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Abstract

In Poland the cultivation of the fibrous form of flax (Li-
num usitatissimum L.) is dying out, but the acreage of its oilseed
form, linseed, which provides seed (Semen lini) used in therapy
and being a source of -linolenic acid, is expanding. Nowadays,
linseed is grown in 64 countries of the world, but yield levels in
these countries vary greatly. Under European conditions, seed
yield of linseed shows high variation, which is evidence of little
knowledge of the biology of this plant and the lack of precise
cultivation solutions in agricultural technologies used. A ma-
jor reason is the difficulty in obtaining optimal crop density.
A sparse crop results in low above-ground biomass yield, which
is translated into insufficient crop yields. The selection of highly
productive domestic and foreign varieties can partially increase
linseed yield; apart from some domestic varieties, the Canadian
cultivar ‘Flanders’ and the Hungarian cultivar ‘Barbara’ are po-
sitive examples in this respect. There is a possibility of effective
selection at early stages of linseed breeding, which bodes well
for the prospect of obtaining highly productive varieties with
normal or very low -linolenic acid content.

Key words: flax, origin, acreage, growth, biomass yield, culti-
vars, yield structure

INTRODUCTION

The forms of flax (Linum usitatissimum L.) di-
stinguished based on systematics and use, that is, fi-
bre flax, intermediate flax, and linseed, have different
morphological and qualitative traits as well as diffe-
rent agronomic and climatic requirements. For these
reasons, the cultivation of flax for fibre, growing both
the fibrous and intermediate form of flax due to very
good adaptation of these two types of flax to the col-
der conditions of the temperate climate, had a major
importance in our country from the most ancient times

until the end of the 19" century. In the past, growing
fibrous or intermediate flax and processing flax straw
for fibre were common. Obtained as by-product yield,
flaxseed provided oil after pressing, which was ori-
ginally used in whole for consumption purposes, but
later also in industry. Moreover, seeds of all commer-
cially used forms of flax are not laden with any narco-
tic compounds, therefore they have long been a safe
food product, unlike seeds of cannabis — a fibrous plant
of similar use.

In the 1990’s, in most European countries an at-
tempt was undertaken to restore the cultivation of lin-
seed, treating it as an alternative agricultural crop. This
effort was driven by the desire to gain a deeper know-
ledge of non-health-related properties of seed and oil
(Simopoulos, 1999). The results of agricultural
research have made it evident that the level of linseed
yield in European countries is low and very variable
from year to year, but the causal factors are difficult to
define unambiguously (Bravi and Sommovigo,
1997; Casa etal. 1999; Diepenbrock, 2001).

Given the significant decrease in fibre flax acre-
age after 2000, in Poland there is now a need replace
its cultivation with linseed, since in this way linseed
seed and oil as well as press cakes and extracted meal
can be obtained, and not only through import. The im-
petus for these efforts is the unique composition of lin-
seed oil and its seed. Compared to other oilseed plants,
linseed seed is the most effective and stable source of
n-3 -linolenic acid (Zajgc etal. 2010).

Due to the beneficial health-promoting proper-
ties of linseed seed and oil, in particular ethyl esters
of this oil, there is now a need to analyse and verify
the obtained research results (Reguta-Sardat et
al. 2008). Such efforts will undoubtedly allow us to get
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to know better and understand the agrotechnology of
linseed and will enable the development of the funda-
mentals of agrotechnology, whose implementation is
necessary due to the need to maintain this agricultural
crop in cultivation. The growing use of various flax-
-based products will become a stimulus for the expan-
sion of linseed area harvested.

THE ORIGIN AND CULTIVATED
FORMS OF FLAX

The genus Linum L. is a member of the family
Linaceae and this taxon includes more than 200 spe-
cies found across the globe (Honermeier, 2006).
Flax (Linum usitatissimum L.), also known as com-
mon or cultivated flax, is a diploid (2n=30) and, at
the same time, the only species of the family Lina-
ceae which is of agricultural importance (Heywo -
od, 1978, cited after Giirbiiz, 1999). The generic
name Linum, known to the Greeks and Romans, co-
mes from the Celtic word lin — thread (Ruminska,
1990). The other word usitatissimum in the species
name, given by Carl Linnaeus, means very useful,
which directly refers to its multiple applications and
their importance. This taxon is a collective species
which includes the dehiscent flax group. Hanelt
(2001) divided flax Linum usitatissimum ssp. usita-
tissimum into several groups of botanical varieties,
among which three varieties, notably convar. crepi-
tans, usitatissimum, and mediterraneum, are still of
major importance in cultivation. Convar. crepitans is
dehiscent flax, an old and primitive spring form, with
a barely 40-day growing period and whose capsules
dehisce after ripening. This taxon can now be found in
the mountainous regions of Portugal and Spain as well
of Austria and Russia — as a relict cultivated plant, but
it is slowly disappearing, since it produces oil and fi-
bre of low quality. Convar. usitatissimum is fibre flax
with a long stem and closed capsules. It has high water
requirements and develops well in the colder regions
of temperate climate, but nowadays, apart from Euro-
pe, it is also encountered in Asia, both Americas, and
Australia. Nowinski (1970) stresses that the old
civilisations greatly appreciated this botanical varie-
ty as a provider of fibre necessary for making fabrics
and clothes, whereas seed oil production was of lesser
importance to them. The large-seeded flax forms with
a short stem, which develop best in a warm and dry
climate and which provide seeds and oil, are derived
from convar. mediterraneum, hence they should be
considered to be the protoplast of linseed.

