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Abstract

This study was carried out to establish in vitro propagation system influenced by plant growth regulators through
organogenesis with three different seed sources (China, Mongolia and Russia) for conservation of genetic resources
in Northeast Asia. The experiment compared two different carbon sources (commercial sugar, sucrose), which showed
no significant differences in germination rate. Induced adventitious buds from leaf segments were found to be highly
effective when supplemented with 1.0 mg/L BA, 1.0 mg/L Kinetin, and 5.0 mg/L IAA, in the case of Chinese origin
96.8%, Russian origin R-1: 95.6%, R-2: 85.6%, and Mongolian origin M-2: 77.8%. It was effective in BA and Kinetin
with supplemented with IAA, respectively. Shooting development was also efficient in Woody Plant Media (WPM)
supplemented with 1.0 mg/L BA, 1.0 mg/L Kinetin and 5.0 mg/L IAA.
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Introduction

Seabuckrthorn (Hippophae rhamnoides 1..) is a decid-
uous broad-leaved shrub belonging to the Elaegnaceae
family. It is distributed in Europe, China, Mongolia, and
Russia, and there are 6 species and 12 sub-species worldwide
(Liand Schroeder 1996; Heingaho et al. 2006). Seabuckthorn,
which is native to Northeast Asia including Mongolia,
China, and Russia, are mainly distributed in rivers, margin-
al forests, and slopes. It is widely distributed in areas where
desertification occurs in China and Mongolia. Particularly,
in Mongolia and Inner-Mongolia of China, excessive graz-
ing is affecting the growth of seabuckthorn and its pop-
ulations are decreasing due to forest fires (Ochirbat and
Dejidkhuu 1986).

Seed oil of seabuckthorn is rich in carotene, flavonoid,
vitamin K and vitamin E, which promotes blood coagu-
lation through a catalytic action in prothrombin formation
(Rongsen 1992). Seabuckthorn fruit have glucose, fructose
and xylose, and organic acid of 3.9% (Ma and Cui 1989).
In addition, seabuckthorn includes protein, total 18 ami-
no-acid in fruit, and free amino acids (IMironov 1989). And
seabuckthorn used as a treatment for burn, stomatitis, ul-
cers and other types of product such as liquid, powder, film
in China, Russia, Mongoila (Letchamo et al. 2002).
Shuunguang and Chaode (2001) reported study on the
therapeutic potential of seabuckthron for human im-
munodeficiency virus (HIV) and Larmo et al. (2010) pub-
lished the seabuckthorn oil helps cure dry eye symptoms.
Therefore, the demand of seabuckthorn expected to in-
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crease potential medicinal value.

Researchs on in vitro tissue culture of seabuckthorn have
mainly been conducted on propagations, concentrated on
the studies on in vitro shoot multiplication and root symbio-
sis with Rhizobacterium (Montpetit and Lalonde 1988).
Yang et al. (2004) reported that research on preservation of
genetic resources for mass production and development of
new varieties of seabuckthorn need to be conducted. Even
though several clones were produced in China (Lummerding
2001; Liu et al. 2007), Europe (Sriskandarajah and
Lundquist 2009) and India (Gupta and Singh 2003) have
been studied on clonal reproduction, the useful data is not
enough to build up propagation in in vitro condition.
Therefore, this study was conducted to establish a mass
propagation system for the preservation and protection of
genetic resources of seabuckthorn from different countries
with different seed sources of seabuckthorn that grow natu-

rally in Northeast Asia.

Materials and Methods

Experiment materials

The seeds for this study were obtained from Mongolian
and Russian seeds from the Institute of Geo-ecology,
Mongolia and Chinese seeds from the Institute of Combating
Desertification, Inner-Mongolia, China. Seeds length and
width were measured. All seeds were stored in the seed stor-
age facility (4£2°C) at the Environmental Biotechnology
Laboratory, Dongguk University.

Seed germination by the different carbon sources

To investigate seed germination according to the carbon
sources, of sucrose and commercially available 3% general
sugar (white sugar, CJ CheilJedang, Korea) were added to
white medium (White 1939). In order to introduce the
seeds into the i vitro condition, the seeds were washed with
water for 30 minutes, immersed in 70% ethanol (EtOH)
for 30 seconds, and then immersed twice for 15 minutes in
50% NaOCl solution. This was followed by secondary dis-
infection using methanol surface heating treatment, and
then plated on the medium. The pH of all the media used
in the experiments was adjusted to pH 5.7 before steri-
lization, added 0.3% Bacto-agar with 0.15% gelrite, and

autoclaved at 121°C for 20 minutes. All culture conditions
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were maintained at 16:8 (day:night) at a temperature of
23%2°C and an illuminance of 40 pmol*m™+s". The seed
germination rate in in vitro was determined based on the
germination criteria of the seed having shoot primordia
with an elongation of 2 mm or more, and the data was meas-

ured 2 weeks after the placement.

