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Abstract: For the first time components of the nutrient medium were identified
for the successful germination of pollen in such ornamental species of the
Linum genus as L. grandiflorum, L. hirsutum, L. pubescens and L. thracicum. It
was shown that the media with PEG-2000 in concentrations of 20-30% in
combination with boric acid and calcium chloride in the concentrations of 200
mg/| ensure germination of Linum pollen up to 40-50%. The addition of sucrose
and PEG with higher molecular weight adversely affects the germination of
pollen. This will allow anyone to evaluate the quality of flax pollen quickly and
efficiently and more successfully implement many genetic and breeding
programs.

1. Introduction

The Linum genus has between 100 and 230 species with the main rep-
resentative of Linum usitatissimum L., which is one of the oldest
cultivated plants, whose products have long been used for a variety of
human needs. Not less diverse is the use of wild flaxes (Jhala et al., 2008;
Lyakh and Soroka, 2008). Moreover, some annual and perennial wild
relatives of the Linum genus, such as L. grandiflorum, L. pubescens, L. hir-
sutum, possessing fairly large flowers of various colors, are highly
ornamental plants and are successfully applied in landscaping, flower bed
arrangement, and gardening (Lyakh, 2013).

A number of wild Linum species is a producer of valuable substances
for the pharmaceutical industry (Mohammed et al., 2009). Ushijima et al.
(2012) reported that many wild flax species exhibit distinct floral
polymorphism, which allows them to be used for elucidation the
mechanisms of such a phenomenon as heterostyly. Wild flax relatives are
also actively involved in phylogenetic analysis of the Linum genus
(Muravenko et al., 2009; Sveinsson et al., 2014).
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A broad use of wild flax species and active breed-
ing work with them provides for knowledge of the
quality of pollen, produced by the plant. The ability
of pollen to grow and germinate on an artificial medi-
um allows estimating its quality fast and effectively
(Jayaprakash, 2018).

In flax, separate attempts were made to germi-
nate pollen in vitro by Pandey and Kumar (2013).
However, for the pollen of both cultivated flax and its
wild relatives, the medium, which ensures the emer-
gence of properly-shaped pollen tubes during pollen
germination, has not yet been developed. In this
respect the purpose of this work was to develop a
nutrient medium suitable for the germination of
pollen from a number of ornamental flax species.

2. Materials and Methods

Wild species L. grandiflorum Desf., L. hirsutum L.,
L. pubescens Banks and Solander and L. thracicum
Degen were used in our studies as pollen sources.
Experiments were carried out during 2017-2018.

The medium containing boric acid and calcium
chloride in the concentrations of 200 mg/| was used
as a basic one. A medium, consisting of boric acid,
calcium chloride and sucrose as osmotic agent is
commonly used for pollen germination of different
species. We, however, excluded sucrose as according
to our preliminary experiments with Linum species it
inhibited completely pollen germination.
Polyethylene glycol (PEG) of various molecular
weights was supplied to the basic media (boric acid
and calcium chloride) as osmotic agent. In some
cases we also used sucrose as an addition to PEG.
The following additions to the basic medium have
been made: (a) PEG 2000, 20%; (b) PEG 2000, 30%;
(c) PEG 2000, 30% + sucrose, 5%; (d) PEG 2000, 30% +
sucrose, 15%; (f) PEG 6000, 30% + sucrose, 5%; (g)
PEG 20000, 5% + sucrose, 15%.

Pollen was collected from 20-40 flowers and ger-
minated for 3-4 hours in a drop of an artificial medi-
um placed on a slide at the temperature of 25+1 °Cin
the dark. The pollen was then viewed under a light
Leica microscope (Germany) with a 20X objective.
Pollen grains were counted as germinated if the
pollen tube length was more than a pollen grain
diameter. In each 3-5 replication of each treatment
several fields of view were analyzed to count from
300 to 400 pollen grains. Pollen grains near the mar-
gin of the medium were not recorded. After that a
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mean value of pollen germination percentage and a
standard error of the mean were calculated (Lyakh
and Soroka, 2008).

The results of the experiments were analyzed
statistically applying a t-test, according to
Wasserman (2005).

