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INTRODUCTION

The global agricultural sector’s shift towards sustainable development,
renewable energy and “green” chemistry has led to a large-scale renaissance
of industrial (non-psychotropic) hemp (Cannabis sativa L.). As a waste-
free crop with high carbon sequestration potential, hemp is a source of
high-quality fiber, vegetable protein, valuable oil and specific cannabinoid
compounds of a non-psychotropic profile. The high potential for biological
productivity combined with low requirements for the use of pesticides and
chemical fertilizers makes this crop an important element of environmentally
safe agricultural production.

The concept of sustainable development involves a harmonious combination
of economic efficiency, environmental safety and social responsibility. Industrial
hemp fully meets these principles thanks to its high biomass productivity,
phytoremediation ability, low need for pesticides and versatility of product use'.

The modern agricultural sector requires the creation of hemp varieties with
pre-programmed biological properties by combining classical breeding and
innovative genomic technologies.

The rapid development of molecular biology has opened up new opportunities
for improving the breeding of industrial hemp. Unlike traditional methods based
on phenotypic selection, modern biotechnology allows assessing the genotype
of a plant regardless of growing conditions and stage of development?.

One of the most promising areas is the use of molecular markers.
The use of SSR, AFLP, ISSR, and SNP markers has made it possible to
assess the level of genetic polymorphism of world cannabis collections,

' Amaducci S., Scordia D., Liu F. H., Zhang Q., Guo H., Testa G., Cosentino S. L. Key cultivation
techniques for hemp in Europe and China. Industrial Crops and Products. 2015. Vol. 68. P. 2-16. DOI:
10.1016/j.indcrop.2014.06.041

2 Kovalchuk L., Pellino M., Rigault P. et al. The genomics of Cannabis and its close relatives. Annual
Review of Plant Biology. 2020. Vol. 71. P. 713-739. DOI: 10.1146/annurev-arplant-081519-040203
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establish the degree of relatedness between varieties, and identify sources
of valuable traits®.

Special attention is paid to the genes of cannabinoid biosynthesis. After
genome sequencing, it became possible to create markers closely linked to the
CBDAS and THCAS genes, which significantly increased the efficiency of
early selection of breeding material®.

The use of biotechnological methods in hemp breeding is becoming widespread®.

A promising direction is the use of genomic sequencing and transcriptomic
analysis. The study of gene expression allows us to establish the mechanisms
of resistance to abiotic stresses, growth regulation, cannabinoid accumulation
and development of fibrous tissues. At the same time, the use of genetic editing
methods (CRISPR/Cas9) in hemp breeding is still at an early stage. The main
limitations remain insufficiently developed transformation systems and the
complexity of plant regeneration after genome editing.

The success of creating modern high-yielding varieties is based on
a deep understanding of the fundamental biological mechanisms of genetic
determination of sex and stabilization of the sexual structure of monoecious
hemp populations® ", the patterns of inheritance of the chemical chemotype
and strict control of cannabinoid biosynthesis (with the prevention of exceeding
the THC threshold® ' !!| the architectonics of fibrous structures, improving the

> Sawler J., Stout J. M., Gardner K. M. et al. The genetic structure of marijuana and hemp. PLoS ONE.
2015. Vol. 10. Iss. 8. Art. 0133292. DOI: 10.1371/journal.pone.0133292

4 Laverty K. U., Stout J. M., Sullivan M. J. et al. A physical and genetic map of Cannabis sativa
identifies extensive rearrangements at the THC/CBD acid synthase loci. Genome Research. 2019.
Vol. 29. Iss. 1. P. 146-156. DOI: 10.1101/gr.242594.118
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10.7124/FEE0O.v20.796

° Kupuuenko I L, Jlaiiko 1. M., Mimenko C. B. Ananis xonexuiitnux 3paskis Cannabis sativa L. 3a
BMICTOM KaHaOIHOITHMX CIONYK 1 XeMoTUNOM. [enemuuni pecypcu pocaun. 2019. Ne 25. C. 115-128.
DOI: 10.36814/pgr.2019.25.09.

1 Mimenko C. B., Jlaiiko 1. M. YcnaukyBaHHs O3HaKHM BMICTYy KaHaGiHOIJHMX CIIONYK TiOpuaamu
MPOMHKCIIOBUX KOHOIIENb Ta Teopis 1i reHetnuHoi nerepMminauii. Achievements of Ukraine and the EU
in Ecology, Biology, Chemistry, Geography and Agricultural Sciences : Collective monograph. Riga :
Baltija Publishing, 2021. Vol. 2. P. 410—427. DOI: 10.30525/978-9934-26-086-5-32

1 Mishchenko S. V. Phenotypic expression of cannabinoid presence and content upon self-pollination
and directional selection in monoecious hemp. Plant Breeding and Seed Production. 2020. Vol. 118.
P. 58-73. DOI: 10.30835/2413-7510.2020.222333
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technological quality of bast fiber and bioenergetic value' '* ' 15 increasing
plant tolerance to abiotic and biotic stresses under conditions of global climate
change'® 7,

This section of the monograph presents key points of the biological foundations
of industrial hemp breeding, a number of fundamental genetic and breeding tasks
that have been developed by the author over the last decade at the Institute of
Bast Crops of the National Academy of Agrarian Sciences of Ukraine.

1. Genetic and selection control of sexual structure and heterosis

Modern monoecious hemp is characterized by sexual polymorphism —
a transitional series of sexual types with masculinized and feminized habit and
different ratios of male and female flowers in the inflorescence. The sex of
hemp is a complex genetically (sex chromosome and autosome factors act) and
epigenetically regulated system. The main problem of breeding monoecious
industrial hemp remains genetic instability based on sex and population splitting
with the emergence of an undesirable plane (male plants) and a gradual reversal
to the evolutionarily formed dioeciousness.

Recently, many studies have been directed at the application of inbreeding
methods, the creation of valuable self-pollinated lines on this basis, and the
assessment of their combining ability in the topcross system, which allows for
significant stabilization of the monoecious trait'® '°. The use of self-pollination

12 Mimenko C. B., Kmeup [ JI. Minnusicrts aHaromiuHoi Oyf0BH BOJOKHHCTHX CTPYKTYyp Ha
MOTIePEeYHOMY 3pi3i cTebnma pi3HuX 3paskiB KoHomenb. Cenexyis i Hacinwuymeo. 2017. Bum. 112.
C. 82-93. DOI: 10.30835/2413-7510.2017.120425

13 Mishchenko S. Change of cells and layers sizes of hemp (Cannabis sativa L.) bast fibers in the
synthetic breeding process. Agrobiodiversity for Improving Nutrition, Health and Life Quality. 2019.
Ne 3. P. 255-264. DOL: 10.15414/agrobiodiversity.2019.2585-8246.255-264

