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THE UNIQUENESS OF BIOLOGICAL CHARACTERISTICS OF TECHNICAL HEMP
AND PROSPECTS FOR ITS PRACTICAL USE

Laiko I.M.
Institute of Bast Crops of NAAS, Ukraine

The results of studying biological characteristics and performance features of monoecious
hemp varieties are presented. New hemp varieties bred in Ukraine are unique because technical
hemp plants produce fiber, seeds, oil and do not accumulate narcotic compounds. Along with
universal varieties, varieties with increased yields of seeds, oil, fiber and stem biomass were de-
veloped. The first medicinal hemp varieties with increased contents of cannabidiol (CBD) and
cannabigerol (CBG) were obtained, and they can also be used as a technical crop.

Keywords: hemp breeding, variety, monoeciousness, trichomes, cannabinoids,
performance.

Introduction. Hemp has been known to mankind for over 5,000 years. The popularity of this
crop and the widespread occurrence of hemp are based on valuable properties of its products and spe-
cific biological features. It can be cultivated in all zones suitable for growing agricultural plants.

Analysis of literature, problem statement. Hemp is an annual herbaceous dicotyle-
donous plant with a tap-root system. By taxonomy, it belongs to the family Cannabinaceae (hemp
family). At the same time, it is noted to be close to the families Moraceae (mulberry family) and
Urticaceae (nettle family).

The species diversity is determined by industrial hemp Cannabis sativa L., wild hemp
Cannabis ruderalis Janisch and Indian hemp Cannabis indica Lam. Central Asia is considered
the birthplace of hemp. It was disseminated through trade routes. If the initial interest in this crop
was based on narcotic properties only, later hemp became a textile and oilseed crop. These basic
properties determined the successful promotion of this crop in many countries.

Three ecotypes of Cannabis sativa L. have been formed: northern, central Russian and
southern. They differ in the growing period length varying from early- to late-ripening, stem and
fiber yields. Forms grown in the central Russian zone of hemp growing give high yields of seeds.
These ecotypes are intrinsic to monoecious hemp varieties specialized for the use in certain zones
[1,2,3,4].

Increase in fiber content and seed yield have been and remain the priority trends in hemp
breeding. Monoecious forms have replaced highly productive dioecious hemp varieties. On the
one hand, monoecious hemp varieties made it possible to mechanize their harvesting, but, on the
other hand, they are inferior because of lower performance and monoeciousness instability.
Therefore, during this period the breeding was aimed at an increase in the fiber content to 30%,
stem yield to 6.5-7.0 t/ha and seed yield to 1.0 t/ha, as well as at a decrease in the male hemp
plants to 25% in the second reproduction [5]. In the breeding process, new breeding approaches
to stabilize populations in terms of high performance and fixing varietal typicality in the offspring
with a modified population structure, where 95% of all plants are monoecious feminized pistillate
hemp plants, with a female/male flowers ratio of 99: 1 to 50:50 have been developed. This work
resulted in varieties that meet international requirements for the monoeciousness stability (no
more than 1% of male hemp plants in the second reproduction).

The use of hemp as a source of narcotic compounds made breeders solve a social problem
—to reduce narcotic activity without compromising performance and sown area [6].

Originally technical hemp Cannabis sativa L. was not narcotic; its main purpose was and
remains fiber and oil production [7]. The content of a narcotically active compound, cannabinoid
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tetrahydrocannabinol (THC), in the 1960s—70s was 0.3-0.5%. Longer than 40-year work resulted in
hemp varieties without any drug activity. In the process of seed production to certified seeds, regis-
tered hemp varieties do not accumulate narcotically active tetrahydrocannabinol more than 0.05%.
Therefore, the problem of the social safety of technical hemp has been solved via breeding.

Purpose and objectives. The study purpose was development of new hemp varieties of
for different uses, identification of biological characteristics of the monoeciousness traits and
diversity of cannabinoid compounds, and evaluation of prospects of developing varieties for
seeds, fiber, oil, and medicinal drugs.

Material and methods. Hemp varieties grown in breeding variety trials and breeding
nurseries were taken as the test material. The oil content was determined by C.V. Rushkovsky’s
method; the fatty acid composition of oil — by gas chromatography on a chromatograph
Selmichrom-1; the contents of cannabinoids and terpenes — by an internal standard method on a
gas-liquid chromatograph HP 6890 Series Hewlett Packard. Relationships between the traits were
assessed with correlation coefficients.

Results and discussion. Breeding approaches to reduce the content of narcotically active
tetrahydrocannabinol (THC) were quite stringent. At the early stages, family-group selection of
plants with decreased contents of cannabinoids negatively affected the performance, especially
the weight of seeds from elite plants. Subsequently, when the population expanded, selection for
increased fiber content as well as seed and stem yields became possible. The breeders’ objective
was to preserve the main benefit of hemp - formation of the bast-fiber layer on stems.

The first high-yielding monoecious hemp variety YUSO 31, which could be used both for
fiber and for seeds and had a decreased THC content, was entered in the State Register of Varie-
ties in 1987. Currently, this variety is the standard of several traits (early maturity, low THC con-
tent, high fiber and oil contents, yield and inflorescences habit) in the world breeding practice.

