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Purpose and objectives. The cultivation technology development was aimed at maximizing the
potential productivity of the crop. To accomplish this, studies of heterogeneity are not only of
theoretical but also of practical value, as knowledge of this phenomenon can open new oppor-
tunities to improve seed quality.

Materials and methods. In 2019-2020, the field and laboratory experiments were carried out in
the rice crop rotation of the Institute of Rice of NAAS. The farming technique of the experi-
ment met the requirements for experimentation, as Dospekhov B.A. described.

Results and discussion. This article covers the results on the performance patterns of new rice
cultivars and their seed parameters, depending on the matrical heterogeneity. The yield in the
field experiments across the study years ranged 8.05 to 11.68 t/ha, depending on a combina-
tion of the factors under investigation. It was found that the rice produced high yields in the
plots sown with seeds from the upper part of the panicle, regardless of the cultivar. In the
plots sown with seeds from the lower part of the panicle, there was a shortfall of planting ma-
terial from 1.85 to 2.30 t/ha in comparison with the plots sown with seeds from the upper part
of the panicle. Therefore, sowing seeds from the lower part of the panicle means irrational
use of planting material, resulting in thinned crops and decreased yields, which in turn leads
to the production of low-quality seeds.

Conclusions. Thus, the matrical heterogeneity-based selection of rice seeds from the upper part
of the panicle in the primary stages of seed production is an important technological
approach. This contributes to an increase in the yield and quality of rice seeds, allowing for
accelerated implementation of new rice cultivars into production.
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INTRA-POPULATION VARIABILITY OF OIL CONTENT AND FATTY ACID COMPOSI-
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The intra-population variability of the oil content, selection of plants with the maximum
oil content, trait fixing in the selection process, and optimization of the fatty acid composition of
oil in hemp seeds were investigated.
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Introduction. Polymathic breeding material, which includes inbreeding lines, inter-line,

cultivar-line and line-cultivar tetrahydrocannabinol-free hybrids, has been created. In order to
assess their prospects for breeding and production, we studied the intra-population variability of
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the oil content, selection of plants with the maximum oil content, trait fixing in the selection pro-
cess, and optimization of fatty acid composition of oil in hemp seeds.

Literature review and problem articulation. Hemps can be used in many industries, in
particular textiles, biocomposites, some details for cars, paper, biodiesel, cosmetics, pharmaceuti-
cals, food are made from them; they are used in animal husbandry and as a bioenergy crop, etc.
[1]. The following primary purposes and objectives of current hemp breeding have crystallized out
in the global practice: increased fiber yield and quality, control of monoecy and cannabinoid con-
tent, stabilization of the growing period length and creation of pest-resistant starting material [1].
Both classical [2, 3, 4] (mass and individual selections, crossbreeding, inbreeding and hybridiza-
tion) and biotechnological [4, 5] methods of breeding as well as molecular technologies (genetic
markers of breeding traits) are used, however development the latter is still underway and at initial
stages of implementation [6, 7, 8, 9, 10]. We believe that the current avenues of hemp economic
use and breeding are a traditional one (fiber) and innovative ones (energy, seed and medicine).
Breeders are faced with a priority task of expanding the hemp diversity, in particular for innova-
tive areas of economic use.

The main value of hemp oil is that the vast majority of its components are unsaturated fatty
acids. They make cannabis an important source of physiologically active substances, which are
essential for treating diabetes, arthritis, skin diseases, and atherosclerosis. However, unsaturated
acids cause a rapid oxidation of hemp oil; it loses its nutritional properties and becomes rancid. As
significant amounts of peroxides and hydroperoxides are accumulated, the oil turns toxic, and ac-
cumulated intermediates of lipid peroxidation have a lot of different negative biochemical and
physiological effects [11, 12, 13].

Hemp oil is especially valued due to contents of linoleic, linolenic and gamma-linolenic
acids. The ratio of glycerides of these acids in hemp oil is 3:1 (56% of linoleic acid and 19% of
linolenic acid) puts the hemp among the most valuable crops [14, 15].

