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Introduction
Currently, various methods of plant micropropaga-
tion in vitro are gaining in recognition and populari-
ty. An important step in the micropropagation is the selec-
tion of an optimal nutrient medium, which will enable the
highest possible yield of experimental material for cultiva-
tion. This is especially relevant for cross-pollinated and rare
plant species. Additionally, this method allows researchers
to study the biological effect of plant extracts under labora-
tory conditions reducing the cost of field experiments.

Common buckwheat Fagopyrum esculentum Moench,
1794 is a species of herbaceous plants from the genus
Fagopyrum of the family Polygonaceae. Preserving and
multiplying valuable genotypes with the use of micropropa-
gation methods is of considerable importance for this
cross-pollinated crop [1]. According to A. Tomasiak et al.
[2], buckwheat is sensitive to growing conditions in vitro,
which is widely used for studying the regeneration of
sprouts, the induction of callus formation, organogenesis,
somatic embryogenesis, and the synthesis of phenolic
compounds [3-5].

The methods of buckwheat tissue culture are believed to
be well developed in fundamental and applied aspects [6].
Different variants of the Murashige and Scoog nutrient
medium [7] supplemented with plant hormones, vitamins,
and minerals [8-14] are employed for the biotechnological
propagation of buckwheat. All the developed methods for
the micropropagation of buckwheat allowed researchers to
prevent callus induction in explants and obtain clones that
were genetically identical to their parents. However, if
regeneration is stimulated with a high concentration of hor-
mones, which cause cell dedifferentiation and prolonged
cultivation, the occurrence frequency of genetic modifica-
tions rises [6]. For this reason, search for the plant extracts
that are able to stimulate the regenerative ability of plant
organisms is a promising direction of biotechnological
research because the effect on their genetic apparatus is
eliminated in this case.

There are limited data on the use of plant extracts as
components of nutrient media for plant micropropagation
in vitro. To increase the efficiency of this process, .M.
Fardzinova suggested to use an infusion of magnolia vine
[15] and tropical chestnut [16], extracts from aloe [17],
rose root [18], and Siberian ginseng [19]. Seaweed con-
centrate «Kelpak» (0.25%) was added to a culture medium
for potato and improved the quality of plantlets [20]. I.Yu.
Solokhina [21] recommends extracts from common oat,
buckwheat, and Jerusalem artichoke for the micropropa-
gation of cucumber.

There is a hypothesis that phenolic compounds, e.g.
phenolcarboxylic acids, increase the efficiency of plant
propagation at the stages of proliferation, root forma-
tion, and adaptation in vitro [22]. The potential sources
of phenolic compounds, including flavonoids, are plants
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from the buckwheat family F. esculentum and
Reynoutria japonica Houtt. For example, the above-
ground parts of buckwheat plants belonging to varieties
Pri 7 and lzumrud were determined to contain rutin in a
concentration of 12.5-21.7 mg/g of the dry matter [23].
A study on the flavonoid composition of extracts from R.
japonica leaves identified eleven flavonoid compounds;
the total amount of flavonoids was 3.66% on average,
the rutin content was 1.28% and the content of
quercetin was 0.53% [24]. There is some evidence that
a solution of R. japonica extract has a stimulating effect
on the germination rate and seed vigor of Triticum aes-
tivum L., Hordeum vulgare L. and Glycine max (L.) Merr.
[25], Tagetes erecta [24]. F. esculentum extracts
demonstrate growth-stimulating activity during the ger-
mination of buckwheat seeds [26]. Thus, bioactive com-
pounds contained in plant extracts, including flavonoids
from the representatives of the buckwheat family, can
produce growth-stimulating effect on test-tube buck-
wheat plantlets.

Our research goal was to study the effect of extracts
from plants of the family Polygonaceae on the growth and
development of buckwheat plantlets in vitro.

Materials and methods

Sterilizing the box, laboratory glassware, and instru-
ments, preparing and autoclaving the nutrient media were
performed according to generally accepted protocols [27].

