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[IpencraBnens! pe3yasrarsl n3yueHus: 30 0Opa3LoB JbHA Pa3IMYHOTO HKOJIOTO-TeorpapuuecKo-
r'0 IPOUCXOXKICHUS U3 KOJUIEKIMH Bcepoccuiickoro MHCTUTYTa FeHETHYECKUX PECYPCOB pacTeHUN
um. H.W. Basunosa (BUP). MccnenoBansl copra poccuiickoii cenekuun — 14, kuraiickoit — 6, ykpa-
MHCKOM — 5, PpaHIly3ckoil — 4, Genopycckoii — 1. YcTaHOBIIGHO BIMSIHAE TEHOTUTIOB M IIOTOAHBIX yC-
JIOBUI Ha TMPOSIBIICHUE XO3SIUCTBEHHBIX MPU3HAKOB MHOTO(QAKTOPHBIM JUCIIEPCHOHHBIM aHAJTH30M.
IToneBrie miccmen0BaHMsI TIPOBOAMIIN B TIoATaekHOU 30HE ToMckoit obmactu B 2015-2017 rr. [1pu-
POAHO-KIMMAaTHYECKHE YCIOBUSI COOTBETCTBOBAIM TPEOOBAaHMAM BO3JEIBIBAHUS JIbHA-IOJTYHLA.
Jly4mumu 1o o01Iel U TEXHUYEeCKOH JUIhHE CTeOel OTMEYeHbI copTa KUTalckol cenekiun Heiya 4
(K-8485), Sxy 7 (K-8689), poccutickuii rudpun Tomckuii 16*Yenex (K-8544), dpaniy3ckuit copt
Drakkar (K-8493), ykpaunckuii — ['mazyp (K-8695), 6672 u 60—66 cM COOTBETCTBEHHO, JAOCTO-
BepHO BbIme cranaapra Tomckoro 16. Ilo comepxannio BOJIOKHA B TEXHMYECKOW HacTH CTeOIe
(38-40%) muompoBanm copra: poccuiickoi cemeknuu 11-3989 (K-8672), A-236 (K-8692), M-249
(K-8693), ppaniysckoii — Alizee (K-8494), Agatha (K-8492), Melina (K-8495), ykpaunckoii — Bpy-
yuii (K-8694), nocrosepno Beiiie cranaapra Tomckoro 16. [To macce Bonokna (91-104 mr) — dpan-
my3ckue copra Drakkar (K-8493) u Alizee (K-8494), ykpannckue — Bpyuuit (K-8694) u ['nazyp
(K-8695), poccuiickne — A-236 (K-8692) u M-249 (K-8693) — tocTOBEpHO MPEBOCXOMIN CTAHAAPT
Tomckwuit 16 Ha 6—44 mr. Copta npHa poccutickoit cenekmmu [1-3989 (K-8672), lobperas (K-8504),
A-236 (K-8692), kuraiickoii — Heiya 4 (K-8485), Heiya 13 (K-8486), Tyy 13 (K-8687), ¢panitys-
ckoit — Agatha (K-8492), Drakkar (K-8493), Alizee (K-8494), Melina (K-8495), ykpannckoii — [ a-
nuatop (K-8505) u Bpyuwnii (K-8694) — mpru3HaHbl IepCHEeKTUBHBIMU U BKIIIOUEHBI B CEJICKIIMOHHBIN
Ipoliecc B Ka4ecTBE OTLOBCKUX poAUTENbCKuX (opMm. IlomydeHHbI ruOpuaHbIid MaTepuan Haxo-
JIUTCSI Ha UCTIBITAHUH B TUTOMHUKE 0TOOpa ¢ 2017 1. u Broporo roja cenekiuu ¢ 2021 1.

KuroueBbie cioBa: neH-noirysen (Linum usitatissimum L. f. elongata), cenexuus, KOJUICKIIUS,
COpTa, IPOAYKTUBHOCTb, BOJIOKHO, CEMEHA, MBIKIOCTb
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The results of the study of 30 flax samples of different ecological and geographical origin
from the collection of the N.I. Vavilov All-Russian Institute of Plant Genetic Resources (VIR)
are presented. The varieties of the Russian selection - 14, Chinese - 6, Ukrainian - 5, French -
4, Belarusian - 1 have been investigated. The influence of genotypes and weather conditions on
the manifestation of economic traits by multivariate analysis of variance has been established.
Field studies were conducted in the sub taiga zone of the Tomsk region in 2015-2017. Natural and
climatic conditions met the requirements for the cultivation of fiber flax. By total and technical stem
length the best varieties of the Chinese selection Heiya 4 (K-8485), Sxy 7 (K-8689), the Russian
hybrid Tomsky 16*Uspekh (K-8544), the French variety Drakkar (K-8493), the Ukrainian - Glazur
(K-8695), 66-72 and 60-66 cm respectively, were significantly higher than the standard Tomsky 16.
According to the fiber content in the technical part of the stems (38-40%) the following varieties
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were the leaders: the Russian selection P-3989 (K-8672), A-236 (K-8692), M-249 (K-8693), the
French selection Alizee (K-8494), Agatha (K-8492), Melina (K-8495), and the Ukrainian selection
Vruchy (K-8694), were significantly above the Tomsky 16 standard. By the fiber mass (91-104
mg) the French varieties Drakkar (K-8493) and Alizee (K-8494), the Ukrainian varieties Vruchii
(K-8694) and Glazur (K-8695), the Russian varieties A-236 (K-8692) and M-249 (K-8693) reliably
exceeded the Tomsky 16 standard by 6-44 mg. The flax varieties of the Russian selection P-3989
(K-8672), Dobrynya (K-8504), A-236 (K-8692), the Chinese - Heiya 4 (K-8485), Heiya 13
(K-8486), Tyy 13 (K-8687), the French - Agatha (K-8492), Drakkar (K-8493), Alizee (K-8494), Melina
(K-8495), and the Ukrainian Gladiator (K-8505) and Vruchiy (K-8694) were recognized as promising
and were included in the breeding process as male seed parents. The resulting hybrid material has
been on trial in the selection nursery from 2017 and the second year of breeding from 2021.
Keywords: fiber flax (Linum usitatissimum L. f. elongata), breeding, collection, varieties,
productivity, fiber, seeds, stem slenderness (the ratio between the stem length and the diameter)
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INTRODUCTION material and its evaluation under specific soil
and climatic conditions'.