The seed of cultivated forms of flax, called fla-
xseed (Semen lini), has long been used as a therapeu-
tic agent, especially useful in treatment of digestive
tract diseases, since it exhibits dietetic, purgative, and

protective effects (Rumiriska, 1990). Hanelt
(2001) thinks that the oldest form of flax use was the
consumption of whole seeds, or they may have been
crushed or ground before their consumption, and then
seeds in this form were added to dough from which
bread was baked, e.g. in Ethiopia. Wakjira et al.
(2004) report that in Ethiopia linseed has been grown
since the ancient times and currently this country has
one of the larger acreages of this type of flax at the
global level (Table 1). Under the warmer temperate
climate conditions, linseed occurs as a winter plant. In
the Mediterranean Sea basin, local cultivars have long
been grown, mainly facultative varieties of linseed,
that is, varieties that can produce seed yield irrespec-
tive of the time of sowing — in autumn or in spring
(D>Antuono and Rossini, 2006). Intermediate
flax, combining the properties of fibre flax and linse-
ed, was also cultivated in the past on the Polish soil,
in Silesia and Lower Lusatia, in parallel to fibre flax
(Litynski and Moldenhawer, 1971). It was
likewise in the Podhale region where both flax forms
were grown simultaneously (Lipifdska, 1968).
Zohary (1999) as well as Lityniska-
-Zajac and Wasylikowa (2005) are of opi-
nion that all forms of cultivated flax originate from
the wild narrow-leaved flax L. angustifolium (Huds.)
Tell. (syn. L. bienne Mill.), since they have the same
number of chromosomes (2n = 30) and can be crossed
with each other, as a result of which fertile hybrids are
produced being valuable recombinants which increase
the variation in species traits and, more importantly, in
commercial traits. The domestication of the narrow-
-leaved flax took place in several centres across the
world, though at different times. The transformation
of the wild narrow-leaved flax into a cultivated spe-
cies, common flax, was possible thanks to a systema-
tic and long-lasting selection that had been going on
since the Neolithic Age, as a result of which the spon-
taneous dehiscence of capsules was eliminated and
the weight of seeds was increased by increasing their
size — which are commercially important traits for lin-
seed. Due to the selection taking place with fibre flax,
the stem length was increased and this enabled an in-
crease in the number of fibre bundles in a single stem
(Litynska-Zajgc and Wasylikowa, 2005).
In addition to common flax, biennial flax
(L. bienne Mill.), Linum humile Mill., and perennial
flax (L. perenne L.) are also derived from the wild
narrow-leaved flax. Linum perenne is a perennial fo-
und on limestone rocks of mountains and foothills. In
these habitats, it forms clumps of plants which produ-
ce stems 60-100 cm high with light blue flowers that
bloom in June and July. Today, the low habitat requ-
irements of this species are appreciated; coupled with
covering the soil with vegetation all year round, this
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provides good protection of the soil plough layer aga-
inst sheet erosion in the undulating areas of Germany
(Weik etal. 2002). Purging flax (Linum catharticum
L.), also called fair flax, grows in the wild in Poland
(Ruminska, 1990).

In the past, Austrian flax (Linum austraicum L.)
was grown in Poland and in the whole of Central Euro-
pe; in Poland this taxon is only found in warm and well-
-insolated sites. Nowadays, it is encountered only in the
area of Przemygl. It is a thermophilous, slow growth pe-
rennial and therefore both in lowland and upland it blo-
oms at the height of the summer, thus 1-2 months later
compared to common flax. This species is less producti-
ve and hence more primitive; that is why its cultivation
was abandoned in the past and replaced with common
flax, known already in Biskupin (Woyke and Mu-
$nicki, 2003).

Harlan (1971) emphasises that flax was
grown earliest in the Near East, which took place around
7300 BC, whence it came to Greece together with other
domesticated plant species, probably 8000 years ago.
Flax, together with the oldest species, among others,
emmer wheat Triticum turgidum L. ssp. dicoccum
Schiib. and einkorn wheat 7. monococcum L., initiated
the development of agriculture and, at the same time,
of the ancient civilisations in the Fertile Crescent area
(Zohary, 1999). Around 6600 BC, the peoples of
the Linear Pottery culture transferred the knowledge
of flax cultivation and use from the Near East region
to the area of central Europe, including the area of to-
day’s Poland.

