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Plants of 13 fibre flax varieties were tested for their photosensitivity and differences of stems structure while grown in
long and short daylight. It was detected that seven varieties did not change time of flowering in short 12 hours daylight
in comparison with long 19 hours daylight. The extended diversity of fibre flax reactions on photoperiod changes and its
relative independence of photosensitivity degree were found. Also, weak but significant correlation was found between
photosensitivity coefficient and the degree of leaves number increase (» = 0.57). At the same time photo insensitive variety
Belosnezhka improved leaves number up to 34%. Numbers of fibre bundles, their individual and total area on the stem
cross section were not changed or reduced. Width, height, perimeter and shape of fibre bundles on a cross sections changed
multidirectional. The areas of stem, its wooden part and cavity on a cross section showed no significant differences between
plants grown in long and short day conditions. Evaluated flax characters were not strictly correlated with each other except
those indicating the structure of fibre bundles. For breeding it is important that their relationships are not strongly influenced
by the environment.
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Species Linum usitatissimum L. is a cosmo-
politan one. It means that plant is adapted to great
diversity of climatic conditions including, particu-
larly, different photoperiods. Despite of the evident
importance for agriculture of flax physiological re-
sponse to photoperiodic changes, this problem was
not evaluated adequately. After the first description
of photoperiod influence on plant’s flowering time
(Garner & Allard 1920), Linum usitatissimum L.
photosensitivity was intensively evaluated in Rus-
sia. It was confirmed that flax is a long day plant
(Sizov 1955; Minkevitch 1957; Afonin 1969; etc.).
Sizov (1952) have approved that at stage of photo-

sensitivity all genotypes of cultivated fibre flax and
linseed demand light and do not require darkness.
But among wide scale of Linum usitatissimum L.
accessions a broad variability of photosensitivity
degree was found in different countries (Sinskaya
1951; Sizov 1952; Minkevitch 1957; Sorotchinskaya
1968 and 1975; Basu & Bose 1975; Sirohi & Was-
nik 1978; Pavelek 1992; Darapuneni et al. 2014).
But genotypes independent of photoperiod were not
found.

Evaluation of flax photosensitivity in Russia was
reactivated in 2004. In these experiments held in
VIR (St. Petersburg region, 60° NL), the evaluation
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of photosensitivity among self-pollinated lines of
different origin showed wide diversity of their pho-
tosensitivity coefficient in short 12 hours daylight
(Brutch et al. 2008; Domantovich 2009; Doman-
tovich et al. 2011 and 2012). Also, it was found
that genotypes’ low photosensitivity is not linked
to their early flowering in long day conditions, as it
was detected for other crops. All four marginal com-
binations of the degrees of flowering earliness and
photosensitivity were found: early flowering — low
photosensitivity; early flowering — high photosen-
sitivity; late flowering — low photosensitivity; late
flowering — high photosensitivity. Moreover, it was
discovered that short day causes not only the delay
of flowering, but also the increase of leaves number
on the stem — character which is considered to be
the indicator of different plants earliness (Obrazt-
cov 1983), including flax (Brutch 2007). Evaluation
of this character is important not only for theoret-
ical research but also for breeding, because short
internodes are considered to decrease fibre quality
(Doronin & Tikhvinskiy 2003).

Following Sizov’s (1955, etc.) investigations,
for a long time the structure of different Linum usi-
tatissimum L. plant types (fibre flax and linseed)
was considered to be the outcome of the sawing
place latitude, which is linked to photoperiod. But
now in some countries linseed and fibre flax varie-
ties are moved to new non-traditional territories. In
this aspect it is essential to investigate the influence
of photoperiod on plants agronomical characters.
These data will help to develop new strategy for
specialized varieties breeding.