Matured seeds of two common buckwheat varieties
were used as starting explants. Variety Dikul was created in
FSBSI “Federal Scientific Center of Lemunes and Groat
Crops” and variety lzumrud was bred in FSBSI “Federal
Scientific Center of Agricultural Biotechnology of the Far
East named after A.K. Chaiki”. Previously reported meth-
ods [28] were employed to sterilize the plant material, intro-
duce itinto the in vitro culture, and obtain the needed quan-
tity of plantlets for the experiment.

Preparing aqueous-alcoholic extracts from F. esculen-
tum and R. japonica

Plant leaves were dried by the method of air drying in
shade to achieve a moisture content of 12% and then
ground to 1 mm fractions using a laboratory LZM mill. The
extraction was performed employing a reflux reaction
apparatus with CoHsOH 70% (t 90°C) and vacuum filtration;
the obtained extracts were transferred into a volumetric
flask. Before use, the necessary amount of the extracts
was dealcoholized by evaporation until the smell of alcohol
disappeared and reconstituted to the initial volume with dis-
tilled water.

Studying the growth-stimulating activity of the plant
extracts for the micropropagation of buckwheat in vitro

The MS culture media were supplemented with the deal-
coholized extracts from F. esculentum and R. japonica in a
concentration of 1 ml, 5 ml, and 10 ml per 11 (Table 1).

Table 1. Variants of the content of the extracts from F. esculentum and R. japonica in the MS nutrient medium
Tabnuya 1. BapuaHmsi codepxaHusi akcmpakmoe F. esculentum u R. japonica e numamenbHol cpede MC

Content of the extract in the nutrient medium, ml/L

Component of the nutrient medium
Control

MS1. Extract from F. esculentum

MS2. Extract from R. japonica -

0.1% 0.5% 1%
1 5 10
1 5 10



Statistical analysis

Microsoft Excel 2010 programms were used for data
input, processing of the original data, and statistical analy-
sis. Software Statistica 6 was used to perform single-factor
dispersion analysis. The results are expressed as means +
standard deviation.

The nutrient medium without extracts served as the con-
trol variant. The morphobiological parameters of the
plantlets (plant height, the number of internodes, the num-
ber of leaves, leaf length, and the number and length of
roots) were determined on the 21¢ day of cultivation. The
length of roots was measured using a web cam on a stand
and software IC Measure 1.0. The experiment was con-
ducted with three repetitions.

Results and discussion
As the result of the conducted research, it was discov-
ered that the nutrient media with the extracts had a stimu-

Fig. 1. Buckwheat plantlets of variety Izumrud on the nutrient media with the extract from
F. esculentum (MS1) on the 4th day of cultivation
Puc.1.MukpoknoHbl rpeynxu copta U3ympya Ha nutaTenbHbIX cpeAax ¢ 3KCTPaKToM
F. esculentum(MC1) Ha 4-e cyTku KynibTUBUPOBaHUS
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lating effect on the development of the buckwheat plantlets
already at the first stages of cultivation in vitro. The fast
growth of microshoots and the appearance of leaves were
observed (fig. 1).

The analysis of the obtained data showed that a signifi-
cant positive effect was achieved on the MS1 media with
the extract from F. esculentum on the 21 day of cultivation.
The morphobiological parameters of the plantlets were
considerably higher in all experimental variants compared
to the control (table 2).

The number of internodes is an important parameter
determining the efficiency of micropropagation through
the use of microcuttings. The media with the extracts
increased their number up to 5.67-6.00 and the net repro-
duction coefficient was 4.67-5.67 exceeding the control by
more than two times. The highest number of leaves and
leaf length were noted in the variants with the use of the
extracts.

The key moment in micro-
propagation is rhizogenesis in
vitro. A well-developed root sys-
tem produces a beneficial effect
on the growth of test-tube plant-
let. The root formation was
improved in the variants with the
use of the extracts, which facili-
tated an increase in the regener-
ative ability of the plantlets.
Variety lzumrud had a higher
number of roots than the control
(by 4.5-5.5 times on average,
3.00-3.67 pcs.); the maximal
observed root length was 35.12-
89.55 mm (table 2, fig. 2).
Variety Dikul formed a lower
number of shorter roots (2.00-
3.33 pcs. on average, 14.88-
74.95 mm).

