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CURRENT STATE AND PROSPECTS FOR OIL FLAX PRODUCTION

Zadyrko R.V. — Postgraduate student at the Departments of Agriculture,
Geodesy and Land Management,

Mykolaiv National Agrarian University

Gamajunova V.V. — Doctor of Agricultural Sciences, Professor,

Head of the Department of Agriculture, Geodesy and Land Management,
Mykolaiv National Agrarian University

The oilseed flax plays an important role in many sectors of the national economy and is
characterized by unmatched medicinal properties. The main advantages of this crop in
agriculture include high drought resistance, ability to withstand spring frosts, resistance to
lodging and seed shedding, and high economic efficiency of production. From 2000 to 2022,
global oilseed flax cultivation areas increased by 1.8 times. In terms of world regions, the largest
cultivation areas for oilseed flax are in Asia, accounting for 44.2% of the world average. The
leading countries in terms of cultivation areas are Canada, Russia, Kazakhstan, China, and
the USA. The combined share of the leading countries in global cultivation areas is increasing
and reached 88.3% in 2021-2022. In Ukraine, the situation with oilseed flax cultivation areas is
unstable and varies significantly from year to year (from 14.0 to 68.7 thousand hectares). Global
oilseed flax production volumes doubled from 2000 to 2022. The leading countries accounted for
67.6% to 87.7% of total production. Canada is the absolute leader, accounting for 26% of global
production, significantly ahead of other countries. For Ukraine, this indicator is only 1.3% due to
small cultivation areas. The highest amount of oilseed flax seed in our country was harvested in
2016 — 92.2 thousand tons. There is a clear trend of increasing yields of this oil crop in Ukraine.
If in 2000-2003 it was 0.25-0.29 t/ha, it reached 1.53 t/ha before the war period. The yield of
oilseed flax seed in Ukraine exceeds the average yield levels of regions such as Asia and Europe,
and in 2021-2022, other regions of the world as well. A comparative analysis with leading
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countries showed that the yield of oilseed flax in Ukraine is significantly higher than in Russia
and Kazakhstan, but China, the USA, and Canada are far ahead of our country in this indicator.
France achieves even higher yields than leading countries due to a shortage of flax seed in the
European Union and ecological changes in agricultural production related to global climate
change. Due to its beneficial properties and high product value, oilseed flax is a promising crop
for Ukraine, and improving its cultivation technology will contribute to the development of the
Ukrainian economy, increase export potential, and strengthen Ukraine s position internationally.
Key words: oil flax, seeds, production volumes, crop area, yield.

3aoupko P.B., I'amaionosa B.B. Cyuacnuii cman ma nepcnekmueu eupooOHuymea nvomny
oniiinoz20