Purpose and objectives. To identify new promising material with high seed productivity,
oil content and optimal fatty acid composition

Material and methods. Our study was based on modern Ukrainian hemp cultivars with
highly stable populations in terms of cannabinoid content compared to foreign cultivars. The study
was performed by breeding, biochemical and statistical methods: individual selection, thin layer
and gas-liquid chromatography (HP 6890 Series Hewlett Packard chromatograph) with internal
references. The oil content was determined by S.V. Rushkovskiy’s method; the fatty acid compo-
sition of oil was determined by gas-liquid chromatography (Peisker’s method) on a Selmichrome 1
chromatograph at the Plant Production Institute named after V.Ya. Yuriev of NAAS. Data were
statistically data processed in OSGE application package (P. Litun, A. Belkin, A. Belyanskiy,
1992) in compliance with field experimentation methods, as B.A. Dospekhov described.

Results and discussion. The importance of oil content and uniqueness of fatty acid com-
position should also be based on the high seed productivity of a cultivar, ensuring the development
of food use of hemp seeds. In this regard, all breeding material was evaluated for seed productivi-
ty; the best cultivars were screened for oil content; and the oil content variability within the best
populations of elite plants was determined.

Analysis of the oil content in inter-line, cultivar-line and line-cultivar F; hybrids showed
that this trait ranged from 32.0% (I; Hlesiia / Hlukhivski 58) to 39.5% (Hlesiia / Is Zolotoniski 15).
High oil content was recorded in reciprocal hybrids Hlesiia / Is Zolotoniski 15 and Is Zolotoniski
15 / Hlesiia (39.5 and 39.0%, respectively). Slightly lower content was obtained in hybrids 15 Hle-
siia / Zolotoniski 15 (37.0%), Hlesiia / Is Hlukhivski 58 (36.0%), Iz Hlesiia / Is Hlukhivski 58
(36.0%), and Zolotoniski 15 / I5 Hlesiia (36.0%). In F,, inter-line hybrids had relatively low oil
content (31.0-34.0%), and the selected promising variants — high (39.2 and 38.6%, respectively).

Thus, high oil content was recorded in hybrids derived from crossing cultivars and self-
pollinated lines of Central European eco-geographical type with cultivars and self-pollinated lines
of the southern type, although the original forms of the first type contained more oil. We believe
that in this case, the Central European type was a source and donor of high oil content, while the
southern type — of longer seed formation and, accordingly, of a high level of oil accumulation. In
addition, there is a heterosis phenomenon as a result of combining distant genotypes in one organ-
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ism. In this case, cultivar-line and line-cultivar hybrids, but not inter-line hybrids, turned out to be
the most successful ones (oil content of 36—39%). They were also noticeable for high seed produc-
tivity (11.7 g and 12.6 g, respectively) (Table 1).

Table 1
Oil content in F; and F; inter-line, cultivar-line and line-cultivar hybrids of hemp
i o
Hybrid Oil content, %

Fl F2
Hlesiia / Is Hlukhivski 58 36.0 -
Is Hlukhivski 58 / Hlesiia 32.8 -
Hlukhivski 58 / 15 Hlesiia 34.0 -
I Hlesiia / Hlukhivski 58 32.0 -
Is Hlukhivski 58/ 15 Hlesiia 32.2 31.7
I; Hlesiia / Is Hlukhivski 58 36.0 33.0
Hlesiia / Is Zolotoniski 15 39.5 39.2
Is Zolotoniski 15 / Hlesiia 39.0 38.6
Zolotoniski 15 / 15 Hlesiia 36.0 -
15 Hlesiia / Zolotoniski 15 37.0 -
Is Zolotoniski 15 / I3 Hlesiia 33.5 31.0
15 Hlesiia / Is Zolotoniski 15 35.5 34.0
LSDys 2.0 -

In 2016, the best elite plants from cultivars of different genetic origins, Hlesiia and Myko-
laichyk, as well as from cultivars of hybrid origin, Artemida and Harmoniia, were selected by high
seed productivity, cannabinoid absence and sex type. All elite plants had the largest seed weight of
59.1 g (minimum — 35.6 g; maximum — 100.2 g). In addition, it was found that the population var-
iability of oil content was within 33.99-46.98%. In the process of breeding for increased oil con-
tent, a gradual increase in the oil content in seeds was observed.