14 Mimenko C. B., Kupuuenko I. 1., Jlaiiko I. M. HoBuii copt mpoMHCIOBHX KOHOMNENb «ApTeMizay
YHIBEpCAILHOTO HANPSIMY TOCHOIAPCHKOr0 BUKOPUCTAHHS 3 MiZABHIIEHHM YMICTOM OJIii Ta MOJIIIIEHO0
SKicTIo BoNOKHA. Plant Varieties Studying and Protection. 2021. T. 17. Ne 1. C. 43-50. DOLI:
10.21498/2518-1017.17.1.2021.228208

15 BoxeroBa P. A., JlaBpunenko 0. O., Mapuenko T. FO. ta in. IlepcrmekTuBHI KymbTypH mist
GioenepreTuxy Ykpainu. Aepapmi innosayii. 2022. Ne 11. C. 5-15. DOI: 10.32848/agrar.innov.2022.11.1

' Mimenko C. B. KiimarnuHo opieHTOBaHa cenekiis NPOMHUCIOBHX KoHomelnb. Climate-Smart
Agriculture: Science and Practice : Scientific monograph. Riga : Baltija Publishing, 2023. P. 455-488.
DOI: 10.30525/978-9934-26-389-7-22

17 Mimenko C. B. TenernuHi, cenexiiiiti Ta GiOTEXHONOTIYHI ACIIEKTH TOJNEPAHTHOCTI MPOMUCIOBAX
KOHOMeNnb 10 abioTH4HuX crpeciB. Biological Sciences and Education in the Context of
European Integration : Scientific monograph. Riga : Baltija Publishing, 2024. P. 133-165. DOI:
10.30525/978-9934-26-443-6-7

¥ Mimenko C. B. Edgextn 3aransHoi Ta Bapiancu creuudiyHoi koMOiHawiiHOT —3maTHOCTI
CaMO3aIUJICHUX JIiHIH 1 COPTIB KOHOIENb Yy CHCTEMI TONKPOCIB. Pakmopu excnepumenmanbHoi egonoyii
opeanizmis. 2017. T. 21. C. 62-67. DOI: 10.7124/FEEO.v21.808

1 Mishchenko S. V., Kabanets V. M., Kyrychenko H. I, Marchenko T. Y., Laiko H. M.
Combinational ability of varieties and self-pollinated lines of industrial hemp for seed and oil use in
the topcross system. Plant Varieties Studying and Protection. 2025. Vol. 21. Iss. 1. P. 39-45. DOL:
10.21498/2518-1017.21.1.2025.327500
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(incrossing) allows for the elimination of undesirable recessive alleles and the
consolidation of valuable economic traits? 2!, Studies of inbreeding systems
have shown that despite inbreeding depression for individual morphological
traits, the creation of self-pollinated lines is a reliable tool for constructing
synthetic populations and interlineage hybrids*> *. Assessment of the general
(GCA) and specific (SCA) combining ability of self-pollinated lines and
varieties in the topcross system showed the presence of a high heterosis effect
in seed yield, oil yield and total biomass. Interlineal and linear-varietal hybrids
demonstrate clear stability in seed and fiber productivity?* .

In this case, one should take into account the epigenetic factor (in particular,
the photoperiodic response), which is capable of modifying the manifestation
of sex even in same-sex hybrids, but this requires strict selection control over
phenotypic expression®* %,

The use of chemical gametocides and simultaneous antioxidant plant
protection makes it possible to regulate male sterility, facilitating the production
of interline and intervarietal hybrids with a high heterosis effect in terms of
stem, fiber, seed yield, and oil content® ?° (Fig. 1).

2 Murams M. 1., Mimenko C. B., Jlaiiko I. M. TuiyxT i rereposuc koworelnb : MoHorpadis. Cymn :
OOII lepduna 1. B., 2020. 146 c.

2 Mimenko C. B., KaGanweur B. M., Kupmuenko I. I, Mapuenko T. 0., Mauynscokuii
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B cenekuil. Paxmopu excnepumenmanvhoi esomoyii opeanizmie. 2025. T. 37. C. 29-34. DOI: 10.7124/
FEEO.v37.1742
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L.) hybrids by productivity. Agrobiodiversity for Improving Nutrition, Health and Life Quality. 2017.
Ne 1. P. 324-327. DOI: 10.15414/agrobiodiversity.2017.2585-8246.324-327

3 Mimenko C. B., Jlaiiko . M. MOKIHBOCTI BHKOPHCTaHHS CAMO3AMIICHUX JiHiil UL CTBOPCHHS
CHHTETHYHUX TOMYJSLINA KoHONeNb. JIy6 sini ma mexwiuni kyromypu. 2018. Bun. 6 (11). C. 38-46. DOIL:
10.48096/btc.2018.6(11).38-46

2 Mishchenko S. Comparative characteristics of line-variety and intervarietal hemp (Cannabis sativa
L.) hybrids by productivity. Agrobiodiversity for Improving Nutrition, Health and Life Quality. 2017.
Ne 1. P. 324-327. DOLI: 10.15414/agrobiodiversity.2017.2585-8246.324-327

» Miumenko C. B., Mapuenko T. 0., JlaBpunenko 0. O., Tkauenko C. M. PiBeHb mposiBy Ta
YCTaJKyBaHHS CENEKI[IHHUX O3HAK Yy MDKIIHIMHUX TiOpHIiB KOHOIEIb HACIHHEBOTO Ta BOJOKHHCTOTO
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Bum. 125. C. 84-90. DOI: 10.32851/2226-0099.2022.125.12
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10.30835/2413-7510.2018.134364
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10.30835/2413-7510.2017.104890
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Fig. 1. Principle genetic and breeding model of stabilization
of monoeciousness and implementation of heterosis
in Cannabis sativa L. populations

The use of ascorbic acid and Si compounds between treatments with
chemical gametocides contributed to the reduction of their suppressive effect,
which was manifested in an increase in the number of formed seeds on mother
plants by 17-21% and an increase in the yield of hybrid plants in the phase of
biological ripeness by 5—11%. Their action is aimed at protecting the generative
sphere of cannabis plants and supporting general metabolism under stressful
conditions. The antioxidants used did not affect the level of male sterility, the
stability of monoeciousness, the absence of tetrahydrocannabinol and the ratio
of non-psychotropic cannabinoids, which confirms the safety of their use in
terms of preserving the genetic characteristics of the original breeding material.

2. Genetic and biochemical foundations of breeding

for cannabinoid profiles and other biochemical traits
Modern industrial hemp breeding imposes strict requirements on the
content of psychotropic tetrahydrocannabinol (according to current Ukrainian
legislation, it should not exceed 0.2%). At the same time, there is a growing
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demand for varieties with high accumulation of non-psychotropic cannabinoids —
cannabidiol (CBD) and cannabigerol (CBG)* 3!,

The development of varieties with a high content of non-narcotic
cannabinoids (CBD and CBG) against the background of the absence of
A9-THC is a priority of the breeding direction. It allows obtaining high-value
medical and cosmetic raw materials without the risk of improper use of crops.

