ten NSUs, in particular by employees of
the Institute of Bask Cultures [4; 5].

It is common knowledge that internal combus-
tion engines run on gasoline, gas, and diesel, and the
prices of these primary fuels are constantly rising. In
addition, the environment is polluted.All these troubles
require the introduction of new methods and ways of
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creating fuel that will be efficient from an economic
point of view, and clean from an environmental point
of view. Currently, bioethanol and biodiesel are among
the promising alternative fuels for cars and other types
of transport [2].

The characteristics of the properties of power
plants are determined by standards. They differ for each
type of biofuel, and each country, including Latvia and
Ukraine, has its own standards, but there are European
Union standards. At the same time, it is difficult to de-
termine the ideal requirements for the quality of the
installation, since they may differ for different consum-
ers, for example, owners of large and small furnaces.
In addition, increasing the qualitative and quantitative
indicators of crops without increasing the cultivated
areas is an urgent issue. An important role is played by
ecologically clean growing technologies, which ensure
better tillage of the soil, the cultivation of appropriate
varieties and the application of fertilizers according to
the agrochemical parameters of the soil.

Hemp belongs to bioenergy crops. The calorific
value of the stems of this plant is comparable to coal [5].

The world market contains more than 25,000
hemp industry products [4]. In addition, the demand for
products from technical hemp on the world market is
constantly increasing [6; 7].

At the same time, hemp seeds and fiber should
be considered valuable raw materials for use in textile,
cellulose, pharmacological, cosmetic, construction and
other types of business, and the properties of this bio-
energetic plant, the effect of agrotechnical measures on
them should be studied in order to increase the produc-
tivity of hemp agrophytocenoses. Therefore, the aim of
the work was to assess the influence of such agrotech-
nical factors as the type and dose of nitrogen fertilizers
(and their optimization) on the yield and quality indica-
tors of hemp for the production of solid fuel in Latvia.

Hemp seed (Cannabis sativa L.) is an annual (mon-
oecious and dioecious) crop of the hemp family (Cannaba-
ceae). Historically, the cultivation of Cannabis sativa L.
began in China around 2700 BC. e., when the properties
of hemp as a medicinal plant were discovered. After that,
the cultivation of hemp spread throughout Asia, and by
2200-2000 BC. e.also in Europe [8-10].A.V. Pylypchenko
assures that the word “‘cannabis” appeared in Holland as
a translation of the English word “canvas” (translated as
a sail) [11].

Archaeological materials show that the first fab-
rics were woven from nettle and hemp fibers at least
1000 years ago [12]. In the Middle Ages, there were
specialists in the production of hemp twisters, and they
had their own association. Edible hemp seeds were found
in the Tulsa barrow in the XI-XIII centuries.

L.G. Nikolaychuk [7] notes that technical hemp is
considered a traditional Ukrainian plant material, but
it was forbidden to sow these plants in Ukraine at the
time, because they were classified as narcotic.

N.V.Sholoyko, V.I. Popov,and T.I. Lysenko [10] claim
that by 1990, technical hemp occupied more than 10% of
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the agricultural land structure. Ropes, canvas and hemp
oil were produced from this crop. Cultivation of these
plants was highly profitable. Starting from the 1990s,
hemp crops as a cash crop were practically destroyed.

The main components of the Cannabis sativa L.
harvest include stems with short fibers and seeds. The
seeds are used as sowing material, or after advanced
processing they are used for the needs of the food, con-
fectionery, pharmaceutical, cosmetic and paint indus-
tries [11; 13; 14].

The breeders of the Institute of Bast Crops of the
National Academy of Sciences of Ukraine created the
Victoria variety and in 2009 submitted it for variety testing,
because tetrahydrocannabinol (THC) was not detected
there. In terms of productivity, it was not inferior to the
standard variety (KOCO-31), and provided 1.5 thousand
hryvnias/ha of economic effect (net profit) [5].

Due to the fact that Latvia is a member of the
EU, and Ukraine aspires to join this organization, they
both need to develop the hemp industry. This is a huge
area that will require extensive scientific research and
analysis over many decades.

The agroecological characteristic of hemp is im-
portant. Hemp suppresses weeds with its abundant leaves
and is an indispensable crop in organic farming [4; 5; 11].