In practice it is important to know how short day
conditions influence fibre formation. Existing data
on this topic is rather few and contradictory. Sizov
(1963) notified that in short daylight flax forms less
bast cells, fibre bundles become friable and fibre
quality is deteriorated. But Afonin (1969) reported
that such environment increases fibre yield. In our
previous experiments the structure of stems cross
sections of self-pollinated lines was evaluated in
conditions of long (19 hours) and short (12 hours)
daylight (Domantovich et al. 2011). It was discov-
ered that different genotypes have different reac-
tions on the shortening of daylight, which explains
the discrepancy of different experiments results. We
observed that number of bast fibre bundles on the

stem cross section in short daylight in comparison
with that of long day conditions mainly increased
or did not change. Only in some lines this character
decreased. Also, short daylight did not have definite
influence on the length and width of the fibre bun-
dles on a cross sections. The area of fibre bundles
on a cross sections varied from year to year and had
high variation within the genotypes. Short day light
mainly led to the reduction of the average number
of elementary fibres within the fibre bundle in geno-
types with different photosensitivity. Only in sev-
eral lines number of fibres permanently increased.
In some of them also increased the number of fibre
bundles. In these trials there was no definite effect
of short daylight on the length and width of the el-
ementary fibres in bundles. Evaluation of the stem
diameter in different flax types showed that there
was no definite system of their changes in short day
conditions.

Individual reaction of genotypes on photoperiod
changes opens good opportunities for selection of
new breeding material adapted to different climatic
conditions and aimed to different potentials of their
utilization, which are actual nowadays. Also geno-
types with contrast reaction on photoperiod open
wide possibilities to be used as models for discover-
ing the mechanisms of characters’ formation. Thus,
it is very important to evaluate maximum diversity
of flax genetic resources to find genotypes useful for
different purposes.

Nevertheless, evaluation of separate characters
is not enough because plant is the entire organ-
ism and in the process of growth and development
characters are not formed independently. One can
better understand the mechanism of development
by means of traits correlations analyses. The data
presented on this topic in bibliography is also very
contradictory, which is explained by the heterogene-
ity of the used plant material (Brutch 2007; Brutch
et al. 2011). Evaluating the influence of photoperi-
od on flax stem characters, we also analysed their
correlations (Brutch ef al. 2015). During three years
of research in conditions of both long and short
daylight characters of fibre bundles on stems cross
sections: area of fibre bundle, its width and height,
and also width and height of elementary fibre were
strongly correlated with each other and independent
of photosensitivity coefficient.
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Taking into account all the mentioned information
there is still strong need to continue in evaluation
of flax stem structure of different genetic resources,
and monitor the influence of day length on stem
characters. For that reason, we have also focused
on these aims, and for the flax stem characterization
we used the modern technics of image analysis to
increase the precision of quantitative data.

MATERIAL AND METHODS

In2011 in conditions of Leningrad region, Russia,
13 fibre flax varieties originating from Russia,
Belorussia, The Netherlands and one inbred line
from local Russian accession, from VIR Collection
of Plant Genetic Resources, were evaluated for their
photosensitivity and influence of short daylight on
their stems structure. Seeds were sown at the end
of May in pots on moved trolleys. 10 seeds of each
genotype were sown in two variants. Experimental
plants right after germination and up to flowering

were exposed to short daylight (12 hours) which
was created by replacing of trolleys in lightproof
pavilion. Control plants for this time were removed
to glass pavilion. Thus, they remained in natural
illumination (17.5-19.0 hours), and influence of the
other factors of environment were equalised. For
each plant the date of the first flower opening was
marked, and period from germination to flowering
was calculated. The average duration of this phase in
long (T1) and short (T2) daylight for each genotype
was calculated. Coefficient of photoperiodic
sensitivity (CPhPS) was calculated with the use of
formula CPhPS = T2/T1. After ripening the number
of leaves on each stem below inflorescence was
calculated.

Stems cross sections were evaluated at Slovak
Agricultural University in Nitra. For each genotype
stem cross sections of 10 plants were taken from
the middle part of dried stem. The slices of cross
sections were taken by blade and dyed by diamond
green, because the individual anatomical parts of
flax stem have very similar colours. The area of bast

Figure 1. Image of flax stem cross section made by fully automatic macroscope Zeiss Discovery V20 with digital Camera AxioCam

MRC5
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fibre bundles was not coloured, and it helped to
discriminate it from neighbour parts of stem. For
evaluation of different parts of flax stem cross sec-
tion, we used image analysis methods. These meth-
ods are nowadays widely used in different fields
of research (Knott & Genoud 2013; Uchida 2013;
Blaschke et al. 2014; Schindelin et al. 2015). They
are finding their application also in agriculture re-
search (Glasbey & Horgan 2001; Rodriguez-Pulido
et al. 2012; Lidke & Lidke 2012; Sandeep et al.
2013; Walter et al. 2015).