The expression of the trait of cannabinoid content depends on cytoplasmic
factors (to a large extent, high content is transmitted through the maternal
line), i.e. they are inherited according to the nuclear-cytoplasmic type. The
implementation of the genetic program in the phenotype regarding the synthesis
of cannabinoids depends on environmental factors (air temperature, relative
humidity, soil moisture and composition, mineral and organic nutrition regime,
daylight hours, etc.).

The multi-vector nature of the dominance of the trait of high cannabinoid
content (from positive overdominance to negative overdominance) and the
continuous, quantitative variability of the trait of cannabinoid compounds
content may hypothetically indicate the presence of polygenes that determine
its manifestation and act by the type of cumulative polymerization. Despite the
fact that the ratio of THC: CBD phenotype is consistent with a simple model
of codominant alleles at one locus, it can be assumed that many linked loci for
these genes are involved.

Among the common cannabinoids, CBD and THC are strongly correlated,
with CBG being the least correlated with other compounds. The level of
accumulation of some minor cannabinoids depends on the influence of many
genetic and external factors, and different partial and multiple correlations have
been established between them: CBDV is most closely related to CBD, CBN
is related to THC, and the content of CBG has an impact on the formation of
CBD and, especially, THC. It has been hypothesized that the CBG synthase
gene is not located in an independent locus, in this case, a more complex
genetic mechanism of cannabinoid synthesis determination operates, and the
CBG synthase gene, for example, has several linked loci, in particular with the
genes of CBDC synthase and, especially, THC synthase®.

30 Mimenko C. B., Jlaiiko 1. M. Hakonmuennst kaHaGiioqy B OHTOreHe3i POCIMH TEXHIYHHX
(nmpomucnoBux) koHonenb. Plant Varieties Studying and Protection. 2018. T. 14. Ne 4. C. 390-399. DOI:
10.21498/2518-1017.14.4.2018.151902

31 Mishchenko S. V., Laiko I. M., Kyrychenko H. I. Breeding of industrial hemp with a high content of
cannabigerol by the case of “Vik 2020’ cultivar. Plant Varieties Studying and Protection. 2021. Vol. 17.
Ne 2. P. 105-112. DOI: 10.21498/2518-1017.17.2.2021.236514

32 Mimenko C. B., Jlaiiko I. M. VemamkyBaHHS O3HAKM BMIiCTy KaHaGiHOTIHHX CIIONYK TiOpumamu
MPOMHUCIIOBUX KOHOIENb Ta Teopis il renetnynol merepMinaii. Achievements of Ukraine and the EU
in Ecology, Biology, Chemistry, Geography and Agricultural Sciences : Collective monograph. Riga :
Baltija Publishing, 2021. Vol. 2. P. 410-427. DOI: 10.30525/978-9934-26-086-5-32
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Exogenous factors and growth regulators can modify the quantitative
content of cannabinoids, but the qualitative chemotype remains a stable
genetic marker®. In plants of variety USO 31, ascorbic acid as an antioxidant,
auxins and GA, significantly reduced the content of cannabinoids, whereas
nicotinic acid and cytokinins increased it. As a result of triple exposure to
nicotinic acid and BAP, changes in the descendants persisted and epigenetic
effects were manifested. An additional method to increase the level of
non-psychotropic cannabinoids may be treatment of vegetative plants with
cytokinin BAP, which, in contrast to high concentrations of nicotinic acid,
significantly increased the content of CBD and, to a lesser extent, THC. Such
selection traits as stem total length, mass and fiber content, seed productivity
and sex underwent the biggest changes. Different genotypes of hemp may
have different reactions to phytohormones and their concentrations, which
should be established in each case.

Analysis of the accumulation of cannabinoids in ontogenesis indicates
the dependence of their biosynthetic activity not only on genetic factors, but
also on the stage of growth and development and the anatomical functioning
of glandular hairs (or trichomes)*, which should be taken into account in the
breeding process.

The biological basis for the selection of drug-free varieties is the study
of allelic polymorphism of the cannabidiolic acid synthase (CBDAS)
and tetrahydrocannabinolic acid synthase (THCAS) genes and other
synthases®: 3¢,

The final methodological scheme for creating genetically stable breeding
material for industrial hemp for medicinal use is as follows (Fig. 2).

In parallel with its cannabinoid profile, hemp is valued as an important
oilseed crop. The seeds contain up to 30-35% oil with an ideal ratio of
omega-3 to omega-6 polyunsaturated fatty acids for human nutrition.
The presence of significant intrapopulation variability allows selection
for increased oil content in hemp seeds, an increase in the proportion

33 Mishchenko S. V., Laiko I. M., Tkachenko S. M., Lavrynenko Y. O., Marchenko T. Y. Piliarska O. O.
The influence of exogenous growth regulators on the cannabinoid content and the main selection traits of
hemp (Cannabis sativa L. SSP. sativa). Journal of Agricultural Sciences (Belgrade). 2022. Vol. 67. Ne 3.
P. 237-251. DOI: 10.2298/JAS2203237M

3% Murans M. [1., Kmeus L. JI., Mimenko C. B. Oco6iuBocTi QyHKI[IOHYBAHHS CEKPETOPHUX CTPYKTYP
KOHOIIEJIb, TI0B’I3aHUX 3 BUAUICHHAM KaHAOIHOINIB. JIy60 sni ma mexuiuni kynomypu. 2017. Bum. 5 (10).
C.91-101.

3 De Meijer E. P. M., Bagatta M., Carboni A., Crucitti P., Moliterni V. M. C., Ranalli P., Mandolino G.
The inheritance of chemical phenotype in Cannabis sativa L. Genetics. 2003. Vol. 163. Ne 1. P. 335-346.
DOI: 10.1093/genetics/163.1.335

36 Weiblen G. D., Wenger J. P, Craft K. J., EISohly M. A., Mehmedic Z., Treiber E. L., Marks M. D.
Gene duplication and divergence affecting drug content in Cannabis sativa. New Phytologist. 2015.
Vol. 208. Ne 4. P. 1241-1250. DOTI: 10.1111/nph.13562
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of a particular polyunsaturated fatty acid, and an optimized Omega-3:
Omega-6 ratio®” %,

3. Anatomical and morphological differentiation of fiber
and in vitro technology

The basis of hemp breeding for fiber is the stem architecture and the ratio
between primary and secondary bast fibers. Primary fibers are characterized
by a high cellulose content and low lignin levels, which makes them an
ideal raw material for the textile industry, while secondary fibers are shorter
and more woody. The fiber: wood ratio is closely related to the length of the
plant’s growing season. Selection of late-maturing or day-neutral genotypes
allows for a longer vegetative phase, which significantly increases bast fiber
yield and overall carbon sequestration.

Chemotyping +
optimized TLC —
accurate chemotype
determination

Genetic typing for
Bj, By, By alleles —
detection of structural
loci

Comprehensive
correlation analysis
— identification of
critical relationships

v

Development of a
breeding scheme with
controlled gene flow

Family-group
selection of ancestral

Elimination of
genotypes that
increase THC content

— hybrids with forms and hybrid — creation of new
controlled allelic offspring — stable breeding sources and
S chemotypes :
combinations trait donors
¢ !