Aaventitious bud induction by the treatment of
plant growth regulators

Seabuckthorn of cotyledons and leaf segments were used
for induction of adventitious buds under 7n vitro condition.
The media of WPM (Woody Plant Medium) were mixed
with 2.5% glucose and 0.5% sucrose and supplemented
with 0, 1.0, 5.0 mg/L. BA (Benzyladenin), 0, 1.0, 5.0 mg/L.
Kin (Kinetin), 5.0 mg/LL IAA (Indole-3-acetic acid), re-
spectively, to compare the effects of plant growth regulators.
The sub-cultures were repeated every 3 weeks during the

culture.
Root induction

Root induction was taken with sterilized soil with 1/2
WPM (pH 5.7), dispensed into a glass bottle. Control, 100
ppm and 1,000 ppm of IBA (Indole-3-butyric acid) and
NAA (1-Naphthaleneacetic acid) are immersed for 3 to §
seconds, and then placed in a sterilized culture medium to
induce roots.

Plantlet with tiny roots were transplanted using mixed
soil in outside condition and covered with a transparent
acrylic plate at the beginning of the transplant to maintain
sufficient humidity. Ventilation treatments were performed,
and after 3 weeks, the acrylic plates were removed to inves-

tigate whether it survived.

Results and Discussion
Morphology of seabuckthorn seeds

The characteristics of seabuckthorn seeds were inves-
tigated using seeds from seabuckthorn according to pro-
duction area; The average width of seeds was about 2 cm
regardless of its origin (Table 1). The Chinese seed (C-1)
was 5.73%0.45 c¢m long, and the Mongolian seed (IM-1)
was 5.30%0.53 cm. Mongolian (M-2) seeds were the
shortest at 2.47+0.57 cm. The number of seeds per 10 g
was 1,252 in M-2 seeds with the highest number of seeds,
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Table 1. Comparison of width, length and number of H. rhamnoides seed

Seed sources Width (cm) Length (cm) No. of seed/10 g
M-1 2.30%0.47" 5.30%0.53" 779
M-2 2.03+0.18" 2.47+0.57 1,252
C-1 2.23%0.43" 5.73%0.45" 566
R-1 2.27+0.45" 4.97+0.76° 661
R-2 2.20+0.41" 4.93+0.83° 834

Means*standard deviation. Mean values followed by the same letter do not differ significantly according to Duncan’s multiple range test at p=0.05.

M-1, M-2 and M-3: origin of Mongolia introduced from Institute of Geo-ecology, Mongolia. C-1: origin of China introduced from

Institute of Combating Desertification, Inner-Mongolia, China. R-1 and R-2: origin of Russia introduced from Institute of Geo-ecology,

Mongolia. All seed sources were introduced at the same year from the provenance countries.

Germination (%)

C-1
Seed sources

Fig. 1. Effects of carbon sources for seed germination with different seed
sources on Woody Plant Media with H. rhamnoides. A: 3% Sucrose, B: 3%
Commercial sugar.

and the smallest seed size. There were 834 seeds from
Russia (R-2) and 566 seeds from China (C-1), with the
lowest number of seeds per 10 g (Table 1).

Seed germination by the different carbon sources

Most of the seed germination initiated after 5 days on the
media and completed after 2 weeks regardless of the seed
provenances and carbon source type, and germination was
completed 2 weeks after placement in the media. M-1 seeds
with 3% commercial sugar showed the highest germination
rate (95%), and germination proceeded in the sequential
order of R-1, C-1, M-2, and R-2. However, the con-
taminations during the culture period appeared in several
seed sources and the rate of R-2 was the highest at 90%
whereas that of M-1 seeds was the lowest, despite of the
same pre-disinfection treatment (Fig. 1). Pierik (1998) re-

ported that commercial sugar contains 99.94% sucrose
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(sugar), 0.02% moisture, raffinose such as 0.04% fructose,
glucose, and minerals, and contains toxic substances.
Therefore, it is available to use it sold in market as a com-
mercial sugar when cultivating plant tissue culture. Liu et
al. (2007) reported that commercial sugar was used in a
study on the in vitro culture of Chinese seabuckthorn, and
that the efficiency of plant regeneration was similar to be
used by sucrose for tissue culture. As similar results with
our studies sucrose and 1 commercial sugar did not sig-
nificantly affect seed germination. It means that commercial
sugar much more than cheaper than sucrose would be rec-
ommended for in vitro seed germination of seabuckthorn.
When we compared seeds harvested in the same year,
there was a difference in germination rate according to the
seed sources. It seems that the dormancy and physiological
causes of seeds affect seed germination. Seedling pro-
duction in in vitro condition can also be achieved by break-
ing the dormancy of seeds (Hilhorst and Karssen 1992;
Debeaujon et al. 2000). Relevant studies have been con-
ducted that chemical treatment such as GAj and sulphuric
acid, ethanol immersion, mechanical scarification and radi-
ation treatments have been applied for promoting seed ger-
mination by breaking its dormancy (Hilhorst and Karssen
1992; Kelly et al. 1992; Koornneef and Karssen 1994;
Debeujon et al. 2000; Doo et al. 2000). In this study, it is
considered that disinfection using ethanol immersion treat-
ment and methanol surface heating treatment during in vi-
tro culture were efficient for the disinfection of seeds as well
as for breaking seed dormancy. On the other hand, it was
found that the medium around some seeds turned brown

