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Abstract

Dendrobium anosmum ‘Tim Hue’ is a local orchid from the Thua Thien Hue wild forest with typical color and
fragrance, needing conservation measures. This study focuses on in vitro propagation of ‘Tim Hue’. Nodal
segments used as initial explants were disinfected in 2% NaClO and 0.1% HgCl, for 10 min, resulting in 66.7%
aseptic explants. Axillary shoot induction was best (88.9%) in Murashige and Skoog (MS) medium contain-
ing 1.5 mg I'! BAP and shoot multiplication was optimal in the same medium supplemented with 1.5 mg 1!
BAP and 0.5 mg 1" IAA, with an estimated average of 6.0 shoots with 3.0 cm in length and 4.7 leaves after
eight weeks of culture. Also, MS medium supplemented with 1 g I'! activated charcoal, and 0.7 mg I NAA or
0.5 mg I TAA was found the most efficient medium for the rooting of shoots. ‘Tim Hue’ plantlets were well
acclimatized to the nursery conditions with a survival rate of 97.8% on coconut coir and rice husk coal (1 : 1,

w : W) or 95.6% on fern board with sphagnum moss.
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INTRODUCTION

The overall decline in biodiversity has dramatically
increased in recent years, therefore, it is imperative
to implement conservation strategies to conserve and
propagate plant genetic resources from each geographi-
cal area (Deplazes-Zemp 2018). Previously, valuable
clonal plants, that have unique characteristics were
conserved by traditional vegetative propagation instead
of sexual reproduction (Rajasekharan and Sahijram
2015), however these techniques are difficult to mass
production of seedlings (Hogberg 2003). To overcome
the disadvantage of the traditional method, in vitro
tissue culture has been applied to generate mass plant-
lets from a few initial explants (Hussain et al. 2012).
Commonly, apical meristem or axillary buds, which
retain good developmental capacity, were preferred
as initial materials to differentiate tissues in in vitro
propagation (Rajasekharan and Sahijram 2015). Sofar
different crops, flowers, and fruitswere successfully
micropropagation using artificial media with suitable
growth hormone regulators (Hasnain et al. 2022).
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Among floral varieties, orchids are famous orna-
mentals with a global marketing industry, but they
are recently at risk of extinction in nature (Zhao et al.
2021). Previously, growing orchids in the wild mainly
depended on vegetable regeneration because their seeds
lack endosperm and have a very low germination rate
(Zhao et al. 2021). To overcome that fact, the micro-
propagation technique has been successfully applied
to generate orchid plantlets from seeds and somatic
tissues (Chugh et al. 2009) that are important to the
market and maintain the orchid gene pool (Reddy et
al. 2020). So far, many orchid species have been suc-
cessful cultured by seed germination in aseptic condi-
tions as Laelia anceps Lindl. (Ramirez-Mosqueda et
al. 2019), Epidendrum nocturnum (De Stefano et al.
2022), Vanda pumila Hook. f. (Maharjan et al. 2019),
Dendrobium secundum (Ramasoot et al. 2022), Dendro-
bium anosmum Lindl. (Nguyen et al. 2022b), however,
it is valuable to note that the in vitro propagation of
orchid seeds may generate heterozygous plantlets with
chimeric traits. Therefore, some group, recently, tried to
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use somatic tissues as initial material to micropropaga-
tion of valuable orchid, such as Dendrobium palpebrae
Lindl. (Bhowmik and Rahman 2020), D. trankimianum
T. Yukawa (Bing et al. 2018), Phalaenopsis amabilis
cv. Detroit (Balilashaki et al. 2021).

Vietnam has various native orchids with unique
ornamental characteristics, and some of them were
propagationand conservation by somatic in vitro culture
(Bing et al. 2018, Nguyen et al. 2018, Vu et al. 2019).
However, it needs to pay more attention to saving
natural orchids. Dendrobium anosmum ‘Tim Hue’,
originated from Thua Thien Hue wild forest, is an at-
tractive orchid species with violet flowers and a sweet,
gentle fragrance. Unfortunately, this orchid is subject to
indiscriminate exploitation and is at risk of extinction
from wild habitats. Moreover, the ability to propagate
“Tim Hue’ in the wild is rare due to the low frequency
of seed germination and the infrequent bud develop-
ment from stocks. Therefore the aim of our study was to
study the effect of different plant growth regulators and
their concentrations for in vitro propagation by axillary

shoots and acclimatization of the produced plantlets.

MATERIALS AND METHODS

Plant material and surface disinfection of the explants

D. anosmum ‘Tim Hue’ from the wild forest in
Thua Thien Hue province, Vietnam was collected and
grown in the net house (Institute of Biotechnology,
Hue University).

Healthy, disease-free nodal segments about 15-20 cm
long of D. anosmum ‘Tim Hue’ were collected in June/
July 2021. They were washed under running water, and
gently shaken with a diluted commercial soap for 5 min,
then rinsed several times with tap water to completely
remove the residue of soap. The isolated nodal segments
6-7 cm in length, were placed in a 500 ml Erlenmeyer
flask and washed again every 2 min by shaking them
in distilled water 2-3 times. Disinfection was carried
out using 2% NaClO for 10 min (David et al. 2022),
3% H,0, for 10-20 min (De Stefano et al. 2022), and
0.1% HgCl, for 5-10 min (Bing et al. 2018) and a dif-
ferent combination of 2% NaClO, 3% H,0,, and 0.1%
HgCl, (Table 1). Finally, the explants were rinsed with
sterile distilled water 3-4 times before embedding in
modified plant growth regulators (PGRs)-free MS me-
dium (Murashige and Skoog 1962) supplemented with
100 ml I'' coconut water; 7 g I'! agar, 30 g I'! sucrose,
and 60 g I'! potatoes paste). The nutrient medium was
adjusted to pH 5.8 before being autoclaved and then
poured into a square-bottomed polypropylene (PP) bag
with approximately 70 ml of medium/bag (Nguyen et
al. 2022¢) and the in vitro culture conditions were set
at 25 + 2°C, and photosynthetic photon flux density
(PPDF) was between 13.5-27 pmol s'm? for 8 h/day
if not further note.
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To evaluate the effect of different factors on disinfec-
tion, the percentage of infected explants was counted
after a week.

Axillary shoot induction

The disinfected nodal segments were transferred to
modified MS medium, and supplemented with 0.0, 0.5,
1.0, 1.5, and 2.0 mg I'' of 6-benzylaminopurine (BAP)
for axillary shoot induction. Three replications, each
containing 10 explants were used per treatment. The
percentage of regenerated shoots from buds, the number
and the average length of shoots were monitored after
eight weeks.

Multiplication of shoots

The isolated axillary shoots were cultured in modi-
fied MS medium containing mixed treatments of dif-
ferent concentrations (0.0, 0.1, 0.3, 0.5, and 0.7 mg 1'")
of indole-3-acetic acid (IAA) and BAP. The shoot
proliferation coefficient, average shoot length, number
of leaves, and shoot morphology were monitored after
8 weeks of culture.

Shoot proliferation coefficient (H) was calculated as:

number of shoots after 8 weeks

~ initial number of nodal segments

Rooting of adventitious shoots

Adventitious shoots (3-4 leaves and 3-4 cm in
length) were excised and cultured to modified MS
medium supplemented with a-naphthaleneacetic acid
(NAA) (0.0, 0.1, 0.3, 0.5, 0.7, and 1.0 mg I'') or IAA
(0.0,0.1,0.3,0.5,0.7,and 1.0 mg 1) and 1 g 1" activated
charcoal (Nguyen et al. 2022b). The rooting ability is
determined by the percentage of rooted shoots, the
average length, and number of roots after eight weeks.

Each treatment had six replications, and five shoots
were used in each replication.

Acclimatization of the plantlets

The plantlets with 4-5 cm in length, 5-6 roots, and
5-6 true leaves were acclimated in a net house covered
with a plastic roof and sun mesh shade to maintain
PPDF between 18.5-37 umol s'm?, earthen floor with
tarps, and equipped with an irrigation system to produce
mish which helps to maintain the temperature in the
range 25-32°C. All plants in aseptic culture bags were
hung on cloth ropes in the net house for two weeks
before taking out and planting in different substrates
(Teixeira da Silva et al. 2017). After acclimatization of
plantlets in the aseptic condition in the net house for
two weeks, the agar-containing medium was removed
from the roots by washing in tap water, and the plantlets
were planted in mixed coconut coir and rice husk char-
coal (1:1,w:w;CTl) (Nguyen et al. 2021); coconut
coir and sphagnum moss (1 : 1, w : w; CT2); coconut



coir and pine bark (1 : 1, w : w; CT3); sphagnum moss
(CT4); Coconut coir (CT5); fern board (20 x 15 cm)
with sphagnum moss (Kang et al. 2020) (CT6) or Star
apple wood board (20 x 15 ¢cm) with sphagnum moss
(Pradhan et al. 2014) (CT7). After 12 weeks, the sur-
vival rate, stem length and diameter, number of leaves,
leaf size, shape, and color of plantlets were monitored.
Three replications, each containing 10 plantlets were
used per treatment. Stem length was measured from the
base to the tallest leaf using a straight ruler (Nguyen
et al. 2022c¢).

Statistical analysis

The data were analyzed by Microsoft Excel 2019
and IBM SPSS Statistics 26 software. The LSD stand-
ard (for a reliability of 95%), and ANOVA (Duncan’s
test) for each treatment were calculated to evaluate the
significance of differences.

RESULTS AND DISCUSSION

Disinfection of nodal segments

The combination of 2% NaClO and 0.1% HgCl,
for 10 min (CT6), was the best for decontaminant of
initial explants, of which the disinfection rate reached
66.7%, while 11.1% and 22.2% were infected or dead,
respectively. The treatments with 2% NaClO alone
(CT1) or mixed with 3% H,O, at 10 min (CT2), 15
min (CT3), and 20 min (CT4) showed a high ratio
of infected and dead enplants, of which CT1 and
CT2 had no clean and viable explants, CT3, and CT4
gradually increased clean sample rate with 11.1 and
33.3%, respectively; whereas the infection rate reduced
from 100% (CT1) to 88.9% (CT2), 66.7% (CT3) and
44.4% (CT4) and death rate increased from 0 (CT1),
to 11.1% (CT2), 22.2% (CT3 and CT4). Notably, 2%
NaClO mixed with 0.1% HgCl at 15 min (CT7) had the
lowest infected rate (4.6%) but the highest death rate
(64.1%) whereas 2% NaClO mixed with 0.1% HgCl,
at 5 min (CT5) had lower death rate (11.1%) but high
infection rate (66.7%) (Table 1). This result suggested
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that the 2% NaClO and 0.1% HgCl, combination was
better for disinfection than 2% NaClO and 3% H,O,,
but the long-term exposure to HgCl, could be toxicity
or induced tissue degeneration leading to an increased
number of dead explants (Table 1). Our results were
consistent with the observation of Hashim et al. (2021)
who performed the similar experiment in Clinacanthus
nutans (Burm. f.) Lindau.

Previously, many researchers focused on the in vitro
propagation of Dendribium but few reports use somatic
tissues to produce plantlets (Teixeira Da Silva et al.
2016, Deb and Jakha 2020, Nguyen and Nguyen 2021
Nguyen et al. 2022b,c). Among the reports, NaOCl,
EtOH, and HgCl, are the main disinfection reagents
(Asghar et al. 2011, Dohling et al. 2012, Priya Kumari
etal. 2013, Winarto et al. 2013, Ju et al. 2016). Dohling
et al. (2012), reported that D. longicornu Lindl. was
successfully disinfected in 10% NaClO for 10 min and
0.1% HgCl, for 2 min and a survival rate of explants was
nearly 90%. Similarly, the study from the Winarto et
al. (2013) showed that 1% Tween 20 and 0.05% HgCl,
were sufficient to remove infections from D. zahra
FR62 with up to 87% of explants surviving. Recently,
Juetal. (2016) reported that D. candidum Wall ex Lindl.
had a survival rate reaching 97% after treatment with
70% EtOH and 0.1% HgCl,. Compared to the reports
of Dohling et al. (2012), Winarto et al. (2013), and Ju et
al. (2016), our result had a lower aseptic survival rate.
However, this phenomenon may due to ‘Tim Hue’ was
collected from a wild forest and being contaminated
seriously with microorganisms, particularly fungi which
are tough to treat, and the explants are more sensitive
to HgCl, than other Dendribium species (Xing et al.
2011, Wang et al. 2022).

Regeneration of axillary shoots

On the plant growth regulators (PGRs)-free me-
dium, the axillary shoot induction rate, number of
shoots, and shoot length were the lowest, reaching
12.7%, 0.7 shoots with 0.6 cm, respectively (CT1). The
shoot regeneration rate gradually increased according to

Table 1. Effect of disinfectant and disinfection time on the survival rate of D. anosmum ‘Tim Hue’.

T Disinfection time (min) Aseptic explants | Infected explants | Dead explants
reatment o o o
2% NaClO | 3% H,0, |0.1% HgCl, (%) (%) (%)
CT1 10 - - 0.0x0.1e 100.0£0.1f 0.0£0.0a
CT2 10 10 - 0.0£0.0e 889+26e 11.1+£26b
CT3 10 15 - 11.1+£20d 66.7+£2.0d 222+10c
CT4 10 20 - 33.3+20b 444 +22c 222+06¢
CT5 10 - 5 222+26¢ 66.7+2.4d 11.1+£06b
CT6 10 - 10 66.7+1.5a 11.1+£11b 222+09c
CT7 10 - 15 31.3+19b 47+09a 64.1+1.6d

Means =+ standard errors; within a column followed by the same letter are not significantly different according to Duncan’s multiple

range test at p < 0.05.
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Table 2. Effect of BAP on axillary shoot regeneration from nodal explants after 8 weeks in culture.

Treatment BAP (mg I'") Shoot regeneration (%) Number of shoots Shoot length (cm)
CT1 0.0 127+11e 0.7+0.1e 06+0.1c
CT2 0.5 33.3+x1.4d 1.0£0.1d 0.8+0.1bc
CT3 1.0 444 +13c 1.3+0.1¢c 1.0£0.1b
CT4 15 889+21a 23+0.1a 1.6+0.2a
CT5 2.0 556+18b 1.7201b 1.1+£0.1b

Means + standard errors within a column followed by the same letter are not significantly different according to Duncan’s multiple

range test at p < 0.05.

the concentration of 0.5 mg I BAP (CT2), and 1 mg 1!
(CT3) with values of 33.3%, and 44.4% respectively,
and the concentration of 1.5 mg 1! BAP was the best for
induction of axillary shoots, which reached 88.9% with
an average of 2.3 shoots and 1.6 cm in length (CT4)
(Table 2, Fig. 1). However, the shoot formation rate
decreased to 55.6% with an average of 1.7 shoots and
1.1 cm in length at 2.0 mg 1"' BAP (CT5), which sug-
gested that overdose inhibit shoot production (Table 2,
Fig. 1).