Creation and
registration of
varieties

Fig. 2. Methodological scheme for creating genetically stable breeding
material of industrial hemp for medicinal use

37 Buposeup B. T, Jlaiiko 1. M., Kupuuenko I 1. Ta in. 30inblieHHs BMIicTy OMii K HEBiIKIaJHe
3aBIAHHA CENEKIii KoHomenb. Pakmopu excnepumenmanvhoi eeomoyii opeawizmie. 2018. T. 23.
C. 40-45. DOLI: 10.7124/FEEO.v23.987

3% Laiko I. M., Kobyzeva L. N., Mishchenko S. V., Kyrychenko H. 1. Intra-population variability of
oil content and fatty acid composition in modern hemp cultivars. Plant Breeding and Seed Production.
2022. Vol. 121. P. 20-27. DOIL: 10.30835/2413-7510.2022.260990
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The quality of bast fibers is determined by the structure of the elementary
bast fiber cells (cell shape, number of layers of secondary sheaths, canal
structure, etc.), primary and secondary bundles in the stem® #°. The selection
process is aimed at increasing the size of bast cells and optimizing their location
in the stem*!.

An equally important element is the use of ionic forms of silicon, which
stimulate the formation of elementary fibrous cells, strengthening the cell wall
and increasing the technological properties of the raw material*.

Under the influence of Silicon in hemp varieties of different economic uses,
the thickness of the layer of bast fibers on the cross-section of the stem, the
size of the cells of elementary bast fibers and the thickness of their secondary
membranes increased. The thickness of the fiber layer increased mainly due to
the secondary fiber, i.e. Silicon activates the activity of the secondary forming
tissue — cambium. The size of the cells increased due to the reduction of the
channel and the thickening of the secondary membranes. An increase in the
proportion of cells of isodiametric and oval shape with a convex contour and
cells with a small channel was found, which indicates a structural reorganization
of the fiber. To increase the content of total fiber in the stems, Si treatment is
advisable to carry out during the period of intensive accumulation of secondary
fiber, and to obtain higher-quality fiber — during the period of intensive
accumulation of primary fiber.

To accelerate the breeding process, biotechnological methods have
also been developed, including modification of nutrient media®: - %,

3 Mimenko C. B., Kmenp 1. JI. MinnuBicts aHaroMiuHOi OyIOBH BOJOKHHCTHX CTPYKTYp Ha
MOTIEPEeYHOMY 3pi3i cTebnma pi3HuX 3paskiB KoHomenb. Cenexyis i Hacinwuymeo. 2017. Bum. 112.
C. 82-93. DOI: 10.30835/2413-7510.2017.120425.

4 Jlaiiko 1. M., Mimenko C. B. Cenekuiiini 0coOIMBOCTI TPOSBY O3HAK BOJOKHUCTOCTI KOHOIIEIb.
Dakmopu excnepumenmanvioi egonoyii opeanizmie. 2024. T. 35. C. 29-34. DOI: 10.7124/FEEO.
v34.1654

4 Mishchenko S. Change of cells and layers sizes of hemp (Cannabis sativa L.) bast fibers in the
synthetic breeding process. Agrobiodiversity for Improving Nutrition, Health and Life Quality. 2019.
Ne 3. P. 255-264. DOL: 10.15414/agrobiodiversity.2019.2585-8246.255-264

4 Mishchenko S. V., Lavrynenko Y. O., Marchenko, T. Y., Kyrychenko H. I. The influence of ionic form
of silicon on the formation of elementary fiber cells in Cannabis sativa L. Plant Varieties Studying and
Protection. 2026. Vol. 2. Iss. 1. P. 4-10. DOI: 10.21498/2518-1017.22.1.2026.357577

# Mimenko C. B. EdexruHicts posmuoxensst Cannabis sativa L. 3 HaCiHHS 3 HU3bKOIO CXOXKICTIO Ta
JKUTTE3ATHICTIO B YMOBaX in vitro. Taspiticexuii naykosuii éichux. 2018. Bum. 100. T. 2. C. 3-8.

4 Mimterko C. B. Moandikaris XHBUIBHOTO CEpENOBUINA U1 KyIGTHBYBAHHS HETICHXOTPOITHAUX
xononenb (Cannabis sativa L.) cepeHbOEBPONEHCHKOTO €KOIOTO-TeorpadiqHoOro THILY in Vvitro. JIyv6 'sui
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use of exogenous growth regulators*® 4> % and induction of polyploidy*
(Fig. 3).

1

Biotechnological methods for accelerating the
breeding process
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Fig. 3. Biotechnological methods involved in the breeding process
with industrial hemp

4. Climate-oriented breeding of industrial hemp
In the context of global climate change, sustainable agricultural development
requires the creation of varieties with high tolerance to adverse factors (drought,

4 Mimenko C. B. Iuaykuist KanycoreHesy B TeXHiUHMX (IPOMHCIIOBUX) KOHOIENb B yMOBAx in vitro.
JIy6 'ami ma mexuiuni kynomypu. 2018. Bum. 6 (11). C. 21-28. DOI: 10.48096/btc.2018.6(11).21-28

4 Miumenko C. B. BrumB ackopGiHOBOI KHCIOTH €K30reHHOro noxoiukeHHs Ha Cannabis sativa L.
B YMOBAX in vitro Ta in vivo. Bicnux Llenmpy naykoeozo sabesneuenna AIIB Xapxiscovkoi oonacmi. 2019.
Bum. 26. C. 67-74.

# Mishchenko S. V., Laiko I. M., Tkachenko S. M., Lavrynenko Y. O., Marchenko T. Y. Piliarska O. O.
The influence of exogenous growth regulators on the cannabinoid content and the main selection traits of
hemp (Cannabis sativa L. SSP. sativa). Journal of Agricultural Sciences (Belgrade). 2022. Vol. 67. Ne 3.
P. 237-251. DOI: 10.2298/JAS2203237M

¥ Mimenko C. B. IlryyHo iHayKkoBaHa MOMIIUIOIAIs y MPOMKCIOBUX KoHomenb. Modern Aspects of
Natural Science Research in the Context of Sustainable Development of Society : Scientific monograph.
Riga : Baltija Publishing, 2023. P. 2-27. DOI: 10.30525/978-9934-26-395-8-1
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salinity, heavy metals, etc.)** %52 Foreign studies indicate that hemp can be used
for phytoremediation of contaminated soils, in particular with heavy metals®* %,

Selection of genotypes with a developed root system increases the efficiency
of nitrogen and phosphorus assimilation, which allows minimizing the use of
mineral fertilizers and significantly reduces the carbon footprint when growing
this crop.