Images of stem cross sections were acquired
by fully automatic microscope Zeiss SteReo Dis-
covery V20 with digital Camera AxioCam MRCS5.
Then images were analysed using software for im-
age analysis AxioVision 4.8, with module for auto-
matic measuring. The images were adjusted using
various tools such as magnifying, thresholding, dy-
namic, events to get the most accurate results (Fig-
ure 1-5).

We selected 5 bast fibre bundles for plant. Each
area of bast fibre bundle was outlined manually.

First of all, images were adjusted by the software
tool — dynamics to get the binary mode of image
and then by the module for automatic measurement
we highlighted the total area of bast fibre bundles.

We selected 5 bast fibre bundles per plant to
count the number of elementary fibres per bast fibre
bundle. They were labelled manually by the soft-
ware tool — events.

In the images we also measured the areas of
whole cross section, wooden part and cavity [mm?].
In the first step we adjusted images by the software
tool — thresholding to get binary mode. Then we
outlined the mentioned sections manually and final-
ly measured their areas.

The last step of images analyses was quanti-
fication of recognized objects of interest. We set
the measurements and selected these parameters
— count [no], perimeter [mm], area [mm?], bound
width [mm] and bound height [mm]. We used the
automatic measurement software tool to generate
the tables in excel format. The full list of the evalu-
ated characters is presented in Table 1.

Figure 2. The magnified image of flax stem cross section for measuring of bast fibre bundle perimeter [mm] and area [mm?]
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Figure 3. Images of flax stem cross section in binary mode and highlighted the total area of bast fibre bundles

Table 1

The list of evaluated characters

Evaluated characters Unit of measurement Abbreviation
Photosensitivity coefficient - PhS
Period germination — flowering days G-Fl
Number of leaves units NL
Number of fibre bundles units NB
Number of elementary fibres in the bundle units NF

The parameters measured on fibre bundles on a cross section

Area of bundle mm? SB
Width of fibre bundle — the narrowest part (bound width) mm WB
Height of fibre bundle — the widest part (bound height) mm HB
Width / Height of fibre bundle - W/HB
Perimeter of bundle mm PB

The parameters measured on the whole stem cross section

Total area of fibre bundles mm? TSB
Area of stem cross section mm? SSt
Area of wooden part mm? SW
Area of cavity mm? SC

For statistical analysis was used software SAS 9.3. Basic statistics of the obtained data showed wide variation in the values
for all the genotypes and for all the traits in this study. Data were subjected to parametric (ANOVA) and non-parametric tests
(Wilcoxon Two-Sample test) and significant differences (p < 0.05) were found among genotypes and different photoperiod
conditions. Correlations between characters were calculated using excel statistical properties and presented by method of
correlations pleiads (Rostova 1985).
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4 o
Figure 4. Labelling of elementary fibres in the magnified image of the flax stem cross section by software tool — events

Circle 1

e

Figure 5. Image of flax stem cross section in binary mode with outlined areas of whole stem cross section, wooden part and cavity
[mm’]
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RESULTS AND DISCUSSION

Evaluated fibre flax genotypes differed in their
photosensitivity. Varieties Svetoch, Orshanskiy-2,
Lenok, Merilin, Belosnezhka, Nord and Orion
did not have significant difference between their
flowering time in long and short day conditions
(Table 2) and were identified as insensitive ones
to short 12 hours daylight. Others increased period
from germination to flowering in short daylight
for 5-13%. All photosensitive varieties also
significantly increased the number of leaves on the
stem for 17-62%. There was a weak but significant
correlation between photosensitivity coefficient and
the degree of leaves number increase (r = 0.57).
On the other hand, among insensitive genotypes
which did not increase leaves number, variety
Belosnezhka improved leaves number up to 34%.
Summarizing these results with previous research
ones (Domantovich et al. 2012) we can say, that
process of leaves formation in flax is really linked to
that of flowering, but probably it is more sensitive to
12 hours daylight than flowering earliness and their
interaction is not equal in different genotypes.