To enrich the genetic material in flax breed-
ing, the Siberian Research Institute of Agricul-
ture and Peat - branch of the Siberian Federal
Scientific Centre of Agro-BioTechnologies of
the Russian Academy of Sciences (SibNIISHiT
- SFSCA RAS) — is establishing a nursery for
the ecological testing using the samples from
the main Russian collections of the VIR and the
Federal Research Center for Bast Fiber Crops
(FRC BFC).

For a long time in Russian flax breeding,
including during the development of the first

Historically, flax has remained the main
and leading fiber and oil crop in Russia for a
long time, being highly adapted to cultivation
in moderate climates and its specific soil and
climatic conditions. Russia has been the larg-
est global producer and exporter of natural flax
fiber and fabrics for a significant period. To en-
sure the country's economic and strategic inde-
pendence, it is important to preserve domestic
cellulose fiber raw materials, which can signifi-
cantly contribute to cotton import substitution
[1]. In modern flax varieties, cellulose can ac-

count for up to 90% of the fiber content. De- - )
spite the annual decrease in flax cultivation, it Tomsk varieties, local thickset flax was used as

remains the main source of annually renewable the initial material [4]. In the early 20th Cent}lry’
fibers in the Russian Federation [2, 3]. hlgh-ﬁber hn?s were selected frorp local Sibe-
rian flax, which served and continue to serve
as genetic material in creating new varieties
with increased fiber content. The drawback of
the early Siberian varieties was that they had
coarse, low-quality fiber, with a long fiber num-

Modern flax breeding continues to focus on
improving the quality of flax products. The suc-
cess of the breeding work in creating new va-
rieties relies on the effectiveness of a scientifi-
cally based approach to the selection of initial

'Paviova L.N., Gerasimova E.G., Rumyantseva V.N. Innovative techniques in the selection of fiber flax // Flax breeding: cur-
rent state and prospects for development: materials of the interregional scientific-practical conference with international participa-
tion, dedicated to the 80th anniversary of the Tomsk school of fiber flax breeding. FASO, SibNIISKhit - branch of SFSCA RAS.
Tomsk: LLC "Grafika", 2017. pp. 43-46.
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ber of 9-10. In the second half of the 20th cen-
tury, the inclusion of a set of collection samples
and varieties from the VIR (N. I. Vavilov All-
Russian Institute of Plant Genetic Resources)
and the All-Russian Flax Research Institute
(VNIIL) allowed for the expansion of genetic
diversity and the development of a range of
early-maturing Tomsk varieties?.

The obtained varieties inherited a high fiber
content and acquired improved fiber quality
(long fiber number of 11-14). Modern Tomsk
varieties of flax are included in the State Reg-
ister of Breeding Achievements of the Russian
Federation and are adapted to the Northwest-
ern, Central, Volga-Vyatka, and West Siberian
regions, with some varieties being suitable for
all regions (for example, Tomich 3, indicating
its high adaptive potential).

Modern flax varieties are subject to high re-
quirements for fiber quality, resistance to biotic
and abiotic environmental factors, and adaptive
potential [5]. Many varieties with high fiber
quality indicators have been developed in Rus-
sia’.

The State Register of Breeding Achieve-
ments approved for use in the territory of the
Russian Federation has been expanded with
Tomsk wvarieties such as Pamyati Krepkova
(included in 2012), Tomich (2017), Tomich 2
(2019), and Tomich 3 (2022)*.

The development of flax varieties with a
high fiber content has led to changes towards a
deterioration of the structural and morphologi-
cal qualities of the plants. The increased fiber
productivity of the new varieties has resulted
in a decrease in technological spinning indica-
tors such as flexibility, fineness, strength, and
uniformity of fiber distribution along the stem
length, as well as a deterioration in the anatomi-
cal structure of the stem, including an increase

in the diameter of elementary fibers by almost
50% and a reduction in their length’ [5].

Researchers have noted a deterioration in
the chemical composition of the fiber, as well as
a decrease in pectin substances, which affects
the spinning properties of the yarn. Therefore,
improving the fiber quality in the new varieties
is a top priority for Russian breeders.