FLAX ACREAGE

Table 1 shows the crop area of the leading com-
mercial forms of flax — linseed and fibre flax, at the
global level in the first decade of the 21st century, inc-
luding seed yield per hectare and total production. The
source of this statistical information is FAOSTAT
(2011) which records flax cultivation in 64 countries.
Durrant (1976), cited after Zajac et al. (2010),
showed that linseed, in spite of the fact that it belongs
to very old cultivated plants, was grown only in sligh-
tly more than 30 countries of Asia, Europe, America,
and Africa (in the Ethiopian centre) at the turn of the
60’s and 70’s of the 20th century. Linseed, which oc-
cupied an area of 2112 thousand hectares in 2009, is
now predominant in cultivation in the world. Never-
theless, there is a noticeable tendency towards a reduc-
tion in harvested area of linseed which in several co-

untries — Canada, India, Ethiopia, and the USA —is the
only form of this species that is grown. Although seed
yield per unit area is low, yet it shows an increasing
trend, which allows one to expect that this commercial
form of flax will maintain its place among agricultural
crops. In the global scale, linseed competes for its pla-
ce in agricultural space with soybean, as a major oil-
seed crop, while in Europe also with oilseed rape. As
aresult of the low level of linseed yield, similarly as in
the case of field pea, a progressive marginalization of
these species can be observed in cultivation in favour
of soybean (world) and oilseed rape (Europe) as the
leading oilseed crops which provide the largest amo-
unts of plant protein in extracted meal for livestock
(Klimek and Zajac, 2009). This adverse trend,
on the one hand, reduces biodiversity in agriculture,
and on the other hand, it introduces the cultivation of
GMO varieties of soybean and oilseed rape. In the last
reporting period — 2009, Canada had the highest share
in the production of linseed seed across the world —
43.8%, followed by China — 15.0%, India — 7.95%,
USA - 8.89%, and Ethiopia — 7.10%, whereas Europe
accounts for 12.1% of this production. Ethiopia’s lin-
seed acreage has increased significantly as a result of
broad-based research on local varieties and ecotypes,
which have been confronted, in terms of their produc-
tivity and seed oil content, with the leading varieties
supplied from Canada and the USA, the countries be-
ing the scientific and financial partners for this project
(Wakjira etal. 2004). In these both countries from
the North-American agricultural district of the world,
seed yield of linseed is systematically growing, the-
reby the total share of these two countries in global
linseed production exceeds 50%, thus making them
leading exporters of this agricultural produce. In Ca-
nada, linseed ranks sixth in importance among agri-
cultural crops (Johnston et al. 2002). A quicker
decline in fibre flax acreage is observed than in the
case of linseed, which can be partially attributed to the
presently increasing acreage of GMO varieties of cot-
ton. The noticeable decrease in fibre flax cultivation
in favour of cotton over the centuries has probably re-
sulted from the lack of bodies of water in the arid are-
as of the subtropical zone. It is known that flax straw
processing requires large amounts of water necessary
in both dew and water retting of flax straw, and water
is usually in short supply in such areas, therefore the
mankind has done the right thing in choosing cotton
as the primary source of fibre and replacing flax with
this species.
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Table 1
Comparison of trends in crop area as well as in yield and production of linseed seed
and flax straw (fibre flax) in the world and in five leading countries

[FAOSTAT 2011]
Acreage ‘000 ha Percentage of acreage % Yield q ha'! Production kt
Specification Year
linseed flax linseed flax linseed seed flax straw  linseed flax
2009 2112 322 100 100 10.1 14.2 2124 458
World 2005 2785 495 100 100 9.8 19.9 2734 986
2000 2630 451 100 100 7.7 11.1 2012 499
2009 337 91 16.0 28.3 9.4 27.0 318 245
China 2005 490 159 17.6 32.1 9.7 43.7 475 695
2000 498 97 18.9 21.5 6.9 22.1 344 215
2009 623 - 29.5 - 14.9 - 930 -
Canada 2005 733 - 26.3 - 13.5 - 991 -
2000 591 - 22.5 - 11.7 - 693 -
2009 470 - 22.3 - 3.6 - 169 -
India 2005 449 - 16.1 - 3.8 - 170 -
2000 593 - 22.5 - 4.1 - 241 -
2009 141 - 6.7 - 10.7 - 151 -
Ethiopia 2005 215 - 7.7 - 59 - 126 -
2000 74 - 2.8 - 4.3 - 32 -
2009 127 - 6.0 - 14.8 - 189 -
USA 2005 386 - 13.9 - 12.9 - 500 -
2000 209 - 7.9 - 13.0 - 273 -

Faostat: Date of access 14 November 2011.