during seed germination. According to a study by



Sriskandarajah and Lundquist (2009) have been reported
that browning of the medium was shown due to the release
of phenolic substances from the seabuckthorn seeds under

insufficient light or abnormal environmental conditions.

Aaventitious bud induction by the treatment plant
gdrowth regulators

As a result of organogenesis of seabuckthorn, the in-
duction rate of adventitious buds was higher in leaf segment
than in cotyledons. The induction rate of adventitious bud
being similar to be embryos was relatively higher in
Mongolian seed source compared to other origins, and
shoot primordia were induced in all treatments using in vi-
tro cotyledon and leaf segments. In the treatment with 1.0
mg/L BA, 1.0 mg/L. Kin, and 5.0 mg/L IAA, the rate of
adventitious bud induction was highest at 96.8% in leaf
segment of C-1, and R-1 (95.6%). Adventitious buds were
induced in the order of R-2 (85.6%), M-1 (81.1%), and
M-2 (77.8%) (Table 2). By the treatments with 1.0 mg/L
BA and 5.0 mg/L TAA, shooting rate of M-1 was 93.1%,
which was relatively higher compared to C-1 (90.0%), R-1
(75.5%), R-2 (60.1%) and M-2 (25.9%). On the other
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hand, the induction rate was lower in the treatment with 1.0
mg/L Kin and 5.0 mg/L IAA compared to BA, but more
than 70% in M-1(73.4%) and C-1 (77.8%). The combina-
tion of BA and TAA also induced 63.9% and 40.3% of ad-

Fig. 2. Adventitious bud induction from leaf segments on WPM supple-
mented with 1.0 mg/L BA, 1.0 mg/L Kin and 5.0 mg/L IAA (A) and (B)
Proliferation of adventitious bud, (C) and (D) Elongation of adventive
shoot bud, (E) Adventive shooting and root induction, (F) Abnormally de-
veloped shoot.

Table 2. Effects of Plant Growth Regulators (PGRs) for organogenesis from cotyledon and leaf segments induced from different seed sources

of H. rhamnoidesin in vitro condition on WPM media

S PGRs (mg/L) Organogenesis (%) Germination rates (%)
o BA Kin TAA Cotyledon Leaf Cotyledon Leaf
M-1 1.0 5.0 63.9+21.9" 93.1+4.2" 22.2+10.0° 56.7%+7.0™
1.0 5.0 36.119.9" 7342125 22.6%6.0° 41,145
1.0 1.0 5.0 69.1+8.4" 81.1£10.2% 11.11%+7.5° 76.7+9.0"
M-2 1.0 5.0 40.3+10.2° 25.9+11.1° 50.4+9.8" 43.9+8.5"%
1.0 5.0 38.8+7.5" 222+3.7° 15.7+7.0" 33.5+5.8°
1.0 1.0 5.0 45.5+3.2° 77.8+11.1° 20.0%+10.1° 66.9%10.5
C-1 1.0 5.0 - 90.0%4.8" - 14.8+3.7F
1.0 5.0 63.0%14.8" 77.8+5.2™ 10.3+4.7 .
1.0 1.0 5.0 - 96.8+3.2" . 33.3=11.1%
R-1 1.0 5.0 - 75.5+15.1"¢ - 30.1+10.9%
1.0 5.0 38.9+5.5" 66.7+33.3"¢ 17.5+2.1" 40.1%12.5"%
1.0 1.0 5.0 - 95.6+4.4" - 33.3+10.5°
R-2 1.0 5.0 - 60.115.1¢ - 20.5+11.4
1.0 5.0 . 55.7+3.3" . 45.3+13.9"%
1.0 1.0 5.0 - 85.6+13.4" - 70.8+17.9%

Values are means*+standard deviation.

Means values followed by the same letter do not differ significantly according to Duncan’s multiple range test at p=0.05.
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ventitious embryo only in Mongolian sources (M-1, M-2)
(Table 2; Fig. 2). By the treatment of 1.0 mg/L. BA, 1.0
mg/L Kin and 5.0 mg/L IAA, the induction rate of adven-
titious buds was 96% in the leaves of R-1, which was rela-
tively high compared to other treatments.

