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ABSTRACT

The research goal was to study the morphogenesis of common buckwheat plantlets obtained using different stress-
ors in vitro. The research object was common buckwheat variety lzumrud - single-node cuttings (1.0-1.5 cm in length;
two-three lowest internodes) of the plantlets that were obtained by subculturing on a hormone-free MS medium and of
the lines that showed tolerance to CuSO, x 5H,O (161 and 184 mg/1) at the Laboratory of Agricultural Biotechnology.
Selective media were prepared based on the Murashige and Skoog medium supplemented with a zinc salt (ZnSOy4 x
7H,0) at concentrations of 808, 909, 1010, 1111, 1212, and 1313 mg/1. To evaluate the morphological characteristics
of the studied genotypes, their parameter values were calculated relative to the control and expressed as percentage.
The genotypes were compared in the following groups depending on the exposure to a certain stressor: group 1 — the
genotypes obtained without exposure to copper, group 2 — the genotypes obtained on the media containing the copper
salt at a concentration of 161 mg/l, and group 3 — the genotypes obtained on the media containing the copper salt at a
concentration of 184 mg/l. Plants from different groups demonstrated dissimilar growth rates under the toxic condi-
tions caused by the studied concentrations of zinc. The morphological parameter values of the copper-tolerant plants
(groups 2 and 3) were significantly higher than those of the plantlets obtained without exposure to copper. The plantlets
tolerant to CuSO,4 x SH,0 (161 and 184 mg/1) showed a heightened resistance to the selective factor (Zn) as evidenced
by their high regeneration and survival rates (95.7-100%).
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INTRODUCTION

Adaptability is the most important characteristic
that enables plants to adjust to heterogeneous environ-
ments. It is well known that a response to stress is an
active process aiming to achieve homeostasis under the
suboptimal conditions of a given environment (Koyro et
al., 2018). The adaptation of plants to numerous stresses,
which occur successively or simultaneously, might induce
reprogramming at the molecular, biochemical, cellular,
and physiological levels (Zhang et al., 2020). Research
in this area has been generating considerable interest in
breeders. Innovations in the biotechnologies and biolog-
ical control aimed at improving plant resistance to heavy
metals have been gaining in popularity as well. These ad-
vances might become an effective method for increasing
the yield and quality of agricultural crops.

Common buckwheat (Fagopyrum esculentum Moench)
is a diploid annual plant species characterized by a broad
range of stress resistance and plasticity and widely spread
in Russia and other countries in Asia, Europe, and the
Americas (Kreft, 2007; Chrungoo et al., 2016; Germ et
al., 2016). Common buckwheat is an important food crop
in the mountainous regions of India and China due to
its short growing period, ability to grow at high altitudes,
and high-quality protein in grain.

There is a lack of sufficient research on the adaptive
responses of common buckwheat plants to metal stress
coordinating their growth and development in vitro.
E.N. Barsukova et al. have conducted a large number of
experiments to study how heavy metals influence the
tissue culture of E esculentum (Barsukova, 1997, 2003,
2008; Barsukova et al., 2019, 2020; Klykov et al., 2019).
They have discovered that buckwheat is highly tolerant
to copper and zinc salts in vitro (Barsukova, 2003). The
researchers have noted the varietal specificity of the stud-
ied plants in the resistance of their seeds germinated in
Petri dishes to lethal and sublethal doses of copper and
zinc. It has been found out that zinc ions produce a more
adverse effect and aftereffect on the growth and develop-
ment of callus cells and microshoots compared to copper
ions (Barsukova et al.,, 2011). Additionally, the tolerance
of cellular structures to ion stress is determined by their
genotypes. As a result of the conducted research, promis-
ing buckwheat variety Ussurochka was created using the
methods of tissue culture and hybridization. This varie-
ty is characterized by increased yield and rutin content
(Klykov et al., 2017). Thus, more information on the bio-
logical processes that allow plants to survive under stress

conditions is required to create productive and stress re-
sistant varieties with the highest quality of produce.

Our research goal was to study the in vitro morpho-
genesis of the common buckwheat microclones that were
obtained using various stressors.

MATERIALS AND METHODS

Common buckwheat variety Izumrud (created in
ESBSI “FSC of Agricultural Biotechnology of the Far East
named after A.K. Chaiki”) was used as the research ob-
ject, namely single-node cuttings (1.0-1.5 cm in length;
two-three lowest internodes) of the plantlets that were
obtained by subculturing on a hormone-free MS medium
and of the lines that showed tolerance to CuSO, x 5H,O
(161 and 184 mg/1) at the Laboratory of Agricultural Bi-
otechnology.