In order to increase the practical value of a cultivar, the seed productivity was raised
through breeding techniques. Analysis of Mykolaichyk plants (harvested in 2017) for seed produc-
tivity showed that there were plants with high seed weight and short stems. Thus, 37% of 238 se-
lected plants had an increased seed weight of 33.3-94.0 g (the mean was 33.3 g per plant). The oil
content in seeds from the best plants (50 plants) ranged 30.0% to 47.7% (Fig. 1). There were 46%
of plants with an oil content of > 39% (Fig. 1). According to the 2017 data, the oil content varia-
tion limits were 34.3—37.8% in Mykolaichyk, 33.8-41.6% in Artemida, and 35.5—-38.9% in Har-
moniia. Artemida and Harmoniia were also noticeable for high seed weight.
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Fig. 1. Distribution of Mykolaichyk plants by oil content
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Oil of all cultivars had the optimal ratio of omega-3 to omega 6 fatty acids of 1:3.1-1:3.9
(2016-2017). In 2018-2019, the omega-6/omega-3 ratio was 4.0:1-4.8:1. The linoleic acid
contentrangedfrom 55% to 58%; and linolenic acid content — from 12.58% to 18, 23% (Tables 2
and 3). Mykolaichyk and Artemida were distinguished by gamma-linolenic acid level. These
results allow us to assert the uniqueness of the fatty acid composition of hemp seeds and its
constancy in breeding for increased oil content.

Table 2
Fatty acid composition of oil from hemp seeds of different cultivars, 2016
Content, %
Fatty acids Mykolaichyk Artemida Harmoniia
X £S5 \ X 85 \ X £S5 \
Palmitic 7.38+£0.079 52 7.16+0.248 85 698+0.059 28
Palmitoleic 0.56+0.033 284 0.63+0.046 17.8 0.57+0.041 234
Stearic 2.71+0.065 11.5 3.56+0.146 10.0 3.62+0.103 9.4
Oleic 13.73+£0.279 9.8 13.72+0359 64 1345+0296 7.3
Linoleic 57.60+£0.286 2.4 56.84+0.330 14 56.70+0.323 1.9
Gamma-linolenic 2.66+0.159 286 198+0.088 109 1.78+0.149 27.7
Linolenic 14.62+0.229 7.5 1527+0.489 7.8 1594+0.423 8.8
Eicosenoic 0.52+0.049 44.6 0.64+£0.037 143 0.65+0.043 219
Behenic 0.20+0.015 357 0.20+£0.020 253 0.30+0.039 425
Omega 6/omega 3 3.9:1 3.7:1 3.7:1
Table 3
Fatty acid composition of oil from hemp seeds of different cultivars, 2017
Content, %
Fatty acids Mykolaichyk Artemida Harmoniia
X £S5 \ X 85 \Y X £S5 \
Palmitic 6.57 £ 0.066 32 6.62+0.100 3.0 6.72+0.038 1.4
Palmitoleic 0.23+0.016 21.2 0.30+0.078 51.1 0.32+0.023 174
Stearic 2.82 £0.035 39 338+0.090 53 3.13+£0.055 4.3
Oleic 12.43+0.346 8.8 13.15+£0.376 5.7 13.55+0.161 2.9
Linoleic 56.69+0.481 2.7 58.15+0.097 0.3 56.10+0.494 2.2
Gamma-linolenic 1.82+0.077 13.4 2.00=+0.087 8.7 1.38+£0.170  30.0
Linolenic 18.23£0.294 5.1 1545+0.812 105 17.75+0.465 6.4
Eicosenoic 0.85+0.043 158 0.76+0.012 32 0.61£0.079 32.0
Behenic 036+0.035 31.0 045+0.086 383 0.44+0.057 32.1
Omega 6/omega 3 3.1:1 3.7:1 3.1:1

The selection stabilized the oil content in the cultivar populations. The modern cultivars
were ranked in order of decreasing oil levels in seeds as follows: Mykolaichyk, Artemida, Har-
moniia, Hlesiia (Fig. 2).

