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ABSTRACT

Theopaper presents the results of different ways of overcoming dormancy of seeds
of Oxytropis chankaensis Jurtz., a rare endemic species of the Far Bast characterized
by small 1solated populations. The peculiarities of seed germination under the in-
fluence of various abiogenic factors were studied: concentrated sulfuric acid, strati-
fication, seed hilum puncture and abrupt temperature difference. A protocol for
introducing the species studied to culture 7 vifro in order to preserve this endemic
has been developed. The assessment of seedling viability after exposure to each of
the factors was carried out. It was shown that the most effective and fastest way of
scarification is the use of concentrated sulfuric acid. Stimulation of seed germina-
tion by this factor leads to 100 % seed germination and obtaining more than 90 %
of viable plants capable of microclonal multiplication.

Keywords: rare species, seed reproduction, scarification, biodiversity conservation, en-
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PE3IOME

Bepaacosa K.C,, ITeanosa A.C., Kamenepa A.A. Bananue abuorudeckux
(paKTOPOB HA BCXOXKECTb i7 Vitro CeMsAH Oxytrlgpis chankaensis Jurtz.,
peaxoro sHaemuuHOro Bupaa AaasHero Bocroka Poccum. B pabore mpea-
CTABACHBI PE3YABTATHl PASAMYHBIX ITYTCH MPEOAOACHIUS OKOA ceMs Oxyliropis
c/mméaemz’y?urtz. — peakoro suAemuka AaapHero Bocroka, XapakTepusyromnerocs
HC6OAI)LHI/IMI/I I/ISOAI/IPOBQHHI)IMI/I ITOITYASITASMH. brian H3y9ICHDL OCO6CHHOCTI/I
HpOpaCTaHHH CEMAH IIOA BAMAHHEM pa3/\I/IqHI)IX 2.6I/IOT€HHBIX g)aKTOpOB: KOH-
LIEHTPUPOBAHHAN CECPHAA KHCAOTA, CTPATU(UKALINS, IIPOKOA PyOUNKA U PE3KUIL
TEMIICPATYPHBIH IeperaA. PaspaboTaH MPOTOKOA BBEACHHSA HCCACAYEMOTO BHAA
B KYABTYPY 2 Vifro C IIEABIO COXPAHEHHA AAHHOIO sHAeMHKA. [TpoBeacHa oren-
Ka JKH3HECIIOCOOHOCTH IPOPOCTKOB ITOCAE BOSACHCTBHS KAIKAOLO U3 (DAKTOPOB.
[MToxkaszano, uro HanboAee 3 PEKTUBHBIM 1 OBICTPEIM CITOCOOOM CKAPU(UKAIIAN
ABAACTCSH HCIOAB3OBAHIE KOHIICHTPUPOBAHHON CEPHON KHCAOTBL CTHMYASAIHS
IIpOpacTaHuss CeMAH AAHHBIM hakTopom puBoAnT K 100 % BexomecTH cemaH
u nioAygenuro ooaee 90 % HKM3HECIIOCOOHBIX PACTEHHH, CIIOCOOHBIX K MUKPO-
KAOHAABHOMY PAa3MHOKCHUIO.

KaroueBpIe CAOBA: PEAKHIT BHA, CEMECHHOE BO3OOHOBACHHE, CKAPH(HUKAIINSA, COXPAHE-
HEe OHOPA3HOOOPA3USA, SHACMUK

One of the effective strategies for the conservation of
unique flora species is based on microclonal propagation
methods as well as on the study of seed germination me-
chanisms. Understanding seed germination conditions and
finding optimal 7z vitro cultivation protocols are essential for
successful and rapid reproduction of the plant gene pool.

Specialist plant species with a narrow distribution range
are more vulnerable compared to other species (Burlakova
et al. 2011). One such plant in the flora of the Far East
is Oxytropis chankaensis Jurtz., a perennial herbaceous plant
of the family Fabaceae, occurring on the western shore of
Lake Khanka (Primorye Territory, Russia) (Fig. 1A-D). It is
endemic to the Far East and is listed in the Red Data Book
of Primorye Territory (Pavlova 2008).