BAP concentration for shoot induction in our
study was much lower than that reported by Asghar
et al. (2011), who showed that 2 mg I'' BAP was the
best concentration for shoot regeneration of D. nobile
‘Emma White’. Moreover, our results were also differ-
ent from the study of Pradhan et al. (2013) and Chen
etal. (2014), who reported that MS basal medium sup-
plemented with 2.0 mg I'' BAP and 0.5 mg I NAA,;
and 2.0 mg I BAP and 0.1 mg 1" NAA was optimal
for the shoot regeneration of D. densiflorum Lindl.
and D. officinale ‘Kimura et Migo’, respectively. In
the optimal conditions, the average shoot number and
length of D. densiflorum reached 4 and 2.9 cm, respec-

tively (Pradhan et al. 2013), which was almost double
the results in our experiment. The results suggest that
different types of PGRs and Dendrobium species are
important in axillary shoot formation. Furthermore, in
the study by Nguyen et al. (2021), it was determined
that a modified MS medium supplemented with 1 mg 1!
BAP was good for the shoot regeneration of protocorm-
like bodies from D. anosmum originating from Lam
Dong province. Similarly, the publication of Nguyen
et al. (2022b) showed that protocorm-like bodies of
D. thyrsiflorum Rchb. f. ex André well formed shoots
in modified MS medium plus 0.4 mg I BAP. Hence, it
is suggested that BAP is suitable for shoot regeneration
of Dendrobium, but the optimal concentration depends
on orchid species.

Multiplication of axillary shoot

It was found that 1.5 mg 1! BAP could be sufficient
to induce shoot proliferation (2.3 shoots) and develop-
ment (1.7 cm in length, 0.3 cm shoot diameter, and
with 2 leaves) (Table 3). The presence of 1.5 mg 1!
BAP and IAA in the media gradually induce a higher
number of shoots according to IAA concentration and

1cm

Fig. 1. In vitro shoot regeneration from nodal segments of D. anosmum ‘Tim Hue’. A) In vitro shoot regeneration from nodal
segments of D. anosmum ‘Tim Hue’ after 2 weeks, B) In vitro shoot regeneration from nodal segments of D. anosmum ‘Tim

Hue’ after 8 weeks.
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Table 3. Effects of BAP and IAA on axillary shoots formation of D. anosmum ‘Tim Hue’.

BAP IAA Numbers | Shoot length | Shoot diameter | Number of
Treatment i i Shoot color
(mg ") | (mgl") | of shoots (cm) (cm) leaves
Control 0.0 0.0 1.1+0.1e 1.2+0.1d 0.2+00c 2.0+ 0.2 c | yellowish green
CT1 1.5 0.0 23+0.3d 1.7+£0.1c 0.3+0.0c 20+02c light green
CT2 1.5 0.1 3.3+x0.3c 21+£0.1b 04+00b 37+x0.2b light green
CT3 1.5 0.3 43+03b 24+01b 04+00b 43+03a dark green
CT4 1.5 0.5 6.0+0.3a 3.0+£0.1a 0.5+0.0a 47+0.2a dark green
CT5 1.5 0.7 37+£03bc| 21+0.1b 04+00b 3.7+02b light green

Means + standard errors within a column followed by the same letter are not significantly different according to Duncan’s multiple

range test at p < 0.05.

the best results were observed when the concentration
of IAA reaches 0.5 mg I"'. The maximum number of
leaves (4.7), the longest shoots (3.0 cm), the best shoot
diameter (0.5 cm), and the highest number of shoots (6)
were obtained at the combination of 1.5 mg I BAP and
0.5 mg I"'TAA (CT4, Fig. 2), but lower concentrations
of TAA resulted in decreasing of shoot numbers, shoot
length, shoot diameter, and number of leaves (CT2
and CT3), respectively. Notably, in combination with
1.5mgl"BAPand 0.7 mg ' TAA (CT5), the proliferation
and development of shoots were comparable with CT3
(Table 3).

Auxin and cytokinin are the main growth regulators
in plant development, and determining their particu-
lar ratios in different stages of plantlet development
is important. Some previous reports indicated that a
higher ratio of cytokinin compared to auxin promotes
the induction and multiplication of shoots (Su et al.
2011). In terms of in vitro proliferation of Dendrobium
species, some papers reported that the addition of BAP

A ] e

was sufficient for the multiplication of shoots (Dang
etal. 2018, Pham et al. 2018, Le et al. 2020) although
different varieties have different optimal concentra-
tions of the PGRs. Our results showed that BAP alone
could induce the shoots proliferation, however, the
multiplication rate was lower than those mixed with
TAA. Of the different combination of PGRs also used
in multiplication of shoot, Nguyen et al. (2022b) in-
dicated that mixture of BAP and KIN was suitable for
rapid multiplication of D. thyrsiflorum, while Maharjan
etal. (2020) suggested that KIN and GA, conbination
was effectively stimulated D. chryseum Rolfe shoots
multiplication. Moreover, the combination of KIN and
NAA was the best to induce rapid multiplication of
D. heterocarpum Wall. ex. Lindl. shoots (Longchar and
Deb 2022). Hence, our results and published papers
indicated that PGRs are crucial to the multiplication
of orchid shoots. However, PGRs and their mixture
should be carefully selected in order to obtain the
best results.

B - 1cm

Fig. 2. Multiplication of shoots after 8 weeks of culture. A) PGRs-free medium, B) Culture medium supplemented with

1.5 mg I"'BAP and 0.5 mg I TAA.
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Table 4. Effect of IAA and NAA on the rooting ability of D. anosmum ‘Tim Hue’ shoots.

Treatment Auxin (mg I'") Rooting rate (%) Number of roots Root length (cm)
IAA NAA
CT1 0.00 0.00 16+02e 12+01f
CT2 0.10 0.00 2.7+0.3d 1.5+0.3 ef
CT3 0.30 0.00 3.2+04cd 1.8+£0.3de
CT4 0.50 0.00 43+0.3ab 3.2+02b
CT5 0.70 0.00 3.7+0.4 bc 26+01c
CT6 1.00 0.00 100.0 £ 0.0 3.3+0.4cd 1.9+ 0.2de
CT7 0.00 0.10 25+0.3d 1.7+0.2de
CT8 0.00 0.30 29+0.2cd 24+02c
CT9 0.00 0.50 3.3+0.2cd 34+0.2b
CT10 0.00 0.70 46+04a 40+0.2a
CT11 0.00 1.00 3.1+0.3cd 22+01cd

Means + standard errors within a column followed by the same letter are not significantly different according to Duncan’s multiple

range test at p < 0.05.

Rooting of axillary shoots

In fact, 100% of shoots had roots after 8 weeks of
culture (Table 4). The roots were generated in PGRs-
free medium, supplemented with 1 mg 1! charcoal
(CT1), but only 1.6 roots were observed, and the
length reached 1.2 cm (Table 4, Fig. 3). Both IAA and
NAA could induce rooting, and the best results were
observed in medium with 0.5 mg I TAA (CT4) or
0.7 mg 1" NAA (CT10), in which 4.3 and 4.6 roots were
formed, respectively (Fig. 3). In the presence of 0.1 mg 1!
(CT2), 0.3 mg I'! (CT3) TAA or 0.1 mg 1! (CT7),
0.3 mg ' (CT8), 0.5 mgI'! (CT9) NAA the root numbers
and shoot length gradually increased following auxin
concentration. However, the higher concentration of

7

&

4
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TIAA (0.7 mg1") or NAA (1 mg I'") reduced root number
and root length compared to those 0of 0.5 mg 1" TAA and
0.7 mg 1" NAA (Table 4). Thus, our study demonstrated
that IAA and NAA are crucial to generate D. anosmum
‘Tim Hue’ root.

There have been studies on the effect of NAA (Bing
etal. 2018, Dang et al. 2018, Le et al. 2020, Tian et al.
2022) or IAA (Bijaya Pant and Thapa 2012, Pham et al.
2018) for rooting of Dendrobium shoots. Bijaya Pant
and Thapa (2012) screened different concentrations of
IAA, IBA, and NAA for rooting of D. primulinum Lindl.
shoots and found that 0.5 mg I'' IAA in MS medum was
the best. On the other hand, Pham et al. (2018) suggested
that the hybrid D. caesar (D. striaenopsis M. A. Clem.

7

B

{1111 m[ililllII||IIII'IiIf]IlII|III|

Fig. 3. Effect of auxins on rooting of D. anosmum ‘Tim Hue’ shoots. A) Control, B) Using 0.5 mg "' TAA, C) Using 0.7 mg I NAA.



Propagation of Ornamental Plants
Vol. 23, Ne 2, 2023: 39-48

Table 5. Effect of media on the growth of in vitro plantlets of D. anosmum ‘Tim Hue’ in the nursery.

Surviving Length (cm) Diameter | Number of Width of Length of New
Treatment plantlets (%) (cm) leaves leaves (cm) | leaves (cm) | leaves
Initial plantlet - 52+05d |03+0.0d| 55+04c [06+0.1e |3.2+0.2e |0.020.0c
CT1 97.8+04a (99+03a |09+00a |[11.3+04a |1.5+00a |50+02a (58+0.2a
CT2 90.7+1.7b |75+0.6c |06+00c | 95+0.2b |[1.3+0.1cd [3.820.2d |4.1+0.2b
CT3 87.7+13bc |7.7+0.8c |07+00b | 95+04b |[14+01ab [43+02c |40+03b
CT4 80.7+1.8d |7.8+05c |0.7+00b | 91+02b (1.2+0.0d [4.1+0.1cd|3.6+0.2b
CT5 859+15¢c |76+02c |0.7+00b | 93+02b (1.2+0.0d [42+0.1cd|3.8+£0.2b
CT6 95.6+05a |9.3+04ab |[08+0.0a [10.7+0.3a |1.4+0.0ab |4.7+0.1ab|5.3+0.22a
CT17 88.9+1.2bc [8.3+0.3bc [05+0.0d | 9.1+0.3b [1.3+0.0cd [44+0.1bc|3.72£0.2b

Means + standard errors; within a column followed by the same letter are not significantly different according to Duncan’s multiple

range test at p < 0.05.

Legend: CT1: Coconut coir : Rice husk coal (1 : 1, ratio, w : w); CT2: Coconut coir : sphagnum moss (1 : 1, ratio, w : w);
CT3: Coconut coir : pine bark (1 : 1, ratio, w : w); CT4: Sphagnum moss (100%); CT5: Coconut coir (100%); CT6: Mounted on
the fern board (20 x 15 cm) with sphagnum moss.; CT7: Mounted on Star apple wood (20 x 15 cm) with sphagnum moss.

et D. L. Jones x D. stratiotes Rchb. f.) plantlets could
strongly root in Knudson (1946) medium supplemented
with 0.5 mg I"! active charcoal and 1 mg 1" TAA. The
rooting rate of ‘Tim Hue’ shoots in modified MS me-
dium plus active charcoal was 100% in CT1 (Table 4),
which is similar to those reports by other research-

ers who suggested that rooting of D. anosmum and
D. thyrsiflorum also occurred in the PGR-free medium
(Nguyen et al. 2022b,¢). Hence, the result suggested
that ‘Tim Hue’ shoots could root in PGRs-free media,
serving as a critical points in production of seedlings
with reducing cost.

Fig. 4. Effect of the substrate on acclimatization of the in vitro produced plantlets of D. anosmum ‘Tim Hue’.
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Acclimatization of plantlets

The artificial substrate for transplanting has a great
influence on the survival ability and growth process
of in vitro-produced plantlets. The best survival rate
(%), plant length (cm), plant diameter (cm), number of
leaves, leaves width and length (cm), and new leaves
were obtained in CT1 (coconut coir and rice husk coal,
1:1,w:wand CT6 (fern board). The results were
97.8%,9.9 cm, 0.9 cm, 11.3 leaves, 1.5cm, 5.0 cm, 5.8
leaves (CT1), and 95.6%, 9.3 cm, 0.8 cm, 10.7 leaves,
1.4 cm, 4.7 cm, 5.3 leaves (CT6), respectively (Table
5, Fig. 4). In other treatments (CT2, CT3, CT4, CT5,
CT7), these parameters were lower than treatment CT1,
CT6 but the survival rate was over 80%.

The survival rate of ‘Tim Hue’ in this study ranged
from 80 to 97.83%, which was consistent with the
study of Nguyen et al. (2022c), who reported 94.8%
of D. thyrsiflorum on sphagnum moss-covered fern
substrates. In contrast, Nguyen (2021) reported that
D. anosmum seedlings had a low survival rate (40-
86.67%) on the single type or mixture of sphagnum
moss, coconut coir, and charcoal (Nguyen 2021). The
reason could be due to the differences in weather, care
regimes, humidity, and moisture content of substrates
(Mezaka et al. 2023)

The highest survival rate of D. anosmum ‘Tim Hue’
in the mixture of coconut fiber and rice husk charcoal
(1 :1) was 97.8% after 12 weeks, which was quite
similar to the results published by Le et al. (2022),
who found 93.5% survival of D. anosmum ‘Quang
Tri’ at the same substrate. Moreover, ‘Tim Hue’ and
D. thyrsiflorum Rchb.f. ex Andre grew well the fern
board with sphagnum moss with survival rate 95.6%
and 94.8, respectively. Our study suggested that ‘Tim
Hue’ grew well in a mixture of 2 substrates, however
the mixture of more substrates was also good for the
growth of in vitro seedlings since Tikendra et al. (2018)
showed that D. thyrsiflorum reached 91% survival in a
mixture of brick, charcoal, and coconut coir (1 : 1 : 1).
Thus, substrates or their mixture could differ but they
should help to maintain ventilation and moisture,
which are necessary to successfully train plant in vitro
seedlings (Min and Oh 2020).

Acknowledgement: The authors appreciate Dr.
Derek Wilkinson from Biocev, Charles University in
Prague for the English editing of the manuscript.

REFERENCES

ASGHAR S., AHMAD T., HAF1Z I. A., YASEEN M. (2011).
In vitro propagation of orchid (Dendrobium nobile)
var. Emma white. African Journal of Biotechnology,
10: 3097-3103.

BaLiLasHAKI K., ZAK1ZADEH H., OLFATI J.-A. (2021).
The study of large scale Phalaenopsis amabilis cv.
Detroit plantlets production through in vitro culture

46

of the vegetative organs. Iranian Journal of Horti-
cultural Science, 52: 689-699.

BaOwMIK T. K., RAHMAN M. M. (2020). Micropropaga-
tion of commercially important orchid Dendrobium
palpebrae Lindl. through in vitro developed pseu-
dobulb culture. Journal of Advanced Biotechnology
and Experimental Therapeutics, 3: 225-232.