In addition to these factors, changes in tem-
perature trends have been observed in Sibe-
ria since the early 2000s. The climate in the
entire subtaiga of the West Siberian Plain has
been warming from 1936 to 2015 [6]. During
the vegetative period of fiber flax, there is an
increasing occurrence of temperature fluctua-
tions and uneven precipitation, especially dur-
ing critical growth phases. Heavy rains and
gusty winds lead to soil overhydration, lodging
of flax crops, and the development of diseases,
which in turn reduce the quantity and quality of
flax products.

The influence of growing conditions on the
manifestation of economically valuable traits in
flax has been thoroughly studied [7]. The ma-
jority of these studies focus on individual fac-
tors that affect the physiological processes of
plant growth and development. The expression
of most traits depends not on a single factor but
on the overall system. It has been previously es-
tablished that the geographical conditions dur-
ing flax cultivation in different natural-climatic
zones influence morphological characteristics.
For example, increased temperature and insuf-
ficient moisture reduce plant height, fiber yield
and quality, seed size, but increase inflores-
cence length and the number of capsules [8].
Fiber flax plants acquire the habitus of oil flax-
intermediate type.

When developing new varieties, it is impor-
tant to consider their ability to provide high and

*Michkina G.A., Rogalskaya N.B., Popova G.A. History of breeding of Tomsk fiber flax. Development of N.I. Vavilov scien-
tific heritage at the present stage: materials of the international scientific conference devoted to the 120th anniversary of the birth
of Academician N.I. Vavilov (Novosibirsk, December 19, 2007). Rosselkhozakademia. Siberian Branch. Novosibirsk, 2009. pp.

148-155.

SKutuzova S.N., Brach N.B., Tikhvinsky S.F., Doronin S.V., Sharov LY, Pitko A.G. Geographical variability of economically
valuable traits of flax // Proceedings on applied botany, genetics and breeding. 1991. Vol. 144. pp. 40-48.

“The State Register of Breeding Achievements admitted to use (plant varieties): //gossortrf.ru/ wp-content/uploads/2022/06/
Peectp%20na%20m0myck%202022.pdf (accessed on 18.11.2022).

SPavlova L.N. Variety - the basis of successful development of flax production // The role of flax in improving the habitat and
active longevity of man. Materials of the international seminar. Tver, 2012. pp. 51-55.
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stable productivity, as well as ecological plas-
ticity and resistance to a complex set of biotic
and abiotic environmental factors under unfa-
vorable agroclimatic conditions [8].

Analysis of the results of fiber flax breeding
conducted by N.B. Brach® and colleagues from
1932 to 2000 demonstrated that increasing the
diversity of the initial material allows overcom-
ing undesirable correlations between the traits
and achieving a combination of high economic
indicators. It has been established that plant
length is one of the key traits that influence the
mass of technical fiber and fiber content [7].
The most stable indicator, least dependent on
weather conditions, harvesting time, and pri-
mary processing methods, is the total fiber con-
tent (see footnote 3).

Extensive genetic collections of the VIR and
the FRC BFC are the only accessible sources
of new collection samples and varieties of flax
with diverse eco-geographical origins.

The purpose of the research is to study high-
fiber samples and varieties of fiber flax from the
global collection of the VIR under the condi-
tions of the subtaiga zone of the Tomsk region,
focusing on the productivity of flax fiber and
seeds, and to identify promising initial material
for inclusion in the breeding process.

MATERIAL AND METHODS

The study utilized 30 samples of cultivated
flax (Linum usitatissimum L.) from the global
VIR collection with diverse eco-geographical
origins. The samples consisted of 14 Russian
varieties, 6 Chinese varieties, 5 Ukrainian va-
rieties, 4 French varieties, and 1 Belarusian va-
riety.

Field research was conducted from 2015 to
2017 at the Bogashevsk branch of the SibNI-

ISHIT — branch of the SFSCA RAS, located in
the subtaiga zone of the Tomsk district in the
Tomsk region.

The Tomsk region is situated in the taiga
zone of the southeastern part of the West Sibe-
rian Plain, and its climate is characterized as
continental-cyclical 7-%,

In the subtaiga zone, the frost-free period
lasts on average 115 days, and the multi-year
sum of average daily temperatures above 10
°C is 1700°; precipitation during the vegeta-
tion period amounts to 200-220 mm, approxi-
mately half of the annual norm. According to
agroclimatic zoning, the research area belongs
to the Sth agroclimatic zone and is character-
ized as moderately warm and moderately hu-
mid. The hydrothermal coefficient (HTC) ac-
cording to T.K. Selyaninov ranges from 1.1 to
1.6 (see footnote 8) [6]. Despite being located
in a region with excessive moisture, there can
be periods of drought and dry winds. Overall,
the agroclimatic resources of temperature and
moisture are close to optimal conditions and
meet the requirements for cultivating fiber flax.

The analyzed period of the research cov-
ers years with different meteorological condi-
tions. In 2015, there was sufficient moisture and
thermal resources (HTC - 1.38), while 2016
belonged to the moderately humid type (HTC
— 1.14). The highest amount of precipitation oc-
curred in 2017, indicating excessive moisture
(HTC —1.50). Overall, the moisture supply dur-
ing the vegetation periods was characterized by
sufficient moisture and heat for the growth of
fiber flax (see fig. 1)°. The soil cover of the ex-
perimental plots consisted of medium-podzolic
loamy soils!®. The plowed horizon had a weak-
ly acidic to near-neutral soil solution reaction
(pH-water: 5.9 — 6.1), and as the horizons de-
scended, the soil contained carbonates.