The approaches developed in recent years at the Institute of Bast Crops of
the NAAS include:

1. Salt stress testing.

In vitro modeling of salinity allows for early screening of genotypes for salt
tolerance™ ¢,

Overcoming abiotic stresses, in particular salt, in agricultural crops can be
done in various ways (methods), the leading place among which is occupied
by genetic selection. The resistance of plants to adverse environmental
factors is genetically determined and manifests itself at different levels of life
organization, in particular at the cellular and tissue levels. This makes it possible
to use biotechnological methods to select tolerant (resistant) genotypes while
reducing material costs in a relatively short period. In the developed method for
in vitro selection of cannabis genotypes tolerant to salt stress, which includes
cultivation of explants under conditions of stress factor directed against normal
development and survival of unstable forms, selection of individual genotypes
is carried out at the level of somaclones regenerated from calluses with the
addition to the nutrient medium, depending on the type of salinity, of 0.25%
NaCl or 0.75% MgCl, - 6H20 for chloride salinity, 0.5% MgSO, - 7H,O or 1.0%
Na,SO, for sulfate salinity, 0.15% Na,CO, or 0.30% NaHCO, for carbonate

3 Mimenko C. B. KiiMarn4Ho OpieHTOBaHA CelEKLisi MPOMHUCIOBUX KoHomenb. Climate-Smart
Agriculture: Science and Practice : Scientific monograph. Riga : Baltija Publishing, 2023. P. 455-488.
DOI: 10.30525/978-9934-26-389-7-22

! Miumenko C. B. IeHernuHi, cesneuiifHi Ta GiOTEXHONOrIYHI aCIIeKTH TOJIEPAHTHOCTI HPOMHCIOBHX
KoHOmeNnb 10 abioTuyHux crpeciB. Biological Sciences and Education in the Context of
European Integration : Scientific monograph. Riga : Baltija Publishing, 2024. P. 133-165. DOLI:
10.30525/978-9934-26-443-6-7

52 Kabauneup B. M., Muxansceka JI. M., [lIsapray B. B. ta in. ®itomeniopaTiBHi BIaCTUBOCTI POCIMH
Cannabis sativa L. 3anexHo Bi copToBux ocobmuBocteil Kynerypu. Plant Varieties Studying and
Protection. 2017. Vol. 13. Ne 4. P. 423-428. DOI: 10.21498/2518-1017.13.4.2017.117752

53 Linger P., Miissig J., Fischer H., Kobert J. Industrial hemp (Cannabis sativa L.) growing on heavy
metal contaminated soil: fibre quality and phytoremediation potential. /ndustrial Crops and Products.
2002. Vol. 16. Ne 1. P. 33—42. DOI: 10.1016/S0926-6690(02)00005-5

3% Placido D. F., Lee C. C. Potential of industrial hemp for phytoremediation of heavy metals. Plants.
2022. Vol. 11. Iss. 5. Art. 595. DOI: 10.3390/plants11050595

5 Mimenko C. B. IMomonauust conmpoBoro crpecy Cannabis sativa L.: TeHETHKO-CENEKIIHHUI aCIIEKT.
3powysane semnepodocmso. 2024. Bum. 81. C. 44-49. DOI: 10.32848/0135-2369.2024.81.7

¢ Mimenxo C. B. Cxoxicts Haciuus Cannabis sativa L. 3a mTy4HO 3MOIEIEOBAHOTO COMBOBOTO CTPECY
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salinity. The use of the new method allows obtaining tolerant (resistant) to salt
stress hemp starting material and accelerating the selection process.

2. Gametophytic selection for heat tolerance.

The dependence of thermotolerance of hybrids on genotype has been
established, which allows for the formation of adaptive breeding programs®’.

The degree of heat resistance of industrial hemp hybrids depended on
the genotypic characteristics of the parental forms. The effectiveness of the
gametophytic selection method of heat-resistant hemp genotypes was confirmed,
according to which the cultivation of mother plants and their pollination is
carried out under fabric-film insulators under conditions of elevated air
temperature of 40-50°C (selection of female gametes), chemical sterilization
of male flowers — by double treatment with a 2.0% suspension of dibutyl
phthalate in the BBCH 15 and BBCH 61 phases, pollination — with heated
pollen at a temperature of 50-60 °C and exposure for 30—60 min (selection of
male gametes), selection of resistant genotypes at the level of the seed embryo
to elevated temperature — by warming the seeds at a temperature of 50 °C
and exposure for 15-30 min, individual selection in hybrid generations — by
a complex of valuable economic traits.

3. Ecological plasticity and phytoremediation.

The study of the soil microbiome during long-term cultivation of hemp
monoculture proves the possibility of preserving soil biodiversity under optimal
fertilization and agricultural techniques systems®® >

CONCLUSIONS

A generalization of the methodological principles of industrial hemp breeding
shows that the combination of a scientifically based seed production system
aimed at preventing cross-pollination of different varieties and generations,
mechanical removal of male plants (flathead) and reducing the frequency of
mutation of monoecious alleles in the flathead allele, classical selection and
hybridization for combining ability, genetic control of cannabinoids and
biotechnological methods ensures the creation of high-yielding varieties with
a minimal environmental footprint for bioenergy and industry.

57 Miuenko C. B., Kupuuenko I 1., Mapuenko T. 0., Kpusenko A. 1., [Tinspeska O. O. 3anexHicts
JKAPOCTIMKOCTI TiOPUIIB NMPOMHCIOBUX KOHOMENb BiJ TeHOTHNY. Aepapui innosayii. 2024, Ne 23.
C. 167-172. DOI: 10.32848/agrar.innov.2024.23.25

3% Murane M. [I., Jlaiiko I. M., Mimenko C. B., Kupuuenko I. 1., Jlaiiko I M., Biprokoa T. C.
YMoBH pO3BHUTKY Oyp’siHIB, IIKIJHHKIB i XBOPOO y MOCIBI MOHOKYJBTYPH KOHOINENb y 3aJIE)KHOCTI BiJ
ynoopenHs. JIyo'aui ma mexniyni kynemypu. 2018. Bum. 6 (11). C. 66-80. DOI: 10.48096/
btc.2018.6(11).66-80

39 Klishchova Z., de Abreu C. G., Laiko H., Primakov O., Mishchenko S., Dias E. S., Kyrylenko S.,
Pylro V. S. Soil microbiota of industrial hemp (Cannabis sativa L.) grown in a long-term monoculture.
Biotechnology for Environment. 2026. Vol. 3. Article 11. DOI: 10.1186/s44314-026-00045-w
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SUMMARY

This section of the monograph presents the key points of the biological
foundations of industrial hemp breeding, a number of fundamental genetic
and breeding tasks that have been developed in the last decade at the
Institute of Bast Crops of the National Academy of Agrarian Sciences of
Ukraine. A generalization of the methodological principles of industrial
hemp breeding shows that the combination of a scientifically sound seed
production system aimed at preventing cross-pollination of different
varieties and generations, mechanical removal of male plants (flat plants)
and reducing the frequency of mutation of monoecious alleles in the flat
plant allele, classical selection and hybridization for combining ability,
genetic control of cannabinoids and biotechnological methods ensures the
creation of high-yielding varieties.