In Europe, the area occupied by linseed has
been decreasing faster than at the global level (Tab-
le 2). It can be assumed that the causal agent was the
expansion of the cultivation of winter oilseed rape as
a species that is currently the most effective for agri-
culture in terms of production. However, in animal fe-
eding it is strongly recommended to use press cakes
and extracted meal as well as ground seeds of oilseed
plants, mainly oilseed rape and flax, liquid fish, and
plant oils in order to increase in animal products the
content of necessary unsaturated fatty acids (UFA)
which guarantee a reduced cholesterol content in meat,
milk, and egg yolks (Cwiek, 2006). Some parts of
linseed seeds left after oil pressing are used for the pro-
duction of milk substitutes for calves, which clearly
shows the multiple and diverse applications of flax-ba-
sed products.

High linseed yield of 1.99 t x ha' (data for
2009) is obtained in the United Kingdom. However,
large year-to-year variation in acreage is observed in

this country, which proves the significant effects of
business cycle factors (Table 2). In the United King-
dom and Ireland, intermediate flax is still grown both
for textile purpose — the production of fibre used
for making textiles and paper — and for seed used to
extract linseed oil (Foster et al. 1998; Appel,
1991). The above-mentioned authors stress that this
double-purpose cultivation is more stable economi-
cally compared to the typical production of fibre flax
(flax straw + seed as by-product yield), which is very
sensitive to business cycle changes. In terms of lin-
seed production in Europe, the countries specified in
Table 2 had a total share of 81.1%. Currently, Germa-
ny is missing from the group of European countries
with developed flax cultivation, though quite recently
Diepenbrock (2001) suggested that linseed sho-
uld be considered to be the third ranking oilseed crop
in terms of economic importance, alongside oilseed
rape and sunflower.
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Table 2
Crop area as well as yield and production of linseed seed and fibre flax in six leading European countries [FAOSTAT, 2011]

Acreage ‘000 ha  Percentage of acreage % Yield q ha'! Production kt
Specification Year
linseed flax linseed flax linseed seed flax straw  linseed flax
2009 279.4 216.5 100 100 9.20 9.24 257.1 200.1
Europe 2005 366.8 319.4 100 100 9.30 8.65 341.2 276.1
2000 504.1 3334 100 100 6.02 8.01 303.6 267.0
2009 80.7 63.6 28.9 29.4 12.72 8.26 102.6 52.6
Russian Federation 2005 61.4 89.2 16.7 27.9 9.10 6.26 55.9 55.9
2000 87.6 92.7 17.4 27.8 5.84 5.50 51.2 51.0
2009 56.2 56.6 20.1 26.1 3.67 11.84 20.6 67.0
France 2005 78.6 78.6 214 24.6 7.53 12.21 59.2 96.0
2000 54.5 62.9 10.8 18.9 6.82 11.92 37.2 75.0
2009 48.1 64.8 17.2 29.9 2.09 7.24 10.0 46.9
Belarus 2005 72.1 72.1 19.7 22.6 2.70 6.99 19.5 50.4
2000 82.0 82.0 16.3 24.6 2.02 4.54 16.6 37.2
2009 18.0 1.8 6.4 0.8 6.67 6.67 12.0 1.2
Ukraine 2005 25.0 23.6 6.8 7.4 11.28 5.38 28.2 12.7
2000 20.0 19.8 4.0 5.9 2.50 4.19 5.0 8.3
2009 29.0 10.2 10.4 4.7 19.91 14.46 56.0 14.7
United Kingdom 2005 48.0 11.5 13.1 3.6 18.54 14.22 89.0 16.4
2000 74.0 18.0 14.7 54 5.81 15.56 43.0 28.0
2009 11.2 11.3 4.0 52 6.59 11.08 7.4 12.5
Belgium 2005 19.3 19.0 53 5.9 5.32 9.72 10.3 18.5
2000 13.7 13.6 2.7 4.1 10.80 11.95 14.8 16.2
2009 1.6 1.9 0.6 0.9 12.82 222 2.1 04
Poland 2005 1.0 6.0 0.3 1.9 16.58 3.30 1.7 2.0
2000 0.5 4.1 0.1 1.2 9.74 19.27 0.5 7.9
Faostat: Date of access 14 November 2011.
YIELD OF FLAX VARIETIES Under field conditions, plant density, followed

During the ontogenetic development of linse-
ed plants, seed yield components develop in the fixed,
biologically determined order, that is, in the following
order: the number of plants (stems) per 1 m? then the
number of capsules per plant (stem), and subsequently
the number of seeds per capsule, whereas at the final sta-
ge of the growing season (maturation stage) 1000 seed
weight is determined (Candrakova and Baku-
la, 2001; Zajac and Oleksy, 2010). According
to Candrakova and Bakula (2001), for yield
in the range of 4.5-5.0 t x ha'' (a very high level, rather
unattainable), the values of the successively developing
linseed yield components should be as follows: number
of stems per 1 m?>600-700; number of capsules per stem
15-22; number of seeds per capsule 8-9; 1000 seed we-
ight (g) 5.5-6.0; above-ground biomass yield 9.0-10.0 t
DW ha’'; and the harvest index 0.46-0.50.