The breeding was hampered because of a number of biological features of hemp: specific
odor, cross-pollinating, heterozygosity, sexual polymorphism, dominance of the cannabinoid
presence, direct correlation between the contents of cannabidiol and tetrahydrocannabinol, for-
mation of glandular trichomes and essential oils on leaves and perianths.

Essential oil from narcotic hemp C. indica is known to contain 0.015% of THC and more
than 137 terpenes with a maximum content of B-Caryophyllene, Terpinolene, p-Myrcene, a-
Pinene, Trans-B-Ocimene (68.42%). Studies have shown that plants with a high THC content,
including vegetative and generative organs (stems, leaves, and perianths), are covered with cysto-
lith and glandular hairs of all 3 types (bulbous, sessile, and stalked), with the largest number of
them on perianths. Trichome heads are filled with brown liquid.

C. sativa plants also have a specific hemp smell, essential oils and glandular hairs. How-
ever, they are less pronounced than those of narcotic hemp and even within this species their
manifestation weakens when the cannabinoid content is reduced to a minimum. Changes in the
hair structure are also noted. In technical hemp varieties with a tetrahydrocannabinol content of <
0.01%, hairs appear more often as single inclusions on veins of the leaf blade. Trichomes are
characterized by smaller hair heads than in plants with higher contents of cannabinoids (0.08%
THC). Through the microscope, it is seen that heads are filled with light secretion. In varieties
with an increased THC content, there is a direct correlation between the number of glandular
hairs and the contents of cannabinoids, and if THC is absent, or if its content is very low, this
relationship is broken. Almost all industrial hemp varieties with a minimum THC content or
without THC at all were revealed to contain essential oils (0.06-0.24%) [8, 9].

In the breeding course, breeding material without the specific odor, trichomes or THC
(variety YUSO 45) was distinguished. Continuous breeding towards reducing narcotic contents in
hemp led to the development of a new unique variety without not only THC, but without the oth-
er cannabinoids (variety Viktoriia) (Fig. 1).

Hemp breeding is also complicated by sex polymorphism, the ontogenetic and phylogenic
characteristics of which are determined by the habit factors and the male/female flowers ratio. At
the same time, permanent mutations — sex mosaics — largely influence the genotypic expression
of sexual characteristics.
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Fig. 1. Stability of the THC absence in the population of variety Viktoriia

According to different theories of hemp sex genetics, there are from 5 sexual types of mo-
noecious plants (Neuer, Sengbusch, 1943) to 22 sexual types of masculinized and feminized
plants (N.N. Grishko, 1940). According to an improved classification, 12 sexual types of dioe-
cious and monoecious hemp are considered (N.D. Migal, 1992) [10]. Male hemp plants are the
main destabilizer of monoecious hemp populations (Fig. 2). Therefore, during the propagation of
a variety to the 2™ reproduction (certified seeds), the number of such plants is limited to 1% by
the international standard EU.

Fig. 2. Male and Female Plants

Currently, varieties of non-narcotic industrial hemp are stabilized in terms of the monoecious-
ness traits, which is associated with a high homogeneity of the sex composition. In populations of
these varieties, 85-95% or more are monoecious feminized female plants, and the rest are represented
by monoecious feminized male plants. This resulted from the targeted selection of monoecious femi-
nized female plants with a female/male flowers ratio ranging 70:30 to 99:1%, respectively.

Universal check variety Hliana is the best variety in terms of sex composition and monoe-
ciousness stability with minimal segregation of male plants in reproductions. Individual families
of this variety contain up to 100% of monoecious feminized female plants. Saturation of popula-
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tions with such plants decreases segregation into undesirable sex types, including non-productive
masculinized plants and late-ripening feminized male plants (Fig. 3).

Fig. 3. A Monoecious Feminized Female plant and an Inflorescence Fragment

Moreover, such a population with a high percentage of monoecious feminized female
plants ensures a consistently high performance of the variety.

Modern hemp varieties are noticeable for multipurposeness: for fiber, seeds, oil. At the
same time, there are check varieties (variety Hliana) with a certain yield (fiber and oil contents —
30%, stem yield — 7.5-8.0 t/ha, and seed yield — 1.0-1.2 t/ha) and specialized varieties — for fiber,
seeds and oil. The peculiarity of these varieties with high values of one parameter is that they can
also be used for processing all parts of plants.

Foe example, monoecious hemp variety Hlukhivskyi 51 has up to 38-40% of fiber in
stems, the stem biomass is 8.5-10.0 t/ha, and the yield of seeds with an oil content of 28% is 0.8—
0.9 t/ha. This variety is highly profitable in fiber production (3.2-3.8 t/ha [the check variety gives
2.0-2.2 t/ha)]) and production of hards (55-60%), which can be used to manufacture pellets, bri-
quettes and biocomposite materials. Seeds obtained upon harvesting for double use are processed
to produce oil.

Seed variety Hlesiia is characterized by a maximum seed yield (up to 1.8 t/ha), high oil
content (34%) and a medium fiber content (up to 28%).

Hemp variety Mykolaichyk has an increased oil content in seeds of 38—40%, seed yield of
up to 1.5 t/ha and fiber content of 28% (Table 1).