To create selective conditions, the MS medium was
supplemented with a zinc salt (ZnSO,4 x 7H,0) at the fol-
lowing experimental concentrations (variants): 808, 909,
1010,1111,1212, and 1313 mg/1. The aseptic single-node
cuttings were grown on the MS medium with the stand-
ard amount (8.6 mg/]) of zinc sulfate (the control) and the
experimental selective media with zinc for thirty-three
days. Twenty test tubes were used in each experimental
variant with three repetitions. The survived genotypes
were subcultured (two passages) on the nutrient MS me-
dia. The duration of each passage was thirty-three days.

To study the adaptability of the E esculentum plants
obtained using various stressors in vitro, we carried out
the comparative evaluation of their responses to the
stress caused by cultivation on the selective media with
zinc (808-1313 mg/1 of ZnSO, x 7H,0). The following pa-
rameters were evaluated: relative plant height of the stud-
ied specimens (calculated relative to the control (%)) and
the presence of rhizogenesis (% in each variant). The sur-
vival rate of the microclones was calculated in each variant
as the ratio of the survived specimens to the total num-
ber of the microclones cultured on the MS and expressed
as percentage. The studied parameters were compared
in the following groups of stressors: group 1 — the geno-
types obtained without exposure to copper, group 2 — the
genotypes obtained on the media containing 161 mg/1 of
CuSOy x 5H,0, and group 3 - the genotypes obtained on
the media containing 184 mg/1 of CuSO, x 5H,0.

Microsoft Excel 2010 and PAST4.03 were employed
for the input, processing, and statistical analysis of the
research data.
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RESULTS AND DISCUSSION

E esculentum plants from different groups of stress-
ors demonstrated dissimilar regeneration rates at the
studied toxic levels of zinc (808-1313 mg/l ZnSO4 x
7H,0). The relative parameter “plant height” in the first
group, where the regenerants were not exposed to cop-
per, varied within 2.7-14.4% among the experimental
variants and was by 6.9-37.0 times lower than the con-
trol (Figure 1).

The specimens obtained on the selective media with
copper showed more intense growth. The height of the
plants from the second group (161 mg/l of the copper
salt) was 6.1-28.6%, which was by 3.5-16.4 times lower

than the control. The height of the plants from the third
group (184 mg/! of the copper salt) was 5.7-17.8% (low-
er by 5.6-17.5 times). The lowest plant height in all the
groups was observed on the selective media at zinc salt
concentrations of 1111-1313 mg/l. It should be noted
that the height of the plants tolerant to copper (the sec-
ond and third group) exceeded the values of the speci-
mens obtained without exposure to copper by 1.2-2.7
times. The most significant difference (by 2.4-2.7 times)
was observed among the variants with copper salt con-
centrations of 1111-1212 mg/1.

During the first subculturing of the mircoplants un-
der the non-selective conditions, the discovered tenden-

Figure 1. Height of plants from different groups of stressors on the 21 day of cultivation on the media with zinc (% relative to the control)

Figure 2. Height of plants from different groups of stressors, the first subculturing on the MS (% relative to the control)
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Figure 3. Height of plants from different groups of stressors, the second subculturing on the MS (% relative to the control)

Figure 4. Characteristics of the rhizogenesis in plants from different groups of stressors (a — on the 21°* day of cultivation on the medium
with zinc, b — the first subculturing on the MS, ¢ — the second subculturing on the MS)
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Figure 5. Survival rate of plants from different groups of stressors on the selective media with zinc

cies remained. However, differences between the rela-
tive height of the plants from the first and second-third
groups increased significantly, especially in the variants
with 1212-1313 mg/1 (by 22.3-31.7 times) (Figure 2).

During the second subculturing on the MS, the
plants from the second and third group had an increased
regeneration rate. Their height reached 53.8-100.0% of
the control in all the experimental variants. The micro-
clones from the first group had substantial height after
808-1111 mg/1 of the zinc salt (67.6-100%) but suffered
considerably after 1212-1313 mg/1 (0.6-2.9%) (Figure 3).

The high toxicity effected root formation — rhizogene-
sis was absent in the three groups in all variants with zinc
on the 215 day of cultivation (Figure 4a).