Bibliography

I. Amaducci S., Scordia D., Liu F. H., Zhang Q., Guo H., Testa G.,
Cosentino S. L. Key cultivation techniques for hemp in Europe and China.
Industrial Crops and Products. 2015. Vol. 68. P. 2-16. DOI: 10.1016/j.
indcrop.2014.06.041

2. Kovalchuk I., Pellino M., Rigault P. et al. The genomics of Cannabis and
its close relatives. Annual Review of Plant Biology. 2020. Vol. 71. P. 713-739.
DOI: 10.1146/annurev-arplant-081519-040203

3. Sawler J., Stout J. M., Gardner K. M. et al. The genetic structure of
marijuana and hemp. PLoS ONE. 2015. Vol. 10. Iss. 8. Art. 0133292. DOI:
10.1371/journal.pone.0133292

4. Laverty K. U., Stout J. M., Sullivan M. J. et al. A physical and genetic
map of Cannabis sativa identifies extensive rearrangements at the THC/CBD
acid synthase loci. Genome Research. 2019. Vol. 29. Iss. 1. P. 146—156. DOI:
10.1101/gr.242594.118

5. Hesami M., Pepe M., Alizadeh M., Rakei A., Baiton A.,
Jones A. M. P. Recent advances in cannabis biotechnology. Industrial Crops and
Products. Vol. 158. 2020. Art. 113026. DOI: 10.1016/j.inderop.2020.113026

6. Mimenko C. B. 'eHeTnuHI AeTepMiHAHTH IIOSBH IUIOCKOHI Yy CTaTeBiit
CTPYKTYPI MOIYJISAIA OTHOMOMHHUX KOHOIIENb T OCHOBHI IIISIXH 11 MTOJONAHHS.
JIy6 ani ma mexuiuni kynomypu. 2017. Bum. 5 (10). C. 76-90.

7. Mimenko C. B., Mapuenxo T. 0., Jlapurenxo FO. O., Tkauerko C. M.
leneTnaHUI KOHTPOIb O3HAKM omHOMOMHOCTI Cannabis sativa L. B mporteci
iHOpunuary. Taspiiicekuti Haykosuti gichux. Cepis «CUIBCHKOTOCIIONAPCHKI
Haykm». 2022. Bum. 124. C. 85-91. DOI: 10.32851/2226-0099.2022.124.12

277



8. Bupogens B. I, Jlaiiko 1. M., Kupuuenko I'. 1. Ta in. Penecanc mociBHEX
KOHOIIENIb SIK PEe3yJbTaT YCHIMIHOI celekuii. Paxmopu excnepumenmanbhol
esomoyii opeanizmis. 2017. T. 20. C. 368-372. DOI: 10.7124/FEEO.v20.796

9. Kupuuenko I. 1., Jlaiiko I. M., Mimenko C. B. AHami3 KolekidHIX
3paskiB Cannabis sativa L. 3a BMICTOM KaHaOIHOIIHUX CIOJIYK 1 X€MOTHIIOM.
Tenemuuni pecypcu pocaun. 2019. Ne 25, C. 115-128. DOI: 10.36814/
pgr.2019.25.09

10. Mimenko C. B., Jlaiixo I. M. VYcnankyBaHHS O3HaKM BMICTY
KaHaOlHOIMHUX CIOJYK TiOpuJaMu INPOMHCIOBHX KOHOIENb Ta Teopis ii
reHeTHYHOI nerepMminanii. Achievements of Ukraine and the EU in Ecology,
Biology, Chemistry, Geography and Agricultural Sciences : Collective
monograph. Riga : Baltija Publishing, 2021. Vol. 2. P. 410-427. DOLI:
10.30525/978-9934-26-086-5-32

11. Mishchenko S. V. Phenotypic expression of cannabinoid presence
and content upon self-pollination and directional selection in monoecious
hemp. Plant Breeding and Seed Production. 2020. Vol. 118. P. 58-73. DOLI:
10.30835/2413-7510.2020.222333

12. Mimenko C. B., Kmenp [. JI. MiHIUBICTH aHATOMIYHOI OyI0BH
BOJIOKHUCTUX CTPYKTYp Ha IIOIIEpeYHOMY 3pi3i credna pi3HMX 3pasKiB
koHonenb. Cenexyisn i Hacinnuymeo. 2017. Bun. 112. C. 82-93. DOI:
10.30835/2413-7510.2017.120425

13. Mishchenko S. Change of cells and layers sizes of hemp (Cannabis
sativa L.) bast fibers in the synthetic breeding process. Agrobiodiversity for
Improving Nutrition, Health and Life Quality. 2019. Ne 3. P. 255-264. DOI:
10.15414/agrobiodiversity.2019.2585-8246.255-264

14. Mimenko C. B., Kupuuenko I. I., Jlaiiko I. M. Hosumii copr
IIPOMUCIIOBUX KOHOIEIb « APTEMi/1a» yHIBEPCAILHOT'O HAIIPSIMY TOCIIOaPCHKOTO
BHKOPHUCTAHHS 3 MIJIBUIICHUM YMICTOM OJIii Ta TMONIMIICHOIO SKICTIO BOJOKHA.
Plant Varieties Studying and Protection. 2021. T. 17. Ne 1. C. 43-50. DOI:
10.21498/2518-1017.17.1.2021.228208

15. BoxeroBa P. A., JlaBpuuenko 0. O., Mapuenko T. l0. Tta in.
[epciekTiBHI KynbTypu uis OloeHepreTuku YKpaiHu. Aepapmi innosayii.
2022. Ne 11. C. 5-15. DOI: 10.32848/agrar.innov.2022.11.1

16. Mimenko C. B. KiimMaruuHO oOpi€HTOBaHa CeJEKLis HPOMHCIOBUX
xoHonenb. Climate-Smart Agriculture: Science and Practice : Scientific
monograph. Riga : Baltija Publishing, 2023. P. 455-488. DOLI:
10.30525/978-9934-26-389-7-22

17. Mimeako C. B. TeHernuHi, cenekmiiHi Ta O0IOTEXHOIOTIYHI
ACMEKTH TOJEPAHTHOCTI INPOMHUCIOBHX KOHOINEIh JIO0 ablOTMYHHUX CTPECiB.
Biological Sciences and Education in the Context of European Integration :

278



Scientific monograph. Riga : Baltija Publishing, 2024. P. 133-165. DOI:
10.30525/978-9934-26-443-6-7

18. Mimenko C. B. Edextn 3aranbHoi Ta Bapiancu crenugpivHoi
KOMOIHaNiHHOT 31aTHOCTI caMO3aINWICHUX JIHIA 1 COPTIB KOHONEb Y CHCTEeMi
TONKPOCIB. @axkmopu excnepumenmanvHoi esomoyii opeanizmie. 2017. T. 21.
C. 62—67. DOI: 10.7124/FEEO.v21.808

19. Mishchenko S. V., Kabanets V. M., Kyrychenko H. 1,
Marchenko T. Y., Laiko H. M. Combinational ability of varieties and self-
pollinated lines of industrial hemp for seed and oil use in the topcross system.
Plant Varieties Studying and Protection. 2025. Vol. 21. Iss. 1. P. 39-45. DOI:
10.21498/2518-1017.21.1.2025.327500

20. Murane M. ., Mimenko C. B., Jlaiiko I. M. Iamyxr i rereposuc
koHoresns : MoHorpadis. Cymu : @OII lepouna 1. B., 2020. 146 c.