¢ Brutch N., Paviov A., Porokhovinova E. et. al. The role of initial material in the results flax breeding in Soviet Union and Rus-
sia from 1932 till 2000. // Innovative technologies for comfort: Proceedings of the 4th global workshop (general consultation) of
the FAO/ESCORENA European co-operative research network on flax and other bast plants. 7-10 October 2007. Arad, Romania.

pp. 43-44.

’Agroclimatic resources of the Tomsk region. Reference book. L.: Gidrometeoizdat, 1975. 148 p.
$4zmuka T 1 Climate Resources. Natural resources of the Tomsk region. Tomsk: Tomsk University Publishing House, 1991.

pp- 83-103.
*http://www.pogodaiklimat.ru/ Weather and Climate.

10 Solovyova T.P., Makeeva E.A., Popova G.A. The state of agrosulfurous old plowed soils of the Basandaika River / Flax grow-
ing: current state and prospects of development: materials of the interregional scientific-practical conference with international
participation, dedicated to the 80th anniversary of the Tomsk school of fiber flax breeding. FASO, SibNIISKhit - branch of SFSCA

RAS. Tomsk: LLC "Grafika", 2017. pp. 141-149.
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The gross humus content in the plowed hori-
zon varied from 4 to 6%. The main soil nutrients,
available phosphorus and exchangeable potas-
sium, were present in sufficient quantities for
the cultivation of fiber flax (25-27 mg/100 g).
Flax is grown in a seven-field crop rotation,
with preceding crops being grains such as
wheat, oats, and barley.

The analysis of morphological characteris-
tics and determination of fiber content in stems
were carried out on the plants grown under field
conditions using a square planting method with
a feeding area of 2.5 x 2.5 cm in a leveled agri-
cultural background. To assess fiber productiv-
ity, the following morphological characteristics
were determined: total stem length (distance
from the attachment point of the cotyledon-
ary leaves to the beginning of the inflorescence
branching (cm), stem diameter (mm), fiber
mass (mg), and fiber content (%) in the tech-
nical part, determined by the ratio of the fiber
mass to the stem mass. The stem slenderness
(cm/mm) was determined by dividing the tech-
nical stem length by its average diameter'!.
Seed productivity was evaluated based on the
number of the capsules per plant (pcs.) and the

seed mass within them (mg). Fiber extraction
was carried out from the dam retting flax straw
obtained by thermal retting®. The regionally
adapted variety Tomsky 16 (T-16) was used
as a standard for morphological characteristics
that determine fiber or seed productivity. The
normality of feature distributions was tested
using the Kolmogorov-Smirnov test. One-way
analysis of variance (ANOVA) and Duncan's
test were used to compare morphological char-
acteristics of hybrids. Multifactorial analysis of
variance was conducted to determine the pro-
portion of factor influence.

RESULTS AND DISCUSSION

Drought during critical periods of growth
and development of the crop is one of the lim-
iting factors in obtaining a guaranteed high-
quality flax fiber yield. The vegetative period
of flax from emergence to flowering is critical
in terms of moisture requirements. It has been
proven that conditions of increased moisture
have a positive effect on the quantity and qual-
ity of fiber in fiber flax stems [9].

While overall the amount of heat and mois-
ture for the flax crop during the observed years
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Fig. 1. Hydrothermal coefficient of the growing season according to the growth phases of flax in 2015—

2017 in the Tomsk region

GOST R 52784-2007. Fiber flax. Terms and definitions. Moscow: Standards Publishing House. 2009. 21 p.
2Solov'ev A.Ya. Flax growing. M.: Agropromizdat, 1989. 320 p.
BMethodological guidelines for technological evaluation of flax straw and experiments on primary processing of flax. Torzhok,

1972. 58 p.
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(2015-2017) was considered sufficient, the spe-
cific distribution of precipitation and tempera-
ture regime showed a rather uneven nature. The
integral indicator of plant moisture supply as-
sessment (HTC) for the formation of high-stem
fiber flax should be in the range of 1.3-1.6'.

The 2015 vegetation period was character-
ized by the HTC value of 1.38, indicating suf-
ficient moisture supply and thermal energy,
but with an uneven distribution throughout the
season during critical phases of flax water con-
sumption. The period of active growth of flax
during the "herring bone" stage — flower-bud
formation stage, which is crucial for the poten-
tial formation of stems and fiber bundles, oc-
curred under insufficient moisture. From sow-
ing to flowering, only 68 mm of precipitation
was recorded, with only 9 mm available during
the phase of stem formation and fiber deposi-
tion, negatively affecting the linear dimensions
of the stem and the yield of flax straw.

Optimal conditions for seed productivity
are considered to be precipitation during the
period after flowering and during the ripening
phase (green-yellow ripeness), with a sufficient
amount of 70-80 mm. However, there was an
excess of precipitation with 120 mm actually
recorded. Excessive moisture after flowering
prolonged the ripening process and increased
the duration of the vegetative period. The con-
ditions of the year differed from the optimal
moisture supply due to unfavorable distribution
throughout the vegetative period.