According to the International Legume Database and
Information Service (ILDIS), O. chankaensis is considered a
subspecies of O. bailarensis Kitag, 1..1. Malyshev (2008) treated
O. chankaensis as a synonym of O. bailarensis. Whereas in the
Flora of China, O. hailarensis is synonymous with O. axyphylla
(Pall) DC. However, according to Artyukova & Kozyrenko
(2012), O. hailarensis and O. oxyphilla are independent species.
Thus, the taxonomic position of O. chankaensis remains

ambiguous. In this work, we share the viewpoint of Pavlova
(1989) and accept O. chankaensis as an independent species.

The species is confined to open sandy habitats; the po-
pulations are isolated from each other. The area occupied by
the species is subject to anthropogenic impact. In addition,
in the past 20 years, nearly all habitats of O. chankaensis has
disappeared or has been heavily transformed by the rising
water level in Lake Khanka (Zhuravlev & Klyshevskaya
2015). Such factors could lead to the complete extinction
of the unique Far Eastern species.

Although biotechnological methods are now widely
used to conserve rare and endemic plants (Engelmann
2011, Reed et al. 2011, Cotlett 2017, Coelho et al. 2020),
there is little data on alternative ways to conserve Oxyzropis
species. I vitro cultivation of Oxytropis triphylla (Pall.) Pers.,
an endemic of the endangered Baikal flora, has been
reported by Yurjeva et al. (2008). In 2015, He et al. (2015)
demonstrated the possibility of successful 7 vitro cultivation
of Oxytropis glabra (Lam.) DC. However, there are no data on
microclonal propagation of O. chankaensis. The only known
biotechnological method for conservation of this species is
seed cryopreservation (Voronkova & Kholina 2017).
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Seeds of the studied species have a relatively large emb-
ryo, a curved hypocotyl, and a rather small endosperm.
Due to the water-repellent shell of the seeds, they are cha-
racterized by physical dormancy (PY). Physical dormancy,
also known as seed hardness, is due to the complete water
resistance of the seed coat and, less frequently, the pericarp.
Water impermeability, in turn, is determined by some features
of the seed coat structure, i.e. the presence of cuticle and
highly developed palisade epidermis (Nikolaeva et al. 1985).

Thus, evaluation of the influence of various abiotic
factors on seed germination in O. chankaensis and on its
further microclonal propagation is of great interest. The
overall objective of this study was to determine the opti-
mal conditions for stimulating mass seed germination in
O. chankaensis when cultured in vitro.

MATERIAL AND METHODS

Mature seeds of O. chankaensis collected in natural habi-
tats on the sandy shores of Lake Khanka (Khanka Region,
Primorye Territory) served as the material for this study.

Seed morphology and quality were studied using a Stemi
DV4 stereomicroscope (Catl Zeiss, Germany).

Seed pretreatment was performed according to the
following schemes:

1) thermal exposure (seeds were placed first in cold
(8°C) and then in hot (+80°C) water for 5 seconds, in
5 repetitions);

2) treatment of seeds with concentrated sulfuric acid for
25 minutes;
3) puncturing the seed hilum with a needle;

4) freezing the dry seeds in the freezer at -18°C for 7 days.

Sterilization and germination of seeds was catried out
in the following sequence:

1. Seeds were sterilized with 1 % silver nitrate solution
for 20 minutes, then washed with 1 % sodium chloride
solution.

2. Sterilized seeds were washed three times with sterile
distilled water.

3. Seeds were germinated on Murashige & Skoog (1962)
hormone-free nutrient medium.

4. Seed efficiency and germination rate were evaluated under
different pretreatment methods during the first week of
cultivation at 3000 lux and 16/8 h light/datk illumination.

v

|II!III[II'IIII]IIlIIIIII’III!|IliI'iiI!IIIII[IIIIIlIIIli]iI]IiiI|IIII|IIII]IIII||l|||IIII|IIII'IIII|IIH}IIII!IIII|IIIIIIIII
5

6 7 8 9 10 1 12 13 14 15 16 1 }\

. )
DI
: a,-.‘

5. Germination was recorded by the appearance of a
3 mm long rootlet. Germination and seed viability were
monitored daily for all treatment types. Seed viability is a
measure of the percentage of seeds that remain alive and
produce plants after germination.

Experiments were performed in 3 replications, 30 seeds
each. Statistical processing and data analysis were performed
using Microsoft Office Excel (2013). All data are presented
as mean and error bars indicate standard deviation.

RESULTS
Seed morphology

The average seed size of O. chankaensis is 1.55 mm. The
shape is reniform, the surface is smooth, matte, sometimes
slightly shiny. The color is brown-olive (Fig, 1B).