Continuous breeding selection gradually widens the expression range of the “oil content”
trait from medium to maximum. In the check cultivar, Hliana, which was not bred for increased
oil content in seeds, the oil content remained 28-30% over the years, while in Mykolaichyk popu-
lations, it gradually increased and stabilized at a level of 33, 35, or 37.8% without changes in the
fatty acid composition of oil in the breeding process. This proves the high efficiency of the de-
veloped methods of breeding to create cultivars with high seed productivity and targeted selection
to increase the oil content in hemp seeds. Thus, the importance of a cultivar combining high seed
yield and high oil output increases.
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Fig. 2. Ranking of promising hemp cultivars by oil content in seeds (mean, 2017-2021)

Conclusions. We believe that the Central European type is a source and donor of high oil

content, while the southern type — of a longer seed formation and, accordingly, of high oil accu-
mulation.

The heterosis phenomenon resulted from combining distant genotypes in one organism

was observed. In this case, cultivar-line and line-cultivar hybrids, but not inter-line hybrids,
turned out to be the most successful ones (oil content of 36—39%).

New hemp cultivars, Mykolaichyk, Artemida and Harmoniia, have been created; they

combine such traits as high seed productivity, high seed oil content and a unique fatty acid com-
position.
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BHYTPIIITHbOIIOIYIALIIHHA MIH/IHBICTh O3HAK BMICTY OJIII TA if JKHPHO-
KHCJIOTHOI'O CKJIAQY CYYACHHUX COPTIB KOHOIIE/Tb

Jaiiko' I.M., Ko6uzesa® JL.H., Miuenko' C.B., I(I/IpI/meHKO1 'L
Tncruryr 1y6°suux kynetyp HAAH, Vipaina
*luctutyT pocauuaunTBa iM. B.S. FOp'eBa HAAH, Vipaina

Meta Ta 3aBJaHHS J0C/HiIzKeHb. BUsABUTH HOBUI MEpPCIEKTUBHUI MaTepiall 3 BUCOKOIO HaCiH-
HEBOIO MPOAYKTHBHICTIO, OJIIHICTIO Ta ONTUMAJIbHUM >KUPHOKHUCIOTHUM CKJIAJIOM.

OOroBopeHHs pe3y/bTaTiB. BuzHaueHo, 1m0 mix A€o 7000py 30UIbIIYEThCS Jianma3oH MiHIIHU-
BOCTI O3HAaK BMICTY OJIil Ta Macu HaciHHS. BrirroueHHs B riOpuan3aiito BiqJaJeHuX TeHOTHITIB
CHpHUsie OTPUMAHHIO BUCOKOOJIIHMX JIiHIH, SKi B MOJANBLUIOMY € JOHOpI 1€l o3HaKu. Bucoki
MOKa3HUKHU BMICTY oJ1ii Oy 3aikcoBaHi B riOpHAiB, OTPUMaHUX B Pe3yJabTaTi CXpellyBaHHS
COPTY 1 caMO3amMICHHX JIIHII cepeTHbOEBPONIEHCHKOTO €KOJIOT0-reorpadiuHoro TUIY 3 COp-
TOM 1 CaMO3aNMJICHUMHU JIHIIMH MiBACHHOTO TUMy. [Ipy 11boMy HalOLIBII BAATUMHU BUSBHIIU-
Csl COPTOJIiHIIHI 1 AiHIHOCOPTOBI Ti0puan (BMICT oitii 36-39 %), a He NiHiiHI.
PonuaHO-TpyMOBUIt 001p € OCHOBA MIIBUIIEHHS Ta MOAANBINOI cTa0LIi3a1lii 03HAKH OJIHHOCTI
HaciHHA. [Ipu npoBeneHHi cenekiiitHoi poOOTH B HANpsAMy MiABUIICHHS OJIMHOCTI BUSBICHO
MOCTYIOBE 30UIbIIEHHS OJIIMHOCTI HaciHHs. BcTaHOBIEHO, 1110 MOMyIALifHA MIHIUBICTh O3HA-
KM BMICTY 0Jii HaciHHS ckianae Bix 33,99 no 46,98%.