Table 1
Potentials of new hemp varieties
Parameter - - \_{arieties - - -
Hliana, check variety Hlesiia Mykolaichyk  Hlukhivskyi 51
Stem yield, t/ha 7.5-8.0 7.5-8.0 7.0-75 8.5-10.0
Seed yield, t/ha 1.0-1.2 15-1.8 1.2-15 0.8-0.9
Fiber yield, t/ha 2.0-2.2 19-21 1.7-1.9 3.2-3.8
Fiber content, % 30 28 28 3840
Qil content, % 30 34 38-40 28

The uniqueness of this variety also lies in the fatty acid composition of seed oil. The ratio
of omega-6 to omega-3 (w-6:0-3) polyunsaturated fatty acids of 4:1 is considered to be the best
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one. In this variety, the ratio ranges 3:1 to 4:1 from year to year. The content of gamma-linolenic
acid is 2.53%. Today, hemp hulled seeds are introduced in nutrition practice, and their value sig-
nificantly increases with the optimal ratio of omega-6 to omega-3 fatty acids and an increased
amount of y-linolenic acid (Table 2).

Table 2
Fatty acid composition of oil from hemp seeds, average for 2016-2018
Fatty acids Fatty acid contents in seeds of the varieties, %
Mykolaichyk Artemida Harmomiia V, %
Palmitic 7.23 7.02 7.17 2.1-5.8
Stearic 2.73 3.23 3.07 6.8-7.7
Oleic 13.62 14.72 15.01 5.1-9.3
Linoleic 57.10 57.60 55.93 0.8-2.6
Gamma-linolenic 2.53 2.25 1.91 2.1-9.8
Linolenic 15.52 13.97 15.62 6.3-9.2

If previously it was believed that synthesis of cannabinoids is a negative feature, now after
extraction of pure substances and research into their biological and medicinal properties, it be-
came known about possibilities of their use for medical purposes. At present, cannabidiol (CBD),
cannabichromene (CBC), cannabigerol (CBG), cannabinol (CBN), cannabidivarin (CBDV) are
considered the most valuable ones. Studies of several hemp varieties (Santica, Fedora, Felina,
Ferimon, YUSO 31) also found acid analogues of some cannabinoids — CBGA, CBDA, and
THCA. Of these varieties, YUSO 31 has the lowest THC content. It should also be noted that
plants of this variety differ in many of the above-listed cannabinoids and their acids. Such canna-
binoid compounds as CBC, CBG, CBN and CBDV appeared in small leaves during seed matura-
tion. The greatest amount of CBG was detected in plants of varieties Santica and YUSO 31,
while CBD and CBDA were found in all the varieties under investigation, but with a strong vari-
ability of the trait from 0.000% to 5.12% (Table 3).

Table 3
Cannabinoid contents in plants of hemp varieties, average for 2017-2018
Varieties, object of study, cannabinoid contents, %
Cannabinoid Santica Ferimon USO 31
ML ML ML AP
CBC 0,00 - 0,00+0,001 0,03
CBG - 0,05+0,012 0,02+0,10 -
CBGA 0,61+0,109 0,06+0,009 0,13+0,026 0,64+0,522
CBD 1,21+0,173 - 0,05+0,005 0,09+0,085
CBDA - 3,64+0,314 0,95+0,054 1,36+0,807
THCA 0,06+0,012 0,18+0,009 0,030,004 0,09+0,034
CBN - 0,02 0,00 -
CBDV - - 0,00+0,001 -

Note: SL - small leaves, P - perianths

Moreover, the maximum levels of CBD and CBDA are associated with the maximum
amounts of THC and THCA. In this regard, investigations are is underway to search for such
hemp forms that have a high CBD content and a low THC content, not exceeding the legally lim-
ited standard. In the EU, it is 0.2%; in the United States - 0.3%; in Russia - 0.1%; and in Ukraine
- 0.08% of THC. As one can see, the most severe restrictions are set in Ukraine, even for re-
search.

At the first stage of our studies, it was necessary to find out how close the correlation be-
tween the CBD and THC contents was and the limits of increasing the CBD level without ex-
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ceeding the THC content limit [11, 12]. It was found that the correlation between the CBD and
THC levelsisclose to 1 (r =0.7-0.9).

The direct dependence of synthesis of one cannabinoid on another restricts breeding for an
increased cannabinoid content in the range of 1.5-3.0%. In this case, the content of tetrahydro-
cannabinol does not exceed 0.08% [13.14].

The breeding methods developed to increase the cannabidiol content made it possible to
create new starting material (variety Mriia) stabilized in terms of the cannabidiol and tetrahydro-
cannabinol contents at the level of 1.5-3.0 and 0.04-0.07%, respectively.

For the first time, we established that there was no relationship between CBG and THC.
Targeted selection for increase in the CBG content led to the creation of hemp variety Vik 2020
with a cannabigerol content of up to 1.0% and without THC.

In the future, the breeding methods developed will allow creating hemp varieties both
with combinations of therapeutic cannabinoids, thereby increasing their medical value, and with
individual cannabinoids: cannabinol, cannabichromene, and cannabidivarin, without any narcotic
effects.