Modification of fibre bundles structure in short
daylight conditions was not so unambiguous and
correlations of its characters with photosensitivity
were insignificant. Varieties which were not sensitive
to 12 hours daylight — Svetoch, Lenok and Merilin
did not change the number of fibre bundles on the
stem cross sections (Table 3). The same referred to
photosensitive varieties Priziv-81, Tomskiy-16 and
Zarianka. Other genotypes significantly reduced fibre
bundles number. The major decrease was observed
in photo insensitive variety Belosnezhka — 25%. It
is important that genotypes increasing number of
fibre bundles in short daylight, which were abundant
in our previous experiments (Domantovich et al.
2011), were not found in present sampling. It means
that commercial varieties are less variable for this
character and useful breeding material can be found
primarily among local accessions. This fact explains
the stable belief that in south regions flax forms less
fibre yield with poor quality (Sizov 1963).

Changes of elementary fibres average number
per bundle in conditions of short daylight compared
to that of long daylight ones were not uniform and
did not correlate with photosensitivity (Table 3).

Table 2

Photosensitivity, germination — flowering period and leaves number of flax varieties in long and short day conditions
(Leningrad region, 2011)

VIR. . o Photo Germingtion Germinafcion Leaves Leaves

Accession Variety Origin P -flowering -flowering number number

number SenSIIVILY | ShD** LD* ShD**
5333 Svetoch Russia 1.03 40.8+1.1 41.9+0.7 98.1+6.3 90.0+2.9
6807 Orshanskiy-2 Byelorussia 1.02 45.7+£0.6 46.8+0.6 109.54£3.6 105.6+5.4
7472 Priziv-81 Byelorussia 1.13 37.7+0.8 42.6+1.27 85.2+5.5 111.843.9*
7694 Tomskiy-16 Russia 1.05 38.8+0.6 40.8+£0.4" 71.1+4.5 90.5+2.9*
7804 Mogilovskiy-2 Byelorussia 1.05 44.4+0.7 46.5+0.9* 98.9+£2.7 115.8+£6.3"
7887 Krom Russia 1.06 43.8+0.5 46.4+0.7° 97.8+3.5 120.2+4.4*
7940 Lenok Russia 0.99 46.2+0.6 45.9+0.8 100.9+4.6 110.8+5.1
8241 Zarianka Russia 1.11 38.4+1.0 42.6+1.4" 78.3+4.7 94.7+4.17
8345 Merilin The Netherlands 0.98 45.9+0.5 45.2+0.5 93.4+3.3 104.5+4.3
8351 Belosnezhka Russia 1.01 46.1+0.5 46.4+0.6 100.0+5.1 134.3+7.9*
8410 Nord Russia 1.03 42.3+0.5 43.7+0.7 115.7+£7.9 114.7+6.7
8411 Orion Russia 0.98 43.1+0.4 42.3£0.5 102.5£1.9 104.3+£5.7
gk-13 Line-5 k-489 Russia 1.10 35.7+0.5 39.3+0.9" 62.1+£3.9 100.6+5.2"

Legend: *— The difference is significant (P < 0.05); *LD — Long day; **ShD — Short day
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Insensitive to short daylight varieties Svetoch,
Orshanskiy-2, Lenok, Merilin, Orion and also sen-
sitive one Priziv-81 did not change this character.
Reduction of elementary fibres amount in bundles
was observed only in photosensitive varieties —
Tomskiy-16, Krom and Zarianka for 20-36%. The
rest genotypes, both photosensitive and insensitive
ones, significantly increased the number of fibres for
18-41%.

The majority of evaluated varieties in conditions
of short day also reduced the average area of bast
fibre bundle on a cross sections (Table 4). Only
Svetoch, Orshanskiy-2, Tomskiy-16, Mogilovskiy-2
and Belosnezhka did not change this character. Oth-
ers significantly decreased fibre cross sections area
for 20—41%. As the result of the fibre bundles num-
ber and area changes, the total area of bast fibre bun-
dles on the stem cross sections was also reduced in
the majority of varieties. Only for Svetoch and Nord
these data was not obtained because of the low im-
ages’ quality. Line-5 from k-489 also reduced the
resulting character, though it was not significant sta-
tistically because of trait high variability (50% and
45% in long and short daylight consequently).

Modifications of width, height and shape of fibre
bundles also were not influenced by photosensitivity
level of the genotypes (Tables 5, 6). Three variet-
ies Orshanskiy-2, Priziv-81 and Tomskiy-16 did not
change their size and shape of fibre bundles in short
day conditions, though Priziv-81 slightly, but sig-
nificantly reduced the area of bundle on a cross sec-
tion. Svetoch enlarged all the parameters — width,
height and perimeter, as the result, but the shape re-
mained the same.