[MocriitHuii cenekuiitHui 700Ip Beae A0 MOETAHOTO PO3IIMPEHHS Jiana3oHy NpOsSBY O3HAKH
BMICTY OJIii Bii CEpEHBOTO O MAKCUMYMY. 3 METOIO MiIBUIIECHHS MPAKTUYHOI I[IHHOCT1 COp-
TiB CEJEKIIMHUMU NMpUioMamMH 30UTBIIYBAJIM TaKOX HACIHHY MPOAYKTHBHICTh. HalOinpi me-
PCIIEKTUBHUMU BHUSBJICHO COPTU PI3HOTO I'€HETHYHOrO MOXOKeHHs [necis 1 Mukonaiuuk i
riOpuaHOro MOXOMKeHHS coptu Apremina, I'apmonis. B momymsuii copty Mukonaituuk y
nporieci BitOOpy BMICT 0JIii MOETANHO MiABUINYETHCS 1 cTabimizyerses Ha piBHI 33, 35, 37,8%
63 3MiH KHUPHOKHCIOTHOTO CKJIAy OJIii.

PesyneraToMm n060py € cTalinizamis momymsiii copTiB 3a 03HaKOI0 BMICTY ofii. Lle 1oBoanuTh
BUCOKY €(DEeKTHBHICTh pO3pPOOJECHIX METO/IB CENEKIlii CTBOPEHHSI COPTY 3 BUCOKOIO HACIHHE-
BOIO MPOIYKTUBHICTIO Ta IUIECIPSIMOBAHOTO BiOOPY HA MiJBUILEHHS ONIHHOCTI HACIHHS KO-
HOTeNb. TakuM YMHOM, 30UTBIIYEThCS 3HAUYUMICTD COPTY, IO MOEAHYE BUCOKY BPOXKAHHICTh
HACiHHA Ta BUXIiJ ojii. 3a OJNiHICTIO HACIHHS CydacHI COPTH MOKHA PO3TAIlyBaTH B HACTYII-
HOMY MOpAAKy: Muxonaituuk, Apremina, ['apmonis, ['necis.

Ouist BCiX COPTIB Mae ONTUMalbHE CHIBBIAHOIIEHHS XUPHUX KUCIOT OoMera-3 i omera-6 Ha
piui 1: 3,1, 1: 3,9 (20162017 pp.). 3a 2018-2019 pp. cHiBBIAHOIICHHS KUPHUX KUCIOT OMe-
ra-6 u omera-3 cxianas 4,0: 1, 4,8: 1. J/liana30H MIHJIUBOCTI BMICTY JIIHOJIEBOI KUCIOTH CTa-
HOBUTbH Big 55 10 58%, a minonenoBoi Big 12,58 no 18,23% . 3a BMiCTOM rama-JIiHOJICHOBOT
KHCJIOTH BUAUISIIOTHCS COPTH MuKosaituuk Ta ApreMina. JlaHi pe3ynbraT 103BOJISIOTH CTBE-
PIKYBaTH TIPO YHIKAIBHICTH YKHPHOKUCIOTHOTO CKJIATy HACIHHS KOHOIETh Ta WOro HE3MiH-
HICTb IIPH MPOBEACHH1 CEJEKIIil Ha MiBUILICHHS OJIIHHOCTI.

BucHoBku. BBaxxaemo, 1110 cepeTHbO€BPONEHCHKUN THUI BUCTYIIAE HDKEPETIOM 1 IOHOPOM O3HAKH
BHCOKOT'O BMICTY 0JIii, a MiBJAEHHUI — OUTBII TPUBAJIOTO Mepioay GOpMyBaHHs HACIHHS 1 Bij-
MOBIJIHO BUCOKOTO PIBHS HAKOMTMYCHHSI OJTii.

BusiBneHo, 1o sBUIIE TeTEpPO3UCy B PE3YNIbTaTi MOETHAHHS B OJHOMY OpraHi3Mi BiTajJeHHUX
reHoTumiB. [Ipu 11pOMy HaMOUTBII BAATMMH BUSBUWINCS COPTOJIIHINHI 1 JIIHIHHOCOPTOBI Ti0pH-
u (Bmict ouii 36-39%), a He TiHINHI.