Buaya PANT, THAPA D. (2012). In vitro mass propaga-
tion of an epiphytic orchid, Dendrobium primulinum
Lindl. through shoot tip culture. African Journal of
Biotechnology, 11: 9970-9974.

BINGH.N.,DANGT. T., TRAN V. T., QuAcH VAN H., VU
C.K.,NoNG V. D. (2018). In vitro propagation of the
new orchid Dendrobium trankimianum T. Yukawa.
Vietnam Journal of Biotechnology, 16: 649-657.

CHEN B., TRUEMAN S. J., L1 J., L1 Q., FAN H., ZHANG
J. (2014). Micropropagation of the endangered me-
dicinal orchid, Dendrobium officinale. Life Science
Journal, 11: 526-530.

CHUGH S., GUHA S., Rao L. U. (2009). Micropropaga-
tion of orchids: a review on the potential of different
explants. Scientia Horticulturae, 122: 507-520.

DanG T. T., H’Yon N. B., NGuyen T. T. H., DiNH
V. K., NonG V. D., TRANT. V, QuacH V. H., Vu
K. C. (2018). Micropropagation of Dendrobium
heterocarpum Lindl. Journal of Biotechnology,
16: 127-135.

Davip D., Ruspi N. A., MOHD MOKHTAR R. A., MOHD
Falk A. A., Gansau J. A. (2022). Establishment of in
vitro regeneration protocol for Sabah’s Jewel orchid,
Macodes limii J. J. Wood et Lamb. Horticulturae,
8:155-165.

DEepPLAZES-ZEMP A. (2018). ‘Genetic resources’ an
analysis of a multifaceted concept. Biological Con-
servation, 222 (December 2017): 86-94.

DE STEFANO D., CostA B. N. S., DOWNING J., FALLAHI
E., KHODDAMZADEH A. A. (2022). In-vitro micro-
propagation and acclimatization of an endangered
native orchid using organic supplements. American
Journal of Plant Sciences, 13: 380-393.

DEB C. R., JAkHA H. Y. (2020). Factors affecting as-
ymbiotic immature seed culture and in vitro propa-
gation of Paphiopedilum insigne (Wall. ex Lindl.)
Pfitzer - a horticultural important vulnerable orchid.
Plant Cell Biotechnology and Molecular Biology,
21: 129-141.

DOHLING S., KuMARIA S., TANDON P. (2012). Multiple
shoot induction from axillary bud cultures of the
medicinal orchid, Dendrobium longicornu. AoB
Plants, 2012, pls032.

HasHM S. N., GHAZALI S. Z., SIDIK N. J., CHIA-CHAY
T., SALEH A. (2021). Surface sterilization method
for reducing contamination of Clinacanthus nutans
nodal explants intended for in-vitro culture. In:
Guéhot S., Houlbert 1. (Eds). E3S Web of Confer-
ences, 306: 1-8.



HasNAIN A., Naqgvl S. A. H., AvesHA S. 1., KHALID
F., ELLaHI M., IQBAL S., HASSAN M. Z., ABBAS
A., ApAMSKI R., MARKOWSKA D. (2022). Plants
in vitro propagation with its applications in food,
pharmaceuticals and cosmetic industries; current
scenario and future approaches. Frontiers in Plant
Science, 13: 1-21.

HOGBERG K.-A. (2003). Possibilities and limitations
of vegetative propagation in breeding and mass
propagation of Norway spruce. /n: Hogberg K.-
A. (Ed.). Acta Universitatis Agriculturae Sueciae.
Silvestria, 249: 1-41.

HussaIN A., QarsHI I. A., Nazir H., ULrLan L. (2012).
Plant tissue culture: current status and opportunities.
In: Leva A., Rinaldi L. M. R. (Eds). Recent Ad-
vances in Plant In Vitro Culture. IntechOpen: 1-28.

JuS.M.,ZHuW. L., WANGW. L., GA0 Y., MAT. (2016).
Direct regeneration of seedling from stem frag-
ments of Dendrobium candidum. Journal of Gansu
Agricultural University, 51: 45-48 (in Chinese with
English abstract).

KanG H., KanG K. W., Kim D. H., Stvanesan 1. (2020).
In vitro propagation of Gastrochilus matsuran
(Makino) Schiltr., an endangered epiphytic orchid.
Plants (Basel, Switzerland), 9: 524-534.

KnuDsoN L. (1946). A new nutrient solution for ger-
mination of orchid seed. American Orchid Society
Bulletin, 15: 214-217.

LEL. T, NGUYENQ.T.T.,LAMT. N. T., NGUYEN T. D.,
NGUYEN P. H.,, TRUONG P. B. T. (2020). A research
on in vitro propagation of Dendrobium adastra. In:
Hai T. T. H., Huy N. D., Binh L. T., Minh N. N., Xo
D. H,, Phuong T. T. B., Dung T. Q., Thuy D. T. B.,
Binh T. D. (Eds). National Biotechnology Confer-
ence. Hue University Publishing House: 897-902.

Le V. T, TRUONG N. L. T., NGUYEN T. B. T., NGUYEN
D. T., NGuyeN O. T., NGuyeN C. K. T. (2022). In
vitro propagation of Dendrobium anosmum muta-
tion. Hue University Journal of Natural Sciences,
131: 5-15.

LoNnGcHAR T. B., DEB C. R. (2022). Optimization
of in vitro propagation protocol of Dendrobium
heterocarpum Wall. ex. Lindl. and clonal genetic
fidelity assessment of the regenerates: an orchid
of horticultural and medicinal importance. South
African Journal of Botany, 149: 67-78.

MAHARJAN S., PRADHAN S., THAPA B. B., PANT B.
(2019). In vitro propagation of endangered orchid,
Vanda pumila Hook. f. through protocorms culture.
American Journal of Plant Sciences, 10: 1220-1233.

MAHARJAN S., THAKURI L. S., THAPA B. B., PRADHAN
S., PanT K. K., JosH1 G. P, PANT B. (2020). In vitro
propagation of the endangered orchid Dendrobium
chryseum Rolfefrom protocorms culture. Nepal
Journal of Science and Technology, 19: 39-47.

MEZAKA 1., Kraviya D., KALANE L., KRONBERGA A.

Propagation of Ornamental Plants
Vol. 23, Ne 2, 2023: 39-48

(2023). Large-scale in vitro propagation and ex
vitro adaptation of the endangered medicinal plant
Eryngium maritimum L. Horticulturae, 9: 271-292.

MIN S. Y., O W. (2020). Effects of nutrient solution
application methods and rhizospheric ventilation on
vegetative growth of young moth orchids without
a potting medium in a closed-type plant factory.
Journal of People, Plants, and Environment, 23:
545-554.

MurasHIGE T., SK00G F. (1962). A revised medium
for rapid growth and bio assays with tobacco tissue
cultures. Physiologia Plantarum, 15: 473-497.

NGUYEN T. T., NGUYEN T. D., Dao X. T., CHU T. D.,
NGo X. B. (2018). In vitro propagation of a Vietnam
Endemic lady’s slipper orchid (Paphiopedilum viet-
namense O. Gruss & Perner). Journal of Horticulture
and Plant Research, 1: 1-8.

NGUYEN D. M. T. (2021). The process of micropropa-
gation Dendrobium anosmum. AGU International
Journal of Sciences, 27: 73-82.

NGUYEN D. T., NGUYENO.T., HoT. T., NGUYEN T. H.,
NGUYEN C. K. T. (2021). Cultivation of Dendrobium
anosmum Di Linh from in vitro seedlings. Hue
University Journal of Science: Natural Science,
130: 107-115.

NGUYEN D. T., NGUYENO.T., HoT. T., NGUYEN T. H.,
LA H. T. T, Ncuyen C. K. T. (2022a). Effects of
hormone and fertilizers on early flower induction
of Dendrobium anosmum hybrid seedlings under
ex vitro condition. Journal of Experimental Biology
and Agricultural Sciences, 10: 1168-1179.

NGuyeN H. T.,, DinaH S. T.,, NiInH T. T., NonG H. T.,
DanG T. T. T., Kauar Q. V, DanG A. T. P.,
Ly M. T., KirakosyaN R. N., KALASHNIKOVA E. A.
(2022b). In vitro propagation of the Dendrobium
anosmum Lindl. collected in Vietnam. Agronomy,
12: 324-338.

NGUYEN O. T., NGUYEN D. T., NGUYEN T. H., NGUYEN
C. K. T. (2022c). Optimal condition for propagation
and growing of Dendrobium thyrsiflorum. Journal
of Experimental Biology and Agricultural Sciences,
10: 524-532.

NGuYEN Y. H. T., NGuyen H. T. (2021). Study on in
vitro propagation of dendrobium asomum Lindl.
distribute in thai nguyen province. TNU Journal of
Science and Technology, 226: 39-46.

PHAaM Q. M., Duong K. C., QuacH P. N. D., HoanG
M. T. T. (2018). Micropropagation and nursery at
garden of Dendrobium caesar. VNUHCM Journal
of Natural Sciences, 23: 14-22.

PRADHAN S., PAUDEL Y. P., PANT B. (2013). Efficient
regeneration of plants from shoot tip explants of
Dendrobium densiflorum Lindl., a medicinal orchid.
African Journal of Biotechnology, 12: 1378-1383.

PrADHAN S., TiIRuwa B., SUBEDEE B. R., PANT B.
(2014). In vitro germination and propagation of a

47



Nguyen Huu Tho et al. Conservation of Dendrobium anosmum ‘Tim Hue’ by in vitro propagation

threatened medicinal orchid, Cymbidium aloifolium
(L.) Sw. through artificial seed. Asian Pacific Journal
of Tropical Biomedicine, 4: 971-976.

Priva KumMmaRrti 1., SABINA GEORGE T., RAIMOHAN K.
(2013). Influence of plant growth regulators on
in vitro clonal propagation of Dendrobium Sonia
‘Earsakul’. Journal of Bio Innovation, 2: 51-58.

RAJASEKHARAN P. E.; SaHuraMm L. (2015). In vitro
conservation of plant germplasm. /n: Bahadur B.,
Venkat Rajam M., Sahijram L., Krishnamurthy K.
V. (Eds). Plant Biology and Biotechnology, Volume
II, Plant Genomics and Biotechnology. Springer
India: 417-443.

RaMASOOT S., WEERAPONG M., KEAWSAARD Y., RITCH-
UAY S., ROTDUANG P. (2022). Enhance efficiency
propagation and conservation of Toothbrush Orchid
in vitro. Songklanakarin Journal of Plant Science,
9:15-23.

RAMIREZ-MOSQUEDA M. A., CrRuz-Cruz C. A.,
ATLAHUA-TEMOXTLE J., BELLO-BELLO J. J. (2019).
In vitro conservation and regeneration of Laelia
anceps Lindl. South African Journal of Botany,
121: 219-223.

ReDDY J., SHAJU A, JOSE A., BETTY A., YARMICHON,
H. (2020). Plant growth regulators used for in vitro
micropropagation of orchids: a research review. In-
ternational Journal of Biological Research, 8: 37-42.

SuY.-H., Liu Y.-B., ZHANG X.-S. (2011). Auxin-cyto-
kinin interaction regulates meristem development.
Molecular Plant, 4: 616-625.

TEIXEIRA DA SILVA J. A., WINARTO B., DOBRANSZKI J.,
CarDOsO J. C., ZENG S. (2016). Tissue disinfection
for preparation of Dendrobium in vitro culture. Folia
Horticulturae, 28: 57-75.

TEIXEIRA DA Sitva J. A., HossaIN M. M., SHARMA M.,
DoBrANszk1 J., CArRDOSO J. C., ZENG S. (2017).
Acclimatization of in vitro-derived Dendrobium.

48

Horticultural Plant Journal, 3: 110-124.

TiaNJ., JIaNG W, S1J., HAN Z., L1 C., CHEN D. (2022).
Developmental characteristics and auxin response
of epiphytic root in Dendrobium catenatum. Fron-
tiers in Plant Science, 13: 1-15.

TiIKENDRA L., AMoMm T., NonGDaMm P. (2018). Effect
of phytohormones on rapid in vitro propagation of
Dendrobium thyrsiflorum Rchb. f.: an endangered
medicinal orchid. Pharmacognosy Magazine, 14:
495-500.

VuL.Q.,LEC. K., HoanG T. T.,, VU H. T., TRAN H.,
Duona N. T. (2019). Effects of shoot tip removal,
wounding manipulation, and plant growth regula-
tors on shoot regeneration and plantlet development
in Paphiopedilum species. Scientia Horticulturae,
256: 1-6.

WaNG S. S., Livu J. M., Sun J.,, HuanGg Y. T., JIN N,,
LiM. M., LIaANG Y. T., FAN B., WaANG F. Z. (2022).
Analysis of endophytic bacterial diversity from
different Dendrobium stems and discovery of an
endophyte produced Dendrobine-type sesquiterpe-
noid alkaloids. Frontiers in Microbiology, 12: 1-15.

WINARTO B., RACHMAWATI F., SANTI A., TEIXEIRA DA
Siva J. A. (2013). Mass propagation of Dendrobium
‘Zahra FR 62°, a new hybrid used for cut flowers,
using bioreactor culture. Scientia Horticulturae,
161: 170-180.

XING Y.-M., CHEN ], CuiJ.-L., CHEN X.-M., Guo S.-X.
(2011). Antimicrobial activity and biodiversity of
endophytic fungi in Dendrobium devonianum and
Dendrobium thyrsiflorum from Vietnam. Current
Microbiology, 62: 1218-1224.

ZHAao D.-K., SELOSSE M.-A., WU L., Luo Y., SHAO S.-
C.,RuanY.-L. (2021). Orchid reintroduction based
on seed germination-promoting mycorrhizal fungi
derived from protocorms or seedlings. Frontiers in
Plant Science, 12: 1-11.



TRUONG PAI HQC THU DAUMOT
NHIEU TAC GIA

KY YEU HOI THAO
NGHIEN CUU PA DANG SINH HQC VA TIEM NANG DUQC LIEU

THUQC HQ ORCHIDACEAE (HQ LAN), THEACEAE (HQ TRA) VA
ZINGIBERACEAE (HQ GUNG) O VIET NAM, NAM 2023

NHA XUAT BAN PAI HQC HUE
Hué, 2024



Bién muc trén xuét ban phim ciia Thu vién Qudc gia Viét Nam

Ky yéu hoi thao Nghién ctru da dang sinh hoc va tiem nang dugc li¢u thude ho
Orchidaceae (ho Lan), Theaceae (ho Tra) va Zingiberaceae (hg Gung) ¢ Viét Nam nam
2023 / Tran Trung Hiéu, Lé Don Nhan, Tran Thi Thu Hang. - Hu¢ : Pai hoc Hug, 2024.
— 243tr. : hinh v€, anh ; 27 cm

DTTS ghi: Dai hoc Thu Dau Mot

ISBN: 978-604-489-317-4

1. Duogc li¢u 2. Ho Lan 3. Ho Gung 4. Ho Tra 5. Pa dang sinh hoc 6. Vi¢t Nam
7. Ky yéu hoi thao

615.32109597 — dc23

DUMP0929p

M3i s6 sach: NC/568-2024



MUC LUC

THANH PHAN HOA HQC VA HOAT TINH SINH HQC CUA CAO
CHIET N-HEXANE TU THAN RE TAM THAT GUNG (Stahlianthus
thorelii Gagnep.)