by the number of seed capsules per stem and seed we-
ight, have the largest contribution to the formation of
yield components, whereas the number of seeds per
capsule has a smaller effect on the amount of yield
due to the genetic conditions of linseed. The ranges of
linseed yield presented in Table 3 are similar to the re-
sults of experiments and agricultural practice in Poland
and in the world (Tables 1 and 2). Witkowicz et
al. (2005) estimated that the proportion of the expla-
ined (regression) variation in linseed yield in the total
variation was 68%, out of which the individual effect
of plant density was 24%, while that of the number of
capsules, number of seeds per capsule, and 1000 seed
weight was, respectively: 15.0, 3,0 and 26%. As deter-
mined by Zajac et al. (2005), the harvest index for lin-
seed primarily depends on the growing season and cul-
tivar, and the range for this trait was from 0.31 to 0.51,
which means that growing season conditions strongly
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modify the mutual proportions of vegetative and ge-
nerative parts. The distribution of accumulated dry
matter among particular organs included in final yield
affects the value of the harvest index (M arshall et
al. 1989; Casa et al. 1999; Aufhammer et al.
2000). Above-ground dry matter yield, estimated for
the successive plant growth stages, is an expression of
potential productivity of a linseed crop (Fig. 1). In line
with the expectations, the rate of increase in dry weight
of linseed plants per 1 ha had the shape of an S-curve,
and the same correlation direction was also described
in an earlier paper (Zajac et al. 2002).

Productivity of a linseed crop at characteristic
growth stages can be presented by using many parame-

ters, such as: CGR, NAR,RGR (Bazzaz and Har-
per, 1977, Marshall etal. 1989; Aufhammer
et al. 2000). Marshall et al. (1989) showed that
the linseed cultivar ‘Dufferin’ was not stable in yield,
since seed yield during the period 1985-87 was as fol-
lows: 87.2, 132.7, and 121.8 g m?, while the leaf area
index (m? x m?) was, respectively: 2.0, 6.0, and 1.2.
Such data show that in the years with adverse weather
conditions the linseed crop managed to produce sa-
tisfactory seed yield, even with the small area of leaf
blades. The distribution of dry matter among above-
-ground plant parts can be inferred based on the value
of LAR(Bazzaz and Harper, 1977; Marshall
et al. 1989).

Table 3
Mean values and their ranges for particular linseed yield components with planned productivity (t x ha™)
at alevel of 2.0 or 1.5 tonnes (acc. to Zajac and Oleksy, 2010)

2 tonnes per ha

1.5 tonnes per ha

First-order components

Mean Range from-to Mean Range from-to
Number of plants per 1 m? 400 300-470 300 250-350
Number of capsules per plant (pcs.) 12 8-14 13 8-16
Number of seeds per capsule (pcs.) 8 7-9 (10) 8 7-9 (10)
1000 seed weight (g) 5.5 5-6.5 5.5 5-6.0
Number of seeds per plant (pcs.) 96 80-110 96 75-125
Single plant yield (g) 0.5 0.42-0.75 0.5 0.45-0.60

Detailed investigations of the physiological in-
dices characterizing the growth and development of
plants in an oilseed crop most frequently relate to one
cultivar and have usually been conducted under control-
led conditions (Hassan and Leitch, 2000). Only
Aufhammer et al. (2000) carried out a two-year
study covering two cultivars under field conditions.
The results of field and greenhouse experiments show
that linseed yield is determined by the ability of plants
and of the crop to accumulate dry matter throughout
the whole ontogenesis (Diepenbrock et al. 1995;
Aufhammer etal. 2000; Hassan and Leitch,
2000; Zajac etal. 2005). A comparative analysis of
the physiological indices in relation to three leading
oilseed plant species, carried out by Diepenbrock
(2001), showed that the amount of this information
with regard to linseed is substantially smaller. Flax, ir-
respective of its cultivated form, produces many leaves
on the stem, which hinders the estimation of the plant
and crop leaf area. Kurt et al. (2006) report that the
flax leaf area can be calculated based on the formula
LA (cm?) = (0.5785 + 0.2612 x LL + 1.5144 x LW +
0.14395 x LL x LW2. R* = 0.962 (P<0.01).

In many agricultural experiments on linseed, it
has been demonstrated that dry matter accumulation

by plants of this species very strongly depends on the
climatic conditions during the growing season (M ar -
shall et al. 1989; Diepenbrock et al. 1995;
Casa etal. 1999; Froment et al. 2000; Hassan
and Leitch, 2000; Zajac et al. 2002). Based on
the results of field experiments, these authors stress
that linseed yield in European countries is very va-
riable (Diepenbrock etal. 1995; Zubal, 2001;
StrasSil and Vorlic¢ek, 2004; D’ Antuono
and Rossini 2006). Bravi and Sommovigo
(1997) proved that linseed yield was affected to an
above-average degree by the climatic conditions pre-
vailing during two growth stages, that is, during the
time of sowing and emergence as well as during the
plant maturation stage.