In the moderately humid year of 2016, the
HTC was 1.14, and the conditions for growth
and yield formation of fiber and seeds were
similar to the previous year of the study. Insuf-
ficient moisture and heat were noted prior to
flowering. Elevated air temperatures and the ab-
sence of rainfall in June accelerated the passage
of the "herring bone" — flower-bud formation
stage, and the stem formation occurred under
inadequate precipitation conditions. As a result,
flax flowering started 5-7 days earlier than the
average. The beginning of the first ten-day pe-
riod of July was characterized by optimal air
temperatures and sufficient rainfall, which fur-

ther contributed to increased seed productivity.
The weather conditions in the second ten-day
period of July, with high air temperatures (up
to 30°C) and almost daily precipitation, led to
soil over moistening. Overall, the temperature
and moisture conditions during the growth and
development periods of flax in the vegetation
period of 2016, similar to 2015, did not always
correspond to optimal indicators.

The most favorable in terms of moisture
should be considered the 2017 vegetation peri-
od. Overall, it was characterized as over moist-
ened (HTC — 1.50) with an optimal distribution
of temperature and water regimes. Precipita-
tion from sowing to flowering amounted to 143
mm, and after flowering - 63 mm. The weather
conditions during the study period allowed for
the assessment of the collection material for its
adaptability to environmental stress factors.

Frequently, unfavorable conditions occurred
during important growth and development
phases throughout the vegetation period, which
reflected in the morphological characteristics
that determine the productivity of flax plants
and its linear parameters, such as total and tech-
nical plant length, fiber content in the technical
part of the stem, flax straw and seed yield.

Important heritably stable morphological
characteristics of fiber flax plants, such as total
and technical stem length, largely determine the
yield of flax straw and its fiber content. Based
on the results of the 3-year observations, high-
growing varieties of Chinese flax selection were
identified, such as Heiya 4 (K-8485), Sxy 7 (K-
8689), with a total stem length of 66-72 cm. The
Russian hybrid Tomsky 16*Uspekh (K-8544),
the French variety Drakkar (K-8493), and the
Ukrainian variety Glazur (K-8695) with a total
stem length of 67-68 cm significantly exceeded
the standard Tomsky 16 (58 cm) by 9-10 cm
(see Table 1).

Long fiber, the main product for which flax
is cultivated, is formed and contained in the
technical part of the stem, which is an impor-
tant morphological characteristic that deter-
mines the linear size of the stem. The length of
the technical part of the stem in 17 studied flax

“Flax farmer reference book. Moscow: Rosselkhozizzdat, 1969. 215 p.
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samples and varieties significantly exceeded
the standard Tomsky 16 (52 cm) by 9-10 cm.
As in the case with the total plant length, Chi-
nese varieties Heiya 4 (K-8485) and Sxy 7 (K-
8689) had the highest values for this important
morphological characteristic (technical stem
length), they reached the value of 60-62 cm.
Russian hybrid Tomsky 16*Uspekh (K-8544),
M-249 (K-8693) and the French variety Drak-
kar (K-8493) - 59-62 cm, the Ukrainian variety
Glazur (K-8695) - 58 cm - by 6-10 cm signifi-
cantly exceeded the standard Tomsky 16 (see
Table 1).

An important morphological characteristic
that can be used to assess the quality of flax
straw and its fiber is the stem diameter. It has
been empirically proven that the thinner the
stem, the higher the fiber quality. Flax provides
high-quality fiber with a stem length of at least
70 cm and a diameter of 1.0-1.2 mm (see foot-
note 12). All flax samples in the experiment ex-
hibited thin stems (0.92-1.18 mm) and showed
slight differences from the Tomsky 16 standard
(0.95 mm). The stem diameter of the Rus-
sian hybrid Tomsky 16*Uspekh (K-8544), the
French variety Drakkar (K-8493) (1.15 mm),
and the Ukrainian varieties Vruchiy (K-8694)
and Glazur (K-8695) (1.12-1.18 mm) were sig-
nificantly larger than the standard (see Table 1).

The stem slenderness, which is the ratio of the
stem's technical length to its diameter, reaches
600 in tall stems, while for most plants, it does
not exceed 300 units. This is one of the sig-
nificant characteristics that determine the yield
and quality of the fiber [7]. As V.N. Ponazhev
and E.G. Vinogradova [5] note, modern variet-
ies of flax have experienced a decrease in stem
slenderness from 620-650 to 420-450 units. In
our case, based on a 3-year study (2015-2017),
there were no significant differences from the
Tomsky 16 standard (564 units) in the studied
samples. All the samples exhibited sufficiently
high levels of stem slenderness ranging from
485 to 620 units (see Table 1). Three samples
showed a tendency to increase this character-
istic compared to the standard: the Russian hy-
brid (K-8498) with 613 units, the variety Do-
brynya (K-8504) with 576 units, and the sample
from China, Heiya 4 (K-8485), with 620 units.

The main determining indicator of fiber pro-
ductivity in flax is the hereditary trait of fiber
content in the technical part of the stem, ex-
pressed as a percentage. The natural-climatic
conditions of the 2017 growing season contrib-
uted to achieving the highest fiber productivity
and proved to be the most favorable for fiber
formation (see Figure 2). The regional variety
of fiber flax, Tomsky 16, with high fiber content
used as a standard in our case, had a fiber con-
tent in the technical part of the stem of 34.8%
(see Figure 2a). The highest fiber content, ex-
ceeding the standard by 9.9%, was observed
in the sample of Russian flax selection P-3989
(K-8692). The French varieties Alizee (K-
8494) and Melina (K-8495) also ranked high
with fiber content in the technical part of the
stems exceeding 40% (Figure 2 B). Slightly
lower values (over 38%) were observed in
the Russian varieties A-236 (K-8692), M-249
(K-8693), and the Ukrainian variety Vruchiy
(K-8694) (see Figure 2a, b). During our 3-year
observation period, 14 samples of flax had fi-
ber content in the stems (30-37%) reaching or
exceeding the standard level, while 15 samples
had significantly lower fiber content (less than
30%) (see Figure 2).