Conclusions. The results obtained prove the uniqueness of technical hemp as a biological
object of research, possibilities of developing new scientific theories, breeding methods, genetic
mechanisms of cannabinoid synthesis and practical use of such hemp products as oil, hulled
seeds, fiber and medicinal agents in different production areas, where, as more advanced pro-
cessing techniques are developed, the effectiveness of hemp rises.

The technical hemp varieties, universal, seed and fiber ones, are noticeable for the ab-
sence of THC and CBD and can be used for fiber (the fiber content is 30, 28 and 38% in univer-
sal, seed and fiber varieties, respectively), seeds (the seed yield is 1.0-1.2, 1.5-1.8 and 0.8-0.9
t/ha in universal, seed and fiber varieties, respectively) and oil (the oil content in seeds is 30, 34—
38 and 28% in universal, seed and fiber varieties, respectively).

For the first time in the history of hemp breeding, studies have has been conducted to de-
velop medicinal hemp varieties.

A medicinal hemp variety has been created (variety Mriia). It, in addition to leaf biomass
with an increased CBD content, gives a seed yield of 0.8-1.0 t/ha with an oil content of up to
28% and a stem yield of 7.0 t/ha with a fiber content of 28-30%.

Variety Vik 2020 with an increased content of KBG (1.0%) and without THC has been created.
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VHIKAJIBHICTb BIOJIOTTYHHX OCOBJHBOCTEH TEXHIYHHX KOHOIIEJIb TA
IIEPCITIEKTHUBH IX IPAKTUYHOI O BUKOPUCTAHHA

Jlaiixo I.M.
[actutyT nmy0'suux kynetyp HAAH, Ykpaina

Merta i 3apa4i 1ocaiizkeHHsA. MeToro J0CTiIKEHb € CTBOPEHHSI HOBUX COPTIB KOHOIEIb PI3HOTO
HanpsMy BUKOPUCTAHHS, BUSABJIECHHS 010J0TTYHUX O0COOJMBOCTEH 32 O3HAKaMH OJTHOJJOMHOCTI,
HAsIBHOCTI PI3HUX CHOJYK KaHAOiHOI/MIB, IEPCIIEKTHB CTBOPEHHS COPTIB 3a MPHU3HAYCHHSM Ha
HACiHHS, BOJIOKHO, OJIi10, JTIKYBaJIbHI MIpenapaTu.

Marepian Ta MeToanka. MaTepianom A AOCHIKEHb OyJIM COPTH KOHOIIEINb, SKI BUPOILLYBAIH
B JIOCITiZIaX COPTOBUIIPOOYBAHHS 1 CEICKI[IHHUX pO3CcaJHUKaX. BMicT oJtii BU3HAYATIN METOIOM
C.B. PymkoBCbKOT0, )KUPHOKHCIOTHUN CKJIaJ OJIii METOJIOM Ta30Boi Xxpomarorpadii Ha Xpo-
Matorpadi «Cenmuxpom-1», BMICT KaHAOIHOITHUX CHOJYK 1 TEPIEHIB — HA Ta30piTUHHOMY
xpomatorpadi HP 6890 Series Hewlett Packard meTomom BHyTpimHBOTO cTaHmapty. Biae-
MO3B’ 30K MIXK O3HAKaMU BU3HAYAIIM 32 JOMTOMOTO0 Koe(ilieHTa KOpemsIlii.

OoroBopennst pesyJbrariB. CenekiiiiHa po0oTa yCKIaJHIOBANACH Y 3B'I3KY 3 LILJIUM PIOM 0io-
JIOTTYHUX OCOOJIMBOCTEHN KOHOIIEINb: CrieNU(iuHNA KOHOIUITHUHN 3amax, NepexpecHO3anIbHICTb,
T€TePO3UTOTHICTh, MPOSIB CTATEBOTO MOJIMOP(}i3My, JOMIHAHTHICTH O3HAKH HAsSBHOCTI KaHaOi-
HOIJIIB, MpsiMa KOpEJAIiHA 3aJIe)KHICTh MK O3HAKaMH BMICTY KaHa01/1i0lly 1 TeTpariapokaHa-
0iHOITY, (hOopMyBaHHS Ha JMCTKaX 1 OLBITUHM 3aJI03UCTUX BOJOCKIB — TPUXOM 1 €PipHHUX OJiH.

Bcranosneno, mo B coprax 3 miasuiieHuM BmictoM TT'K mpocrexyeTbes npsMa xopensiiiiHa
3aJIeKHICTh MK KIJIBKICTIO 3aJI03UCTHX BOJIOCKIB 1 BMICTOM KaHaOlHOiNIB, a MPU BIACYTHOCTI
abo myxe Hu3bkoMmy TT'K wmeit 3B's130k nopymenuii. BusiBieHo, 1o npakTU4HO BCi COPTH TeX-
HIYHUX KOHOMENb 3 MiHIMaIbHUM BMicTOM TI'K 200 #0ro moBHOIO BIICYTHICTIO MICTATH €dip-
i ot (0,06-0,24 %).