Zubal (2001) underlines that too low linseed
stem density per unit area obtained under field condi-
tions, which reflects to a small extent the actual amount
of seeds sown, results in lower yields. It was probably
due to this reason that under the conditions of Slova-
kia the linseed seeding rate of 6, 8, 10, and 12 million
germinating seeds was found not to have a significant
effect on yield of two cultivars. This is evidence that
habitat conditions strongly influence stem density in a
given year and that the seeding rate has a small effect
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on the formation of crop density during harvest (Zu -
bal, 2001). A similar direction of correlation between
seeding rate and linseed yield was obtainedby D’ A n -
tuono and Rossini (2006) under the conditions of
central Italy, while for Germany and Switzerland by
Diepenbrock etal. (1995). Zajac (2005) found

that the seeding rate of linseed influenced seed yield
and its components. Sowing 600 seeds of linseed per
1 m? produced the highest yield — 1.89 t per ha. This
yield was higher by 7.4% compared with the lower rate
—300 seeds per 1 m>.

o

5
o
5
z
9
853
2
)
o
3
= 2
4 T +Standard deviation
DiStandard error
\Average
BBCH-18 BBCH-55 BBCH-69 BBCH-79 BBCH-89
Growth stage

Fig. 1 Increase in above-ground dry weight of linseed at characteristic growth stages (acc. to Zajgc et al. 2005).

Easson and Molloy (2000) evaluated the
response of the cultivar ‘Flanders’ in the case of do-
uble-purpose cultivation, that is, for seed or for fibre,
applying a seeding rate (the number of seeds per 1 m?)
of 500 seeds in seed crops and a higher seeding rate
of 1500 seeds in fibre crops, and they found that den-
se sowing increased raw fibre yield by 25% as a result
of the increased technical length of stems. Seed yield
obtained from a densely sown linseed crop increased
insignificantly, since intraspecific competition in the

excessively dense crop canopy caused a decline in seed
yield components. This confirms the need to achieve
optimal density in linseed crops grown for seed. A justi-
fied view, with a high degree of probability, can be for-
mulated that too low density of linseed plants adversely
affects seed yield obtained, despite that cultivars of this
species, at low plant density, seek to compensate and
increase stem density in the crop by the branching of
plants at their base or by increasing panicle branching
(Hocking, 1995; Zajac, 2004).

Table 4
Effect of nitrogen rates on productivity of flax plants ‘Linola ™ 947
in relation to seed yield components and oil content (acc to. Hockin g, 1995)

N supply rates Stem/root dry Number of capsules Number of seeds 1000 seed Seed yield per  Seed oil  Oil yield per
(mg L) weight ratio  per plant™ (pcs.)  per capsule” (pcs.) weight (g)  plant™’ (g) content (%) plant ! (g)

14 3.1 53 (32)" 6.6 6.32 2.24 40.9 0.91

35 53 125 (51) 6.1 7.08 5.40 41.4 224

70 7.1 194 (51) 6.4 6.76 8.35 40.9 3.42

140 7.7 215 (56) 6.0 6.68 8.71 41.3 3.60

210 8.3 224 (59) 5.9 6.44 8.52 41.0 3.40

350 8.3 195 (70) 4.2 5.63 4.59 38.4 1.76

700 12.5 173 (72) 4.4 5.08 3.90 38.1 1.49
LSD (=05 - 32 0.6 0.31 0.88 1.5 0.37

“— The percentage (%) of lateral branch capsules is given in parentheses.
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Table 4 presents the process of branching of
linseed plants ‘Linola ™ ‘947’ as a response to incre-
asing nitrogen rates in a pot experiment (Hocking,
1995). This author showed that increasing nitrogen ra-
tes (mg x dm™): 14, 35, 70, 140, 210, 350, 700, stimu-
lated the formation of lateral branches by plants; this
process started relatively late, since it took place from
day 44 until day 72, counting from the date of sowing.
Medium nitrogen rates gave at least a 50% proportion
of lateral branch capsules in the total amount of fruit
per plant. Increased nitrogen fertilization changed the
ratio between above-ground and underground parts of
linseed plants. High nitrogen rates reduced the num-
ber of seeds per capsules, including a reduction in
their weight as well as a decrease in oil content and
oil yield, hence one cannot recommend such a level
of fertilization under field conditions due to increased
plant lodging, and this form of damage leads directly
to reduced yields and hinders harvesting of seed from
linseed plants.