Tran Trung Hiéu, Lé Dodn th}g, Tran Thi Ti’zu Hcing,~Vi Thi Thuan,

Nguyén Thi Giang An, Nguyén Hoang Tudn, Nguyén Dang Khoa,

Nguyén Xuan Ha, Lé Puc Giang

TONG QUAN VE THANH PHAN HOA HQC VA TAC DUNG DUQC

LY CUA CAC LOAI DISTICHOCHLAMYS M. F. NEWMAN: LOAI
THUC VAT PAC HUU O VIET NAM

Tran Van Chén, Cao Ly Tan Théng, Nguyén Thanh Triét

NGHIEN CUU BAO TON LOAI HONG LAN (CYMBIDIUM INSIGNE

ROLFE) QUY HIEM TRONG SINH CANH RUNG HON GIAO

THONG PA LAT (PINUS DALATENSIS FERRE) DUA VAO CONG
PONG O HUYEN KON PLONG, TINH KON TUM, VIET NAM

Nguyén Thi Thién Huwong, Nguyén Quéc Dung, A Siu
PAC PIEM THUC VAT, MA VACH DNA VA SO BO THANH PHAN

HOA HQC CUA CAY HAI PUONG (CAMELLIA AMPLEXICAULIS),
HO TRA (THEACEAE)

Durong Nguyén Xudn Lam, Nguyén D6 Lam Pién
ANH HUONG CUA MOT SO YEU TO PEN NHAN GIONG LAN GIA

HAC TIM (DENDROBIUM ANOSMUM LINDL.) BANG PHUONG
PHAP NUOI CAY IN-VITRO

Nguyén Hitu Tho, Nguyén Thi Oanh, Truong Thi Bich Phirong, Nguyén Thi Kim Ciic
TONG HQP MOT SO DUQC LIEU THUQC HQ LAN (ORCHIDACEAE)
SU DUNG BIEU TRI PAI THAO PUONG O VIET NAM: CONG DUNG
THEO Y HQC CO TRUYEN VA TAC DUNG DUQC LY HIEN PAI

Tran Van Chén, Dirong Thi Ngoc Lan, Nguyén Thanh Triét, Vé Trong Tudn

THANH PHAN LOAI CUA SECTION DALATIA (CAMELLIA, THEACEAE)

O VIET NAM

Qudch Van Hoti, Nong Van Duy, Vii Kim Cong, T) ran Thai Vinh,

Dang Thi Tham, Lwong Van Diing

PA DANG HE THUC VAT CO MACH TRONG HE THONG HANG

SON POONG, VUON QUOC GIA PHONG NHA - KE BANG, TINH
QUANG BINH

Bui Van Huéng, Vii Van Lién, 6 Van Trieong, Vi Anh Tai, Vii Thi Thu Hién

Trang

11

42

56

68

88

107

115



Hbi thao “NGHIEN CUU DA DANG SINH HQC VA TIEM NANG DUQC LIEU THUQC HO
ORCHIDACEAE, THEACEAE VA ZINGIBERACEAE O VIET NAM, NAM 2023

ANH HUONG CUA MOT SO YEU TO PEN NHAN GIONG LAN
GIA HAC TiM (DENDROBIUM ANOSMUM LINDL.) BANG
PHUONG PHAP NUOI CAY IN-VITRO

Nguyén Hiru The'?, Nguyén Thj Oanh’, Truwong Thj
Bich Phwgng?, Nguyén Thi Kim Ctc”

YWien Cong nghé sinh hoc, Dai hoc Hué, Thira Thién Hué
2Trwong Pai hoc khoa hoc, Pai hoc Hué, Thira Thién Hué
® Truong Cao dang Co dién, Xay dung va Néng lam Trung Bg, Binh Dinh

Email: ntkcuc.huib@hueuni.edu.vn

TOM TAT

Lan Gid hac tim (Dendrobium anosmum Lindl.) phdn bé ¢ viing tinh Thira Thién
Hué, véi dic diém hoa to dep, mang sdc tim ddc trung va co mui huong diu nhe da
lam cho dong lan nay dwgc wa chuéng trong nhitng nam gan day. Trong nghién
cltu nay, cde yéu té anh huong dén sw phdt sinh protocorm tir hat, tdi sinh, phat
trién chéi, va tao cdy hoan chinh trong nuéi cdy lan Dendrobium asomum Lindl.
bang phwong phdp nhén giong in vitro dé dwoc ching t6i khao sat. Quy trinh khir
tring qua lan dat hiéu qud cao véi ty 1é nhiém chi 4,89 %, ty 1é hat nay mam dat
93,46 % sau trung binh 23,27 ngdy nuéi cdy, 1ty 1é hinh thanh protocorm la
88,75% va ty 1é hat chét chiém 4,43%. Méi truong thich hop cho tdi sinh choi la
MS ¢6 bé sung thém 1,5 mg/l BA + 0,5 mg/l NAA véi ty 1é tdi sinh chéi dat 96,00
% sau 45 ngay cdy chuyén. Hé s6 nhdn choi tot nhat dat 6,36 lan trén méi truong
dinh dwéng cé bé sung 1,5mg/l BA + 0,5 mg/l IAA sau 6 tuan nuéi cdy. Choi in-
vitro tao ré tét nhat trén méi truong MS ¢6 bo sung 0,7 mg/l NAA, sé ré dat diege
5,72 ré/choi, chiéu dai ré dat 4,06 cm/ré, ré cé dac diém to va khoé sau 8 tuan
nudi cdy.

Tir khoa: Dendrobium, in-vitro, kich thich sinh truong thuc vit.

1. Pit van dé

Véi vé dep hap dan va cau tric hinh thai noi bat, hoa lan dugc ua chudng trén
khap thé gi6i. Orchidaceae 1a ho thuc vat ¢ hoa véi s6 luong loai 16n nhat (Khasim et
al., 2020). Trén thé giéi c6 khoang 763 chi va 28.000 loai lan da duoc ghi nhan
(Christenhusz & Byng, 2016). Ho Orchidaceae c6 su da dang vé dic diém sinh dudng
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va hinh thai hoa, né dugc quan tdm nhiéu do su phan bé dia ly rong rai, gié tri cao cua
cac giéng lan ring va lan thuvong mai (Catzal-Ix & Noguera-Savelli, 2014). Trong s6
do, Dendrobium la chi I6n thir hai cta ho Orchidaceae c6 khoang 1800 loai (De &
Singh, 2015). Dendrobium duoc phan bd rong khip Chau A va Nam Thai Binh
Duong, ving nhiét d6i va can nhiét déi, tir cc ving thap va 4m ¢ Bic Uc, Dong Nam

A va ddy ndi Himalaya (Ketsa & Warrington, 2023). O Viét Nam, chi Dendrobium c6
107 loai va 1 thir dwoc phan bd rong khap tir Bac dén Nam (Huyén, 2007), nhiéu loai
trong chi ndy dwoc thuan dudng va phét trién rat tot & diéu kién nuéi trong.

Lan Gia hac tim (Dendrobium anosmum Lindl.) véi nhiing dac trung nhu khuon hoa dep,
nhiéu bién thé mau sic, 14 udn cong, than thong tao nén cam gidc mém mai, dic biét 1a
mui huong diu nhe (Hartati et al., 2022) tao duoc strc hit dac biét trong linh vire suwu tam
hoa cling nhu nghién cttu chuyén mon trong nhirng nam qua. da lam cho loai lan nay tré
nén dugc wa chudng trong thoi gian gan day. Do nhu cau vé gidng lan nay ting cao din
dén tinh trang khai thac ngudn lan riing dién ra 6 at, hon nita, méi trudng sinh trudng caa
lan nay ciing bi thu hep do cac hoat dong cua con ngudi, thién tai va bién doi khi hau.
Mt khéc, kha ning nhéan gidng trong ty nhién cua giéng lan nay c6 nhiéu han ché boi hat
lan rat kho nay mam trong diéu kién ty nhién (Tran Hop, 1998). Do vay, nguon lan Gia
hac tim trong tu nhién dan tro nén khan hiém.

Hién nay, sy phat trién cia cdng nghé sinh hoc, phuong phap nhan giong in-vitro duoc
danh gia 1a t6i wu dé nhan nhanh phuc vy nhu cau thuong mai ciing nhu bao ton nhiéu
loai lan quy hiém va c6 gia tri cao vé kinh té, duoc liéu va tham m§. Cho dén nay trén thé
gidi da co nhiéu cdng trinh nghién cau vi nhan giéng chi Dendrobium, nhu nhan gidng
cac loai D. chryseum Rolfe (Maharjan va cong su, 2020), D. antennatum Lindl (Nugroho
va cong su, 2019), D. heterocarpum Wall. ex. Lindl. (Longchar & Deb, 2022). O Viét
Nam, nhan giéng Dendrobium da duoc tién hanh thanh céng trén mot s6 loai nhu: D.
officinale Kimura et Migo (T. S. Nguyen va cong sy, 2014); D. anosmum Lindl. (V. T.
Le va cong su, 2022; D. T. Nguyen va cong su, 2021; Y. H. T. Nguyen & Nguyen, 2021),
D. heterocarpum Lindl (Dang va cong su, 2018), cac nghién citu nhan gidng van con han
ché trong quy md phong thi nghiém, con it noi dua ra cdy giéng phuc vu thuong mai va
bao ton. Trong nghién ciru ndy, nhan giéng in vitro lan Gia hac tim bang cach s dung hat
lan nudi ciy trong méi trwong thich hop dé tao vat lieu khoi dau cho quy trinh nhan
gidng. Céy con sau d6 dugc chuyén sang méi truong bd sung chat kich thich ting truéng
& cac nong do khac nhau phi hop véi ting giai doan phat trién. Chat diéu hoa sinh truong
duoc stir dung trong nghién cuu la auxin va cytokine. Nghién ctru nay dwoc thuc hién
nham danh gia tac dong cua mot sé yéu té dinh dudng, anh sang va chat kich thich sinh
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truéng |1én qua trinh nhan giéng bang phuong phap nuéi cdy in vitro lan Gia hac tim (D.
asomum Lindl.) dugc phan bé tai Thira Thién Hué.
2. Vit liéu va phwong phap nghién ciru
2.1 Vat ligu

Vit liéu nudi cay khai dau 1a hat lan Gia hac tim (D. anosmum Lindl.) phan bé tai
Thira Thién Hué. Qua lan da chin sinh 1y (6-7 thang) duoc thu héi, lra chon qua to chéc,
con xanh chua mad, khéng bi bénh, vé qua lanh lan. Qua duoc thu hai tai vuon lan Vién
cdng nghé sinh hoc, Pai hoc Hué.
2.2 Phwong phap nghién ctru
biéu kién nudi cay

biéu kién in vitro: Thi nghiém duoc thuc hién trong diéu kién phong nudi co do
am 50 - 60%, nhiét d6 25 + 2°C, str dung bong dén huynh quang véi cudng d6 chiéu sang
tur 2.500 - 3.000 lux.
Moi trudng nudi cdy: Moi truong sir dung trong nghién nay 1a % MS, MS (Murashige &
Skoog, 1962), Moi truong VW (Vacin & Went, 1949), Méi truong Hyp (Kano, 1965) va
Moi trudng Knusond C (Knudson, 1946) c6 thanh phan cac chat dinh dudng thay doi
nham tim ra mdi trudng thich hop cho qué trinh sinh truéng choi lan Gia hac tim trong
nudi cay in-vitro.
Nuéi cdy khéi dau

Qua lan sau khi chin sinh ly s& duoc mang vé phong thi nghiém va lam sach so b
dudi voi nudc chay véi xa phong. Sau d6 qua lan duoc dua vao tu cay vo tring, rira qua
qua 1 lan nita bang nudc cat dugc hap vé tring trong vong 1 phdt. Tiép theo, qua duoc
khtr triing bang cach nhiing ngap toan bd qua vao trong con ethanol 96° va lac nhe trong
vong 30 gidy. Qua duoc lay ra va dot qua véi dén con trudc khi qua duoc cat doi dé lay
hat (Ha & Ha, 2020). Hat lan duoc gieo vao méi truong MS. Bé tri thi nghiém véi thoi
gian chiéu sang khéac nhau (Oh hoic 4h hoic 8h) dé xac dinh hiéu qua cua quy trinh khi
tring va xac dinh thoi gian chiéu sang thich hop cho hat nay mam. M&i cong thuc thi
nghiém duoc tién hanh voi 10 tai méi trudng, va 1ap lai 3 1an. Cac chi tiéu danh gid 1a
thoi gian hat nay mam (ngay), ty 1& hat nay mam (%), ty 1& hinh thanh protocorm (%), ty
1 hat chét (%), ty 1& nhidm (%).
Hat lan dugc cdy trén cac méi truong % MS, MS, VW, Hyp, KC va cd b sung chat kich
thich sinh truéng 1-naphthylacetic Acid (NAA), 6-Benzylaminopurine (BA) ¢ nhiing
nong do khac nhau tir 0-1 mg/1 dé xac dinh méi truong va nong do kich thich sinh truong
phu hop dé hat lan nay mam va hinh thanh protocorm.
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Tai sinh choi

Céac protocorm hinh thanh duoc cdy vao moéi trudng dinh dudng téi wu & thi
nghiém nudi cay khoi dau. Méi truong dinh dudng duoc bd sung BA va NAA véi nhiing
nong d6 khéac nhau (0-2 mg/l). Mai thi nghiém duoc Iap lai 3 1an, mdi lan c6 10 thi moi
trudng, mdi tai duoc cay 5 mau protocorm. Chi tiéu duogc theo ddi sau 8 tuan nudi ciy la
ty I¢ tai sinh chdi (%), s6 chdi, chidu dai caa chdi.
Nhan nhanh chéi

Céc chdi hoac cum chdi (2—3 chdi) phat sinh tir protocorm dwoc cay chuyén sang
moi truong dinh dudng ¢ bd sung cac chit kich thich sinh truong BA (1,5mg/l) va B-
indol-acetic acid (IAA) nong d6 0-0,7 mg/l d&é quan sat kha ning nhan nhanh chdi in-
vitro. Mai thi nghiém duoc Iap lai 3 1an, mdi lan c6 10 thi méi truong, mdi thi duoc cay 5
mau choi. Thu so liéu danh gia sau 6 tuan nudi cay la hé sé nhan chdi, chiéu cao choi
(cm), s6 14 cua chdi, dic diém choi.