The evaluation of fiber productivity in flax
was conducted based on the fiber mass in the
technical part of the stem, which ultimately
determines the fiber yield. In our case, based
on the observations, the majority of the sam-
ples and varieties significantly exceeded the
Tomsky 16 standard in terms of fiber mass
in the technical part of the stem by 6-44 mg
(see Table 1). The highest values (91-104 mg)
were observed in the French varieties Drakkar
(K-8493) and Alizee (K-8494), the Ukrai-
nian varieties Vruchiy (K-8694) and Glazur
(K-8695), and the Russian varieties A-236
(K-8692) and M-249 (K-8693).

The conducted analysis of flax productiv-
ity showed that the highest values in terms of
the number of bolls per plant (2.7-3.3) were
observed in the samples of the Ukrainian se-
lection, specifically the variety Kamenyar
(K-8556), the Russian hybrid Tomsky 16*Us-
pekh Uspekh (K-8544), the Belarusian variety
Fort (K-8507), and the Chinese varieties Heiya
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Table 1. Results of the morphological and structural analysis of the flax samples yield from the VIR
collection in the Tomsk region (average for 2015-2017)

Number Total Tfl:gl;l- Diam- slzﬁinelr- iiﬂ:}?; Zzl};grﬂt- Fiber | Num- v?eeieg(lilt
& cm cm/mm stem, mg 70 P me ?
32?5:;{116 58 52 | 095 | 564 60 30 | 21 | 63
Russian varieties
K-8498 1-4%-5512*11-x-5523 62% 55% 0,92 613 43% 24% 1,6 43%
K-8499 k-6083*1-1k-550 64* 56* 1,02 557 56* 23%* 2,5 87*
K-8500 I-1x-550*k-6084 57* 50 0,92 555 44%* 20% 2,2 67*
K-8504 Dobrynya 59 52 1,04 576 76* 32% 2,4 74*
K-8539 Toast 4* Zaryanka 57* 49 0,98 510 56* 30 2,4 65
K-8540 1 2 Toast*Zaryanka 56%* 49 1,00 495 56%* 20% 2,5 59%
K-8544 Tomsky 16*Uspekh 67* 59% | 1,15% | 537 69* 22% 3 116*
K-8557 Alexandrit 62% 55% 1,09 507 87* 33% 2,3 64%*
K-8558 Gorizont 64* 56* 1,09 527 84* 30 2,4 69*
K-8671 Vesnichka 61%* 53 1,01 537 57* 26%* 2,1 52%
K-8672 P-3989 61* 53 1,03 523 84* 37* 2,3 66
K-8673 L-205 62% 54 1,11 500 63%* 25% 2,6 83*
K-8692 A-236 64* 57* 1,09 532 91%* 33% 2,2 56%*
K-8693 M-249 66* 59* 1,07 560 91* 31* 2,4 68*
Chinese varieties
K-8485 Heiya 4 72% 62* 1,09 620 77* 24%* 2,9 76*
K-8486 Heiya 13 61%* 51 1,11 485 59 23% 2,6 92%
K-8667 Sxy 20 66* S57* 1,09 543 75% 27* 2,5 73*
K-8687 Tyy 13 62%* 55% 1,06 527 58 25% 2,7 82%
K-8688 Lul 60* 53 1,04 546 66* 28%* 2,2 79*
K-8689 Sxy 7 67* 60* 1,09 565 76%* 26%* 2,4 69%*
Ukrainian varieties
K-8505 Gladiator 65* 58* 1,08 547 84* 31* 2,3 78*
K-8506 Globus 64%* 55% 1,09 512 81* 32% 2,5 88*
K-8556 Kamenyar 61* 53 1,09 497 60 24% 33 108%*
K-8694 Vruchiy 65%* 58*% | 1,12* | 536 97* 32% 2,6 76%*
K-8695 Glazur 68* 60* | 1,18%| 534 96* 28%* 2,7 76*
French varieties
K-8492 Agatha 58 52 1,04 512 84* 34% 2,2 77*
K-8493 Drakkar 67* 61*% | 1,15% | 541 104* 32% 2,1 55%
K-8494 Alizee 64* 58* 1,10 542 99* 33%* 2,2 86*
K-8495 Melina 59 53 0,99 542 83* 35% 2,2 72%
Belorussian varieties
K-8507 |Fort 61 53 1,04 523 74% 29%* 2,9 76*
mean 62,6 55 1,06 538 74,1 28,9 2,4 74,2
LSDys 0,06 1,8 0,16 88 3,09 0,07 | 0,25 3,98

* Differences with the standard are reliable at 5% significance level by the Duncan test.
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4 (K-8485) and Tyy 13 (K-8687). No statisti-
cally significant differences were found among
the samples (see Table 1).