Zajac (2004) established that under field
conditions the intensity of branching in plants of lin-
seed varieties with different seed colours primarily
depends on the initial density of young plants and, to
some extent, also on weather conditions directly after
sowing, in April and May. In years with weather con-
ditions favourable for linseed growth, from 23 to 40%
of plants in a crop branched out, which was translated
into a measurable production effect. The biosocial po-
sition of a shoot in the plant determined the dimen-
sions of the structural traits. The dominance of the
main stem over lateral branches was noticeable, and
it was evident in particular in relation to the number
of capsules developed. Among the main factors limi-
ting good yield of linseed grown for seed, Bramm
and Dambroth (1992) include the nitrogen rate;
in their opinion, the rate of not less than 60 kg N x
ha'! gives the possibility of obtaining a density of 450
plants (stems) per 1 m? which creates the prospect of
satisfactory yields.

Canadian linseed varieties, in particular the
brown-seeded ones, are considered to be particularly
well adapted to temperate climate conditions, since
they are marked by higher vigour than the yellow-
-seeded varieties (Saeidi and Rowland, 1999).
Zajac et al. (2005) demonstrated that, among lin-
seed cultivars, the Canadian cultivar ‘Flanders’ and

the Hungarian cultivar ‘Barbara’ were characterized
by stable and high yields in Poland in all study years.
‘AC Linora’ was also distinguished by high yield,
except for the year 2001 in which a reduction in its
productivity occurred which is difficult to explain.
The only domestic cultivar ‘Opal’ produced yield at a
significantly lower level compared to other cultivars,
which is a reason justifying the cultivation of foreign
linseed cultivars in our country (Zajac et al. 2005).

TRENDS IN BREEDING
NEW CULTIVARS

Dribnenki etal. (1999) presented the com-
plicated, in breeding terms, origin of cv. ‘Linola ™
‘1084°, which is a result of crossbreeding between the
cultivar ‘Flanders’ and the line ‘FP 946’ characterized
by low -linolenic acid content. The line ‘FP 946’ was
obtained by crossbreeding four breeding lines: McGre-
gor/Zero//CP184495/3/McGregor. The fact should be
stressed that the line ‘“Zero” with low -linolenic acid
content was obtained from the Australian cultivar
‘Glenelg’ after treating its seeds with mutagenic fac-
tors. The most important commercial traits of all lin-
seed cultivars of the Linola ™ family are presented in
Table 5. These linseed cultivars belong to the Solin
type, therefore they are characterized by yellow seed
colour and reduced -linolenic acid content, up to 2%
in total acid content. Measurable outputs of this quali-
tative breeding of linseed include seven cultivars that
have an increasingly shorter growing period and a de-
creasing height of the stem, which improves the harvest
index. In the successive cultivars from this family, pro-
tein content increased more strongly, while oil content
increased to a lesser degree, which proves a constant
improvement of the qualitative characters resulting
from the ongoing breeding programme. Oil from Li-
nola ™ linseed cultivars was to be used for margarine
production, replacing sunflower oil in this process, but
due to a change in the fatty acid profile it lost its nu-
tritional properties. It should be stressed in particular
that linseed oil (except for that obtained from the So-
lin type) contains two polyunsaturated long-chain fatty
acids, thatis, -linolenic acid ( -LNA) and linoleic acid
(LA), which have the character of vitamin F. Since the-
se acids are not synthesised in the tissues of mammals,
they must be therefore supplied to humans in diet.
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Table 5
Comparison of yield, agricultural and commercial traits, oil and protein content in seeds of Linola ™ cultivars belonging
to linseed of the Solin type (acc. to Dribnenki and Green, 1995; Dribnenki etal. 1999)

Seed yield depend-  Growing season  Plant 1000 Seed Percentage of  Protein con-
Cultivar Yeariof ing on soil cplour duration-sowing height at se.ed oil con- -‘linolenic E.ICid tent in defatted
breeding (kg x ha ') to harvest harvest ~ weight tent in fatty acid seeds

black  brown (days) (cm) (®  (gxkg™)  profile (%) (gxkg™)
‘947 1995 2000 1940 103 64 53 442 2.0 368
‘989° 1996 2030 2000 99 65 5.4 422 2.0 373
‘1084° 1999 2060 2080 101 65 53 454 1.8 367
‘1084’ 1999 1520 1590 97 53.7 53 459 1.9 457
2047 2003 1540 1470 97.5 51.9 55 474 2.0 504
2090 2004 1570 1650 97 49 5.8 474 1.7 472
2126 2005 1610 1580 96 48 55 472 1.4 492