Ha sé nhan chdi (lin) = 2

Ol sau 6 tuan nudi cay

~ 56 chdi ban dau (Ha & Ha, 2020)
Taore

Cac choi thu duoc tir thi nghiém nhan nhanh chéi dat tiéu chuan (cao 2-3 cm, ¢6 3-
4 14, xanh tot, khdng nhiém bénh) duoc tach ra va ciy chuyén sang moéi trudng ra ré. Moi
truong dinh dudng duoc bd sung thém chat kich thich sinh treong IAA va NAA Véi cac
nong do6 khac nhau (0-1 mg/l) dé tham do kha ning ra ré caa choi lan. Mdi thi nghiém
duoc 13p lai 3 1an, mdi lan c6 10 tai moi treong, mdi tai dugc cay 5 choi. Cac so liu
duoc thu lai sau 8 tuan nudi cay 1a ty 1& ra ré (%), sb ré trung binh/ chdi, chiéu dai ré
trung binh/ chéi, dac diém cua ré.
Xir Iy s6 ligu

S6 liéu duoc phan tich bang phan mém Microsoft Excel 2019 va IBM SPSS
Statistic 26. Tiéu chuan LSD (cho db tin cay 95%) va phan tich ANOVA (Ducan’s test)
cho tirng cong thirc dé danh gia sy khac biét.
3. Két qua va ban luan
3.1 Nudi cay khéi dau
3.1.1 Anh hwong cua quy trinh khi tring va thoi gian chiéu sdang dén kha nang nday mam
cua hagt lan

Két qua nghién ciru anh huong caa quy trinh khir tring va thoi gian chiéu sang dén
kha nang nay mam cua hat lan Gia hac tim sau 12 tuan nudi cay duoc trinh bay & bang 1.
Bang 1: Két qua khet triing va thoi gian chiéu sang dnh hudng dén kha ning nay mam va
hinh thanh protocorm cua hat lan Gid hac tim

CT Thaoigian  Theoi gian Ty I€ nay Ty I€ hinh Ty I€ hat Ty I8 nhiém
chieu nay mam  mam cuaa hat thanh chet (%) (%)
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sang cua hat (%) protocorm

(9i0) (ngay) (%0)
1 0 69,53+0,95¢ 20,93+0,95c¢ 20,00+0,79c 76,00+056c 4,89+121a
2 4 57,07£0,45b 46,13+0,40b 41,96+0,38b 44,40+090b 4,44+1,06a
3 8 41,33+0,96a 64,76£0,96a 60,89+0,91a 20,36x0,96a 4,00£1,09 a

(Trung binh + sai s¢ chudn (SE); CA&c cha cai giong nhau trong clng mét cét cho biét
khong co su khac biét vé y nghia thong ké (p < 0,05, Ducan’s test)

Két qua bang 1 cho thay quy trinh khtr tring qué lan da thuc hién ¢ két qua rat
tét khi ti 16 nhiém cao nhét chi ¢ mic 4,89 %, giira cac cong thic thi nghiém két qua
khong c6 su khac biét vé mit théng ké. Két qua nay c6 thé mot phan do hat lan duoc bao
boc bai 16p vo qua day, cach ly tét véi méi truong bén ngoai nén han ché viéc bi nhiém.
Két qua cho thay quy trinh khtr tring bang ethanol 96 dat hiéu qua kha twong dong voi
nghién ctru nhan giéng lan Dendrobium bang céach gieo hat in-vitro cua Nguyén Quynh
Trang va cong su (2013) khi khir tring qua lan Gia hac bang HgCl2 0,1% trong 9 phut Vi
ty 18 nhidm 4,75%, tuy nhién ty ¢ tai sinh chi dat 23,81 % thip hon rat nhiéu so voi
nghién ciru cua ching toi (64,76%) (Trang va cong sy, 2013). Cung chat khir trung HgCl»
0,1% duoc xir ly trong cac khoang thoi gian tir 5 dén 15 phut trén ddi twong qua lan
Hoang thao vi (D. cretaceum Lindley) c6 ty 16 miu sach déu trén 80% & tit ca cac
nghiém thac (Viét, 2017). Trong nghién ctu cia Bang Thi Thu Ha va Pham Thu Ha
(2020) vé nhan gidng lan Phi diép tim (D.anosmum Lindl) bang ky thuat nudi cay in-vitro
thuc hién khir tring qua lan bang phuong phap nhung vao coén 96° va dbt trén ngon lira
dén con ghi nhan ty 1é mau sach tir 61,76 — 100% (Ha & Ha, 2020). Nhu vay, sir dung
quy trinh khtr tring qua lan bang cach nhing vao con 96° va dét trén ngon lira dén con
trong 30 gidy vira don gian, an toan cho ngudi thuc hién, khong gy anh huéng dén moi
truong khi xa thai ¢ong thoi cho ty 16 mau sach va hat nay mam tot.

Nghién ctru ¢ong thoi cho thay thoi gian chiéu sang anh huong nhiéu dén kha nang
nay mam hinh thanh protocorm cua hat lan. Cu thé véi thoi gian chiéu sang 8 gio/ngay
cho két qua tét, voi thoi gian nay mam 41,33 ngay, ty Ié nay mam va hinh hanh
protocorm lan luot dat 64,76 % va 60,89 %, ty I hat chét thap nhat 12 20,36 %. Trong khi
d6 thi nghiém khong chiéu sang (CT1) va chiéu sang 4 gio/ngay (CT2) ghi nhan hiéu qua
thip hon dang ké, thir ty két qua thoi gian nay mam, ty 1é nay mam, ty 1& hinh thanh
protocorm va ty I¢ hat chét 1a 96,53 ngay; 20,93 %; 20,00 %; 76,00 % (CT1) va 57,07
ngay; 46,13 %; 41,96 %; 44,40 % (CT2) (Bang 1). Nhitng cong bd twong tu vé anh
huang caa thoi gian chiéu sang dén kha nang nay mam cua hat lan nhu nghién ctru cua Lé
Thién Vinh va cong sy (2022) vé nhan giong lan Gia hac (D.anosmum) dot bién bang
phuong phap nudi cay mé in-vitro thyuc hién khao sat voi diéu kién chiéu sang 8 gio/ngay
c6 ty 1& hat ndy mam déu trén 70% (V. T. Le va cong su, 2022). Trong nghién ciu caa
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Sorgato va cong su (2020) vé anh huéng cua anh sang, agar, than hoat tinh va méi truong
nudi cay dén su nay mam va phat trién ban dau caa cay Dendrobium di cho thdy c6 mdi
quan hé gitra diéu kién anh sang va kha ning nay mam cua hat, véi thoi gian chiéu séang
16 gio/ngay cho ty 1& nay mam dat 50,6 % d6i véi D. nobile va 82,7 % ddi vai D.
phalaenopsis cao hon rat nhiéu so véi khong chiéu sang 1a 35,5% (D. nobile) va 77,8%
(D. phalaenopsis). Trong nghién ctu cua Parthibhan va cong sy (2012) thoi gian chiéu
sang tir 8-24 gio/ ngay ludn cho ty 1é nay mam hat lan D. aqueum Lindley la trén 80%
trong khi ddi ching khéng chiéu sang thi ty 1é nay mam cua hat chi dat 70,74%. Nhu vay,
c6 thé thiy tuy vao mdi loai lan ma sy anh huéng cua thoi gian chiéu sang dén kha ning
nay mam cua hat ciing khac nhau, lan Gia hac tim cam ¢ng tot véi thoi gian chiéu sang 8
gio/ngay.
3.1.2 Anh hwong ciia méi truong dén khda nang ndy mam va hinh thanh protocorm cua
hat lan

Két qua nghién cau anh huong cia moi truong dén kha nang nay mam va hinh
thanh protocorm cua hat lan ¢ diéu kién thoi gian chiéu sang 8 gio/ngay dugc thé hién &
bang 2.
Bang 2: Anh huwong cia méi truong dinh dudng dén kha ndng ndy mam tqo protocorm
cua hgt lan Gia hac tim

CT Thoi gian nay Ty 1€ nay Ty I€ hinh Ty 18 hat chét
mam ciaa hat  mam ciaa hat thanh (%)
(ngay) (%) protocorm (%)
1 41,334£0,96 a 64,76+0,96a  60,89+0,91 a 20,36+0,96 a
2 54,00+£0,70 b 50,42+1,19b  44,73+162b 45,63+1,61b
3 57,53+0,48 c 4744+111b  36,87+1/44c 42,07+1,49b
4 42,87+0,65 a 63,08+1,68a  59,62+1,79 a 22,71+0,67 a
5 63,93+0,49 d 40,27£1,08c  29,29+1,13d 52,65+1,88 ¢

(Trung binh * sai sé chudn (SE); Cac chir cai giong nhau trong ciing mét cét cho biét
khong co sw khac biét vé y nghia thong ké (p < 0,05, Ducan’s test). - CT1: Méi truong
MS + 7 g/l agar + 0,7 g/l than hoat tinh + 30 g/l saccharose, pH 5,8; - CT2: Méi truong
¥ MS + 7 g/l agar + 0,7 g/l than hoat tinh, + 30 g/l saccharose, pH 5,8; - CT3: Mdi
truong VW + 2 g peptone + 7 g/l agar + 0,7 g/l than hogt tinh + 30g/l saccharose, pH
5,5; - CT4: Méi truong Hyp loai 20N-20P-20K 1 g/l + 1 g/l logi 6,5N-6P-19K + 2 g
peptone + 7 g/l agar + 0,5 g/l than hogt tinh + 30 g/l saccharose, , pH 5,8; - CT5: Mdi
truong KC + 7 g/l agar + 0,5 g/l than hoat tinh + 30 g/l saccharose, pH 5,5.

Két qua nghién ciu cho thdy méi truong dinh dudng cé anh huéng nhiéu dén qué trinh
nay mam va hinh thanh protocorm cua hat lan Gia hac. © CT1 (MS) va CT4 (Hyp) 1a 2
loai moi trudng phi hop dé gieo hat lan Gia hac tim voi thoi gian nay mam, ty 18 nay
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mam, ty I hinh thanh protocorm va ty 1& hat chét cua hat theo thér tu 12 41,33 ngay, 64,76
%, 60,89 %, 20,36 % (CT1) va 42,87 ngay, 63,08 %, 59,62 %, 22,71 % (CT4). Két qua
duoc danh gia kém nhat 12 CT5 (KC) véi thai gian nay mam hat kéo dai 62,93 ngay, ty 1&
nay mam cua hat thdp nhit 40,27%, ty 1& hinh thanh protocorm chi dat 29,29% trong khi
d6 ty Ié hat chét 1én dén 52,65 %. Nhiing cong bd trude day vé moi trudng dung dé gieo
hat lan Gia hac ciing cho thay su thich hop cua 2 loai méi truong ndy. Nghién ctiu cua Lé
Thi Luan va cong sy (2020) vé nhan giéng in-vitro cay lan Gia hac Hawaii (D. adastra)
d3 dung méi truong MS cho tat ca cac thi nghiém khao sat va déu cho két qua rat tot, ddi
V6i giai doan gieo hat ¢ ty 18 nay mam 1én dén 98,5 % khi méi trudng ¢ bo sung thém
kich thich sinh truéng BA (L. T. Le va cong su, 2020). Méi truong MS cling phu hop vai
cay lan D. antennatum Lindl. cho ty & nay mam dat 100% trong 37,8 ngay (Nugroho va
cong sy, 2019), trén lan D. aqueum Lindley ty 1& nay mam cua hat Ia tir 80,78% — 97,75%
trong 46 ngay (Parthibhan va cong su, 2012). Moéi truong Hyp lai phu hgp vaéi lan
Dendrobium ‘Iriana Jokowi’, ty 1& ndy mam d6i véi hat lan nay trén méi truong Hyp la
92,86 % sau 3 thang gieo (Della Rahayu, 2016). Mo6i truong Hyp la mot méi trwong dinh
dudng thuong mai dugc sir dung trong méi trudng nudi cdy dé hat gidng lan nay mam va
tai sinh cay con tir thé giéng protocorm (plbs) c6 hiéu qua giéng moi truong MS
(Thepsithar va cong su, 2009).
3.1.3 Anh huwong cua kich thich sinh triéng dén kha ndng ndy mam va hinh thanh
protocorm cua hat lan

Két qua nghién ciu anh huong cua kich thich sinh truong dén kha nang nay mam
va hinh thanh protocorm cua hat lan véi thoi gian chiéu sang 8 gio/ngay va hat dugc gieo
trén moi trudng MS dugc thé hién ¢ bang 3, hinh 1.
Bang 3: Anh hwong cua chdat kich thich sinh truéng d@én kha ndng ndy mam tago
protocorm cua hat lan Gia hac tim

CT Kichthich  Thoi gian nay Ty 1€ nay Ty I€ hinh Ty 1é hat chét
sinh trwong  mam caa hat ~ mAam caa hat thanh (%)
(mg/l) (ngay) (%) protocorm
NAA BA (%)
1 0 0 41,33+0,96¢g 64,76+096 h  60,89+0.91g  20,36+0,96 ¢
2 0 0,25 36,60+0,49ef 73,53+0,51g  70,81+0.87 f 19,33+£0,74 ¢
3 025 0,25 37,47+0,70f 75,39+0,77 f 72,91+0.45ef 18,60+0,77 €
4 05 025 3533+0,62de  81,63+0,63d  76,20+0.40d  14,68+0,67 cd
5 0,75 0,25 28,27+0,92b 87,64+064b  8204+0.61b  10,49+0,54 b
6 1 0,25 31,33+0,69c 81,40+0,69d  77,41+0.44cd 13,13+0,52c
7 0 0,5 34,13+0,52d 75,84+0,57 f 71,26+0.84 18,83+0,70 e
8 025 05 3367+0,80d 78,76+£0,81e  73,35+0.53e  13,79+0,36 ¢
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9 05 0,5 33,93+0,63d 77,09+0,55ef  73,20+0.54 ¢ 15,80+0,83 d

10 0,75 0,5 23,27+0,27 a 93,46+0,47a  88,75+0.55a  4,43+0,37 a

11 1 0,5 29,53+0,93bc  84,68+0,49 c 78,66+0.56 ¢ 13,61+0,43 ¢

(Trung binh + sai s¢ chudn (SE); CA&c cha cai giong nhau trong clng mét cét cho biét
khong c6 su khac biét vé y nghia thong ké (p < 0,05, Ducan'’s test)