Jlvon onilinutl gidiepac eadciuge 3HAUeHHs 6 Da2amvox 2any3six HAPOOHO20 20CNOOAPCMEa
Mma xapaxmepusyemvcsi Henepegepuenumu IikyeanvHumu enacmugocmamu. Ocnognumu nepeea-
eamu yiei Kynomypu 8 poCIuHHUYMeI € BUCOKA NOCYXOCMIIKICIY, 30amHICb UMPUMYSAMU 8eC-
HAHT 3aMOPO3KU, CIMIUKICMb 00 UIALAHHS NOCIGI8 MA OCUNAHHA HACIHHA MA BUCOKA eKOHOMIUHA
egpexmusnicms upobnuymea. 3a nepioo 2000-2022 pp. ceimosi niowi nocieié 1oy OMtiHO20
soibwunucy 6 1,8 pasu. B pospisi pezionie ceimy Hatibinvusi nOCiHi naowi nio 1b0H ONiUHUL
8iosedeno 6 A3ii — 44,2% 6i0 cepeonvoceimosux nokazuuxis. Kpainamu-nioepamu 3a nnowamu
nocieie € Kanaoa, P®, Kazaxcman, Kumaii ma CLIA. Cymapna wacmka Kpain-uioepis y cimo-
8UX NIOWAX NOCiBI6 Mae meHdeHYiio 00 3pocmanns i 6 2021-2022 pp. docsena snavenus 88,3%.
B Vkpaini cumyayis 3 niowamu nocisie nboHy OLiHO20 6HACIIOOK HUKU NPUYUH € HecmaDiib-
How 1 Oyace cunvro (14,0-68,7 muc. ea) pisHumvcs 3a poxamu eupowgyeanus. Obcsaeu ceimo-
6020 6UpPOOHUYMEBA 1boHY oniliHoeo 3a nepiod 2000-2022 pp. 3pocau 60siui. Ilpu yvomy kpai-
Hu-idepu 3abesneuyganu 6i0 67,6 0o 87,7% 3azanvrozo eupobHuymea. Abcontomuum nioepom,
3HauUHO eunepeddcarouu inwi kpainu ceimy, € Kanaoa — 26% ceimosozo eupobnuymea. /{ns Yxpa-
iHU OaHull NOKA3HUK V 36 A3KY 3 HE3HAUHUMU NIOWAMU GUPOWYEaHHA cmanosumy auwe 1,3%.
Maxkcumanvry KintbKiCmb HACIHHA TbOHY ONIUHO20 8 HAWill KpaiHi 3a 00Ci0xHCys8anull nepiod 6yno
3ibpano y 2016 p. — 92,2 muc. moun. Oonouacho, 8 Ykpaini cnocmepieaemuvcsi uimrka meHoeHyis
00 3pocmants epodcatiHocmi yiei onitnol kymemypu. Axwo y 2000-2003 pp. eona cmarnosuna
0,25-0,29 m/ea, mo y doeoecnnuil nepiod docsena piens 1,53 m/za. Bpoosicaiinicmo HACIHHSA TbOHY
ONiIH020 8 YKpaini nepesuwye cepeoniil pisers YPOICAUHOCME MAKUX Pe2ioHie ceimy, sk Azis ma
€spona, a 6 2021-2022 pp. — il inwux peziorie ceimy. [lopieHanoHull ananis 3 Kpainamu-nioepamu
NOKA3as, Wo 8POACAUHICMb TbOHY ONilIHO20 6 YKpaini € 3nauno suwoio, Hixc 8 PO i Kazaxcmaui,
npome Kumaii, CLLIA ma Kanaoa 3nauno sunepeosicaroms Hauly KpaiHy 3a OAHUM NOKA3HUKOM.
L]e suwguti pisensv ypoocatinocmi, Hixc y Kpainax-iioepax, odepocyioms y @panyii, womy cnpuse
Odeghiyum Hacinus 1woHy 6 E€sponeticbkomy Corosi ma exoi02iuHI 3MIHU 8 A2PAPHOMY BUPOOHU-
Ymei, no8’a3ami 3 2n06ATLHUMU 3MIHAMU KAiManty. 3a80KU CE0IM KOPUCHUM 61ACMUBOCMAM MA
BUCOKIT 8apmocmi NPOOYKYIL TbOH OMTIHUL € NePCREeKMUBHOIO KYIbIypoio 05 YKpainu, a 800cKo-
HaleHHs MEeXHONO2II 11020 8UPOUYBAHHS OYyOe CRpUsmu po36UMKY YKPAIHCbKOI eKOHOMIKU, NiO6U-
WUmMb eKCNOPMHULL NOMEHYIan ma NOCUNUMb no3uyii' Yxpainu y MiscnapooHomy npocmopi.

Knrouoei cnosa: 1voH onitinutl, HACIHHS, 00Cs2U BUPOOHUYMEA, NIOWI NOCIBIB, YPOICAIHICMb.

Problem statement. Production and processing of oilseeds are essential compo-
nents of agricultural production since oilseeds are sources of vegetable oils used in food,
cosmetics, pharmaceuticals, and other industries. The modern oilseed market is one of
the most promising directions for developing the economic potential of any country.
In Ukraine, soybeans, sunflower, and rapeseed are the main oilseed crops [1-3]. Less
widespread niche oilseed crops include flax, mustard, safflower [4, 5].