Hemp is a rare crop of Ukraine. After their cultiva-
tion, indicators of the sanitary state of the soil improve.
Polish specialists at the 4" conference in Rouen, which
took place in 1996, in a scientific report on the topic
“Remediation of land contaminated with radionuclides”
provided digital material that showed a decrease in the
content of salts from the group of heavy metals in various
types of soil sown hemp Therefore, the production of
hemp and the manufacture of products from them (fiber,
seeds and seeds) is environmentally safe for mankind,
because there is no radiological burden on the living
organism [15].Hemp grows quickly (i.e., no initial treatment
with herbicides is required), removes heavy metals from
the soil (bioremediation),and provides high-quality non-
food products in the face of climate change [9; 16].Hemp
and its products are environmentally friendly [15; 16].
The demand for products from technical hemp on the
world market is constantly increasing [11; 17; 18]. During
the last decade, the demand for non-narcotic plants of
this culture has increased by several hundred billion
dollars [7],although there are already about 50.000 types
of hemp products on the world market [10]. Therefore,
it is advisable to invent ways to increase the volume of
its production in order to satisfy the demand for quality
products.

MATERIALS AND METHODS

Testing of seeded hemp was carried out in Latvia on
turf-gley soil type (organic matter content 35-38 g/kg,
pH 7.0-7.3, available plant phosphorus content - 83-
145 mg/kg P,0,, potassium content - 65-118 mg/kg K,0).
The area of the sown experimental plot of hemp was
20 m? in three repetitions. The seed sowing rate is
70 kg/ha.
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In the spring, after leveling and cultivating the
field, before sowing (or on the day of sowing) complex
mineral fertilizer (N:P:K - 6:26:30 - 300 kg/ha) was ap-
plied as the main fertilizer. The experiment studied the
effect of doses of nitrogen fertilizers on the productiv-
ity of hemp. Nitrogen (N) fertilizers (ammonium nitrate
(N 34%)) were applied as follows: 0 kg/ha N, 60 kg/ha N,
100 kg/ha N as a pure ingredient (labeled N, N,,, N, )
when hemp formed 3-6 pairs of leaves. No pesticides
were used for hemp.

The granulometric composition of the soil was
determined by the pipetting method (ISO/DIS 11277),
the humus content was determined by the Tyurin method
(LV ST ZM 80-91). The soil reaction was determined po-
tentiometrically (ISO 10390), the content of phosphorus
and potassium was determined by the Egner-Rieme (DL)
method (LV ST ZM 82-97). Data analysis of the hydro-
thermal coefficient (HTC):

- HTC from 1.0 to 2.0 - sufficient humidity;

- HTC>2.0 - excessive hydration;

- HTC<1.00 - not enough moisture;

- HTC from 1.0 to 0.7 - dry;

- HTC from 0.7 to 0.4 - very dry;

- HTCin Rezekne District, Latvia, for hemp seeding
averaged 1.0 to 2.0 over the growing season.

The study evaluated the Polish hemp variety “Bi-
alobrzeskie” (monoecious) and the Latvian (local) hemp
variety “Plrini” (dioecious), which has been grown for more
than 200 years at the Piksares farm in Valmier County,Ruina
Rural District. These are promising and productive varieties,
suitable for the agro-climatic conditions of Latvia.

Since February 27,2020, the hemp variety “Parini”
has been included in the Catalog of plant varieties of
Latvia as a variety for the preservation of genetic resources
of field plants.

On the website of the International Union for the
Protection of New Varieties of Plants, it is stated that

the variety “Bialobrzeskie”, which was used in the study,
is included in the catalog of EU varieties. It was bred in
Poland (Instytut Krajowych Wlokien Naturalnych or Inst.
of Natural Fibers (PL)) on December 31, 1967, and was
also registered in Austria, the Czech Republic, and Slove-
nia in 1968.This variety was obtained by crossing several
monoecious and dioecious hemp: [((LKCSD'/'Kompolti’) //
'‘Bredemann 18') /3/ 'Fibrimon 24].

The analysis of plant samples was carried out
according to established standard methods:

- the dry substance of the sample was determined
at 105°C; drying to a constant mass;

- heat capacity exceeding V=const, established from
dried samples at 105°C - Qh. (LVS CEN/TS 14918) with
calorimeter IKA C 5003;

- ash content of dry matter - A- (1ISO 1171 - 81).

In the course of the research, analyzes were used,
which are classified as systemic, statistical,and compara-
tive, and the available information was summarized.

RESULTS AND DISCUSSION

Hemp, with its high calorific value and relatively high
dry mass yield, is a good feedstock for bioenergy pro-
duction, especially if it is available in combination with
other energy sources.

We have established the volumes of hemp pro-
duction in two countries with different soil and climate
zones, Latvia and Ukraine.