Nghién ciru da phdi hop hai loai kich thich sinh truong thugc 2 nhém auxin (BA)
va cytokinin (NAA) véi nhitng nong do khac nhau dé tham do su anh huéng cua n6 dén
kha ning nay mam caa hat lan. Khi khdng st dung bat ki chét kich thich sinh truong nao
thi két qua thu duoc khong kha quan véi thoi gian nay mam 1a 41,33 ngay, ti 1é nay mam
cua hat 12 64,76 %, ty 1& hinh thanh protocorm dat 60,89 % va ty 1& chét cua hat chiém
20,36% (bang 3). Két qua nay duoc cai thién hon khi sir dung 0,25 mg/l BA két hop voi
NAA nong do tir 0-1 mg/l. O CT5 vai 0,75 mg/l NAA+ 0,25 mg/l BA thi thoi gian nay
mam con 28,27 ngay, ty 1& nay mam 87,64 %, ty 1& hinh thanh protocorm 82,04 % va ty
16 hat chét 1a 10,49 %, hiéu qua c6 xu hudng giam khi ting ndng d6 NAA 1én 1 mgl/l
(31,33 ngay; 81,40 %; 77,41 %; 13,13 %) (CT6). Tuy nhién, khi néng d6 BA 1én 0,5 mg/I
thi két qua co su thay doi, dat tot nhat & 0,75 mg/l NAA+ 0,5 mg/l BA vai thoi gian nay
mam cua hat, ty 1& nay mam, ty 1& hinh thanh protocorm va ty Ié hat chét lan luot la 23,27
ngay, 93,46 %, 88,75 % va 4,43 %, két qua nay tét hon ca CT5 (bang 3). Tuong tu CT6
khi ting ndong do NAA 1én 1 mg/l hiéu qua giam di dang ké (29,53 ngay; 84,68%:; 78,66
%:; va 13,61%) (CT11, bang 3), diéu nay chtang té khi ndng do kich thich sinh truéng qué
cao dan dén sy uc ché qua trinh nay mam hinh thanh protocorm cua hat lan Gia hac tim.
Két qua nghién ctu trén lan Gia hac (D.anosmum) cua mot sb tac gia khac ciing cho thay
hiéu qua cia kich thich sinh truong BA va NAA d6i véi kha ning ndy mam va tao
protocorm cua hat ludn cho ty 18 rat cao ludn trén 85% (D. M. T. Nguyen, 2021), c6
truong hop dat 100% (Y. H. T. Nguyen & Nguyen, 2021).
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Hinh 1: Cdc giai doan phét trién cua hat lan Gid hac tim dwoc gieo trén méi truong MS
+ 0,75 mg/l NAA+ 0,5 mg/l BA, dwoc chiéu sang 8 gio/ngay; A. hat lan méi ldy ra khdi
qua; B. Hat lan gieo duwoc 10 ngay; C. Hat lan gieo duroc 15 ngay; D, E. Hat lan gieo
duoc 25 ngay; f. Hat lan gieo dwoc 35 ngay.
3.2 Tai sinh chbi

Nhitng khbi/cum protocorm thu dwgc tir thi nghiém nudi cdy khoi dau duoc lra
chon ciy sang moéi trudng tai sinh chdi. Méi truong dinh dudng duoc st dung 1a MS c6
b sung chat kich thich sinh truong BA va NAA. Két qua tai sinh chdi tir protocorm cua
lan Gia hac tim thu dugc sau 8 tuan nudi ciy thé hién qua bang 4.
Bang 4: Anh hwong cua chdt diéu hoa sinh treng t6i kha néng tdi sinh chéi tir protocorm

CT Kichthichsinh  Tylétaisinh  S6 chdi/miu  Dai chdi (cm)
trweéng (mg/l) choi (%)

BA NAA
1 0 0 65,33+2,26 ¢ 1,03+0,11f g 0,55+0,03 g
2 0 0.5 74,00+1,94ef  1,22+0,05efg  0,75+0,04 f
3 0.5 0.5 79,33+1,94 de 1,52+0,06 d 1,26+0,03 c
4 1 0.5 85,33+1,70 bc 1,78+0,03 c 1,57+0,05 b
5 1.5 0.5 96,00+1,25 a 2,716+0,04 a 1,83+0,03 a
6 2 0.5 88,00+2,71 b 1,54+0,03d 1,45+0,00 b
7 0 1 72,00+1,70 f 1,01+0,06 g 0,82+0,02 ef
8 0.5 1 76,00+1,25 ef 1,31+0,10e 1,10+0,06 d
9 1 1 82,00+1,70 cd  1,59+0,05 cd 1,26+0,09 c
10 1.5 1 90,67+2,21ab  2,03+0,11 b 1,58+0,04 b
11 2 1 73,33+1,83 f 1,23+0,05 ef 0,90+0,05 e
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(Trung binh + sai s¢ chudn (SE); CAc ché cai gishg nhau trong clng mét cét cho biét
khong co su khac biét vé y nghia thong ké (p < 0,05, Ducan'’s test)

Téi sinh chdi 1a mot khau quan trong trong quy trinh nhan giéng in-vitro, diéu nay
cling quyét dinh sy thanh cong cia nhan giéng. Két qua bang 4 cho thay tai sinh chdi tir
protocorm rat hiéu qua trén moéi trudng MS c6 bo sung BA va NAA. O CT1 khong b
sung kich thich sinh truong cho két qua tai sinh tuong dbi thap vai ty 1¢ tai sinh choi dat
65,33%, s choi 1a 1,03 chdi/mau, chdi dai 0,55 cm/ chdi (bang 4). Két qua nay tét hon
khi méi truong b sung thém BA va NAA, cu thé két qua tét nhat duoc ghi nhan ¢ CT5
khi bé sung 1.5 mg/l BA + 0,5 mg/l NAA vai ty 1é tai sinh chdi dat 96,00 %, sé chdi la
2,76 chdi/mau, chdi dai 1,83 cm/ chdi (bang 4). Khi bd sung kich thich sinh truang thap
hon hoidc cao hon ngudng & CT5 déu cho két qua khdng tét bang CT5, diéu nay c6 thé do
ty 1& auxin va cytokinin khéng pht hop dan dén nhitng @c ché trong qua trinh tai sinh
chdi. Két qua nghién cau caa Y. H. T. Nguyen & Nguyen, (2021) trén lan Gia hac
D.anosmum ciing sir dung BA va NAA d¢ kich thich qua trinh tai sinh chéi, nong do tot
nhét cua nghién ciu 12 2 mg/l BA + 0,2 mg/l NAA cho ty 18 tai sinh chdi 97,87 %, choi
xanh khoé. Mot nghién ctru dang cha y khac khi nhan gidng lan Gia hac D.anosmum &
Hoa Binh cia H. T. Nguyen va cong su (2022) di cho két qua ty & tai sinh chdi tir
protocorm dat 100% dit méi trudng cé hay khong c6 kich thich sinh truong nhung chdi ¢
moi truong cé kich thich sinh trudng thi cao hon (0,69 cm) so vdi moi truong khdng cd
kich thich sinh truc”rng (O 33 cm) Két qué néy co su khac biét V('Ii nghién ctru cua chung

Z} r‘y

Hinh 2: Anh hwong ciia kich thich sinh trweng |1én kha ndng tdi sinh chéi cua lan Gidg hac
tim. A. Méi truong khong bé sung chat kich thich sinh truéng; B. M6i triong bé sung 1,5
mg/l BA + 0,5mg/l NAA; C. Méi truong bé sung 1,5 mg/l BA + 1 mg/l NAA.
3.3 Nhan nhanh chai
Nhitng chdi hodc cum chdi dat chat lwong (cao 0,7-1cm, ¢6 1-2 14, xanh tét, khong
nhiém bénh) duoc lya chon va cdy vao méi trudng nhan nhanh. Mai trudng duoc st dung
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la MS c6 bd sung thém kich thich sinh truéng 1,5 mg/l BA va IAA ¢ nong do 0-0,7
mg/l. Két qua nhan nhanh chdi sau 6 tuan nudi cay duoc trinh bay & bang 5.

Bdang 5: Anh hwong cua chat kich thich sinh truéng dén khd ndng nhdan nhanh choi lan
Gia hac tim

Nong Nong ] Chidu cao buwong ] . ) .
do BA d9 IAA HeEsonhan /chdi (cm) kinh choi So la/choi Pic diém choi
(mg/L) (mg/L) (cm)
0 0 1,25+006f 142+006e 0,22400le  2,26+0,07c Choi nho yéu, mau xanh hoi vang

15 0 2,18+0,04e 1,77+0,06d 0,31+0,01d 2,39+ 0,08c Choi nho, mau xanh nhat.
1,5 0,1 346+006d 242+0,05c 0,37+001c 3,70+0,05d Choi trung binh, mau xanh nhat.
1,5 0,3 452+0,09b 256+0,03b 044+001b 455+0,04b Choi map, cao, mau xanh dam.
1,5 0,5 6,36 +£005a 3,72+003a 056+00la 514+0,04a Chdi mip, cao, mau xanh dam.
15 0,7 429+006c 2,38+004c 0,36+0,01c 4,24 +0,02 ¢ Choi trung binh, mau xanh nhat.

(Trung binh * sai sé chudn (SE); Cac chir cai giong nhau trong cling mét cét cho biét
khong c6 su khac biét vé y nghia thong ké (p < 0,05, Ducan’s test)

Két qua bang 5 cho thay nhan nhanh chéi dat hiéu qua toi wu khi sir dung moi
truong dinh dudng c6 bd sung thém 1,5 mg/l BA + 0,5 mg/l IAA véi hé s6 nhan chdi dat
6,36, chiéu cao chdi 3,72 cm/chdi, so 14 5,14 1a/chdi, két qua nay cao hon rat nhiéu so voi
d6i ching khi sir dung méi truong khdng bo sung kich thich sinh truéng (1,25; 1,42 cm;
2,26 14) (bang 5). Trong khi cac cong thuc thi nghiém khac khi bo sung ndng do I1AA cao
hoac thap hon 0,5 mg/l déu cho két qua thap hon. Pa c6 nhiéu nghién ciru vé nhan gidng
lan & giai doan nhan nhanh choi bo sung vao moi trudng cac chat kich thich sinh truong
nham ting hiéu qua cua viéc nhan nhanh. Trong nghién ctu caa Vil Thi Phan va cong su
(2019) vé nhan gidng lan D. nestor, tac gia da phéi hop 3 chat kich thich sinh truong vao
moi truong vaéi nong do khac nhau dé danh gia mirc d6 hiéu qua cua ching, két qua tét
nhat cho nhan chdi ghi nhan tai ndng d6 0,4 mg/l BA+ 0,2 mg/l kinetin + 0,2 mg/l NAA
véi hé sb nhan choi 6,33 (Phan va cong sy, 2019). Trén lan Gia hac Hawaii (D. adastra)
khi b6 sung 1 mg/l BA hoic 1,5 mg/l Kinetin don 1¢é da cho hiéu qua nhan chdi tét, cu thé
hé s6 nhan chdi dat duoc 1a 4,22 va 3,71, chdi xanh tét (L. T. Le va cong su, 2020). Mot
nghién ctu khéc trén lan D. anosmum, khi méi truong bo sung 0,3 mg/l BA + 0,1 mg/I
NAA +0,2 mg/l kinetin cho két qua nhan chdi hiéu qua véi hé sé nhan chdi dat 9,44 (Ha
& Ha, 2020). C6 thé thay lan D. anosmum cd kha nang nhan chdi rat cao du sir dung chat
kich thich sinh truéng riéng Ié hay két hop.
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Hinh 3: Anh hweng cia kich thich sinh truéng dén kha ning nhdan nhanh chéi lan Gid
hac tim. A. Chai lan cdy ¢ méi trieong khdng bé sung kich thich sinh trirong; B. Choi lan
cay ¢ méi trwong bé sung 1,5 mg/l BA + 0,3 mg/l 1AA; C. Choi lan cdy ¢ méi trieong bo
sung 1,5 mg/l BA + 0,5 mg/l 1AA.
3.4 Ra ré tao cay hoan chinh

Day 1a giai doan cudi ciing cua nhan giéng in-vitro truéce khi dua ciy di thich nghi
& diéu kién vuon wom. Két qua nghién ciu anh huong cua chét kich thich sinh truéng dén
kha ning ra ré caa chdi lan Gia hac tim sau 8 tuan nudi cay duoc trinh bay & bang 6.

Bang 6. Anh hwong cia kich thich sinh trudng dén khd néing ra ré cia chéi lan Gid hac
tim

TN  Chit diéu hoasinh  Ti lé chdi S6 ré Chiéu dai ré Pic diém
trueéng (mg/l) raré (%)  TB/chdi TB/chdi hinh thai
IAA NAA (cm) ré, chdi
TN1 0 0 100 1,88+0,10f 1,44+0,14¢ +
TN2 0,1 0 100 2,97+0,11e 1,57+#0,13 ¢ +
TN3 0,3 0 100 3,97+0,12 cd 2,04+0,12 f ++
TN4 0,5 0 100 5,03+0,10b  4,1240,09 a +++
TN5 0,7 0 100 4,31+0,12¢  3,51+0,06 bc +++
TNG6 1 0 100 4,04+0,15¢ 3,160,111 d +++
TN7 0 0,1 100 3,18+0,09e 2,24+0,10f ++
TN8 0 0,3 100 3,65+0,09d 2,84+0,13 ¢ ++
TN9 0 0,5 100 4,24+0,10c  3,25+0,10 cd +++
TN10 0 0,7 100 572+0,12a 4,06x0,09 a +++
TN11 0 1 100 4,95+0,20b 3,68+0,14 b +++
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(+): Ré ngan, it ré, yéu manh, cay thap; (++): Ré mdp, khoé, cay cao xanh; (+++): Ré
mdp, dai, nhiéu ré, khoé, cay to, xanh tot.