Ukrainian oilseed production primarily considers export orientation. Exporting oil-
seeds allows Ukrainian producers to gain significant profits and expand their opportu-
nities in the international agricultural product market. It also contributes to the develop-
ment of the Ukrainian economy, increases the country’s export potential, and stimulates
the development of the agricultural sector. High purchase prices for oilseed flax seeds
determine its significant export potential, define the high profitability of its cultivation,
almost at the level of sunflower production, and increasingly attract the attention of
Ukrainian producers [4].
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Cultivating oilseed flax can be a profitable type of agricultural activity for Ukrainian
producers, especially under favorable soil-climatic conditions that Ukraine possesses.
Therefore, researching the beneficial properties, current trends, and possible prospects
of cultivating oilseed flax is a relevant issue today.

Analysis of recent research and publications. The seeds of oil flax contain up to
50% oil, which quickly dries and forms a smooth shiny thin film. Flaxseed oil is the best
raw material for the production of natural linseed oil and high-quality paints, widely
used in the aviation, automotive, electrical, foundry, and shipbuilding industries [6].

Seeds and oil of flax also play an important role in the food industry. The seeds
contain oil, dietary fiber, and protein, while the oil contains unsaturated fatty acids,
including oleic, linoleic, linolenic, and isolinolenic acids, which help reduce cholesterol
levels in human blood [7, 8].

Flax seeds contain many beneficial substances such as omega-3 fatty acids, antioxi-
dants, and vitamins, making it an excellent therapeutic agent. When soaked in water for
2-3 hours, flax seeds swell and form a mucilaginous mass that possesses anti-inflamma-
tory and soothing effects and is used in inflammations and ulcers of the gastrointestinal
tract [9].

The anti-diabetic properties of oil flax seeds have been experimentally proven. The
biologically active components of the seeds help lower glucose levels and can be used
in the treatment of type 2 diabetes [10].

Flaxseed oil is recommended for metabolic disorders, treating atherosclerosis, and
preventing heart diseases. It is also used to produce medicinal products for treating skin
burns [13].

Oil flax and its processed products, due to their high protein content and a significant
spectrum of fatty acids and vitamins, have a high feed potential, contributing to their
wide use in animal feed production [14].

An important advantage of cultivating oil flax is its drought resistance, attributed to
the formation of a strong root system that continues to grow deep into the ground almost
until the end of the vegetation period. This allows oil flax plants to absorb moisture
from deep soil layers even after flowering, making them more resistant to dry periods
compared to other crops. At the same time, this culture loves moisture, so it responds
positively to sufficient moisture conditions, significantly increasing the yield level [15].

Another advantage of oil flax is its resistance to cool conditions. Crop seeds can
germinate at a soil temperature of 3—5°C, and at a slightly higher temperature, you can
expect germination in 5—7 days. Seedlings of linseed are resistant to spring frosts and
can withstand temperature drops to -3...-4°C [16].

Another advantage of modern oil flax varieties is their relatively short vegetation
period, allowing harvest at the end of July. This makes oil flax one of the best precursors
for winter grain crops. Furthermore, there are no issues with seed moisture for this crop,
as delayed harvesting does not lead to seed shedding, and tall varieties do not lodge [17].

The economic benefits of cultivating oil flax are significant, as researchers from var-
ious countries have noted the high economic impact of producing this oil crop [18-20].

With its beneficial properties and high production value, oil flax is a promising oil crop
for Ukraine. Increasing the acreage of its cultivation and production volumes will contrib-
ute to the development of the Ukrainian economy, enhance export potential, and strengthen
Ukraine’s position in the international arena, confirming the relevance of our research.

Problem statement. The scientific research involved analyzing the current state of
oil flax production in Ukraine, various regions of the world, and leading producing
countries, as well as identifying prospects for the development of the flax industry.
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Comparative-analytical, graphical, and abstract-logical methods were used to address
the set task. The international database FAOSTAT served as the information source for
conducting statistical and analytical studies.