CenekuiiiHa po60Ta 3 KOHOIJISIMM TAaKOXX YCKJIAJHIOETHCSI HAsABHICTIO CTaTE€BOrO MOJIMOpQi3MYy,
OHTOTEHETUYHI 1 (PUIOreHEeTHYH] 03HAKU SIKOTO BU3HAYAIOTHCS (pakTopaMu OynoBH radiTycy i
CIIBBIJTHOILIEHHSIM YOJIOBIYMX 1 KIHOYUX KBITOK. HaliKkpaliim copToM 3a CTaTeBUM CKJIAJIOM 1
CTaOUIBbHICTIO 03HAKU OJIHOJIOMHOCTI 3 MiHIMaJIbHUM BUILEIUIEHHSAM YOJIOBIYMX POCIIHH IJIOC-
KOHI 3a penpoayKILisIMHU € YHIBepcallbHUI copT-cTanaapT [ nsiHa.

Po3pi3HAI0TH cOpTH yHIBEpcaibHi (COpT-cTaHAApT [ J1siHA) 3 pIBHEM YpO>KaHOCTI (BMICT BOJIOKHA
1 omii — 30 %, BpoxaiiHicTh creden 7,5-8,0 1 Hacinug 1,0—1,2 1/ra) 1 copTH crieniaibHOro npu-
3HA4YeHHs — MiJBUIIEHOi BOJIOKHUCTOCTI (38—40 %, copt ['myxiBchki 51), HAaCIHHEBOT MPOAYK-
tuBHOCTI (1,5-1,8 T/ ra, copt I'necis) 1 omiitnocti (38—40 %, copt Mukonaiymk).

BusiBiieHO mepcrneKTUBHICTh CENEKIlil B HalpsiMi CTBOPEHHS COPTIB MEIUYHOIO BHUKOPHUCTAHHS.
[Ipsima 3anexHicTh popMyBaHHS OJHOTO KaHaOiHoiAy Bix iHmoro (r Big 0,7 mo 0,9) obmexye
CeNeKIiHy poOOTy Ha MiJBUILEHHS KaHabiHoiny B Mexax 1,5-3,0 %. BmicT Terparigpokana-
O1HoNTy mpu iboMy He niepesutrye 0,08 %.

Po3pobneni MeToau cenexiii Ha MiIBUIIEHHS BMICTY KaHa0i1i0ay J03BOJIAIOTH CTBOPIOBATH HO-
BUH BUXIJHUNA Martepiai, cTabii30BaHUN 3a HAsABHICTIO KaHAOIII0My 1 TeTparipokaHabiHOIy
Ha piBHi 1,5-2,510,04-0,07 % BiamoBigHO.
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Briepiie BcTaHOBIIEHO BiACYTHICTH B3aeMo3anexHocTi Mixk kaHaOiHoinamu KBI' 1 TT'K. Ilinecn-
psMoBaHuid BifOip Ha 30unbmenas Kbl npu3BiB 10 orpuMaHHs copTy koHomenb Bik 2020 3
BMicToM KaHabirepony 10 1,0 % i Bizcyrtnictio TT'K.

BucHoBku. OTprMaHi pe3ysbTaTd JAOBOJATH YHIKAIbHICTh TEXHIYHMX KOHOIENb SIK O10JIOTTYHOTO
00'eKTa AOCTIHKEHb, MOKIIMBOCTI PO3POOKH HOBUX HAYKOBHX TEOPii, METO/IB CENEKIIii, FTeHeTHY-
HUX MeXaHi3MiB (hopMyBaHHs KaHAOIHOIIB 1 MPAKTUYHOTO BUKOPUCTAHHS MPOYKIIii 3 KOHOIIEb
y BUTJISIIL OJ1i1, OOpYIIIEHOTO HACIHHSI, BOJIOKHA 1 JIIKyBaIBHHX MPENapariB B pi3HUX cdepax BUPO-
OHMIITBA, JIE 3 PO3BUTKOM MOTTHOJICHOT TepepoOKH 30UIBIITYETHCS HOTO €PEKTUBHICTB.

CopTH TeXHIYHUX KOHONENb YHIBEpCalbHi, HACIHHEBI 1 BOJOKHHUCTI BIIPI3HIIOTHCS BiJCYTHICTIO
TI'K i KB]/I 1 MOXyTh BUKOPHCTOBYBATHCS Ha BOJIOKHO (BMICT BOJIOKHA B YHIBEpCaJIbHUX COP-
tax 30, HaciHHEBUX — 2628, BonokHUCTUX — 36—38), HaciHHA (BpOXKalHICTh HACIHHS YHIBEp-
canpHuX coptiB 1,0—1,2, HacinneBux — 1,5-1,8, Bomokuuctux — 0,7-0,8 1/ra) 1 omito (omiii-
HICTh HACIHHS yHiBepcalibHUX cOpTiB 30 %, HaciHHEBUX — 38, BONOKHHCTHX — 28 %).

Brniepiie B icTopii cenekiiii KOHOIEIb MPOBEAEHI AOCTIHKEHHS 31 CTBOPEHHS COPTIB KOHOTIEIb
MEIMYHOTO HAMPSMY BUKOPUCTAHHS.