(Trung binh + sai s¢ chudn (SE); CAc ché cai gisng nhau trong clng mét cét cho biét
khong c6 su khac biét vé y nghia thong ké (p < 0,05, Ducan'’s test)

Két qua bang 6 cho thay kha ning ra r& caa chdi lan Gia hac tim rat manh, ty 1é ra
ré dat 100% & tit ca cac cdng thic thi nghiém. O thi nghiém d6i chiing khéng st dung
kich thich sinh truong c6 hiéu qua khdng cao di ty Ié ra ré van dat 100% nhung sé ré 1a
1,88 ré&/ chdi, chiéu dai ré dat 1,44 cm/chdi, ré manh va yéu. Khi méi trudng c6 bd sung
cac chit khich thich sinh truéng cho két qua cai thién rd rét, tieu biéu 1a & NT4 (tdt nhat
khi bd sung 1AA) va NT10 (6t nhat khi bo sung NAA). Véi nong do 0,5 mg/l IAA (NT4)
cho két qua sb ré 1a 5,03 ré/chdi, chiéu dai ré 4,12 cm/ré, ré to, khoé. Tur két qua thi
nghiém nhan thay chét kich thich sinh truong NAA 12 phi hop hon véi chdi lan Gia hac
tim ding cho muc dich ra r&, cu thé khi bd sung 0,7mg/l NAA vao méi trudng dinh
dudng thi s6 ré dat duoc 5,72 ré/chdi, dai ré dat 4,06 cm/ré, ré to, khoé. Nhiing nghién
clru trude ddy vé anh huong caa chat kich thich sinh truong dén kha ning ra ré cia choi &
maot s6 lodi lan thudc chi Dendrobium nhu trén lan D. lituiflorum va D. aduncum dugc
Barua va cong su, (2022) thyc hién, tac gia da s dung NAA va IBA dé kich thich ra ré
va cho két qua rat tét, chdi déu dat tir 3-8 ré/chdi, dai 1-5 cm/ré. Trong nghién ciru cia Ha
& Ha, (2020) trén lan D.anosmum di bao céo ty 18 ra ré cua chdi lan 1a dat 100% & céc thi
nghiém, va c6 sb ré, chiéu dai ré dat tét nhat khi moi truong bd sung 0,5mg/l NAA két
qua dat 7,46 ré&/chdi, 3,73 cm/ré. Nhin chung, kha ning ra ré cua lan D.anosmum Ia rat
cao di méi trudng cd hay khéng cé bo sung chat kich thich sinh truong.

E

= 4
— -
— vy
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S

Hinh 4: Anh hwong ciia khich thich sinh truéng dén khd ndng ra ré cua choi lan Gid hac
tim. A. M6i triweong khdng bé sung kich thich sinh trieong; B. Méi trwong bé sung 0,5 mgl/l
IAA; C. méi truong bo sung 0,7 mg/l NAA
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4. Két luan

Véi quy trinh khtr tring qua lan bang cach nhing toan bo qua vao trong con 96° va
lic nhe trong vong 30 gidy sau d6 dot qua ngon lira dén con da dem lai hiéu qua cao voi
ty 1& nhiém dat cao nhat chi chiém 4,89 %, day c6 thé xem 1a phuong phap khir tring qua
lan t6i wu ddi véi lan Gia hac tim va c6 thé ap dung cho mat s6 loai lan khéc. Hat lan Gia
hac tim nay mam tét ¢ diéu kién chiéu sang 8 gio/ngay khi duoc gieo trén méi trudng MS
va c6 bd sung 0,75 mg/l NAA+ 0,5 mg/l BA dem lai hiéu qua Ia hat nay mam trong 23,27
ngay, ty 18 nay mam 93,46 %, ty I¢ hinh thanh protocorm la 88,75% va ty Ié hat chét
4,43%.

Moi trudng thich hop cho qué trinh tai sinh chdi lan Gia hac tim 1a MS ¢6 b sung
thém 1.5 mg/l BA + 0,5 mg/l NAA véi ty 18 tai sinh choi dat 96,00 %, s6 chdi 1a 2,76
choi/mau, chdi dai 1,83 cm/ chdi va chdi cé chat lugng tét.
MBoi truong 6 bd sung 1,5mg/l BA + 0,5 mg/l IAA 1a phi hop nhat dé nhan nhanh chéi
lan Gia hac tim, véi hiéu qua nhan nhanh c6 hé s6 nhan chéi dat 6,36 lan, chiéu cao choi
3,72 cm/chdi, s6 14 5,14 1a/chdi.
Kha ning ra ré caa chdi lan Gia hac tim rit manh luon dat duoc ty 1é ra r& 100%, tuy
nhién sé luong va chiéu dai ré dat tot nhat & moi truong c6 bd sung 0,7mg/l NAA thi sb
ré dat duoc 5,72 ré/chdi, dai ré dat 4,06 cm/ré, ré to, khoé.
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EFFECT OF SEVERAL FACTORS ON THE PROPAGATION OF
DENDROBIUM ANOSMUM ORCHID BY IN-VITRO CULTURE METHOD
Nguyen Huu Tho'3, Nguyen Thi Oanh?!, Truong Thi Bich Phuong?, Nguyen Thi Kim Cuc!”
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Abstract: Dendrobium anosmum Lindl. distributed in Thua Thien Hue province, with
beautiful large flowers, a characteristic purple color, and a gentle scent that has made
this orchid line popular in recent years. In this study, factors affecting protocorm
generation from seeds, regeneration, rapid multiplication of shoot, and complete plant
formation in Dendrobium asomum Lindl orchid culture in-vitro was investigated by us.
The orchid fruit sterilization process brings high disinfection efficiency with an infection
rate of only 4.89%, seed germination rate reaches 93.46% after an average of 23.27 days
of culture, protocorm formation rate is 88.75% and a dead seed rate is 4.43%. The
suitable environment for shoot regeneration is MS supplemented with 1.5 mg/l BA + 0.5
mg/l NAA with a shoot regeneration rate of 96.00% after 45 days of subculture. The best
shoot multiplication coefficient reached 6.36 times on nutrient medium supplemented
with 1.5 mg/l BA + 0.5 mg/l IAA after 6 weeks of culture. . In-vitro shoots formed the best
roots on MS medium supplemented with 0.7 mg/l NAA, the number of roots and root
length reached 5.72 roots/shoot and 4.06 cm/root, respectively, together with big and
strong roots after 8 days weeks of culture

Keywords: Dendrobium, in-vitro, Stimulates plant growth
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Dendrobium anosmum Lindl. “TIM HUE’ AND THE METHOD OF
VEGETATIVE PROPAGATION FROM THE AXILLARY NODE SHOOTS
OF THE STEM (KEIKIS)

Nguyen Huu Tho13, Nguyen Thi Oanh?, Truong Thi Bich Phuong?,
and Nguyen Thi Kim Cuc?”

Abstract. Dendrobium anosmum Lindl. 'tim hue' has many outstanding features
such as large stems and leaves, big-sized flowers, symmetrical flower structure, a
characteristic purple color, and a gentle scent. The study found a suitable
medium for propagating from keikis was sand with the highest keiki budding
rate of 70.16%. Two growth stimulants BAP and TDZ were regarded as affecting
the shooting ability of keiki, the best concentrations of BAP and TDZ were 200
mg/L and 250 mg/L respectively. The plant growth stimulant used to stimulate
rooting was NAA, the most effective concentration was 250 mg/L.

Keywords: Dendrobium anosmum Lindl, morphological characteristics,
microbial preparations, propagation from keiki.

1. INTRODUCTION

Dendrobium is a large genus in the Orchidaceae family including more than 1,200
species that widely distributed in South Asia, East Asia, and Southeast Asia (Givnish et
al., 2015). Dendrobium anosmum Lindl. belongs to the genus Dendrobium (Ban, 2005)
with attractive beauty and outstanding flower structure so that they was keep being
favored.

Orchid seeds have no endosperm or a thin endosperm layer, therefore, their seeds
need specific symbiotic fungi to be likely to germinate. Their natural budding ability was
ultra-low (Kauth et al., 2008). Orchids propagating by conventional methods (propagating
from stem cuttings, separating bushes, etc.) have the disadvantage of a low multiplication
coefficient and disturbingly impact on the original plant (Martin & Madassery, 2006),
however, this process is assessed as simple and easy to implement. In orchids, Keiki is
often used for vegetative propagation. Keiki is referred to as a shoot that develops into a
seedling from a dormant node in the stem instead of growing into a branch (De et al.,
2015).

Recently, a several studies on vegetative propagation with high efficiency was
published such as breeding Dendrobium nobile Lindl. orchids (Colombo et al., 2015;
Venturieri & Pickscius, 2013), Dendrobium johannis Rchb.f. (Suryaningsih et al., 2018).
D. anosmum Lindl., is a rather special orchid because the propagation via stimulating its
keikes is more easily compared to other orchids. In this study, we specifically identified
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Hue University — University of Sciences
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the orchid species Dendrobium anosmum Lindl. ‘tim hue', and optimized substrate as well
as growth stimulants to propagate D. anosmum Lindl. from keikis effectively.

2. MATERIALS AND METHODS

2.1. Plant materials

D. anosmum Lindl. 'tim hue' was discovered from a local origin, then transferred and
grown at the orchid garden of the Institute of Biotechnology, Hue University, Thua Thien
Hue province, Vietnam. The study used pseudobulb stems of 2 years old or older orchids.
In August-September 2023 (after the flowering season), we cut theses stems into short
sections of 4-5 cm with 1-3 axillary shoots per section.

2.2. METHODS
Describe morphological characteristics

Describe the morphological characteristics of D. anosmum Lindl. 'tim hue' orchid
according to the method of orchid morphological characterization by De (2020).

Effect of substrate on the budding ability of Keiki

Qualified pseudobulb stems (large and strong, free of pests and diseases, and alive
axillary shoots) were selected after removing the dry leaf sheaths. The pseudobulb stem
was cut into short sections from 4-5 cm containing 2-3 axillary shoots. Short stem sections
have a layer of healing glue applied at the cut to disinfect and reduce water loss. Then they
were placed in different substrates (plastic tray, mix of coconut coir and rice husk charcoal
(1:1, w/w), sand (Colombo et al., 2015), moss). The substrate ensures ventilation and
moisture retention (Gurung & Gurung, 2014). Each experiment was repeated 3 times with
10 stem segments for each. The period of 60 days, observing budding time, budding rate,
shoot length, shoot diameter, and number of leaves.

Effect of growth stimulants on the budding ability of Keikis

Using growth stimulants 6-Benzylaminopurine (BAP) and Thidiazuron (TDZ) (Tran
et al., 2021) with concentrations ranging from 100-300 mg/L, sprayed directly on stem
sections twice a week. The experiment was repeated 3 times, each time using 10 stem
segments. During 60 days, observing budding time, budding rate, shoot length, number of
leaves, and shoot diameter.

Effect of growth stimulants on the rooting ability of shoots from Keiki

Utilizing keiki which has shoots but no roots from the shoot creation experiment for
this process. The growth stimulant used was naphthylacetic acid (NAA) (Tran et al., 2021)
with a concentration from 100-300 mg/L. Sprayed directly NAA on the shoots twice a
week. The experiment was repeated 3 times and used 10 shoots each time. During the 60-
day phase, parameters of rooting time, rooting rate, root length, number of roots, and root
characteristics were recorded.

Statistical analysis
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Data were analyzed using Microsoft Excel 2019 and IBM SPSS Statistic 26
software. LSD standard (for 95% confidence) and ANOVA analysis (Ducan's test) for
each formula were applied to evaluate differences.

3. RESULTS AND DISCUSSION

3.1. Morphological characteristics of D. anosmum Lindl 'tim hue' orchid

D. anosmum Lindl 'tim hue' was described in detail with its stem, root, leaf, and
flower characteristics, these are morphologically identifiable characteristics of this
species. The data on some characteristics are shown in Table 1, Fig 1.

Table 1. Some characteristics of D. anosmum Lindl 'tim hue' orchid

Characteristics Mature tree (topped) | The tree is still growing
Height of trees (cm) 102.00% +2.78 58.53° +2.01
Diameter of tree (cm) 1.16* +0.06 0.83” £0.03
Length of the internode (cm) 3.67% +0.11 2.38" +0.07
Number of leaves 34.47% +0.69 24.67° +0.54
Leaf length (cm) 16.14% +0.58 10.38" +0.34
Maximum leaf width (cm) 3.42% £0.09 2.17° £0.09
Flower diameter (cm) 10.36+0.59

Note: (Means + standard errors; within a row followed by the same letter are not
significantly different according to Duncan’s multiple range test at p <0.05.)

Fig 1. Morphology of orchid D. anosmum ‘tim hue’. A: Orchid; B. The location of the flower
growing from the stem; C1,2: Upper and lower sides of leaves; D1,2,3,4,5: flower views (front,
top, bottom, side and Spread flowers on a flat surface); E: Column; F: Anther and Pollinia; G:
Pollinia; H: Upper sepal; I: Two Shoulders petals; K: Two lower sepals; L: Flower lips
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Flower: The flower has 5 petals including one upper sepal, two lower sepals, and
two shoulder sepals (usually larger than the other wings flower), waxy petals with a pale
pinkish-purple border, an oblong lance-shaped with a pointed apex, balanced flower
structure, curled backward petals when blooming. There are flower lips, two flower eyes,
throat lobes, a nose, and spurs. Flowers are fragrant (a bit like a lavender scent) and have a
variety of colors but the most common are white purple, light pink, or dark purple.
Flowers grow in clusters with 2-3 flowers at the location of nodes near the top and have
many flower clusters.

Leaves: The leaves are oblong and green, the collar is a purple ring. On the surface
of old leaves, the veins are clearly visible and vertical to both sides of the leaf blade; while
in young leaves, the veins are faint and smooth. The leaves are brittle and unwatery if
folded. The leaf sheath has a purple-black pigment of spots or streaks.

Stem: The stem is smooth and succulent, not hollow inside. It has pale green,
pseudobulbs stem and some buds or flower buds. The leaf sheath is close to the stem,
containing 4-5 white stripes running from the base of the internodes.

Morphological and structural characteristics of orchids include growth patterns,
leaves, flowers, pseudobulbs, and roots. Flowers are the most important organs for species
identification. The structure of orchids is mainly petals, sepals, pollen, flower pillars, and
lip petals (Castro & Singer, 2019). In the morphological description of D. anosmum Lindl
previously, some authors have described similar characteristics such as a balanced star-
shaped flower pattern, scent, many color variations, and hairy petals (Burzacka-Hinz et al.,
2022; Hartati et al., 2022; Nguyen et al., 2022).

3.2. Effect of substrate on the ability of keikis to sprout

The results of the substrate experiment affecting the ability of keikis to sprout are
presented in Table 2.

Table 2: Effect of substrate on keiki's budding ability after 60 days of incubation.

Treatment | Budding time | Budding rate of | Shoot length Shoot Number of
(days) keiki (%) (cm) diameter (cm)| leaves

CT1 31.47°+0.57 |46.62°+1.03 1.65°+0.10 [0.31°+0.01 3.07° +0.21

CT2 25.80°+0.43 |66.02°+0.89 2.34%+0.08 [0.35°+0.02 3.33%+0.19

CT3 20.93°+0.58 |70.16°+0.85 2.54°+0.10 |0.4*+0.02 3.67°+0.19

CT4 26.40°+0.57 [66.77°+0.51 2.27°+0.06 |0.33+0.01 3.07°+0.21

Note: (Means + standard errors within a column followed by the same letter are not
significantly different according to Duncan’s multiple range test at p <0.05. (CT1: Keiki is placed
on a plastic tray; CT2: Keiki is placed on a mixed coconut coir and rice husk charcoal (1:1, w/w);
CT3: Keiki is placed on sand; CT4: Keiki is placed on a moss).