In Ukraine, according to the State Statistics Ser-
vice [19], the area under hemp has undergone changes
over time. For the period from 2015 to 2020, the largest
area (2.8 thousand ha) was allocated to this culture for
seed purposes in farms of all categories in 2016. A little
less was sown in 2017 (2.6 thousand ha) and very little
(0.1 thousand ha) in 2018.1n 2020, this indicator improved
significantly, 1.6 thousand ha were planted and then seeds
were collected from an area of 1.6 thousand ha (Fig. 1).
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Figure 1. Hemp sowing area and gross seed collection in Latvia and Ukraine

Source: constructed by the authors based on data [19; 20]

An important indicator of the volume of agricultural
production in the states is the gross harvest. It depends
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collection of seeds (4.2 thousand tons) was recorded in
2018 and 2020 [20]. Ukrainian farmers collected the larg-
est amount of seeds (16.9 thousand tons) in 2016 thanks
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to the larger area for collecting hemp seeds. In general,

during the analyzed period (2015-2020), the area of hemp

seed cultivation in Ukraine increased by 60% (Table 1).

Table 1. Production of hemp for seeds in Latvia and Ukraine

Indicators Country
Area, thousand ha Latvia
Gross collection, thousand ¢ Ukraine
Productivity, c¢/ha ‘ Latvia
Indicators Ukraine
‘ Latvia

Area, thousand ha .
Ukraine

Source: calculated by the authors based on data [19; 20]

A somewhat different situation is inherent in the
production of hemp in Latvia. During the period from
2015 to 2020, the area (from 0.1 to 0.8 thousand hect-
ares) under this crop for seed purposes increased (see
Fig. 1), and therefore the gross harvest of bioenergy
crop seeds increased. It should be noted that the Latvi-
an government provides subsidies to hemp producers.
In order to receive payments in Latvia, it is possible to

Avarage for 2015-2020 2020 in % till 2015

0.5 600.0
1.5 60.0
3.0 950.0
7.2 -11.5
4.7 42.9
5.3 -41.7

grow varieties listed in the EU Variety Catalogue: “Be-
niko”, “Bialobrzeskie”, “Epsilon 68", “Fedora 177, “Felina 327,
“Futura 757, “Kompolti”, “‘Kompolti hybrid TC’, “Santhica 23,
“Santhica 277, “Santhica 70”,“Uso31” and others.

The yield of seeds also underwent significant
changes and on average for Ukraine ranged from 3.5 t/ha
(under fairly dry conditions in 2020) to 7.5 t/ha in the
favorable rainfall and temperature regime of 2018 (Fig. 2).

W
L

Productivity, c/ha
w oA

2015 2016 2017

m Latvia ™ Ukraine

2019

2018 2020

Figure 2. Yield of hemp seeds in Latvia and Ukraine

Source: constructed by the authors based on data [19; 20]

This indicator was marked somewhat lower for
Latvian farms. The amplitude of its fluctuation was estab-
lished for the studied period from 1.4 in 2016 to 6.1 c/ha
in 2017.

On average, for 2015-2020, each harvested hect-
are of hemp produced 4.7 tons of seeds in Latvia and
5.3 tons of seeds in Ukraine. The difference of 0.6 c/ha
(12.8%) can be explained by different types of soil, in-
sufficient amount of heat in Latvia, although there is
significantly more precipitation than in Ukraine. All these
factors ensure the proper growth and development of
hemp plants.

Under today’s conditions, hemp cultivation in
Ukraine and Latvia began to expand, in addition, medici-
nal products for the treatment of various diseases began
to be produced [10; 11].

In the agro-climatic conditions of Latvia, hemp
cannot be grown for the production of narcotic products,

as delta-9-tetrahydrocannabinol (THC) is only a few
tenths of a percent in these plants cultivated in the EU,
and varieties have been created that do not contain
cannabinoids at all [16].

The breeders of the Institute of Bask Crops of
the National Academy of Sciences of Ukraine [21] bred
monoecious non-narcotic varieties of hemp for the pro-
duction of seeds in the western regions, at the same
time, their potential under different cultivation models
has not been sufficiently studied. The yield between
varieties ranges up to 25%, depends on the sowing rates
for the wide-row sowing method.

L.S. Bezugla [22] claims that modern Ukrainians
consider hemp a narcotic plant, although it has been
grown in Ukraine since ancient times as a food, fodder,
and technical crop. Hemp seeds are intended for the pro-
duction of valuable oil,and meal - as a product for feed-
ing livestock. Hemp fiber is suitable for the production of
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ecological textiles, firewood - as bedding for animals,
mulch - for covering the ground cover under plants and
even for the production of building materials [17; 22; 23].

It is noted that there are varieties of hemp intended
for a specific purpose. So, it is better to use the Fedora 17
variety for seed production, the Futura 75 variety for fi-
ber production. These two varieties can be used for dual
purpose production in individual countries.By the way,
seeds of Fedora 17 and Markant varieties were formed
even in the northern part of Latvia. In Italy, the Czech
Republic and France,from 0.3 to 2.4 Mg/ha of seeds were
formed [24].