CTBOpEHO COPT TEXHIUYHOT KOHOTMEb (copT Mpis), sKuit KpiM O10MacH JIUCTS 3 TIIBUIIIEHUM BMi-
ctoMm KB/ 1o 3 % nae yposxaitnicts Hacinas Ha piBHi 0,8—1,0 1/ra 3 omiitaictio 10 28 %, ypo-
JKaiHicTh creden 7,0 T/ ra 3 BomokuucTicTio 28—30 %.

CrBopeno copt Bik 2020 3 migsumernm BMictoM KBIT (1,0 %) 1 BincyrtnicTio TI'K.

Kniouosi cnosa: cenexyis kononenb, copm, 00HOOOMHICIb, MPUXOMU, KAHAOUHOIOU,
nPOOYKMUBHICMb

YHUKAJIBHOCTb BHOJIOTHYECKHX OCOBEHHOCTEH TEXHHYECKOH
KOHOIUIH U IEPCHIEKTUBBI EE IIPAKTHYECKOI'O HCIIOJIB30OBAHHUA

Jlaiiko .H.,
Wuctutyt nydsusix kynsTyp HAAH, Ykpauna

Hesasb 1 3agaum ucciaenoBanus. Llenpio nccienoBaHus SBISETCS CO3/laHUME HOBBIX COPTOB KO-
HOIUIM Pa3HOTO HAIPABJICHHS WCIOJIh30BAHUS, BBISIBICHHE OMOJIOTHYECKUX OCOOCHHOCTEH 110
IPU3HAKaM OJIHOJIOMHOCTH, HAJIMYMS Pa3HBIX COEAMHEHUH KaHHAOMHOHWIOB, MEPCIEKTUB CO-
3/1aHUS COPTOB 110 HA3HAUYEHHUIO Ha CEMEHa, BOJIOKHO, MacJlo, JJeueOHbIe Mpenaparsl.

Marepuan u Meroauka. MarepuanaoM JUis MCCIEIOBaHUS OBUIM cOpTa KOHOIUIM, BbIpalllBae-
MBbIE€ B ONBITaX COPTOMCIIBITAHUS U CENEKIMOHHBIX MUTOMHUKaX. CoaepkaHue Macia omneze-
s MeronoM C.B. PymkoBckoro, )KHUpPHOKUCIOTHBIA COCTaB Macila METOIOM I'a30BOM Xpo-
Martorpadun Ha Xxpomarorpade «Cenmuxpom-1y», comepxranne KaHHAOMHOUIHBIX COCTMHEHUN
U TEPIIEHOB — Ha TrazoxuaKocTHoM xpomatorpage HP 6890 Series Hewlett Packard meronom
BHYTPEHHEro cTaHaapTa. B3aumocBsa3p Mexay NpU3HAKaMH ONpPEAEIsIM C MOMOUIbI0 KO3 (-
duIMeHTa KoppensLuuy.

Ocysxnenue pe3yiabraToB. CenekiroHHas paboTa 3aTpyJHIACh LENIbIM PsiIoM OHMOJIOTHYECKUX
0COOEHHOCTEH KOHOIUIM: creun(UYecKuii KOHOIUISIHBIM 3amax, MepeKpecTHOONbBUIIEMOCTb,
reTepO3UTOTHOCTh, MPOSBIEHUE MOJOBOTO MOIUMOPPHU3MA, JOMUHAHTHOCTh MPU3HAKA HAJIU-
4yl KaHHAOMHOUIOB, MpsMasi KOPPENIALUOHHAs 3aBHCHMOCTh MEXIY NMPU3HAKAMHU COJEpKa-
HUA KaHHaOuanona u TerparuapokanHadbunona (TTK), dopmupoBanue Ha JIUCTHSIX U OKOJIO-
[[BETHHUKAX JKEJIE3UCTHIX BOJIOCKOB — TPUXOM U 3(PUPHBIX Maced.

VYcTraHoBIEHO, UTO B COpPTax C MOBBIMIEHHBIM cojaepxkanneM TI'K mpocnexuBaeTcs mpsimas Kop-
pENALMOHHAs 3aBHCHUMOCTb MEXIY KOJIMYECTBOM JKEJIE3UCTBIX BOJIOCKOB U COACpPKAHHEM
KaHHaOMHOU/IOB, a MPU OTCYTCTBHH WK o4eHb HU3KOM TTK 3Ta cBs3b HapymieHa. BrisBieHo,
YTO MPAKTUYECKH BCE COPTAa TEXHUYECKON KOHOIUIM ¢ MUHUMaJbHBIM coaeprkanueM TI'K mnm
€ro MOJHBIM OTCYTCTBHEM cojiepkaT d¢upHbie Macia (0,06-0,24 %).

CenexnyonHast paboTa ¢ KOHOIUIEH TakyKe OCIOKHSIETCS HATMYMEM MOJIOBOTO MOIUMOp(hU3Ma, OHTO-
reHeTHYecKue U (PUIIOTeHETHUECKHe MPU3HAKK KOTOPOTO OIpENeNstoTcs (haKTOpaMu CTPOEHUS
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raburyca U COOTHOIICHHEM MYKCKHUX M >KEHCKHX I[BETKOB. Hamirydmmm copToM MO MOJOBOMY
COCTaBY M CTaOWJIBHOCTH MpPU3HAKa OJHOJOMHOCTH C MHUHHMMAJIbHBIM BBIIICIUIEHHEM MY>KCKUX
pacTeHui IOCKOHU 110 PENPOAYKLUAM SBIICTCS YHUBEPCAILHBINA COPT-CTaHAapT [ yisiHa.