Fibre bundles on a cross sections perimeters
modifications were also not linked to varieties’ pho-
tosensitivity (Table 6). Only Svetoch significantly
increased the average fibre bundles’ perimeter for
19%. It is remarkable that the average area of fibre
bundle on a cross section of this variety was also in-
creased up to 19%, but statistically it was insignifi-
cant. Photosensitive varieties Mogilovskiy-2, Krom,
Zarianka together with insensitive ones Lenokand
Merilin diminished the perimeter of fibre bundles
up to 13-26%. Other genotypes did not change the
character.

The areas of stem, its wooden part and cavity on
a cross sections (Figure 5) showed no significant

Table 3

The number of fibre bundles and elementary fibres in bundles on a cross section of flax varieties in long and short day
conditions (Leningrad region, 2011)

AC(Z:ISIZion Variety Origin Ph'o.to' Fibre bundles | Fibre bundles é\{)l;‘l:;tﬁft%fe é\ll;z;b;rt%i
number sensitivity | number LD* |number ShD** bundle LD* | bundle ShD**
5333 Svetoch Russia 1.03 38.9+1.6 37.7+0.7 20.1+1.2 20.6+1.2
6807 Orshanskiy-2 | Byelorussia 1.02 40.2+1.1 35.7+0.9* 19.8+0.6 19.8+1.0
7472 Priziv-81 Byelorussia 1.13 33.0+0.9 35.3%1.5 23.1+0.7 22.1+0.7
7694 Tomskiy-16 Russia 1.05 32.3+0.8 29.7+1.1 25.0£1.2 18.5+1.0*
7804 Mogilovskiy-2 | Byelorussia 1.05 36.6£1.4 32.5¢1.2 24.9+1.7 23.0+1.7
7887 Krom Russia 1.06 36.6+0.2 32.3+0.6" 26.2+1.6 20.9+1.27
7940 Lenok Russia 0.99 34.4+0.7 32.9+1.3 24.9+1.7 23.7+1.5
8241 Zarianka Russia 1.11 31.7+0.8 31.7+1.2 29.3+1.1 18.7+1.5%
8345 Merilin Net};relsfands 0.98 33.4+0.9 30.0+0.9 28.5+1.9 26.8+2.4
8351 Belosnezhka Russia 1.01 37.2+1.1 28.0+2.7* 16.7+1.2 19.7+1.0*
8410 Nord Russia 1.03 36.6+1.0 30.7+0.6* 23.9+1.8 28.942.5%
8411 Orion Russia 0.98 36.0+0.8 31.9+1.0° 24.4+1.4 22.6+1.2
gk-13 Line-5 k-489 Russia 1.10 36.3+0.4 31.0+1.3* 19.0+1.3 26.8+1.9"

Legend: "— The difference is significant (P < 0.05); *LD — Long day; **ShD — Short day
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Tabl

e 4

The area of fibre bundles on a cross section of flax varieties in long and short day conditions (Leningrad region, 2011)

Total area Total area
VIR. . o Photo Area of bast | Area of bast | of bast fibre | of bast fibre
Accession Variety Origin e fibre bundle | fibre bundle | bundles per | bundles per
number sensttivity [mm?] LD* | [mm?] ShD** | plant [mm?] | plant [mm?]
LD* ShD**
5333 Svetoch Russia 1.03 0.0154+0.001 | 0.018+0.001 - -
6807 Orshanskiy-2 Byelorussia 1.02 0.01440.001 | 0.014+0.001 | 0.482+0.034 | 0.244+0.040"
7472 Priziv-81 Byelorussia 1.13 0.020+0.001 | 0.016%0.001" | 0.496+0.022 | 0.319+0.032*
7694 Tomskiy-16 Russia 1.05 0.021£0.001 | 0.020+£0.001 | 0.493+0.014 | 0.550+0.052
7804 Mogilovskiy-2 | Byelorussia 1.05 0.017+0.001 | 0.014+0.001 | 0.508+0.057 | 0.558+0.048
7887 Krom Russia 1.06 0.024+0.001 | 0.016+0.001" | 0.701+0.034 | 0.516+0.045"
7940 Lenok Russia 0.99 0.026+0.001 | 0.016+0.001" | 0.847+0.023 | 0.316+0.053"
8241 Zarianka Russia 1.11 0.021£0.001 | 0.013+0.001" | 0.476+0.054 | 0.266+0.054"
8345 Merilin The Netherlands 0.98 0.024+0.001 | 0.015+0.001" | 0.756+0.058 | 0.499+0.061"
8351 Belosnezhka Russia 1.01 0.017£0.001 | 0.016+0.001 | 0.463+0.012 | 0.206+0.054"
8410 Nord Russia 1.03 0.022+0.001 | 0.017+0.001* - -
8411 Orion Russia 0.98 0.018+0.001 | 0.013+0.0017 | 0.464+0.049 | 0.293+0.044"
gk-13 Line-5 k-489 Russia 1.10 0.013+0.001 | 0.010+0.001" | 0.243+0.046 | 0.190+0.035