Currently, the pulp and paper industry consumes
almost half of the world's forest material. At the same
time, hemp produces almost four times more paper
than wood. In addition, this culture is adapted to most
climatic zones. The shelf life of hemp paper reaches
1,500 years. For Europe and the USA, it is necessary to
produce 6 million tons of pulp from long fiber annually.
For this purpose, it is necessary to set aside up to 1 million
hectares of land for hemp [4; 25]. Hemp is a valuable
raw material in the paper industry [8; 16; 26], thermal
insulation materials in construction.

Hemp shavings are a waste that can be used in
the production of chipboard for the construction indus-
try, as the flexural strength of the produced board reach-
es 2.4 MPa for the coarser group of particles with a ther-
mal insulation coefficient of 0.057+0.002 W/(mK) [25].

VM. Durach and L.G. Nikolaychuk [4; 27] consider
the traditional and most promising for Ukraine the tex-
tile industry, which is focused on the production of textile
products, clothes, shoes, etc. for firefighters, oil workers,
soldiers of the Armed Forces of Ukraine and soldiers of
various formations. Hemp fiber turned out to be strong
and was useful for making clothes, sails and paper. It has
been established that the first copies of the Bible were
written on hemp paper. Hemp oil was widely used in food
and cosmetics, hemp extracts were used to treat various
diseases [7-9]. Hemp oil has a wide range of applications:
from food to cosmetics, hemp extracts are also used to
treat many diseases. The oil content of hemp seeds can
exceed 35%. It can be used as biodiesel fuel and to produce
other industrial products (such as plastics).

The by-products of oil production are valuable
animal feed as well as fertilizer. Plant leaves remain in
place as a source of nitrogen in the soil. After hemp is
harvested, it is processed in the textile industry, and the
remaining wood is used as biomass feedstock for pulp
production, i.e. hemp is fully utilized. From hemp, it is
possible to obtain ecologically clean building materials
with low density, which provide high tensile and com-
pressive strength, as well as good heat and sound insu-
lation properties [6; 28]. Hemp straw showed the highest
calorific value (18.29 MJ/kg) compared to other sources
of hea [29]. Hemp is a profitable crop with a wide range
of uses in Latvia and other countries (Fig. 3).

Hemp (Cannabis sativa L.)

4
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} !
Tree/thorn Cellulose
{ \

In agriculture - bedding

{
For the production of hemp seeds
! ! N
Seed Whole stem
1 1
0Oil Uncrushed plant stem

In the paint industry
In food and food
production -
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fish and confectionery
In pharmacology
In cosmetology
Production of bioenergy -
production of biodiesel

Seed

In poultry farming - feed.
In food - in various national
dishes popular in Latvia.
In pharmacology
In cosmetology

Seed

In poultry farming - feed.
In food - in various national
dishes popular in Latvia.
In pharmacology
In cosmetology

For weaving things useful
in the economy
In heat supply and power
supply - as a fuel material
in pressed (rolled) form

Chopped plant stem

In the production of
building and insulating
materials
In heat supply and energy
supply - production of
briquettes and pellets,
production of bioethanol
and methanol, use of
biomass for production
of bio-oil, production of
biogas

for farm animals, substrates
and mulch In the chemical
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improvement of plastics
In the production of building
and insulating materials
In the paper industry
Heat supply and energy
supply - in the production
of briquettes and pellets,
production of bioethanol
and methanol
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3D materials
In 3D printing

Fabric production

In the production
of containers - packages,
bags, etc.
Fabrics — denim, curtains,
belts, tablecloths, etc.

Technical fiber

For technical fabrics -
sails, tarpaulins, bags, etc.
Ropes, tow, fabrics - in
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chemical industry,
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and paper industry,
in the production
of fire-fighting equipment
and special clothing

Figure 3. Options for the use of cannabis Cannabis sativa L. (L. Poisa)
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Hemp briquettes are characterized by a faster
loss of mass during combustion compared to common
wood chip briquettes. This is explained by the fact that
the amount of thermal energy is released much faster in
hemp briquettes. Measurements of briquettes made from
hemp shavings showed a significant heat of combustion
(approximately 18,000 ki/kg (for wood 17,000 ki/kg)).
The total amount of heat per unit area of the mixture of
sapropel and hemp shavings is 48 MJ/m?, but the effec-
tive amount of combustion is 13 MJ/kg [30].

So, more heat will require less fuel. This is import-
ant for choosing the type of fuel suitable for the climat-
ic conditions of Latvia, where the meteorological dura-
tion of winter is about 80 days, when the temperature
can be below-30°C.

Several studies have shown that plants with a
wide range of uses have greater prospects and there-
fore lower costs [8; 31; 32],again proving the economic
viability of hemp cultivation. 1 ha of hemp absorbs ap-
proximately 2.5 tons of CO2, which significantly reduc-
es the greenhouse effect [8; 16]. Hemp is also suitable
for biofuel and biogas production in Latvia, as its pro-
ductivity is relatively good, so it is also economically
beneficial.