PaznuuaroT copra yHHUBepcanbHbIe (COpT-cTaHIapT [JIgHA) ¢ ypOBHEM yposkalHOCTH (coaepika-
Hue BoJiokHa u Macna — 30 %, ypoxaitHocTs crebnert 7,5-8,0 u cemsn 1,0-1,2 1/ra) u copra
CHEIHaIbHOTO Ha3HAUYEHHUs — MOBBIIIEHHON BoJIokHUCTOCTH (38—40 %, copt I'myxiBebki 51),
cemerHol npoayktuBHoctu (1,5-1,8 1/ra, copt ['necis) u macnuunoctu (38—40 %, copr Mu-
KOJIAHYHK).

BrisiBiieHa MEpCIIEKTUBHOCTH CEJIEKIMU COPTOB MEIUIIMHCKOTO HCHoJib3oBaHus. [Ipsimas 3aBu-
CUMOCTh (POPMHUPOBaHUsI OAHOrO KaHHaObuHOMAa oT apyroro (r ot 0,770 0,9) orpanuunBaer
CEJIEKLIMOHHYIO paboty MTOBBIIIICHUS KaHHAaOUHOU A B npezaenax 1,5—
3,0 %. Coneprxanue TeTparupokanHaduHoma npu 3ToM He npesbimaeT 0,08 %.

PazpaGotanHbie METOABI CENEKIIUN HA MOBBIIICHUE COACP)KaHUS KaHHAOMAMOJIAa O3BOJSIOT CO-
3/1aBaTh HOBBIM MCXOJHBIA MaTepual, CTaOMJIM3UPOBAHHBIN IO HAIMYUIO KaHHAOWUIMONA U
TeTparuapokanHabunona Ha ypoBue 1,5-2,5 u 0,04—0,07 % coOTBETCTBEHHO.

BrniepBrie yCTaHOBJIEHO OTCYTCTBHE B3aMMO3aBUCUMOCTH Mexay kanHaOmHommamu KBI' u TT'K.
Lenenanpasnenusii ot00op Ha yBenmuuenue KBI' mpuBen k mosmydeHHIo copra KOHOIUIM Buk
2020 ¢ coneprkanuem kanHaburepona 1o 1,0 % u orcyrcrBuem TT'K.

BoiBoabl. [lonydenHsie pe3ynbTaThl JTOKAa3bIBAIOT YHUKAJIBHOCTh TEXHUYECKOW KOHOIUIM Kak
OHMOJIOTrMYecKOro 00BEKTa UCCIIEIOBAHUI, BOZMOKHOCTH pa3paOO0TKHU HOBBIX HAYYHBIX TEOPHIA,
METOJIOB CEJICKITNH, TCHETUICCKIX MEXaHH3MOB ()OPMUPOBAHUS KAaHHAOMHOMIOB U IMPaKTHIe-
CKOTO MCMOJIb30BaHUS MPOAYKLIMU U3 KOHOIUIM B BHJIE Maciia, OOPYIIEHHBIX CEMsH, BOJIOKHA U
JedeOHBIX MPerapaToB B pa3HbIX cdepax MPOU3BOJCTBA, I/IE IO Mepe pa3BUTH Ooiee Tiry0o-
KOH mepepaboTKu yBenuuuBaeTcs ero 3p(HeKTUBHOCTb.

Copra TeXHUYECKOW KOHOIUIM YHHUBEPCAIbHBIC, CEMEHHBIC U BOJIOKHUCTBIC OTIMYAIOTCS OTCYT-
creueM TI'K u KBJl 1 Moryt ncnosnp30BaThCsi Ha BOJIOKHO (CO/Ep>kaHHE BOJIOKHA B YHUBEp-
calpHBIX copTax 30, ceMeHHBIX — 26—28, BOJIOKHUCTHIX — 3638 %), ceMeHa (ypo>kallHOCTh ce-
MsIH yHUBepcanbHbIX copToB 1,0—1,2, cemennnix — 1,5-1,8, Bonokuuctsix — 0,7-0,8 T/ra) u mac-
710 (MaCITMYHOCTh CEMSIH YHHUBEPCATbHBIX COPTOB 30, CeMeHHBIX — 38, BOJIOKHHCTHIX — 28 %0).

BrniepBbie B HCTOpHH CENEKIINN KOHOILTU MPOBEICHBI MCCIETOBAHMS 10 CO3AAHUIO COPTOB KOHOII-
JIM MEJUIIMHCKOTO HAMPABIICHUS UCTIOJIB30BAHMUS.