In Hungary linseed breeding programmes were
started in 1929. During the last 20 years, 13 cultivars
have been registered (Anonim, 1999). The breeding
of the cultivar ‘Szegedi 62’ in 1981, which produced
seed yields at the highest world level, was a breakth-
rough in the Hungarian linseed breeding programme.
The next cultivar ‘Sandra’ was registered in Hungary
in 1987; it was characterized by a short growing season
and developed short stems, which produced short straw
resistant to lodging; at the same time, it was the first
Hungarian patented cultivar. After its registration, the
proportion of this cultivar in the linseed crop structure
in Hungary was 80%. The next Hungarian cultivar was
‘Barbara’, registered in 1989, which likewise ‘Sandra’
was characterized by a short growing season and short
straw, which probably led to its wide spread in diffe-
rent countries. This cultivar dominated in the United
Kingdom both in terms of area occupied and seed yield
(4.4 t ha'). In a comparative study on productivity of
cultivars in the United Kingdom, ‘Barbara’ became the
only cultivar from outside Canada used as a standard
to compare yields (Saeidi and Rowland, 1999).
Together with the Canadian cultivars ‘McGregor’,
‘Flanders’, and ‘NorLin’, it was a reference for pro-
ductivity of British cultivars (Froment et al. 2000).

In the study on linseed breeding conducted by
Géral etal. (2006), it was demonstrated that ‘Linola
™ 947 and ‘Opal’ were characterized by a significant,
positive general combining ability for stem height and
number of capsules per plant, which means the effec-
tiveness of selection in early hybrid generations. In re-
combination breeding aimed at increasing seed yield,
the cultivars ‘Barbara’ and ‘Linola ™ 947’, characteri-
zed by the opposite sign of general combining ability
for number of capsules per plant and 1000 seed weight
as well as with positive effects as regards the num-
ber of capsules per plant, can be recommended (G 6 -
ral et al. 2006). In 2011 four linseed cultivars — two

yellow-seeded ones: ‘Jantarol’ and ‘Oliwin’, as well
as two brown-seeded ones: ‘Szafir’ and ‘Bukoz’, were
registered in the national register of agricultural plant
varieties.

SUMMARY

This paper presents the origin of commercial
forms of flax and their contemporary importance for
cultivation, taking into account yield levels obtained
under experimental and agricultural practice condi-
tions. Nowadays, an increased demand for flax-based
products and food of high nutritional value is notice-
able. Production of such food requires it to be enriched
with linseed oil derivatives as a source of -linolenic
acid. In the paper, changes in flax acreage are compa-
red in the world (five countries) and in Europe (seven
countries). Low flax yields, in the case of both com-
mercial forms of flax — linseed and fibre flax, place this
species in an unfavourable position in terms of pro-
duction relative to major agricultural crops. The syste-
matic decline in the acreage of flax at the global level
and in Europe probably results from too low yields,
from the point of view of farmers’ expectations, from
quickly increasing productivity of soybean (world)
and oilseed rape (Europe) as well as from the compe-
tition of cotton as a source of fibre. Flax yield levels
achieved in European countries are very variable from
year to year, which is determined by low above-ground
biomass yield and, as a consequence, low stem den-
sity in a crop; this in turn is influenced by agricultu-
ral technology and agroclimatic conditions of a given
growing season. The selection of highly productive
domestic and foreign varieties can partially increase
linseed yield. Therefore, the research on potential pro-
ductivity of new breeding lines will help choose those
characterized by high yield levels; apart from new do-
mestic varieties, the Canadian cultivar ‘Flanders’ and
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the Hungarian cultivar ‘Barbara’ are positive examples
in this respect.
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Biologiczne determinanty
produktywnosci roslin
i lanu formy oleistej
Inu zwyczajnego (Linum usitatissimum L.)

Streszczenie

W Polsce powoli wygasa uprawa formy wtok-

nistej Inu zwyczajnego (Linum usitatissimum L.),
natomiast rozszerza si¢ areal zasiewéw formy ole-
istej, dostarczajacej nasion (Semen lini), wykorzy-
stywanych w lecznictwie i bedgcych Zrodtem kwasu
-linolenowego. Wspoétczesnie len oleisty uprawiany
jest w 64 krajach Swiata, w ktérych poziom plonowa-
nia jest bardzo zréznicowany. W warunkach europej-
skich wielko$¢ plonu nasion Inu oleistego wykazu-
je duzg zmiennos¢, co swiadczy o matej znajomosci
biologii tej rosliny oraz braku precyzyjnych rozwigzan
uprawowych w stosowanych agrotechnologiach. Za-
sadniczym powodem jest trudnos¢ w uzyskaniu opty-
malnej obsady roslin w lanie. Rzadki tan warunkuje
niskie plony nadziemnej biomasy, co przeklada si¢ na
niezadowalajgce plonowanie. Dobér wysokoplennych
krajowych i zagranicznych odmian moze czgSciowo
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zwigkszy¢é plonowanie Inu oleistego, a pozytywne
przyktady w tym wzgledzie stanowig poza odmiana-
mi krajowymi kanadyjska ‘Flanders’ oraz wegierska
‘Barbara’. Istnieje mozliwos¢ skutecznej pracy selek-

cyjnej we wczesnych etapach hodowli Inu oleistego,
rokujacej otrzymanie wysokoplennych odmian o nor-
malnej lub bardzo niskiej zawartosci -linolenowego.
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