In vitro germination

During incubation on the nutrient medium, seeds
swelled rapidly, and their zz vitro germination rate depended
on the type of their pretreatment. When seeds were
exposed to concentrated sulfuric acid, mass germination
was registered on the second day, with 93 % of the sprouts
being viable and later forming additional shoots. Seed hilum
puncture also proved to be efficient — the first sprouts
emerged on the third day, and resulting microplant viability
reached 66 %, which is one-third lower than when using
a chemical agent. The lowest values were obtained during
thermal exposure, when the seeds were first put into cold
and then into hot water. When applying this method, the
first sprouts appeared on the fourth day. Only 13 % of all
germinated microplants were viable. The experiment with
seed pre-freezing showed low viability of the resulting
sprouts (46 %). Moreover, this method is inferior to the
previous three in terms of germination rate (the first
sprouts emerged on the fifth day after sowing).

DISCUSSION

Seed dormancy in O. chankaensis is defined by the dense
pericarp and water resistance. Itis known that reactive oxygen
species (ROS) are involved in plant metabolism regulation
(Mittler 2017, Mhamdi & Breusegem 2018) and act as sig-
naling molecules that regulate normal plant growth and res-

ponse to stress of various genesis. It is moisture absorption

Figure 1 Oxytropis chankaensis Jurtz. fruits (A) (photo by K.S. Berdasova); seeds (B) at full maturity collected on the shore of Lake Khanka
(Primorye Territory, Russia); microplant obtained in vitro (C) (photo by A.S. Pianova) and growing plant in natural conditions (D) (photo by

L.V. Kraynik)
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that contributes to ROS accumulation, which is the result
of metabolism resumption in seeds with physiological
dormancy (Bailly et al. 2008). Thus, we have studied the
impact of 4 abiotic stress factors on seed germination in
O. chankaensis and identified the most efficient approach to
obtain a large number of viable sprouts of the rare Far Fast
endemic. In our opinion, concentrated sulfuric acid acts as
the most impactful factor to overcome seed hardness and
trigger metabolic reactions in cells. Using this agent resulted
in 100 % seed germination as well as minimal losses during
their cultivation on the Murashige-Skoog nutrient medium
free of growth regulators (Fig, 2).

Furthermore, the microplants obtained retained their
viability and formed additional shoots (Fig. 1C).

Seed hilum puncture also facilitates an easy intake of
water and oxygen into the seed. At the germination stage,
only 10 % of seeds did not develop, that is 3 seeds out
of 30. During further cultivation, 7 more sprouts are lost,
hence 20 out of 30 plants remain viable. A decline in via-
bility may be attributed to the embryo damage caused by
seed hilum puncture and further abnormal development or
to the launch of an apoptosis programme due to ROS high
reactivity.

When modeling extreme natural conditions and stu-
dying factors such as seed freezing and temperature cont-
rast almost equal germination was noted — 18 and 12
sprouts respectively. It was expected that after using these
stimulation methods sprout viability would be high. How-
ever, when freezing dry seeds, only 14 sprouts retained
their viability and developed into robust microplants
during further 7z vitro cultivation. Therefore, this method
can also be used for preserving O. chankaensis, although it
is unlikely that many viable microplants will be obtained.
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Figure 2 Pretreatment impact on germination and viability of
Oxxytropis chankaensis Jurtz. when introduced to 7 vitro culture

The experiment based on a temperature contrast proved
to be the least efficient — only 4 microplants out of 30
remained viable (Table 1). As early as at the germination
stage, over half of the samples were lost. Such losses might
be caused by the thermal breakdown of enzymes triggering
oxidation-reduction reactions in the embryo, when the seed
coat dehisces. This part of the experiment demonstrates
low resilience of the rare Far Fast endemic O. chankaensis
and further confirms the urgent need to develop various
strategies for its reproduction and conservation.

CONCLUSION

The optimal conditions for stimulating mass seed germi-
nation in O. chankaensis when cultivated 7n vitro were indented.
Exposure of O. chankaensis seeds to concentrated sulfuric acid
is the most favourable and time-efficient way of pretreatment
since it triggers rapid destruction of the seed coat, opening
access to water and oxygen without damaging the embryo.
The majority of viable sprouts were obtained when using a
chemical agent — concentrated sulfuric acid.
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