CozfaH copT TeXHHUECKON KOHOIUIH (COpT Mpist), KOTOpBIH KpoMe OHMOMACCHI JIUCTHEB C MOBBI-
menabM conepkanueM KB/ 1o 3 % obOecrneunBaeT ypoxaitHocTh ceMsiH Ha ypoBHe 0,8-1,0
T/Ta ¢ MaCIMYHOCTBIO 110 28 %, ypoxkaitHocTh ctebinelt 7,0 T/ra ¢ BonokHuctoctbio 28—-30 %.

Coznan copt Buxk 2020 ¢ noBbiienHbIM coaepxanreM KBIT (1,0 %) u orcyrcrBuem TI'K.

Kniwoueswvie cnosa: cenexyus kononau, copm, 00HOOOMHOCHb, MPUXOMbL, KAHHAOUHOUODL,
NPOOYKMUBHOCb

THE UNIQUENESS OF BIOLOGICAL CHARACTERISTICS OF TECHNICAL HEMP
AND PROSPECTS FOR ITS PRACTICAL USE

Laiko .M.
Institute of Bast Crops of NAAS, Ukraine

Purpose and objectives. The study purpose was development of new hemp varieties of for dif-
ferent uses, identification of biological characteristics of the monoeciousness traits and diver-
sity of cannabinoid compounds, and evaluation of prospects of developing varieties for seeds,
fiber, oil, and medicinal drugs.

Material and methods. Hemp varieties grown in breeding variety trials and breeding nurseries
were taken as the test material. The oil content was determined by C.V. Rushkovsky’s method;
the fatty acid composition of oil - by gas chromatography on a chromatograph Selmichrom-1;
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the contents of cannabinoids and terpenes — by an internal standard method on a gas-liquid
chromatograph HP 6890 Series Hewlett Packard. Relationships between the traits were as-
sessed with correlation coefficients.

Results and discussion. The breeding was hampered because of a number of biological features
of hemp: specific odor, cross-pollinating, heterozygosity, sex polymorphism, dominance of the
cannabinoid presence, a direct correlation between the contents of cannabidiol and tetrahydro-
cannabinol, formation of glandular hairs (trichomes) and essential oils on leaves and perianths.

It was demonstrated that in varieties with an increased THC content there was a direct correlation
between the number of glandular hairs and the contents of cannabinoids, and if THC is absent,
or if its content is very low, this relationship is broken. Almost all industrial hemp varieties
with a minimum THC content or without THC at all were revealed to contain essential oils
(0.06-0.24%).

Hemp breeding is also complicated by sex polymorphism, the ontogenetic and phylogenic char-
acteristics of which are determined by the habit factors and the male/female flowers ratio.
Universal check variety Hliana is the best variety in terms of sex composition and monoe-
ciousness stability with minimal segregation of male plants in reproductions.

There are universal varieties (check variety Hliana) with a certain yield (fiber and oil contents —
30%, stem yield — 7.5-8.0 t/ha, and seed yield — 1.0-1.2 t/ha) and specialized varieties — for
fiber (variety Hlukhivskyi 51, the fiber content is 38—40%), seeds (variety Hlesiia, the seed
yield is 1.5-1.8 t/ha) and oil (variety Mykolaichyk, the oil content is 38-40%).

The prospects of breeding to create medicinal varieties have been proven. The direct dependence
of synthesis of one cannabinoid on another (r = 0.7-0.9) restricts breeding for an increased
cannabinoid content in the range of 1.5-3.0%. In this case, the content of tetrahydrocannabinol
does not exceed 0.08%.

The breeding methods developed to increase the cannabidiol content made it possible to create
new starting material stabilized in terms of the cannabidiol and tetrahydrocannabinol contents
at the level of 1.5-3.0 and 0.04-0.07%, respectively.

For the first time, we established that there was no relationship between CBG and THC. Targeted
selection for increase in the CBG content led to the creation of hemp variety Vik 2020 with a
cannabigerol content of up to 1.0% and without THC.

Conclusions. The results obtained prove the uniqueness of technical hemp as a biological object
of research, possibilities of developing new scientific theories, breeding methods, genetic
mechanisms of cannabinoid synthesis and practical use of such hemp products as oil, hulled
seeds, fiber and medicinal agents in different production areas, where, as more advanced pro-
cessing techniques are developed, the effectiveness of hemp rises.

The technical hemp varieties, universal, seed and fiber ones, are noticeable for the absence of
THC and CBD and can be used for fiber (the fiber content is 30, 28 and 38% in universal, seed
and fiber varieties, respectively), seeds (the seed yield is 1.0-1.2, 1.5-1.8 and 0.8-0.9 t/ha in
universal, seed and fiber varieties, respectively) and oil (the oil content in seeds is 30, 34—38
and 28% in universal, seed and fiber varieties, respectively).

For the first time in the history of hemp breeding, studies have has been conducted to develop
medicinal hemp varieties.

A medicinal hemp variety has been created (variety Mriia). It, in addition to leaf biomass with an
increased CBD content, gives a seed yield of 0.8-1.0 t/ha with oil content of up to 28% and a
stem yield of 7.0 t/ha with a fiber content of 28-30%. Variety Vik 2020 with an increased con-
tent of KBG (1.0%) and without THC has been created.

Key words: hemp breeding, monoeciousness, trichomes, cannabinoids, performance
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