Legend: *— The difference is significant (P < 0.05); *LD — Long day; **ShD — Short day

Table 5
The width and height of fibre bundles on a cross section of flax varieties in long and short day conditions (Leningrad region,
2011)
Width of Width of Height of Height of
VIR fibre bundle | fibre bundle | fibre bundle | fibre bundle
. . . Photo
Accession Variety Origin e on a cross on a cross on a cross on a cross
sensitivity . . . .
number section [mm] | section [mm] | section [mm] | section [mm]
LD* ShD** LD* ShD**
5333 Svetoch Russia 1.03 0.18+0.03 0.22+0.02" | 0.18+0.01 0.25+0.02*
6807 Orshanskiy-2 Byelorussia 1.02 0.17+0.01 0.19+0.02 0.18+0.01 0.19+0.01
7472 Priziv-81 Byelorussia 1.13 0.224+0.01 0.19+0.01 0.20+0.01 0.21£0.01
7694 Tomskiy-16 Russia 1.05 0.21+0.01 0.21+0.01 0.20+0.01 0.22+0.01
7804 Mogilovskiy-2 Byelorussia 1.05 0.19+0.01 0.19+0.02 0.20+0.01 0.17+0.01"
7887 Krom Russia 1.06 0.21+0.01 0.19+0.01 0.21+0.01 0.17+0.02*
7940 Lenok Russia 0.99 0.22+0.01 0.21+0.01 0.21+0.01 0.16+0.017
8241 Zarianka Russia 1.11 0.20+0.01 0.19+0.02 0.22+0.01 0.14+0.01*
8345 Merilin The Netherlands 0.98 0.22+0.01 0.21+0.01 0.21+0.01 0.16+0.01"
8351 Belosnezhka Russia 1.01 0.18+0.01 0.23+0.01" 0.18+0.01 0.16+0.01
8410 Nord Russia 1.03 0.20+0.01 0.22+0.01 0.22+0.01 0.18+0.01°
8411 Orion Russia 0.98 0.17+0.01 0.20+0.01" 0.21+0.01 0.15+0.01°
gk-13 Line-5 k-489 Russia 1.10 0.15+0.01 0.20+0.01" 0.17+0.01 0.13+0.01°
Legend: *— The difference is significant (P < 0.05); *LD — Long day; **ShD — Short day
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Table 6

Width/height ratio and perimeter of fibre bundles on a cross section of flax varieties in long and short day conditions
(Leningrad region, 2011)

Width/height | Width/height | Perimeter of | Perimeter of
. of fibre of fibre fibre bundle | fibre bundle
Accession . . Photo
Variety Origin e bundle ona | bundle on a on a cross on a cross
number sensitivity . . . .
cross section | cross section | section [mm] | section [mm]
LD* ShD** LD* ShD**
5333 Svetoch Russia 1.03 1.14+0.07 1.15+0.13 0.64+0.02 0.76+0.03"
6807 Orshanskiy-2 Byelorussia 1.02 1.08+0.07 1.19+0.16 0.58+0.02 0.62+0.03
7472 Priziv-81 Byelorussia 1.13 1.20+0.08 1.11+0.12 0.70+0.02 0.64+0.03
7694 Tomskiy-16 Russia 1.05 1.18+0.11 1.08+0.09 0.67+0.02 0.68+0.03
7804 Mogilovskiy-2 | Byelorussia 1.05 1.08+0.11 1.28+0.13 0.65+0.02 0.56+0.03"
7887 Krom Russia 1.06 1.03+0.06 1.42+0.11* 0.70+0.02 0.56+0.02"
7940 Lenok Russia 0.99 1.13+0.06 1.52+0.12* 0.76+0.02 0.58+0.02"
8241 Zarianka Russia 1.11 1.02+0.07 1.58+0.20" 0.71+£0.03 0.52+0.04"
8345 Merilin The Netherlands 0.98 1.1540.07 1.40+0.09* 0.73+0.02 0.59+0.02*
8351 Belosnezhka Russia 1.01 1.11£0.11 1.73+0.21* 0.59+0.02 0.61+0.02
8410 Nord Russia 1.03 1.03+0.08 1.394+0.11" 0.69+0.02 0.63+0.02
8411 Orion Russia 0.98 0.87+0.05 1.44+0.08" 0.62+0.02 0.54+0.03
gk-13 Line-5 k-489 Russia 1.10 0.95+0.08 1.77+0.15* 0.52+0.02 0.50+0.03