The yield of technical hemp stalks depends on
the variety, applied fertilizers, as well as a number of
other factors. In Latvia, the following varieties of hemp
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are productive: “Bialobrzeskie”, “Epsilon 68” and “Futura
75” with an average yield of dry mass of 14 t/ha [33].

It has been established that the growing season
of hemp in Latvia lasts from 110 to 140 days, depend-
ing on the variety. For fibrous hemp, the dry matter yield
of the stem ranges from 6.5 to 11.0 t/ha, the seed yield
is 0.7 to 1.4 t/ha.

It is worth noting that the quality of grown hemp
products is strongly influenced by weather conditions.
The studied culture is used to increase the amount of
fuel and improve its energy properties.

Increasing the rate of nitrogen fertilization had
a different effect on “Parini” and “Bialobrzeskie” hemp
(Table 2).“Parini” was more sensitive, which is explained
by differences in the development of hemp of this variety.
In hemp, with the beginning of flowering, the intensity of
growth decreases. The average yield of dry hemp stem
for the local hemp variety “Parini” was higher when us-
ing the dose of nitrogen fertilizers N, - 9.94 t/ha, but
lower when using N, - 5.94 t/ha. A similar trend was
observed for the hemp variety “Bialobrzeskie” - above
N,,, — 13.70 t/ha, below - N, - 9.80 t/ha.

Nitrogen mineral fertilizers help increase the size
of plant cells, as well as increase their water content,
increasing the gross weight. An indicator of the effec-
tiveness of applying nitrogen fertilizers is a high yield
of gross products.

Table 2. The average yield of hemp depending on the doses of fertilizers

Variety Norms/doses of fertilizers

Part of a plant Variety
N60
Parini 591 8.18 9.94
Bialobrzeskie 12.01 14.6 16.12
Dry matter Average 8.96 11.39 13.03
_ RSOAOSA=O'698; RSO.OSB=O'698; RSO.OSAB=1'209
Bialobrzeskie RS, ,.,=0.898; RS, ,.,=1.101; RS, . ,.=1.556
Parini 4.46 6.43 7.61
Bialobrzeskie 7.81 8.87 9.91
Shiva Average 6.13 7.65 8.76
Parini RS, 0ss= 0.54; RS, .;=0.54; RS . ,.=0.94
Bialobrzeskie RS, 5,=0.64; RS, .,=0.78; RS ,,;=1.11
Note: RS, ,, - factor - growing year at the significalt level 95%; RS, ., - factor - fertilizers norms/doses at the significalt

level 95%; RS

0.05AB

The hemp variety Futura, which is a late monoe-
cious, can form a large amount of biomass and a suit-
able level of seed collection [34]. Scientists of the Rural
University of Athens [35] came to the conclusion that
the introduction of a technical increased dose of nitro-
gen under hemp, up to 240 kg/ha, provides a greater
yield of biomass, dry weight of the stem and mass of
the inflorescence by 37.3%,48.2% and 16% respectively,
if the unfertilized background is taken as the control.
An increase in the linear growth of plants in the height
and length of the inflorescence (from 1.66 to 1.76 m
and from 66.2 to 82.9 cm, respectively) was noted. The

- factors interaction at the significalt level 95%

average weight of seeds was almost the same for all
tested doses of nitrogen fertilizer. The best indicators of
plant growth and development are characteristic of the
Tygra and Futura 75 varieties.

It was determined [36] that the collection of
hemp fiber and its quality are significantly influenced
by the norms of sowing seeds and providing plants with
the main macronutrients. It has been established that
in order to obtain the yield of hemp, which will be char-
acterized by high-quality fiber (more than 2200 kg/ha),
it is necessary to plant them with a seeding rate that
will ensure a density of 329 plants/ha. Nitrogen should
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be applied in doses of 251-273 kg/ha, phosphorus - 85-
95 kg/ha, and potassium - 212-238 kg/ha.

It is well known that the most important climatic
factors that significantly affect the productivity of plants
are the supply of moisture, heat, photosynthetically ac-
tive radiation (PAR), carbon dioxide. V.M. Kabanets [37],
on the basis of research carried out in Ukraine, conclud-
ed that the optimum density of hemp stalks is 1.65 million
units/ha. At this density, the smallest inflow of PHAR en-
ergy was found, which is extremely necessary for the full-
fledged generative productivity of the weed component
of the agrophyocenosis of the second wave. Based on the
correlation analysis, it was established that the yield level
of seeds and stems of Cannabis sativa L. depends signifi-
cantly on the presence of mobile phosphorus in the soil
and somewhat less on potassium. Under the conditions
of organic farming, such dependence is not observed [38].