Presentation of the main material of the research. The areas of oil flax cultivation,
compared to other oilseed crops, are significantly lower, largely due to the lower yield
levels of this crop. In many countries around the world, including Ukraine, oil flax is
considered a niche crop. However, considering that linseed oil is a valuable raw material
in many sectors of the economy, the acreage of flax cultivation tends to increase. For
instance, while in 2000, 2.580 million hectares were sown with this crop worldwide, by
2022, it reached 4.533 million hectares [21], which is 1.8 times more (Table 1).

Table 1

Dynamics of oil flax sown area by region of the world

Regions of the world

Asia America Africa Europe Oceania
s |8 | g8 | g8 |g|8 |g|g | wou
var| 55 | £ |2 | 2 | £(2.| |2, |npen
2158 2|38 2 |58 £ 58| 2 |2 mectare
EET B |27 B |E° E g7 Bt

E =} E =} E =} E =} E =]

g | X g | & g | & g | & g | &
2000 | 1.135| 44.0 | 0.878 | 34.0 | 0.095| 3.7 |0.462| 17.9 |0.011| 0.4 2.580
2001 | 1.024 | 41.4 | 0.934| 37.8 |0.151| 6.1 |0.352| 14.2 | 0.011| 0.4 2471
2002 [ 1.031 | 43.7 {0.949| 40.2 | 0.112| 4.8 |0.258 | 11.0 [0.010| 0.4 2.360
200310.944 | 39.6 {0993 | 41.6 [ 0.159| 6.7 [0.280| 11.7 |0.008| 0.3 2.384
2004 | 1.018 | 45.5 | 0.773 | 34.6 | 0.164| 7.3 |0.272| 12.2 [ 0.009| 0.4 2.236
2005|0984 | 359 | 1.185| 43.2 | 0.269| 9.8 |0.296| 10.8 | 0.011| 0.4 2.745
2006 | 0.966 | 35.5 | 1.175| 43.2 | 0.235| 8.6 |0.331| 12.2 |0.011| 04 2.719
2007 | 0.808 | 40.9 | 0.726 | 36.7 | 0.194| 9.8 |0.241| 12.2 | 0.009| 0.5 1.978
2008 | 0.849| 40.5 [ 0.797 | 38.0 | 0.164| 7.8 |0.278| 13.2 |0.009| 0.4 2.098
2009 | 0.836 | 39.7 | 0.790 | 37.5 | 0.150| 7.1 |0.320| 15.2 [0.009| 0.4 2.105
2010|0.920 | 45.3 [ 0.571| 28.1 [ 0.080| 4.0 |0.450| 22.2 |10.009| 0.5 2.031
2011 1.019| 45.7 {0.399| 179 | 0.123| 5.5 | 0.681| 30.5 | 0.009| 0.4 2.231
2012 1.033| 42.5 [ 0.529| 21.8 | 0.135| 5.5 |0.725| 29.8 | 0.009| 0.4 2.430
2013 1.028| 459 | 0.518| 23.2 | 0.100| 4.4 |0.583| 26.1 | 0.009| 0.4 2.238
2014 1.195| 453 | 0.783| 29.7 | 0.088 | 3.3 |0.564| 21.4 | 0.008| 0.3 2.638
2015| 1.234| 41.3 | 0.851| 285 [ 0.091| 3.0 |0.803| 26.9 | 0.008| 0.3 2.987
2016 1.247| 45.1 | 0.523| 18.9 | 0.088| 3.2 |0.901| 32.6 | 0.008| 0.3 2.767
2017| 1.524| 52.1 | 0.558| 19.1 | 0.088 | 3.0 |0.746| 25.5 | 0.009| 0.3 2.924
2018 | 1.744| 554 | 0.451| 143 [ 0.091| 2.9 |0.855| 27.1 | 0.009| 0.3 3.149
2019 1.740 | 54.2 | 0.476| 14.8 | 0.077| 2.4 | 0.907| 283 | 0.009| 0.3 3.208
2020| 1.824| 51.7 | 0.518| 14.7 | 0.087| 2.5 | 1.089| 30.9 | 0.009| 0.2 3.527
2021 1.856| 45.1 | 0.526| 12.8 | 0.085| 2.1 |1.642| 39.9 | 0.009| 0.2 4117
2022 1.823| 40.2 | 0.440| 9.7 | 0.091| 2.0 |2.171| 47.9 | 0.009| 0.2 4.533