Table 2. Effect of the nutrient medium with the extract from F. esculentum (MS1)
on the growth and development of buckwheat in vitro (on the 21st day of cultivation)
Tabnuya 2. BnusiHue numamenbHoli cpedbi ¢ akcmpakmowm F. esculentum(MC1)
Ha pocm u pa3gumue 2pequxu invitro (21-e cymku KynsmueupoeaHusi)

Plant Number Number Leaf Number Root Net

Variant height, of internodes, of leaves, length, of roots, length, reproduction
cm pcs. pcs. mm pcs. mm rate

variety lzumrud
Control 7.46+2.32 4.00+0.58 6.33+0.57 8.67+3.21 0.66+0.60 12.31£12.00 2.33
0.1% 14.37+4.13* 5.67+1.15 7.33+2.08 12.00+£3.61* 3.00+2.00* 89.55+45.50% 5888
0.5% 14.20+3.60* 5.67+0.58 7.67+1.53 12.67+3.51* 3.33+2.00* 86.05+33.66* 5.67
1% 8.67+3.55 4.67£1.15 6.33£1.15 10.67+0.58 3.67+0.58* 35.12+17.85* 4.67
variety Dikul

Control 2.3041.13 3.33£2.08 5.00£3.6 6.3314.73 00 0£0 2.66
0.1% 11.03+2.22* 6.00+2.00* 8.00+1.00* 13.67+1.53* 2.00+1.0* 59.97+16.01* 5.67
0.5% 13.90+4.01* 6.00+2.65* 9.00+4.58* 14.33+2.08* 3.33+2.08* 74.95+49.67¢ 5.00
1% 4.33+0.45* 5.67+0.57* 8.67+1.53* 8.67+2.52 2.00+1.73* 14.88+13.89* 5.67

Note. Differences are relevant at *p < 0.05 compared to the control.
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b

Fig. 2. Root development in the buckwheat plantlets of variety lzumrud

on the MS nutrient media containing the extract from F. esculentum (a —control, b —0.1%, ¢ —0.5%, d — 1%)

Puc. 2. KopHeobpa3oBaHue pereHepaHTOB rpe4yuxu copta U3ympyn

Ha nutaresibHbIX cpegax MC1, cogepxawynx akcTpaktsi F. esculentum (a —koHTposb; b —0,1%; ¢ —0,5%; d — 1%)

The strongest positive effect was observed on the media
supplemented with the F. Esculentum extract in a concen-
tration of 0.1-0.5%; the regeneration of plants was the most
intensive in these variants. The morphobiological parame-
ter values were as follows: plant height — 11.03-14.37 cm,
the number of internodes - 5.67-6.00 pcs., the number of
leaves — 7.33-9.00 pcs., leaf length — 12.00-14.33 mm, the
number of roots - 2.00-3.33 pcs., root length - 59.97-89.55
mm, and the net reproduction rate - 5.00-5.67.

Our study on the regenerative ability of the buck-
wheat plantlets growing on the nutrient media with
the extract from R. japonica (MS2) showed that the
plant height was by 2.3-7.5 times higher in the exper-
imental variants than in the control (11.27-17.27 cm
on average) (table 3). The exception was the variant
with variety Izumrud and the nutrient media with the
extract in a concentration of 1%. No significant differ-
ences in the morphobiological parameters from the

control group were detected in this case, probably,
due to the fact that the high concentration of the
active ingredient had a slight inhibitory effect on the
growth of this variety.

The number of internodes (4.67-7.33 pcs.) and the net
reproduction rate increased; the latter was 4.00-6.33
exceeding the control by 1.7-2.7 times. The extract did not
affect the number of leaves significantly but the leaf length
increased to 9.00-13.67 mm.