During the first subculturing on the MS without the
toxicant (Figure 4b), roots developed in 11.1-37.1% of
the plants from the first group in the variants with zinc
salt concentrations of 808-1010 mg/1 (depending on the
dose of zinc), in 10-100% of the plants from the second
group in the variants with zinc salt concentrations of
808-1212 mg/], and in 10-100% of the plants from the
third group in all the experimental variants. During the
repeated subculturing, roots developed in the second and
third group in all the studied variants. No roots formed
in the first group in the variant with a zinc salt concentra-
tion of 1313 mg/1 (Figure 4c).

The survival rate of the plants obtained as the result
of the complex effect of copper and zinc (the second and
third group) (80-100% in the variants) exceeded signifi-
cantly the survival rate of the plants from the first group
(30-100%), which was not exposed to the toxicity of cop-

per ions (Figure 5). The regenerants obtained using the
selective factors were characterized by high values of the
morphological parameters and survival rate (95.7-100%
in general). Manifestations of the toxic stress were con-
siderably lower during the second subculturing.

It is well known that an increase in resistance to one
stressor might lead to an increase in tolerance to anoth-
er [Swaaly et al., 1986; Zinchenko et al., 2013). This was
confirmed by our experiment. The genotypes exposed to
the severe ion stress (184 mg/1 of copper) demonstrated
the highest survivability under the toxic conditions. The
difference in the responses of the studied specimens to
the selective factor (zinc) might be due to genomic mu-
tations, which could occur under the influence of heavy
metals in the selected groups of buckwheat because the
level of stress resistance is a genetically controlled and
heritable trait (Barsukova, 2017).

CONCLUSION

Common buckwheat is highly adaptable to high dos-
es of zinc (808-1313 mg/l of ZnSO, x 7H,0) in a nu-
trient medium in vitro (survival rate of 30-100%). The
genotypes obtained by subsequently using the selective
factors (copper and zinc) were characterized by high
values of the studied morphological parameters and an
increased survival rate. The highest rate of post-stress
regeneration was noted in the buckwheat regenerants
tolerant to the complex effect of the heavy metals. Man-
ifestations of zinc toxicity considerably decreased during
the second-third subculturing.
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IZVLECEK

Prilagodljivost rastlin ajde in vitro

Cilj raziskave je bil preutiti morfogenezo rastlin navadne ajde, pridobljenih in vitro z uporabo razli¢nih stresnih de-
javnikov. Raziskovali so rastline navadne ajde, sorta [zumrud - potaknjence z enim nodijem (od dveh ali treh najnizjih
nodijev), dolzine 1,0-1,5 cm, pridobljenih s subkultiviranjem na mediju MS brez hormonov. Uporabljene so bile linije,
ki so pokazale toleranco na CuSO,4 x SH,O (161 in 184 mg/1), v Laboratoriju za kmetijsko biotehnologijo.

Selektivno gojisee je bilo pripravljeno na osnovi gojid¢a Murashige in Skoog, dopolnjenega s cinkovo soljo (ZnSO, x
7H,0) v koncentracijah 808, 909, 1010, 1111, 1212 in 1313 mg/l. Za oceno morfologkih znacilnosti preu¢evanih ge-
notipov so bile njihove vrednosti parametrov izracunane v primerjavi s kontrolo in izrazene v odstotkih. Genotipe
so primerjali po skupinah, odvisno od izpostavljenosti dolo¢enemu stresorju: skupina 1 - genotipi, pridobljeni brez
izpostavljenosti bakru, skupina 2 — genotipi na gojidcu, ki je vsebovalo bakrovo sol v koncentraciji 161 mg/l, in skupina
3 — genotipi na gojis¢uy, ki je vsebovalo bakrovo sol v koncentraciji 184 mg/1.

Rastline iz razli¢nih skupin so pokazale razli¢ne stopnje rasti v toksi¢nih razmerah, ki jih povzro¢ajo koncentracije
cinka. Morfologke vrednosti parametrov rastlin, odpornih na baker (skupini 2 in 3), so bile bistveno vi$je od vrednosti
pridobljenih brez izpostavljenosti bakru. Rastline, odporne na CuSO, x 5H,0O (161 in 184 mg/1), so pokazale povecano
odpornost na selektivni faktor (Zn), kar dokazuje visoke stopnje regeneracije in prezivetja (95,7-100%).
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