Source: FAOSTAT, 2023




3eMi1epoOCTBO, POCIMHHUIITBO, OBOYIBHHIITBO Ta OAIITAHHUIITBO |

| 149

Average data over a 23-year period (2000-2022) show that 44.2% of oil flax cultiva-
tion areas are concentrated in Asia, 27.9% in America, 22.6% in Europe, 5.0% in Africa,
and 0.3% in Oceania. Over the last decade, an increase in cultivation areas has occurred
in Asia and Europe. The situation in Africa and Oceania remains relatively stable, while
significant reductions in oil flax cultivation areas are observed in the Americas.

Statistical data on individual countries worldwide revealed that the main cultivation
areas are concentrated in just five leading oil flax-producing countries: Canada (18.6%
on average for the period 2000-2022), Russia (17.6%), Kazakhstan (16.7%), China
(12.8%), and the USA (6.1%). These countries show a clear trend of increasing cultiva-
tion areas for this oil crop. For example, while during the period 2000-2005, the share
of leading countries in the global oil flax cultivation area was 58.9%, by 20162020, it
reached 81.3%, and in 2021-2022, it was 88.3% (Figure 1).

In Ukraine, the areas of oil flax cultivation vary significantly from year to year, as
shown in Figure 2. The minimum areas during the study period were in 2004, 2008,
2019, and 2020 — 14.0-19.2 thousand hectares, while the maximum areas were in 2015
and 2016 — 66.7-68.7 thousand hectares. This unstable situation is associated with var-
ious factors, including:

—underdeveloped domestic flax market, as in recent years, about 70% of flax is used
for internal consumption by Ukrainian processors;

— significant fluctuations in pricing policies both domestically and internationally.
For example, in recent years, the purchase price of flax on the domestic market ranged
from 10 to 27 thousand UAH;

— volumes of supply on the agricultural market, which fluctuate greatly throughout
the year and depend largely on pricing policies and also influence them;

— production volumes of organic flax since its purchase price is three times higher,
etc. [16].

2000-2005 2006-2010 2011-2015

o,
41.1% 40.0% Ly

58.9%

73.3%

i Leading countries i Leading countries # Leading countries
u Other countries u Other countries u Other countries
2016-2020 2021-2022

81.3% 88.3%

[ eading countries # Leading countries
i Other countries @ Other countries

Fig. 1. Share of leading countries in the world area under flax crops oil
Source: FAOSTAT, 2023
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Fig. 2. Dynamics of areas under oil flax crops in Ukraine, thousand hectares
Source: FAOSTAT, 2023

The volumes of global oil flaxseed production over the study period, especially start-
ing from 2018, show a tendency to increase. For instance, in 2000, the world produced
1.987 million tons of seeds, while in 2022, it reached 3.974 million tons, doubling the
production volume (Table 2).

Table 2
Dynamics of oil flax seed production by regions of the world
Regions of the world
Asia America Africa Europe QOceania World
S |22 5§ |23 5|25 5 |22| 5 | 23| millon
= °Ss| E ° 3| E ° 3| E ° 3| E © 3 tons
E|SE| E |®E| E |RE| E |®R&E| E |®¥4&

1 2 3 4 5 6 7 8 9 10 11 12
2000 [ 0.609 | 30.6 | 1.022 | 51.4 |0.068| 3.4 [0.279| 14.0 |0.010| 0.5 1.987
2001 (0.479| 26.2 | 1.037 | 56.7 | 0.100 | 5.5 [0.204| 11.2 | 0.010| 0.6 1.830
2002 | 0.641 | 34.3 | 1.007 | 53.8 | 0.072| 3.8 [0.141| 7.5 |0.010| 0.5 1.871
2003 [ 0.650 | 32.3 | 1.045| 52.0 | 0.105| 5.2 [0.201| 10.0 | 0.009 | 0.4 2.009
2004 | 0.679 | 36.8 | 0.827 | 44.8 | 0.114| 6.2 [0.217| 11.8 | 0.010| 0.5 1.847
2005 | 0.670 | 24.8 | 1.549 | 57.4 | 0.185| 6.9 [0.284| 10.5 | 0.012| 04 2.699
2006 | 0.678 | 27.0 | 1.347 | 53.6 | 0.159| 6.3 [0.319| 12.7 | 0.010| 04 2.514
2007 | 0.462 | 27.9 | 0.845| 50.9 | 0.141| 8.5 [0.202| 12.2 | 0.009| 0.5 1.658