The medium supplemented with the extract consider-
ably stimulated the rhizogenesis in the plantlets (table 3,
fig. 3). Thus, the number and length of roots were higher
(2.83-4.33 pcs. and 30.23-110.33 mm, respectively) on
average than the control (0.00-0.65 pcs. and 0.00-12.31
mm, respectively).

The buckwheat plantlets developed better on the nutri-
ent media with concentrations of the R. japonica extract
within 0.1-0.5 %. The observed morphological parameter

Table 3. Effect of the nutrient medium with the extract from R. japonica (MS2)
on the growth and development of buckwheat in vitro (on the 21st day of cultivation)
Ta6nuya 3. BnussHue numamensHoli cpedbl ¢ 3kcmpakmom R. japonica (MC2)
Ha pocm u pazgumue 2peyuxu in vitro (21-e cymku KynbmueupogaHusi)

Plant Number Number Leaf Number Root Net

Variant height, of internodes, of leaves, length, of roots, length, reproduction
cm pcs. pcs. mm pcs. mm rate

variety lzumrud
Control 7.4612.32 4.00+0.58 6.33+0.57 8.67+3.21 0.650.60 12.31+£12.00 2.33
0.1% 17.27+1.79* 7.00+1.00* 7.3310.58 13.33+0.58* 3.670.58* 110.33+42.14* 6.33
0.5% 17.23+1.94* 7.33+1.15% 8.33+3.06 13.673.21* 4.33+2.89* 92.65+35.54* 6.00
1% 6.70+4.46 4.67+0.58 7.00£1.00 12.00£2.65 3.67+1.53* 30.23+23.41* 4.00
variety Dikul

Control 2.30+1.13 3.33+2.08 5.00+3.6 6.33+4.73 0+0 00 2.67
0.1% 15.77+0.61* 5.67+0.58* 7.333.21 12.33+2.08* 3.33+0.58* 74.70+32.43* 4.66
0.5% 11.67+6.98* 5.67+0.58* 6.67+1.53 12.00+1.00* 3.33+0.58* 31.37+10.53* 5.33
1% 11.27+5.39* 5.33+1.15% 8.00£2.00 9.00+3.46* 2.3341.15* 38.19+14.73* 5.33

Note. Differences are relevant at *p < 0.05 compared to the control.
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Fig. 3. Root development in the buckwheat plantlets of variety lzumrud

on the MS nutrient media containing the extract from R. japonica (a —control, b —0.1%, ¢ —0.5%, d — 1%)
Puc. 3. KopHeobpa3oBaHue pereHepaHTOB rpe4Ynxu copta U3ympyn Ha nuTatesnbHbIx cpegax MC,
cogepxalmnx aKCTPaKTbl PeHYTPUUN ANMOHCKOM (a —KOHTposb; b —0,1%; ¢ —0,5%; d — 1%)

values were the highest: plant height - 11.67-17.27 cm, the
number of internodes - 5.67-7.33 pcs., leaf length — 12.00-
13.67 mm, the number of roots - 3.33-4.33 pcs., root
length — 74.7-110.33 mm, and the net reproduction rate —
5.33-6.33.

Extracts from common buckwheat have been reported
to produce a growth-stimulating effect by some authors. It
was discovered that bioflavonoids from plant extracts were
able to activate the growth of roots and shoots in potato
under in vitro conditions on % B5 nutrient medium [29] and
Gamborg’s medium [30]. A considerable growth rate of
roots was noted in plantlets on a MS medium supplement-
ed with this extract. According to B.A. Kapusina et al. [31],
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the addition of extracts from buckwheat and common oat
to a culture medium might stimulate the growth and devel-
opment of potato plantlets and decrease fungal infection.

Conclusions

1. The extracts from plants of the family Polygonaceae
(F. esculentum and R. japonica) stimulated the growth and
development of the buckwheat plantlets in vitro consider-
ably increasing the net reproduction rate (up to 4.67-6.33)
and facilitating the root development.

2. The increase in the concentration of the extract to 1%
in the nutrient medium did not produce a significantly
stronger effect.
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