3. Results and Discussion

Figure 1A shows that a medium containing PEG-
2000 as an osmotic in the concentration of 20%
ensured a sufficiently good germination of the pollen
for the species under study. The percentage of
germinated pollen grains ranged from 22.9+2.44 in L.
thracicum to 51.0+£2.84 in L. grandiflorum. The
elevation in concentration of PEG-2000 from 20% to
30% did not reduce this indicator in all species,
except L. hirsutum, where an increment in the pollen
germination was observed. Addition sucrose to the
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Fig. 1 - Influence of PEG-2000 concentration and sucrose addi-
tion (A) and PEG molecular weight (B) on pollen germina-
tion of some ornamental Linum species: ——4—- L. grandi-
florum, ——m—- L. hirsutum, —— A —— L. pubescens, ——X—- L.
thracicum.



nutrient medium with PEG-2000 adversely affected
pollen germination as a whole. Elevating the sucrose
concentration up to 15% in a medium with PEG 30%
reduced the number of germinated grains in all the
species. Figure 1B data grant an idea on the influence
of PEG with different molecular weight on pollen
germination. As revealed, the percentage of pollen
germination was significantly larger in the case of an
osmotic with a lower molecular weight. It is
characteristic that the number of germinated pollen
grains on a medium supplied with PEG-6000,
compared to PEG-2000, for L. grandiflorum and L.
thracicum decreased by a factor of 6.6 and 20.5,
whereas for L. pubescens and L. hirsutum - the
reduction amounted to 34.0 and 24.1% only.

Figure 2 demonstrates pollen germination pattern
on a media with PEG of different molecular weight
and sucrose, showing the proportion of pollen grains
with normal and burst pollen tubes. It can be seen
that the percentage of pollen grains with burst tubes
both in L. grandiflorum and L. hirsutum on a medium
containing a high molecular weight polyethylene
glycol (PEG-20000) at the concentration of 5%,
against the background of 15% sucrose, was quite
large. It is characteristic that for some species it even
exceeded the number of pollen grains with normal
tubes. When the medium included PEG-20000 at the
concentration of 30%, pollen of all the studied
species failed to germinate.
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Lyakh and Soroka - In vitro pollen germination of Linum species

As can be seen, in our experiment sucrose
negatively affected the germination of pollen when it
was added to the media with PEG. With sucrose
concentration increasing, the number of germinated
pollen grains decreased notably. At the same time
there are successful examples in the literature of the
joint use of sucrose and PEG. Thus, for sunflower a
nutrient medium was developed suitable for pollen
germination which simultaneously included 15% of
sucrose and 30% of PEG (Keshava Murthy et al.,
1994). Such medium was successfully used to
evaluate pollen response of various sunflower
genotypes to the action of low temperature while
selecting pollen for cold resistance (Lyakh and Totsky,
2014).

Analyzing the pollen germination of ornamental
flax species on the media with PEG of different
molecular weights, it is clearly noticeable that with
an increase in the PEG molecular weight the degree
of reduction of the studied indicator was different for
different species. It can be assumed that such a
difference in pollen response is due to the different
osmotic potential of the pollen grains considering the
natural habitat and presence a number of
xeromorphic traits in L. hirsutum and L. pubescens as
apposed to L. grandiflorum and L. thracicum (Tutin et
al., 1968).

Pandey and Kumar (2013) have investigated in
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Fig. 2 - Pollen germination of L. grandiflorum (1) and L. hirsutum (2) on the media with PEG of different molecular weight and with
sucrose: (a) PEG-2000, 30% + sucrose, 5% (b) PEG-6000, 30% + sucrose, 5%; (c) PEG-20000, 5% + sucrose, 15%.
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vitro pollen germination in L. usitatissimum on a
medium containing as an osmotic only sucrose.
However, despite the high ability of the pollen of this
species to germinate under the given conditions,
pollen grains emitted mostly pollen tubes with mal-
formed morphology. In our experiment pollen of
ornamental flax species germinated well and devel-
oped normal pollen tubes on the media containing,
in addition to the basic components, PEG-2000 as an
osmotic agent.

4. Conclusions

Wild species of the genus Linum are widely repre-
sented on the ornamental plant market. Moreover,
their relatives can be used as a source material for
fiber and oil flax breeding. For genetic and breeding
programs pollen quality assessment is an important,
and often necessary, procedure for their successful
implementation. In vitro germination of pollen on
artificial nutrient media is the simplest, but at the
same time reliable way to determine the pollen via-
bility. Our studies have shown that pollen of some
wild species of the genus Linum germinates well on
the media containing, in addition to boric acid and
calcium chloride, an osmotic agent in the form of
polyethylene glycol-2000. Replacing this osmotic with
polyethylene glycol of a higher molecular weight or
adding sucrose significantly impairs pollen germina-
tion rates. The patterns revealed allow to propose
the composition of an artificial nutrient medium for
germinating flax pollen, which will ensure its better
germination than is known from the available scien-
tific literature.
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