The maximum seed productivity values, in
terms of seed mass per plant, were recorded
for the Russian hybrid Tomsky 16*Uspekh (K-
8544) with 116 g, the Ukrainian variety Kame-
nyar (K-8556) with 108 g, and the Chinese va-
riety Heiya 13 (K-8486) with 92 g. In compari-
son, the standard variety Tomsky 16 exhibited
a much lower value of only 63 g (see Table 1).

The analysis of variance of flax collection
samples revealed that the factor "year" signifi-
cantly influenced the morphological character-
istics. It had the greatest impact on the overall
length, technical length, and stem diameter, ac-
counting for 75.0%, 69.5%, and 52.6% respec-
tively (see Table 2). The thinnest stems of flax
plants were obtained in 2017.

Based on the analysis of field observations
of the morphological characteristics of the
studied flax samples and varieties, it was de-
termined that the "year" factor had a significant
influence (44%) on the stem slenderness trait
(see Table 2). Therefore, under the most favor-
able conditions for the growth and development
of flax, which were observed in 2017, samples
of flax from China, specifically Lu 1 (K-8688),
Sxy 7 (K-8689), Heiya 4 (K-8485), and Sxy 20
(K-8667), exhibited excellent stem slenderness
values ranging from 728 to 789 cm/mm.

The Ukrainian varieties Glazur (K-8695)
and Vruchiy (K-8694), the French varieties
Drakkar (K-8493) and Alizee (K-8494), and
the Russian hybrids Tomsky 16*Uspekh (K-
8544) and 1-4k-5512*1-1 k-5523 (K-8498) ex-
hibited values exceeding 700 cm/mm. Among
the samples, 12 had high values (at the level of
or above the standard) ranging from 658 to 700
cm/mm. These included the Russian varieties
M-249 (K-8693) and A-236 (K-8692), as well
as the hybrids 1-4k-5512%*1-1k-5523 (K-8498)
and k-6083*1-1k-550 (K-8499). On the other
hand, 10 samples had values below the stan-
dard of Tomsky 16 (ranging from 571 to 650
cm/mm).

The analysis of variance indicated that the
factors "year" and "genotype" had a strong in-
fluence on the characteristics of stem mass and
fiber content in the technical part of the stem
(see Table 2). These traits were relatively sta-
ble and more resistant to the impact of weather
conditions.

Furthermore, it was observed that seed pro-
ductivity, as indicated by the number of bolls
and the seed mass per plant, was more depen-
dent on weather conditions (38.8-38.3%) than
on genotype (5-8%).

Based on the three-year observations, it
was found that the best fiber characteristics
were obtained in 2017. Optimal moisture sup-
ply from germination to flowering facilitated
stem development, the formation of bast fiber
bundles, and consequently, increased flax straw
and fiber yield. This finding confirms the com-
monly accepted notion that flax is a moisture-
demanding plant, especially during the period
from germination to flowering. Optimal mois-
ture conditions are considered to be when
precipitation during this period exceeds 100
mm [4]. In 2015 and 2016, the moisture sup-
ply during the vegetation period from sowing
to flowering was only 68 mm, while in 2017,
it was twice as high at 143 mm. According to
A.P. Krepkov [4], with a precipitation level of
120 mm and an average temperature of 16.6 °C
in July, the maximum straw yield (up to 70 ¢/
ha) and fiber content in the technical part of the
stem (38.3%) were achieved.

A.l. Sizov's research [7] demonstrated that
ancient varieties of flax, with their wide cultiva-
tion range, exhibited less variation in different
conditions in terms of morphological character-
istics that characterize flax productivity.

Modern flax researchers note that new breed-
ing varieties, despite their high yield potential,
have weak genetic protection and adaptability
to local soil and climatic conditions, as well
as various environmental stresses, resulting in
a decrease in the quantity and quality of flax
products® [8]. Previously, it was believed that

BPaviova L.N., Aleksandrova T A., Marchenkov A.N. Results and priorities of the selection of fiber flax // Results and prospects
for the development of breeding, seed production, improvement of cultivation technology and primary processing of fiber flax /
Materials of the international scientific-practical conference. Torzhok. 2000. pp. 8—11.
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Taoda. 2. Bausaue GakTopoB «rom» U «r€HOTUI» Ha U3MEHEHHE 3HAYCHUH MOP(OIOTrHIECKUX
XapaKTEPUCTUK KOJJIEKLIMOHHBIX COPTOB JIbHA-A0ATYHIA JIyHOUHOTO rocesa B 20152017 rr.

Table 2. Influence of factors "year" and "genotype" on the change in values of morphological
characteristics of flax collection cultivars in 2015-2017

Factor | df SS | F p | Factor contribution, %
Total stem length, cm

Genotype 30 37374 49,7 <0,05 7,2
Year 2 390 829 7792,1 <0,05 75,0
Genotype *Year 60 25127 16,7 <0,05 4.8
Error 2697 67 637
Total 2789 520968

Technical stem length, cm
Genotype 30 32284 46,1 <0,05 7,6
Year 2 293 493 62853 <0,05 69,5
Genotype *Year 60 33783 24,1 <0,05 8
Error 2697 62 969
Total 2789 422 527

Diameter, mm

Genotype 30 10,608 20,2 <0,05 7,8
Year 2 71,159 2035 <0,05 52,6
Genotype *Year 60 6,25 6 <0,05 4.6
Error 2697 47,153
Total 2789 135,169