The correct selection of precursors is one of the
most important factors not only in organic farming, but
also in reducing the spread of diseases and pests, as
well as one of the factors in ensuring high productivity
with adequate quality.

It is noted that almost any previous plant is suit-
able for hemp, the main thing is that a sufficient amount
of organic fertilizers is applied before it [39], or, accord-
ing to other scientists [40], hemp can be grown after
any plant without fertilizers and without weed control.

Chemical weeding of hemp with the herbicide Targa
Super reduces weediness of the crop and increases the
yield of stems. The improvement of this indicator (by
2.1-2.6 t/ha) is facilitated by such a measure as foliar
feeding of plants with the microfertilizer Ecolist uni-
versal against the background of the main application
of mineral fertilizers in the dose of NP, . For harvesting
hemp seeds (with a moisture content of 14-24%), the
combine of the brand “Case” has proven itself better
compared to the combine of “PALESSE” [5].

All plants need nutrients. Hemp has a high need
for macronutrients - nitrogen, phosphorus and potas-
sium; additional nutrients - sulfur, calcium and magne-
sium; trace elements - iron, manganese, zinc, chlorine,
boron, copper and nickel. The availability of nutrients
for plants depends on the quality of the soil, fertilizers
and weather conditions, so it is necessary to ensure op-
timal growing conditions, which can be done by following
appropriate agricultural techniques.

Nitrogen (N) is the main limiting factor for plant
growth and development in natural and agricultural

ecosystems. Increasing the rate of application of nitro-
gen fertilizers in the field also increases plant produc-
tivity [41]. Nitrogen can have a beneficial effect on the
yield and its quality only if it is used to fertilize crops in
a balanced mode with the rest of the nutrients, taking
into account the biological features of the crop and the
characteristics of the soil. The presence of nutrients in
the plant and the quality of the obtained products de-
pend on fertilizers, which also significantly affect the
composition of ash.

At the same time, according to the conclusion of
scientists [42],an increase in the density of plant stands
from 30 to 120 plants/m? increased the yield of stems
by 29%, and nitrogen application from 0 to 60 kg/ha
d.r. - by 32%. Nitrogen fertilizers did not significantly
affect the seed productivity of hemp.

The studied plants have long roots, up to 2.5 m,
which reduces soil erosion. The plant is used to increase
the productivity of the next crop in the crop rotation
cycle by 10-15%, to restore the fertility of unproductive
soil for agricultural purposes and to improve diversity
in EU agriculture.

Hemp seeds are still used in Latvian national
dishes in various ways [43; 44].

The root system of hemp contributes to the im-
provement of soil productivity. This may indicate that
well-cultivated soils and appropriate agrotechnical mea-
sures have a positive effect on the productivity of these
plants. It has been proven [44] that the accumulation
and transformation of fresh organic substances formed
by plant residues of hemp depend on technological
measures in organic agriculture. They help soil micro-
organisms to transfer stress loads from the effects of
mineral fertilizers and pesticides.

Meteorological conditions in Latvia are favorable
for both early and late sowing of hemp.

The dose of nitrogen fertilizers affects such en-
ergy parameters as ash content and the highest calorific
value. For the “Bialobrzeskie” hemp variety, a significant
effect on the calorific value (QA) of the dose of nitrogen
fertilizers =23.1%) and parts of the stem (n=33.2%)
and the interaction between parts of the stem and the
dose of these fertilizers (n=17.2 %). The calorific value (QA)
of the local hemp variety “Parini” was significantly influenced
by the agro-meteorological conditions of the experimen-
tal year (A), the dose of nitrogen fertilizers (C) and parts
of the stem, but the greatest influence on (QA) was the
interaction between factors A and C (n1=46.6%) (Table 3).

Table 3. The share of influence of factors™ on quality indicators of hemp seeds in Latvia, n, %

“Parini”

Indicators

Year of study (A) 72
Plant component 3
(B)/grade (B) 19
N fertilizer (C) 0

Ukrainian Black Sea Region Agrarian Science, 26(2), 24-34

Hemp varities
“Bialobrzeskie”

15 18 ns 1.09
12 36 33 66.09
18 5 23 23.01
0 26 10 4.09



Indicators

Interaction (AxC)

A
Interaction (AxB) 3
1
1

Interaction (BxC)

Interaction (AxBxC) ns
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Table 3, Continued
Hemp varities

“Bialobrzeskie”

47 11 ns ns
4 1 17 ns

ns ns

1 0 12 ns

fact

Note: * - the influence of the studied factors is reliable at the 95% significance level (Ff >F 09> Ns = the influence of the

studied factors is insignificant at the 95% confidence level

The study noted a significant (P<0.05) propor-
tional effect of the part of the stem - for “Bialobrz-
eskie” - 33.2% and “Purini” - 12.0%. Therefore, in order
to achieve a higher calorific value, it is important to
evaluate whether it is rational to use the whole stem or
only the wood chips as fuel.