Legend: “— The difference is significant (P < 0.05); *LD — Long day; **ShD — Short day

differences between plants grown in long and short
day conditions (the data is not shown). So, they are
stable enough while grown in different environments.

Evaluated characters in long daylight conditions
formed two separate layers and the number of leaves
was independent (Figure 6 A). The first layer con-
sisted of the traits characterising the whole plant.
Area of whole stem cross section had very strong
correlation with the area of its wooden part. Area of
stem cavity and duration of germination — flower-
ing period had strong correlations with this group.
The degree of photosensitivity strongly negatively
correlated with the time of flowering and weakly
negatively correlated with the areas of stem and its
wooden part. Total area of fibre bundles was linked
to this layer by weak correlation with the period from
germination to flowering. The second layer include
the group of characters strongly correlated with each
other: width, height, perimeter, area of fibre bundles
and number of elementary fibres in them, correla-
tions of fibre bundles perimeter with their width and
area being the strongest ones. All these characters
were weakly negatively linked to the number of fibre
bundles on the stem cross section. The ratio between

width and height of fibre bundles on a cross section
weakly correlated only with its width.

In short day conditions the structure of correla-
tions system changed (Figure 6 B). Photosensitivity,
total area of fibre bundles, width of fibre bundles and
number of fibres in them were independent. The first
layer had the same core of very strongly correlat-
ed areas of whole stem and its wooden part. They
were strongly linked to leaves number and weakly
correlated with the area of stem cavity. Period from
germination to flowering weakly correlated with the
number of leaves. Through the weak correlation be-
tween fibre bundle area and that of cavity, two layers
were connected with each other. The second layer in-
cluded very strongly correlated perimeter and height
of bundle, which were strongly linked to the area of
fibre bundle and negatively correlated with the ratio
between width and height of fibre bundles on a cross
section. Fibre bundles height also was weakly linked
to number of fibre bundles, which in its turn weakly
negatively correlated with the ratio between width
and height of fibre bundles on a cross section.

In our previous trials both in long and short day
conditions the degree of photosensitivity usually
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Figure 6. Correlations between characters in long (A) and short (B) day conditions
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did not correlate with other characters (Brutch
et al. 2015). In present experiment this character
negatively correlated with period from germination
to flowering, and also with area of stem and its
wooden part cross sections. The reason of this
could be the small size of sampling, which included
three relatively early varieties with rather high
photosensitivity. Also, in our previous investigations
the number of leaves had a strong correlation with
the period from germination to flowering both in
long and short day conditions (Brutch et al. 2015),
but in present trial this link was detected only in
short day conditions. Area of stem, its wooden part
and cavity on a cross section (characters which were
not evaluated before) correlated with each other in
long and short day conditions. The same could be
said about traits characterising the structure of fibre
bundles. The last statement is confirmed by previous
experiments (Brutch et al. 2015).

Presented results show that evaluated flax
characters are not strictly correlated with each other
except those indicating the structure of fibre bundles.
For breeding it is important that their relationships
are not strongly influenced by the environment.

CONCLUSIONS

Presented results indicate the extended diversity
of fibre flax reactions on photoperiod changes and
its relative independence of photosensitivity degree.
New genotypes insensitive to short 12 hours daylight
with stable number of leaves were selected. It was
confirmed that characters of fibre bundles structure
are strictly correlated with each other independently
of photoperiod conditions.
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