151

3eMi1epoOCTBO, POCIMHHUIITBO, OBOYIBHHIITBO Ta OAIITAHHUIITBO |

Table 2 (Continued)
1 2 3 4 5 6 7 8 9 10 11 12
2008 | 0.542 | 27.3 | 1.038| 52.2 | 0.188| 9.4 |0.211 | 10.6 [ 0.010| 0.5 1.989
20091 0.554| 25.7 | 1.156 | 53.6 | 0.164| 7.6 |0.274| 12.7 |0.010| 0.5 2.158
2010 0.618 | 34.2 | 0.706 | 39.0 | 0.075| 4.1 [0.400| 22.1 [0.010| 0.6 1.808
20111 0.796 | 36.7 | 0.582| 269 [0.122| 5.6 |0.656| 30.3 |0.010| 0.5 2.166
20121 0.715| 35.2 | 0.674| 33.2 | 0.131| 6.5 [0.499| 24.6 |0.009| 0.5 2.027
20131 0.861| 37.9 | 0.855| 37.6 | 0.094| 4.1 |[0.456| 20.1 [0.008| 0.4 2.273
201410973 | 36.5 | 1.075| 404 [ 0.091| 3.4 |0.516| 19.4 |0.008 | 0.3 2.664
2015| 1.067 | 33.9 | 1.239| 393 | 0.107| 3.4 |0.729| 23.1 | 0.008 | 0.3 3.150
2016| 1.071 | 36.8 | 0.814| 28.0 [0.100| 3.4 |0.919| 31.5 | 0.008| 0.3 2913
2017 1.269| 44.1 | 0.680 | 23.7 | 0.101| 3.5 |0.817| 28.4 | 0.008| 0.3 2.875
2018 | 1.532] 50.9 | 0.639| 21.2 | 0.121| 4.0 |0.706| 23.5 | 0.009| 0.3 3.008
2019 1.521| 49.6 | 0.650| 21.2 | 0.102| 3.3 |0.784| 25.6 | 0.008 | 0.3 3.065
2020| 1.561 | 46.2 | 0.754| 22.3 | 0.103| 3.0 |0.954| 28.2 [ 0.008| 0.2 3.379
2021| 1.277| 38.3 [ 0.431| 12.9 | 0.091| 2.7 | 1.527| 45.8 [ 0.008| 0.3 3.335
2022| 1.310| 33.0 | 0.625| 15.7 [ 0.097| 2.4 |1.933| 48.6 | 0.009| 0.2 3.974
Source: FAOSTAT, 2023

Countries in America and Asia accounted for 36% of the total oil flaxseed production
worldwide from 2000 to 2022, European countries — 23.1%, African countries — 4.6%,
and Oceanian countries — 0.4% (Figure 3). The leading producing countries accounted
for 67.6 to 87.7% of the total oil flaxseed production (Table 3).

Oceania - 0.4%

Alrica - 4.6% Europe -
= 23.1%

Asia - 35.9%

Fig. 3. Share of regions in global production of oil flax seeds in total for 2000-2022
Source: FAOSTAT, 2023

The experience of Kazakhstan in oil flaxseed production is quite interesting. Until
2011, there was no large-scale cultivation of this oil crop here. However, starting from
2011, flax cultivation became one of the most important components of agribusiness in
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Kazakhstan, as compliance with agronomic requirements allowed for high economic
returns. Due to its biological characteristics and high profitability in Kazakhstan’s
soil-climatic conditions, oil flaxseed began to take leading positions [22].