Polish scientists [45] investigated hemp biomass
for its use as an energy crop. Physico-chemical proper-
ties of this plant, manifested in the process of burning
straw and briquettes in low-power boilers, corresponded
to current standards. However, excessively large emis-
sions were recorded, which, taking into account the cur-
rent regulations, does not allow the use of this product
in heating devices, where the air supply goes under the
grates.

The positive effect of nitrogen on the growth of
hemp is manifested from the phase of 3 pairs of leaves,
until this time hemp only needs a sufficient amount of
nitrogen. Factors (genotype and seeding rate) signifi-
cantly influenced the yield of above-ground biomass of
hemp, as well as the calorific value per hectare [33].

Scientists [15] assure that it is necessary to use
phosphorus-potassium fertilizers in the hemp fertiliza-
tion system, which will ensure a significant decrease in
the flow of radionuclides into the plant, and then from
it into the products.

The ash composition of biomass depends on the
type and part of the plant, for example, trunk, bark, nee-
dles have different ash composition. Hemp straw has
a lower ash content than grass, which is important for
the use of solid vegetable biofuels in automatic furnaces.
Therefore, it should be noted that the species have
some qualities characteristic of the variety, which are
not significantly affected by the meteorological condi-
tions of the given vegetation period, but are affected by
the interaction of various factors (fertilizer rate, variety,
meteorological conditions, plant parts) [9; 23; 46].

Latvian farmers are interested in growing crops
such as hemp and their varieties, as well as in the use of
technologies that require less energy consumption. The
low consumption of the latter largely determines the lower
cost of production and the higher income of the owner.

With professional and competent determination,
the farmer must achieve that the amount of pre-accu-
mulated (primary) energy and energy used in the pro-
duction process at each stage of cultivation is as small

fact

<F,o9; A — ashiness; Qh is the highest calorific value

as possible, and the mass of accumulated solar energy
(generated biomass) is as large as possible.

CONCLUSIONS

Hemp seeds have a wide range of uses, including the
production of granules, pellets, briquettes, etc. For the
production of solid renewable biofuel from seeded
hemp, it is worth using their surplus, which will allow
strengthening the hemp industry in Latvia and Ukraine
as one of the components of energy independence of the
countries.

In order to obtain a larger amount of biofuel formed
by the researched crop, it is necessary to increase the
level of production intensification, which will positively
affect both yield and product quality.

The productivity of hemp crops is significantly
affected by the application of nitrogen fertilizers. The
average formed yield of dry hemp stems for the local
variety “Parini” was recorded higher when using a
dose of nitrogen fertilizers N, , - 9.94 t/ha, but 40.2%
lower on unfertilized sowing (N, - 5.94 t/ha), variety
“Bialobrzeskie” hemp: above N, - 13.70 t/ha, below
N, - 9.80 t/ha (or 47.8% less). A significant (P<0.05)
proportional effect of the share of the stem was noted -
for “Biolobrzeskie” - 33.2% and “Purini” - 12.0%.

The advantage of using biomass energy is that
it is renewable and reduces Latvia's dependence on
imported energy resources. This corresponds to the
Guiding Principles of Energy Development. In general,
the cultivation of hemp for biofuel production in Latvia
is desirable both from the point of view of agro-climatic
conditions and economic profitability.

The volume of hemp production in Ukraine is
limited, although the weather and climate conditions
are favorable for increasing its gross harvest.

The productivity of hemp, both in Latvia and in
Ukraine, depends significantly on agrotechnical factors,
in particular on the type and dose of fertilizers, because
these component technologies have the greatest impact
on the yield level and quality indicators of seeds for
the production of solid biofuel. There is research on the
factors that influence the amount of hemp fiber, but not
enough attention has been paid to varieties that grow
very quickly, have a high capacity to accumulate a lot of
straw and have a low ash content. Our further scientific
work is aimed at solving these issues.
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BnnuB arpotexHiuyHUx ¢pakTopiB
Ha NpoAyKTUBHICTb KoHonni (Cannabis sativa L.)

Jiena AHcoBHa Moiiwa?, Nligia KnumisHa AHTUNOBA?