M-2 also showed an induction rate (77%) in the treat-
ment with 1.0 mg/L, BA, 1.0 mg/L. Kin, and 5.0 mg/L
IAA. The adventitious bud induction appeared 93.1% in
M-1 with the 1.0 mg/L. BA and 5.0 mg/L. IAA. C-1 coty-
ledons were shown 63.0% that was relatively high value
compared to other sources, whereas Mongolian and
Russian (R-1) showed an induction rate of about 36-38%.

It showed shooting from adventitious bud M-1 (76.7%),
R-2 (70.8%), M-2 (66.9%), C-1, R-1 (33.3%) in the treat-
ment of 1.0 mg/L. BA, 1.0 mg/L. Kin, and 5.0 mg/L. IAA.
It could be relatively higher shooting in M-1 (56.7%) un-
der the treatment of 1.0 mg/L. BA and 5.0 mg/L. IAA than
from China and Russia sources (Table 2). The results were
similar to a study on in vitro mass propagation and shoot in-
duction was effective in 1.0 mg/L BA treatment, and callus
induction was effective in Kin 1.0 mg/L. treatment
(Montpetit and Lalonde 1988).

Sriskandarajah and Lundquist (2009) reported when
TDZ (Thidiazuron) treatment in cotyledon increased
shooting with the adventitious bud induction rate of ap-
proximately 60%, in the leaf segments and promoted shoot
formation by the treatment of TDZ and BA mixture. The
induction rate of adventitious buds was lower in the TDZ
treatment and the browning of the sample proceeded as well
as the organ induction not developed in the BA and Kinetin
treatments. It is reported that nutrients and plant growth
regulators are essential for in vitro culture of seabuckthorn
(Gupta and Singh 2003), and that the efficiency of in vitro
cultivation of seabuckthorn is reduced when BA and
Kinetin are treated alone (Montpetit and Lalonde 1988;
Knyanzev et al. 2003; Yang et al. 2004). In this study, it as-
sured that treatment with BA, Kinetin, and IAA was more
effective than other treatments.

In the process of induction of shoots, new tiny shoots
were turned to be dead due to browning of culture media.
The phenomenon of death due to browning of the stem be-
ing cultured or chlorotic phenomenon is caused shoot tip
necrosis (STN) in in vitro condition. One relevant result

reported the absorption of Ca’", which is involved in the
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synthesis of plant hormones responsible for cell wall for-
mation and transport of inorganic salts, becomes inefficient
(Martin et al. 2007).

McCown and Sellmer (1987) reported that roots do did
not form when seabuckthorn shoot induction was formed

only in stem cultivation in the treatment of cytokinin.
Root induction

As a result of root induction from the induced shoots,
only 2 roots were produced in 100 ppm NAA treatment
group in Mongolian source (M-1) and appeared to be rap-
idly dead 4 days after placement. It was reported that roots
were induced when no hormone was added to the
Murashige and Skoog (MS) medium for early rooting of
seabuckthorn by Montpetit and Lalonde (1988) and Vantu
(2007). However, Proebsting (1984) reported that NAA
immersion treatment was effective in inducing roots. In this
study, approximately 90% of the shoot induction rate was
shown even though the rooting rate was significantly low. In
a preliminary experiment, Auxin-based plant growth regu-
lator such as TAA, NAA, and IBA, which are widely used
for rooting, were cultured in solid medium containing 0,
1.0, 3.0, 5.0 mg/L.. However, the roots were not induced
and died within one week of the culture. In addition, in in
vitro propagation experiment of Chinese seabuckthorn, the
plants were abnormal deformations observed after in-
duction of somatic embryos (Liu et al. 2007), and some of
the tissues died during subculture processes (Lummerding
2001). Kalia et al. (2011) pointed out difficulty in in vitro
culture of seabuckthorn, the problems of in vitro culture of
seabuckthorn such as low growth rate, occurrence of
over-hydration, browning, death in the subculture process,
and low rooting rate.

In conclusion, the present studies concentrated on shoot
formation from leaf segments and cotyledons of seabuckthorn.
The seeds from China, Mongolian and Russia showed sig-
nificantly different germination rate to each other. The ad-
ventitious bud formation was shown with the treatments of
plant growth regulators. The adventitious bud formation
also was clearly shown through the stereo-microscope and
the sectioning of shoot forming leaf segments. Our results
suggest that the adventitious bud formation developed
from leaf segments and cotyledons might be possible for

stable seedling production for the establishment of



plantation. In future study, the acclimation might be necessary
to produce fully grown seedling under greenhouse condition

before transplanting to the nursery.
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