Table 3
Dynamics of oil flax seed production by the largest producing countries,
thousand tons

Leading countries in the production of oil flax seeds Total production
Year Vol.umes of th.e
Canada China |Kazakhstan RF USA leading countries,
thousand tons

2000 693.400 | 343.748 0.590 32.691 272.550 1342.979
2001 715.000 | 252.645 0.800 29.496 290.970 1288.911
2002 679.400 | 409.000 0.630 25.525 301.330 1415.885
2003 754.400 | 450.000 0.790 29.748 267.120 1502.058
2004 516.900 | 460.000 0.777 34.223 263.360 1275.26
2005 990.600 | 475.000 1.080 36.676 500.280 2003.636
2006 988.800 | 480.000 5.390 78.982 279.900 1833.072
2007 633.500 | 268.301 5.220 79.573 149.770 1136.364
2008 861.100 | 349.655 10.300 92.930 145.190 1459.175
2009 930.100 | 318.135 47.650 102.620 | 188.550 1587.055
2010 | 418.500 | 352.812 94.610 178.213 | 230.030 1274.165
2011 398.900 | 358.641 273.077 437.236 | 141.783 1609.637
2012 | 491.500 | 390.505 157.878 341.565 | 147.280 1528.728
2013 730.700 | 398.809 295.021 299.768 85.250 1809.548
2014 883.300 | 387.000 419.957 365.088 | 161.750 2217.095
2015 943.100 | 399.620 491.389 523.534 | 256.420 2614.063
2016 541.400 | 368.541 561.771 673.338 | 235.580 2380.63
2017 555.100 | 363.000 683.338 611.283 97.590 2310.311
2018 492.400 | 366.000 933.533 557.888 | 113.440 2463.261
2019 | 486.100 | 340.000 1007.244 | 658.644 | 142.880 2634.868
2020 578.100 | 330.000 1058.247 | 787.923 | 144.940 2899.21
2021 336.638 | 340.000 775.568 1300.173 | 69.040 2821.419
2022 | 473.175 | 290.000 845.642 1766.559 | 109.330 3484.706

Source: FAOSTAT, 2023

In total, from 2000 to 2022, Kazakhstan’s share of oil flaxseed production volume
is 13% (Figure 4). Canada is the absolute leader, accounting for 26% of global oil flax-
seed production. Ukraine’s share is 1.3%, as flaxseed cultivation in our country is more
oriented towards niche crops.

Oil flaxseed production volumes in Ukraine fluctuate significantly from year to
year — from 5.0 thousand tons in 2000 to 92.2 thousand tons in 2016 (Figure 5). This is
primarily due to fluctuations in sown areas and, to some extent, imperfect or violated
cultivation technologies leading to insufficient yields. Flax requires strict adherence to
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timing and quality of all agronomic practices, with different requirements in various
agro-climatic conditions. High yields are achievable only through a well-developed and
implemented cultivation strategy in specific soil-climatic conditions [16].

USA Other countries
8% 22%

RF
16%
Canada
26%
Kazakhstan
13%
E China
15%

Fig. 4. The share of leading countries in global production of oil flax seeds
in total for 2000-2022

Source: FAOSTAT, 2023
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Fig. 5. Dynamics of flax seed production in Ukraine, thousand tons
Source: FAOSTAT, 2023

Over the study period (2000-2022), oil flaxseed yield in Ukraine showed a gradual
increase. The lowest was in 2000-2003 — 0.25-0.29 t/ha, reaching its peak pre-war
period in 2021 — 1.53 t/ha.
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The variety composition plays an extremely important role in yield formation.
Important characteristics of oil flax varieties include resistance to pests and diseases,
adaptability to specific soil-climatic conditions, seed oil content, and yield potential.
Choosing the optimal variety for specific conditions allows achieving maximum yield
and seed quality. The potential yield of modern oil flax varieties listed in the State Reg-
ister in Ukraine is 2.0-2.5 t/ha [23]. This level is significantly higher than what is actu-
ally obtained under production conditions. Despite this, oil flaxseed yield in Ukraine
exceeds the average yield level of regions such as Asia and Europe, and in 2021-2022
also other regions of the world, as demonstrated in Figure 6.