'Pe3ekHeHCbKa akageMmis TeXHONOTri
LV-4601, Atbrivosanas aleja, 115, M. PesekHe, J1aTBig

MuKoNaiBCbKMI HaLLiOHANbHUI arpapHUii yHiBepCuTeT
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa

AHoTauifi. AKTYanbHiCTb TEMU 06YMOBNAEHA HEODXiAHICTIO PO3BUTKY BUPOOHMLITBA €HEPreTUYHUX KYNbTYp, 30Kpema
KOHOMeNb, 3 Ornaay Ha 06MeXeHy KiflbKiCTb HasiBHUX KOPUCHWX KOMANMH Ha noTpebu TennosabesneyeHHs. [ng
BMPOOHULTBA Bionannea NpMAATHUMKU € KOHOMMI K peHTabenbHa KynbTypa 3 WKMPOKUMM CMEKTPOM BUKOPUCTAHHS.
3a MeTy OOCNioKEeHHS aBTOPWM NOCTaBWMAM OLIHKY BMAMBY arpoTexHidyHnx GakTopiB Ha MPOAYKTMBHICTb NOCiBY Ta
AKiCHI MOKA3HWKM HaCiHHS KOHOMEeNb AN BUPOOHMLITBA TBEPAOro Nanuea B J1aTeii. OLiHEHO COPT NONbLCBKOI KOHOMAI
«Bialobrzeskie» Ta naTBilcbknit copT koHONAI «POrini» 3a BHeCeHHS 3 [03 a30THWX f00OpuB. BrkopuctaHo aHanisu,
AKi BiAHOCATb 4O CUCTEMHUX, CTATUCTUYHUX | MOPIBHANbHUX. 3aCTOCOBAHO METOAM AOCNIAKEHHS: 3araNbHONPUNHATI
Yy POC/IMHHMLTBI NONbOBWIA | NabopaTopHMIA — AN 39CyBaHHS B3aeMOAIii 06'€kTa LOCNIAXKEHD 3 arpoOTEXHIYHUMM
Ta NPUPOLHUMU aBiOTUUHMMMK (HAKTOPAMM; PO3PaxXyHKOBO-BAroBUi — AN BM3HAYEHHS MPOLYKTMBHOCTI MOCIBIB;
pO3paxyHKOBO-MNOPIBHANbHMI; MaTEMATUKO-CTATUCTUHHUI (MCMEPCIAHNUIA) — A5 OLIHIOBAHHS BIpOriAHOCTI pe3y/bTaTiB
[ocnipkeHb, BU3HaueHo, Lo A1 BONOKHUCTUX KOHOMENb YPOXKaMHICTb CyX0i pe4YoBMHU CTEONA KONMBAETLCS B MEXaX
6,5-11,0 7/ra, a HaciHHa - 0,7-1,4 7/ra. [IpOAYKTUBHICTb KOHOMENb ICTOTHO 3aNeXMTb Bif arpoTexHiuYHMX dakTopis,
30KpeMma Bif, COpTy i BHECEHHS [06pwmB, 60 Ui CKNaLOBi TEXHOMOTT BAaroMo BMIMBAKOTb Ha BPOXAMHICTb Ta AKiCHI
MOKa3HWMKM HaCiHHS Ans BUpoOHULTBA TBepaoro 6ionanmea. CopT KoHonenb «PUrini» MeHW NpoAyKTUBHUMA, HiXX COpT
KoHonenb «Bialobrzeskie», HaBiTb 3a BUKOPUCTaHHS 0031 a30THMX A06puB N, . BennunHa nosm asotHux 4obpus
BMN/JIMBAE Ha TaKi eHepreTMYHi napaMeTpu K 30/bHICTb | HAaMBMLLA TENAOTBOPHA 3A4aTHICTb. JocnigkeHHs BUSBUAK
poctoBipHuit (P<0,05) BnAMB YacTkmM cTOBOYpa Ha YpOXKaMHICTb, HAMBULLY TEMIOTBOPHY 34aTHICTb Ta 30/1bHICTb.
HaykoBa HOBM3Ha NONArae B TOMY, WO OLLIHEHO BMIMB COPTY i 403 a30THUX 4OOPUB Ha NPOAYKTUBHICTb, B TOMY YMCi
i eHepreTMYHi BNaCTUBOCTI KOHOMEb, @ NPAKTUYHA LiHHICTb — B YAOCKOHANEHHI TEXHONOTiT BUPOLLYBaHHS KOHOMENb
LUNSIXOM BipHO [i6paHOro CopTy Ta ONTUMI3aLii 03K a30THUX J0OpPUB AN CTBOPEHHS BUCOKOSIKICHOT NMpoAyKLUii Ha
TEMNNIONOCTaYaHHS Ta BUKOPUCTaHHS 6e3BiAX0AHMUX TEXHONOTIN

KntouoBi cnoBa: koHoMAi, COPT, 031 A30THUX LOOGPUB, YPOXKAWMHICTb, 30/IbHICTb, HAWBULLA TEMNNOTBOPHA 34aTHICTb,
TBepae 6ionanueo
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