Stem slenderness, cm/mm
Genotype 30 2 526 481 6,11 <0,05 3,2
Year 2 34 436 839 1249,48 <0,05 44,0
Genotype *Year 60 4 075 446 4,93 <0,05 52
Error 2697 37 165 836
Total 2789 78 204 602

Fiber weight of the technical part, mg
Genotype 30 728 716 70,46 <0,05 19,8
Year 2 1 657 501 2404,02 <0,05 45,1
Genotype *Year 60 361 288 17,47 <0,05 9,8
Error 2697 929 751
Total 2789 3677257
Fiber content, %

Genotype 30 41 189 181,9 <0,05 30,8
Year 2 65222 4319,6 <0,05 48,7
Genotype *Year 60 7137 15,8 <0,05 5,3
Error 2697 20 361
Total 2789 133 908

Number of bolls per plan
Genotype 30 283,91 10,13 <0,05 5,6
Year 2 1954,4 1046,31 <0,05 38,8
Genotype *Year 60 282,06 5,03 <0,05 5,6
Error 2697 2518,87
Total 2789 5039,24

Seed weight per plant, g
Genotype 30 625 400 15,85 <0,05 8,3
Year 2 2 874 215 1092,62 <0,05 38,3
Genotype *Year 60 463 214 5,87 <0,05 6,2
Error 2697 3547 312
Total 2789 7 510 140

Note. df - degrees of freedom, SS - sum of squared deviations, F - criterion of the ratio of the effect mean squares to the error

mean square, p - significance of differences.
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there was a negative correlation between fiber
content in the flax stem and its quality'®'7 [10].
However, based on the observations in 2017,
the studied flax samples and varieties exhibited
high fiber content and sufficiently high stem
slenderness values, suggesting a positive influ-
ence of favorable weather conditions during the
vegetation period. Previous studies have shown
that plant length, both overall and technical,
was almost entirely dependent on the sample
genotype'®,

The technical stem length parameter has a
dual significance. On the one hand, varieties
with longer stems can yield higher-grade fi-
bers, but on the other hand, there is a high risk
of lodging, leading to a decrease in fiber quality
[10]. Grain crop breeding focuses on cultivating
dwarf varieties due to their vulnerability to lodg-
ing" [11]. However, flax breeding is not aimed at
reducing plant height. On the contrary, relatively
tall plants are desirable to achieve higher yield
since fibers are extracted from the stem [12].

In 2016 and 2017, the Russian selection
samples 1-4k-5512*1-1k-5523 (K-8498), k-
6083*1-1k-550 (K-8499), 1-1k-550*k-6084
(K-8500), Dobrynya (K-8504), Vesnichka
(K-8671), P-3989 (K-8672), L-205 (K-8673),
A-236 (K-8692), the Chinese variety Tyy 13
(K-8687), and the Ukrainian variety Gladia-
tor (K-8505) were involved in hybridization as
paternal parental forms. The resulting progeny
is currently being studied in the hole breeding
nursery at the F—F( selection stage. Over 40
promising hybrids have been advanced to sub-
sequent stages of the breeding process in the
second-year nursery from 2021 to 2023.

CONCLUSION

As a result of the conducted research, valu-
able and adaptable breeding material has been
identified for creating varieties with high
productivity traits. Chinese selection variet-

ies, namely Heiya 4 (K-8485) and Sxy 7 (K-
8689), the Russian hybrid Tomsky 16*Uspekh
(K-8544), the French variety Drakkar
(K-8493), and the Ukrainian variety Glazur
(K-8695) stood out in terms of overall and tech-
nical stem length, with measurements ranging
from 66-72 cm and 60-66 cm, respectively, sig-
nificantly exceeding the standard of Tomsky 16
by 9-10 cm.

In terms of fiber content in the technical
part of the stem, the leading samples were the
Russian selection varieties P-3989 (K-8672),
A-236 (K-8692), and M-249 (K-8693), the
French selection varieties Alizee (K-8494), Ag-
atha (K-8492), and Melina (K-8495), and the
Ukrainian variety Vruchiy (K-8694), with per-
centages ranging from 38-40%, significantly
surpassing the standard of Tomsky 16 (34.8%)
by 7.0-9.9%.

The highest fiber mass in the technical part
of the stem was observed in the French variet-
ies Drakkar (K-8493) and Alizee (K-8494), the
Ukrainian varieties Vruchiy (K-8694) and Gla-
zur (K-8695), and the Russian varieties A-236
(K-8692) and M-249 (K-8693), ranging from
91-104 mg. They significantly exceeded the
standard of Tomsky 16 by 6-44 mg.

The flax varieties P-3989 (K-8672) and Do-
brynya (K-8504) from the Russian selection,
A-236 (K-8692) from the Ukrainian selection,
Heiya 4 (K-8485) and Heiya 13 (K-8486) from
the Chinese selection, Agatha (K-8492), Drak-
kar (K-8493), Alizee (K-8494), and Melina
(K-8495) from the French selection, as well as
Gladiator (K-8505) and Vruchiy (K-8694) from
the Ukrainian selection, have been recognized
as promising and included in the breeding pro-
cess as paternal parental forms in hybridization.
The obtained hybrid material is currently under
evaluation in the breeding nursery since 2017
and the second-year selection nursery since
2021.
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