A comparative analysis with leading countries in oil flaxseed production showed that
the yield of this crop in Ukraine is significantly higher than in Russia and Kazakhstan
(Figure 7). However, China, the USA, and Canada significantly outperform our country
in this indicator. Even higher levels of oil flaxseed yield than in leading countries in
the production of this crop are achieved in France, although it has somewhat decreased
compared to the period of 2000-2010. The driving force behind the cultivation of oil
flaxseed in France is the shortage of flaxseed in the European Union and ecological
changes in agricultural production, driven by global climate changes. The French Oil-
seed Organization (Onidol) and the French Technical Institute for Oilseeds (Cetiom)
have been conducting research since 2008 to study every element of oil flaxseed culti-
vation technology for a better understanding of all stages of the production chain [24].
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2000-2005 2006-2010 2011-2015 2016-2020 2021-2022

—a—Asia 0.61 (.65 0.80 .86 0.71
—a— America 1.13 1.26 |44 1.41 1.12
Africa 0.68 0.92 102 1.23 1.08
Europe 0.70 0.86 0.85 0.94 0.91
—a—{ceania 1.02 1.01 1.05 1.01 1.02
=== Tkraine 0.57 0.88 0.96 1.02 1.19

Fig. 6. Comparative diagram of the yield of oil flax seeds
in Ukraine and regions of the world, t/ha

Source: FAOSTAT, 2023
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French breeders actively work on creating high-yielding and pest/disease-resistant
varieties of oil flaxseed, while French farmers utilize modern cultivation technologies
and have rich experience in growing oil flaxseed, allowing them to effectively use accu-
mulated knowledge and skills to achieve high results [25, 26].

The relevance of improving oil flaxseed cultivation technology in Ukraine under
modern conditions is becoming increasingly evident. Effective utilization of the poten-
tial of modern varieties should include:

— Establishing an optimal nutrient background for plants, as oil flaxseed is demand-
ing in soil fertility;

— Giving special attention to weed control measures, as oil flaxseed crops do not have
a large assimilation apparatus and therefore compete weakly with weedy vegetation;

— Developing modern plant protection systems against a complex of diseases, espe-
cially those dangerous for flax, such as anthracnose, rust, fusarium, and stem diseases;

— Creating a reliable plant protection system against pests, including flax flea beetles,
thrips, and flax moth.
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—#—kraine 0.57 0.88 (.96 1.02 1.19

Fig. 7. Comparative chart of flaxseed yield in Ukraine and leading countries
in production, t/ha

Source: FAOSTAT, 2023

A serious problem in Ukraine that needs to be addressed is the presence of a signif-
icant amount of counterfeit seeds on the domestic market, so Ukrainian farmers must
avoid counterfeits, which are often difficult to distinguish from the original [16].

Oil flaxseed requires strict adherence to all elements of cultivation agronomy, the
improvement of which is a relevant and promising task for Ukraine’s agricultural sector.
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Addressing the most urgent issues in the flax industry will strengthen Ukraine’s position
in the international agricultural product market.

Conclusions and recommendations. Due to its high drought and frost resistance,
lodging resistance, unmatched medicinal properties, and high economic efficiency of
production, oil flaxseed plays an important role in the development of the world econ-
omy. The areas under cultivation and production volumes are trending upwards. The
largest producers of oil flaxseed are Canada, Russia, Kazakhstan, China, and the USA.
In Ukraine, oil flaxseed occupies small areas of cultivation and belongs to niche oilseed
crops, but there is a clear trend towards increasing its yield. The yield of oil flaxseed in
Ukraine is significantly higher than in Russia and Kazakhstan but lags behind China,
the USA, and Canada. Leading countries in oil flaxseed production by yield, in turn,
lag behind France. Improving oil flaxseed cultivation technology considering the inter-
national experience of leading countries makes this crop promising and economically
attractive for Ukraine.
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