21. Mimenko C. B., Kabauwens B. M., Kupuuenko I. 1., Mapuenxo T. 1O.,
Mauysbcekuii [ M. OCO6J'II/IBOCT1 MIPOSIBY 03HAK O/IHOZIOMHHX KOHOTIEIIb B ITPOLIECi
IHOpHUAMHTY Ta HOTO BUKOPUCTAHHS B CeNeKil. @axkmopu excnepumenmanbHoi
esomoyii opeanizmis. 2025. T. 37. C. 29-34. DOI: 10.7124/FEEO.v37.1742

22. Mishchenko S. Comparative characteristics of line-variety and
intervarietal hemp (Cannabis sativa L.) hybrids by productivity. Agrobiodiversity
for Improving Nutrition, Health and Life Quality. 2017. Ne 1. P. 324-327. DOL:
10.15414/agrobiodiversity.2017.2585-8246.324-327

23. Miwesnxo C. B., JIaiiko [. M. MoXJIMBOCTI BAKOPHCTaHHS CaMO3aIMICHUX
JIHIN 7151 CTBOPEHHSI CHHTETUYHUX HOMYJISIIA KOHONENb. JIV0 sini ma mexuiuni
kynomypu. 2018. Bur. 6 (11). C. 38—46. DOI: 10.48096/btc.2018.6(11).38-46

24. Mimenko C. B., Mapuenko T. 1O., Jlaspunenko 0. O., Tkauenko C. M.
PiBeHp nposiBY Ta ycnaJaKyBaHHS CEIEKLIHHMX O3HAK Yy MDKJIIHIHHUX TiOpHIIB
KOHOIIEJIb HACIHHEBOTO Ta BOJIOKHUCTOTO HANPSMiB BUKOPUCTaHHS. Taepiticokuil
nayxosuti gicnux. Cepisi «Cinbecbkorocrnofapcebki Hayku». 2022. Bum. 125.
C. 84-90. DOI: 10.32851/2226-0099.2022.125.12

25. Miwenko C. B. EnireneTn4Ho jerepMiHOBaHA 3MiHA CTAT1y OAHOCTATEBUX
riOpuniB KOHOMENb i BIuIBoM (otonepiony. Cenexyis i nacinnuymso. 2018.
Bumn. 113. C. 102—-110. DOI: 10.30835/2413-7510.2018.134364

26. Mimenko C. B. CrareBa cTpyKTypa KOHBEPreHTHUX Ti0pHIIB KOHOIIEIb.
Aepobionozis. 2021. Ne 1. C. 93-103. DOI: 10.33245/2310-9270-2021-
163-1-93-103

27. Mimenko C. B., Jlaiixo I. M. BrumB ramerounaiBs Ha (opMyBaHHS
YOJIOBIYOi ~ CTEpWJIBHOCTI  Ta  CEJNEKUIHHMX  O3HaK  OJHOAOMHHX
koHonenb. Cenexkyisi i wuacinnuymeo. 2017. Bum. 111. C. 88-97. DOI:
10.30835/2413-7510.2017.104890

279



28. Mimenko C. B., Kupuuenko I 1., Jlappunenko 1O. O., Mapuenko T. FO.
AntnokcunantHuil 3axuct Cannabis sativa 1. Bin TOKCHYHOI Iii XiMIiYHHX
ramerouumiB. Taepiticokuti naykosuti sichux. Cepis «CUTbCHKOTOCIIONAPCHKI
Haykm». 2026. Bumn. 149, 4. 2. C. 36-42. DOI: 10.32782/2226-0099.2026.149.2.5

29. Mimenko C. B., Jlaiiko [. M. HakomuuenHs kaHaOigiony
B OHTOTEHE3l pOCIMH TEeXHIYHMX (IPOMHCIOBHX) KOoHomenb. Plant
Varieties Studying and Protection. 2018. T. 14. Ne 4. C. 390-399. DOI:
10.21498/2518-1017.14.4.2018.151902

30. Mishchenko S. V., Laiko I. M., Kyrychenko H. I. Breeding of industrial
hemp with a high content of cannabigerol by the case of “Vik 2020” cultivar.
Plant Varieties Studying and Protection. 2021. Vol. 17. Ne 2. P. 105-112. DOI:
10.21498/2518-1017.17.2.2021.236514

31. Mishchenko S. V., Laiko I. M., Tkachenko S. M., Lavrynenko Y. O.,
Marchenko T. Y. Piliarska O. O. The influence of exogenous growth regulators
on the cannabinoid content and the main selection traits of hemp (Cannabis
sativa L. SSP. sativa). Journal of Agricultural Sciences (Belgrade). 2022.
Vol. 67. Ne 3. P. 237-251. DOI: 10.2298/JAS2203237M

32. Murans M. M., Kmeup I. JI., Mimenko C. B. OcobnuBocti
(YHKI[IOHYBaHHS CEKPETOPHHUX CTPYKTYP KOHOIIEIb, OB’ I3aHUX 3 BHIIJICHHAM
KaHaOiIHOTMIB. JIy6 sini ma mexuiuni kynemypu. 2017. Bun. 5 (10). C. 91-101.

33. De Meijer E. P. M., Bagatta M., Carboni A., Crucitti P., Moliterni V. M. C.,
Ranalli P., Mandolino G. The inheritance of chemical phenotype in Cannabis
sativa L. Genetics. 2003. Vol. 163. Ne 1. P. 335-346. DOI: 10.1093/
genetics/163.1.335

34. Weiblen G. D., Wenger J. P.,, Craft K. J., EISohly M. A., Mehmedic Z.,
Treiber E. L., Marks M. D. Gene duplication and divergence affecting drug
content in Cannabis sativa. New Phytologist. 2015. Vol. 208. Ne 4. P. 1241-1250.
DOI: 10.1111/nph.13562

35. Buposeus B. I, Jlaiiko 1. M., Kupunuenko I'. 1. Ta in. 306inbmenHs
BMicTy oxii SK HEBiAKJIQJHE 3aBJaHHA CeJeKuii KoHomedb. Daxmopu
excnepumenmanvroi esonoyii opeanizmis. 2018. T. 23. C. 40—45. DOI: 10.7124/
FEEO.v23.987