CTBOpEHO HOBI COPTH KOHOTENs MuKonaituuk, Apremiza i 'apMoHis, sKi HOEAHYIOTh O3HAKH
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BHUCOKOi HAaCIHHEBOT MPOJYKTHBHOCTI, OJIHHOCTI HACiHHS Ta YHIKaJbHHH >KUPHOKUCIOTHUN
CKJIaJ.

Kniouosi cnosa: cenexyis, copm, iHyyxm, ORilIHICMb, HCUPHOKUCIOMHUL CKILAO

INTRA-POPULATION VARIABILITY OF OIL CONTENT AND FATTY ACID COMPOSI-
TION IN MODERN HEMP CULTIVARS

Laiko' .M., Kobyzeva® L.N., Mishchenko' S.V., Kyrychenko' H.I.
'Institute of Bast Crops of NAAS, Ukraine
2 Plant Production Institute named after V.Ya. Yuriev of NAAS, Ukraine

Purpose and objectives. To identify new promising material with high seed productivity, oil
content and optimal fatty acid composition

Results and discussion. It was found that the variability ranges of the oil content and seed
weight increased under the influence of selections. Use of distant genotypes in hybridization
contributed to the generation of high-oil lines, which later become donors of this trait. High oil
content was recorded in hybrids derived from crossing cultivars and self-pollinated lines of the
Central European eco-geographical type with cultivars and self-pollinated lines of the southern
type. In this case, cultivar-line and line-cultivar hybrids (oil content of 36—39%), rather than
inter-line ones, turned out to be the most successful results.

Family-group selection is a basis for increasing and further stabilizing the oil content in seeds.
The oil content was revealed to gradually increase during the breeding for increased oil con-
tent. It was found that the population variability of the seed oil content was from 33.99% to
46.98%.

Continuous breeding selection gradually widens the expression range of the “oil content” trait
from medium to maximum. In order to increase the practical value of cultivars via breeding
techniques the seed productivity was also increased. The cultivars of different genetic origins,
Hlesiia and Mykolaiychyk, as well as the cultivars of hybrid origin, Artemida and Harmoniia,
were considered the most promising ones. In Mykolaichyk populations, the oil content gradu-
ally increased and stabilized at a level of 33, 35, or 37.8% without changes in the fatty acid
composition of oil.

The selections stabilized the oil content in cultivar populations. This proves the high efficiency
of the developed breeding methods to create cultivars with high seed productivity and of tar-
geted selection to increase the oil content in hemp seeds. Thus, the importance of a cultivar
combining high seed yield and high oil output rises. The modern cultivars were ranked in or-
der of decreasing oil levels in seeds as follows: Mykolaichyk, Artemida, Harmoniia, Hlesiia.
Oil of all cultivars had an optimal ratio of omega-3 to omega 6 fatty acids of 1:3.1-1:3.9
(2016—2017). In 2018-2019, the ratio of omega-6 to omega-3 fatty acids was 4.0:1— 4.8:1.
The linoleic acid content ranged from 55% to 58% and the linolenic acid content — from
12.58% to 18.23%. Mykolaichyk and Artemida were noticeable for gamma-linolenic acid.
These results allow us to assert that the fatty acid composition of hemp seeds is unique and
immutable during the breeding for increased oil content.

Conclusions. We believe that the Central European type is a source and donor of high oil con-
tent, while the southern type — of a longer seed formation and, accordingly, of high oil accu-
mulation.

The heterosis phenomenon resulted from combining distant genotypes in one organism was
observed. In this case, cultivar-line and line-cultivar hybrids, but not inter-line hybrids, turned
out to be the most successful ones (oil content of 36—39%).

The new hemp cultivars, Mykolaichyk, Artemida and Harmoniia, which combine high seed
productivity with high seed oil content and unique fatty acid composition, have been created.

Keywords: breeding, cultivar, inbreeding, oil content, fatty acid composition
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