36. Laiko I. M., Kobyzeva L. N., Mishchenko S. V., Kyrychenko H. I. Intra-
population variability of oil content and fatty acid composition in modern hemp
cultivars. Plant Breeding and Seed Production. 2022. Vol. 121. P. 20-27. DOL:
10.30835/2413-7510.2022.260990

37. Jlaiiko I. M., Mimenko C. B. CenekuiiiHi 0co0IMBOCTI MPOSIBy O3HAK
BOJIOKHHCTOCTI KOHOTENb. Dakmopu eKCcnepumMeHmaibHol e6ontoyii OpeaHiamis.
2024. T. 35. C. 29-34. DOI: 10.7124/FEEO.v34.1654

280



38. Mishchenko S. V., Lavrynenko Y. O., Marchenko, T. Y.,
Kyrychenko H. I. The influence of ionic form of silicon on the formation of
elementary fibercellsin Cannabis sativa L. Plant Varieties Studying and Protection.
2026. Vol. 22. Iss. 1. P. 4-10. DOI: 10.21498/2518-1017.22.1.2026.357577

39. Mimenko C. B. EdekrtuBnicts posmuoxennss Cannabis sativa L.
3 HaciHHS 3 HH3BKOIO CXOXICTIO Ta JKHTTE3JATHICTIO B YMOBax in Vitro.
Taspiticokuii naykosuti sicnux. 2018. Bum. 100. T. 2. C. 3-8.

40. Mimenko C. B. Monudikamiss >KUBHIBHOTO CEpelOBHUIIA  JUIS
KyJIBTHBYBaHHS ~ HENCUXOTponHMX  KoHonenb  (Cannabis  sativa L.)
CEPEHBOEBPOIICHCHKOTO  CKOJIOTO-TeorpadiqyHoro THITY in  vitro. JIyo smi
ma mexuiyni kyremypu. 2019. Bum 7 (12). C. 15-23. DOIL: 10.48096/
btc.2019.7(12).15-23

41. Miwenxo C. B. MetoanyHi acrieKTH KyJIbTHBYBaHHsI KOHOIIENb ITOCIBHUX
in vitro : omsa. @axkmopu excnepumeHmanvHoi esontoyii opeawizmis. 2025.
T. 37. C. 173-178. DOI: 10.7124/FEEO.v37.1767

42. Mimenko C. B. Inmykuis xamycoreHe3y B TEXHIYHHUX (TIPOMHUCIIOBHX)
KOHOTICTIb B YMOBAX in vitro. JIy6 sni ma mexuiuni xyremypu. 2018. Bum. 6
(11). C. 21-28. DOI: 10.48096/btc.2018.6(11).21-28

43. Mimenko C. B. Brutus ackopOiHOBOT KHCIOTH €K30TC€HHOTO IMTOXOIKCHHS
Ha Cannabis sativa L. B ymoBax in vitro ta in vivo. Bichux Llenmpy naykoeozo
3abesneuennss AIIB Xapxiecokoi oonacmi. 2019. Bum. 26. C. 67-74.

44. Mimenko C. B. IlItyyHo iHxykoBaHa MOJIMJIOIAIS Y HPOMHCIOBUX
koHonenb. Modern Aspects of Natural Science Research in the Context of
Sustainable Development of Society : Scientific monograph. Riga : Baltija
Publishing, 2023. P. 2-27. DOI: 10.30525/978-9934-26-395-8-1

45. Kabaneup B. M., Muxansceka JI. M., IllBapray B. B. Ta in.
ditomerniopatuBHi BiacTuBOCTi pocnuH Cannabis sativa L. 3anexHo Bix
COPTOBHUX 0COONMBOCTEH KynbrTypH. Plant Varieties Studying and Protection.
2017. Vol. 13. Ne 4. P. 423-428. DOI: 10.21498/2518-1017.13.4.2017.117752

46. Linger P., Miissig J., Fischer H., Kobert J. Industrial hemp (Cannabis
sativa L.) growing on heavy metal contaminated soil: fibre quality and
phytoremediation potential. /ndustrial Crops and Products. 2002. Vol. 16. Ne 1.
P. 33-42. DOI: 10.1016/S0926-6690(02)00005-5

47. Placido D. F., Lee C. C. Potential of industrial hemp for phytoremediation
of heavy metals. Plants. 2022. Vol. 11. Iss. 5. Art. 595. DOI: 10.3390/
plants11050595

48. Mimenko C. B. Tlomonanus comboBoro crpecy Cannabis sativa L.:

TCHETHKO-CEJICKIIIMHNN acleKT. 3poutysane semaepoocmeo. 2024. Bum. 81.
C. 44-49. DOI: 10.32848/0135-2369.2024.81.7

281



49. Mimenko C. B. Cxoxicte HacinHs Cannabis sativa L. 3a miTydHO
3MOZIEJIbOBAHOTO  COJILOBOTO CTpeCy B KYAbTYpi in  vitro. ®axmopu
excnepumenmanvroi esonoyii opeanizmis. 2024. T. 34. C. 193-198. DOI:
10.7124/FEEO.v34.1639

50. Mimenko C. B., Kupuuenko I. 1., Mapuenko T. 1O., Kpusenko A. 1.,
Minspceka O. O. 3anexHICTh KapOCTIHKOCTI T1OpU/IIB TPOMUCIOBUX KOHOIIENb
BiJ reHoTumy. Aepaphi innogayii. 2024. Ne 23. C. 167-172. DOI: 10.32848/
agrar.innov.2024.23.25

51. Murane M. ., Jlaiiko 1. M., Mimenko C. B., Kupuuenko I. I.,
Jlaiiko I. M., biprokoBa T. C. YM0BH po3BHUTKY Oyp’siHIB, IIKITHUKIB 1 XBOpOO
y TOCIBI MOHOKYJBTYPH KOHONENb Yy 3aJICKHOCTI Bifl ynoOpeHHs. JIyO siui
ma mexuiyni kyromypu. 2018, Bum. 6 (11). C. 66-80. DOI: 10.48096/
btc.2018.6(11).66-80

52. Klishchova Z., de Abreu C. G., Laiko H., Primakov O., Mishchenko S.,
DiasE. S., Kyrylenko S., Pylro V. S. Soil microbiota of industrial hemp (Cannabis
sativa L.) grown in a long-term monoculture. Biotechnology for Environment.
2026. Vol. 3. Article 11. https://doi.org/10.1186/s44314-026-00045-w

Information about the author:

Mishchenko Serhii,

Doctor of Agricultural Sciences,

Associate Professor at the Department of Biology,

Human Health and Teaching Methods

Oleksandr Dovzhenko Hlukhiv National Pedagogical University
24, Kyivska Street, Hlukhiv, Ukraine;

Chief Researcher at the Department of Hemp Breeding and Seed Growing
Institute of Bast Crops of the National Academy

of Agrarian Sciences of Ukraine

45, Tereshchenkov Street, Hlukhiv, Ukraine

282