The growing medium affects the ability of keikis to sprout, although the results are
different between experimental formulas. Keiki grown on a sand substrate (CT3) given
that the best results this result compared to the control CT1 is much higher. Inmixed
coconut coir and rice husk charcoal (1:1, w/w) (CT2) and moss (CT4) showed different
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results but were not statistically significant, these two types of substrates are effective are
similar (Table 2, fig 2). Previous studies have also shown that the medium used to grow
keiki has an impact on the ability of keiki to sprout. The publication of Venturieri &
Pickscius, (2013), and Colombo et al., (2015) on propagating orchids D. nobile Lindl
using keiki, shows that two types of substrate gravel, and sand are suitable for keiki to
bud.

3.3. Effect of growth stimulants on Keiki's ability to sprout shoots

Table 3: Effects of growth stimulants on the budding ability of Keiki
after 60 days of incubation

CT Growth Budding time Budding Length of Shoot Number of
stimulants (days) rate (%) shoot (cm) diameter leaves
(mg/L) (cm)
BAP | TDZ
1 0 0 [2093+0.58 | 70.16°t0.85 | 2.54'+0.10 | 0.44%+0.02 | 3.67°+0.19
2 100 0 |[19.47%+0.77 | 75.229+1.05 | 2.74°+0.10 | 0.4%+0.01 | 3.80%+0.20
3 150 0 |[1853+0.96 |81.22™+1.53 | 3.29°+0.08 | 0.48%+0.01 | 4.00™*%+0.20
4 200 0 |[1453*+0.87 |86.56°+1.90 | 3.63*+0.07 | 0.52°°+0.01 | 4.60°+0.19
5 250 | 0 |[16.53"+0.89 | 82.56°+0.88 | 3.03"+0.10 | 0.42°+0.01 | 4.20*°+0.20
6 300 | 0 |21.60+0.64 77.22°+0.83 | 3.38"+0.09 | 0.44%+0.01 | 3.93"9+0.21
7 0 100 | 20.27°+0.57 | 73.89%+1.26 | 2.61"+0.13 | 0.46%+0.01 | 3.60°+0.21
8 0 150 | 19.20%'+0.92 | 77.36+1.31 | 3.01%+0.13 | 0.49°+0.01 | 3.87°°9+0.22
9 0 200 | 17.33%+1.04 | 80.29"+1.39 | 3.37*+0.12 | 0.53"+0.02 | 4.13%™°+0.19
10 0 | 250 |13.87°+0.74 | 87.22%+1.79 | 3.89°+0.08 | 0.62°+0.02 | 4.47%+0.19
11 0 300 | 18.23°%+1.21 | 73.49%+1.22 | 2.81°+0.08 | 0.42°+0.02 | 3.47°+0.19

Note: (Means zstandard errors within a column followed by the same letter are not
significantly different according to Duncan’s multiple range test at p <0.05.)

Without growth stimulants for keikis, the obtained results are not good (CT1; fig.
2B). This result is better improved with the influence of growth stimulants BAP or TDZ.
The effectiveness of the growth stimulant on keiki increases gradually as its concentration
also increases and reaches the best effect when using 200 mg/L for BAP (CT4) and 250
mg/L for TDZ (CT10) (Table 3, fig 2E, 2F). However, when the concentration exceeds the
growth stimulant concentration threshold in CT4 and CT10, the effectiveness of keikis
growth tended to reduce, this proves that when BAP and TDZ are too high, it will inhibit
the budding process of keikis.

3.4 Effect of growth stimulants on the rooting ability of shoots from keikis

Growth stimulant NAA has a positive impact on the ability of plants to create roots.
In this study, we used a concentration of 100-300 mg/L NAA sprayed directly on orchid
shoots to investigate the rooting ability of the shoots. The research results are presented in
Table 4.

D. anosmum 'tim hue' orchid shoots grown from keikis have strong rooting ability,
100% of experimental shoots rooted even without using growth stimulants (CT1, Fig 2G).
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However, the quality of the roots of the shoots in each experiment was different. The
rooting efficiency of orchid shoots was increased when using NAA. The most effective
experiment was CT5 with an NAA concentration of 250 mg/L (Fig 2H). When increasing
the NAA concentration to 300 mg/L, the rooting efficiency decreased (CT6), this proves
that this NAA concentration is high causing the phenomenon of inhibition of the rooting
process of D. anosmum ‘tim hue' orchid shoots.

Table 4. Effects of growth stimulants on keiki's rooting ability after 60 days of experiment

CT | NAA (mg/l) Rooting time | Rooting rate | Number of Root length
(days) (%) roots (cm)
1 0 18.67°+0.92 100 2.27°40.25 2.219+0.15
2 100 16.67°+0.87 100 2.73%+0.23 2.619+0.17
3 150 13.27°+0.65 100 3.33%+0.19 3.12°+0.16
4 200 11.93°+0.65 100 4.13%+0.26 3.52°°+0.15
5 250 7.33%+0.55 100 4.60°+0.25 4.12°+0.20
6 300 9.60°+0.77 100 3.80°°+0.26 3.72%+0.13

Note: (Means xstandard errors within a column followed by the same letter are not
significantly different according to Duncan’s multiple range test at p <0.05).
R T oy '
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Fig 2. Propagating D. anosmum 'tim hue' orchids from keiki and the effects of microbia

preparations on the growth of orchid seedlings; A, B, C, D: Effect of substrate on keiki's budding
ability after 60 days. (A. keiki is placed on a plastic tray; B. keiki is grown on a sand substrate; C.

the keiki are placed on a moss substrate; D. Keiki is placed on a mixed coconut coir and rice

husk charcoal (1:1, w/w)); E, F: Effect of growth stimulants on keiki's budding ability after 60
days (E. 200 mg/LBAP; F. 250 mg/L TDZ); G, H: Effect of growth stimulant NAA on the rooting
ability of orchid shoots after 60 days (G. Without growth stimulants; H.
Use 250 mg/L NAA).

4. CONCLUSION

D. anosmum Lindl. 'Tim hue' is an orchid species typical of Thua Thien Hue
province - Vietnam, with many outstanding characteristics such as large leaf stems,
balanced flower structure, large flowers, and solid purple color characteristics, and the
flowers have a mild fragrance. D. anosmum Lindl. ‘tim hue' is very suitable for
propagation by keiki, with a Keiki budding rate of 70.16% in sand.
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TOM TAT

Gay dot bién bang hoa chét 1a mot trong nhitng bién phap thuong dugc s dung dé chon tao gidng thuc vat.
Trong nghién ctru ndy ching tdi sir dung Dimethyl sulfide dé gay dot bién trén gidng lan Gia hac tim Hué véi
muc dich chon tao dwoc mot sé kiéu hinh cé gia tri tham my va gia tri kinh t& cao. X Iy mé seo lan Gia hac tim
Hué bang Dimethyl sulfide vai cac nong do tir 0; 50; 100; 200; 400; 800 ppm trong cac méc thoi gian khac nhau
tur 2-10 gio. Két qua nghién ctru sau 8 tuan nudi cy ghi nhan ty 1& mo 5S¢0 CoNn Song dat cao nhat 14 73,62% ¢ thi
nghiém nong d6 DMS 50 ppm va xir Iy trong 2 gio, tuy nhién s6 mau co biéu hién h|nh thai khéc so véi dbi
chang chi dat 4,43%. Xir Iy md seo bang DMS ndng do 50 ppm trong 4 gio cho 50 mau bién di h|nh thai 1én
(14,93%). Cac bién doi ban dau cia mo seo sau khi xir [y DMS 1a nhiing thay déi vé hinh thai va mau sic. Céc té
bao biéu md, khi khong, hé thdng mach dan cua cac choi phat trién tir mod seo duoc xur Iy DMS déu ¢6 nhirng
thay d6i chii yéu 1a vé hinh dang, trat tu sip xép. Tir nhirng két qua nay ching tdi tiép tuc nudi cay mé seo dé tao
thanh cay hoan chinh nham chon loc cac kiéu hinh khac nhau phuc vu cdng tac chon tao gidng lan Gia hac tim Hué.

Tir khoa: Bién di, cAu triic t& bao, Dendrobium anosmum Lindl., Dimethyl sulfide (DMS), mé seo, thay ddi hinh thai.

MO DAU

Nhirng ndm gan day, nhu ciu swu tdm va trdng cac loai hoa, cay canh c6 bién ddi vé than, 14, hoa ting cao, dic
biét lan Gid hac 1a mét trong nhitng cdy canh dwoc nhiéu ngudi quan tam. Lan Gid hac cé tén khoa hoc la
Dendrobium anosmum, thudc chi Dendrobium, ho Orchidaceae. Lan Gia hac ¢é hinh thai, mau sac va kich thwoc
da dang nén duoc danh gia la mot trong nhirng loai hoa, cay canh ¢ gia tri trén thé gidi (Teixeira da Silva et al., 2015).
O Viét Nam, lan Gia hac phan b tir B4c vao Nam, trén mdi viing mién thi loai lan nay cé mét sé dac diém hinh
thai va thoi diém ra hoa riéng dé nhan biét (Huyén, 2007). Lan Gia hac tim Hué 1a mét trong nhirng giéng lan dac
trung cGa Thira Thién Hué, véi déc dlem hoa to, canh vién, mau tim hdng dic trwng va cé mui thom diu, mat hoa
can dbi, day la mét trong nhivng glong lan Gia hac dwoc nhiéu nguwoi quan tam tim kiém (Tho et al., 2024). Lan
Gia hac tim Hué mac du co gia tri tham my cao nhwng it cé nhirng bién di di truyen nén do da dang mat hoa thap
hon so v&i mot sb gidng lan Gid hac khac. V&i muc tiéu tao ra nhiéu thay déi hon vé kiéu hinh, da dang ngudn
nguyén liéu cho chon loc, dap (rng nhu ciu da dang nguwdi choi lan, lam téng gia tri ciia dong lan nay, ching téi
thwe hién nghién ctru tao dét bién lan Gia hac tim hué b&ng DMS.

DMS |a mét chét alkyl hda don chirc c6 phan ng véi DNA théng qua phan ng thay thé hai phan tir (Sn2), tao
thanh mat phirc hop chuyén tiép véi nucleophile manh, dac biét Ia nitrogen basesnhw vi tri N7 cla guanin va vi tri
N3 clia adenin (Lawley, 1974), dan dé&n dat bién chuyén tiép GC — AT (Singer, Grunberger, 1983). P4 c6 nhirng
nghién clru vé tac dong gay dot bién cta DMS trén cay trdng nhw trén cay Dau tay (Sekhi et al., 2022), DMS da
lam thay déi mot sé dac diém sinh hoa trén cay Dau tay nhw ham lwong diép luc, proline, enzyme..., trén cay Xa
ctr (Mostafa, 2015), trén cay Huynh lién (Mostafa, Alhamd, 2016), DMS d& lam thay ddi kha nang tang truéng,
thanh phan hoa hoc trong cay, thay d6i hinh thai va mau séc cla hoa, 1. DMS chua dwgc st dung nhiéu trong
viéc tao dét bién trén lan, nghién clru nay dwoc xem la dau tién trong viéc st dung DMS dé tao ra bién dij trén
cay lan Gia hac D. anosmum LindL.

VAT LIEU VA PHUONG PHAP
Vat lidu
Mb seo c6 kich thwéc ddng déu tir 0,2-0,3 cm dwoc tao ra tlr chdi ngdl cla than lan Gia hac tim Hué dwoc nudi

cly in vitro.l Cac thi nghiém dwoc thuwe hién tai phong thi nghiém Céng nghé té bao, Vién Cong nghé sinh hac,
Pai hoc Hue.
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CONG NGHE TE BAO

Phwong phap nghién ctru

Diéu kién nuéi cay

Mbi treérng nudi cdy dwoc st dung trong céc thi nghiém |a moi tredng MS co ban(Murashige, Skoog, 1962) c6
30 g/L sucrose, 7 g/L agar, 0,7 g/L than hoat tinh va bé sung cac chét kich thich sinh trwéng thue vat thich hop &
tirng giai doan khac nhau. Mbi trwvdng nubi cay co pH = 5,8, duoc khtr trung & nhiét d6 121 C, ap suat 1 atm,

trong 15 phat. Mau dwoc glu trong phong nudi & nhiét do: 25 + 2 °C, mat do théng Ivgng photon quang hgp trong
khoang 13,5 - 27 ymol s 'm?, thoi gian chiéu sang 8 gid/ngay (Tho et al., 2023).

X ly héa chat

Mb seo lan khde manh, khong co dau hiéu nhiém ndm khuan, c6 mau xanh I, sinh tredng tét dwoc st dung dé
xt ly héa chat DMS. Héa chat cho vao moéi Eru’(yng MS Iéng dé dat dwgc cac nong d theo tirng cong thirc thi
nghiém (0, 50, 100, 200, 400, 800 ppm) va mdi cong thirc thi nghiem duoc xt Iy trong mét thoi gian nhat dinh ( 2,
4,6, 8, 10 gi0). Cac chi tiéu theo doi dwoc ghi lai sau 8 tudn xt ly hoa chat. Nhirng chi tiéu danh gia bao gdm ty

I& séng cla mau xt ly, ty 1& mAu c6 phat trién hinh thanh mam chéi va kich thuwéc ciia mau con sdng, ty 1&é mau
c6 hinh thai bién di.

Phén tich ddc diém bién déi
S dung chi thi hinh thai: Quan sat, phan tich hinh thai (Hinh dang mo seo, hinh dang va mau sac la mam, chdi)
cta mau xt ly DMS so sanh vé&i mau doi chirng khong xtr ly DMS.

St dung chi thi té bao: Bugc tién hanh theo phwong phap nghién ctru voi kinh hién vi clia tac gid Tran Cong
Khanh (2005). Thwc hién lam tiéu ban tam thoi quan sat dwdi kinh hién vi cac mau mé seo va mau 13, than, re
cla cay con invitro phat trién tir mé seo x& ly DMS giai doan ra ré dé danh gia cac bién ddi vé hinh dang, kich
thwde, sap xép cua té bao, mach dan ciia mé seo va choi lan sau khi x&r ly hoéa chat so v&i mau do6i chirng khéng
xt ly DMS.

X ly s liéu

Cac thi nghiém duoc 13ap lai 3 1an, mbi lan 13p quan sat 15 mau. S6 liéu thu dwoc duoc xd ly bang phan mém
SPSS 26 va duoc phan tich Duncan's test voi mirc xac suat c6 y nghia p<0,05. Hinh anh dwoc phan tich bang
phan mém Imageji 1.8.0.

KET QUA VA THAO LUAN
Xt ly héa chat dét bién DMS

Bang 1. Két qua xt ly mau md seo sau 8 tuan nudi cay

Ndng dé Thei Chi tiéu theo d&i sau khi xt Iy badng DMS
cT (’;";2’) g:g”(hx)"" 1916 miu séng (o | 1318 maucophat [ Tylgmau cohinh [ Kich thuoc
¥ trien mam choi (%) thai bien di (%) mau song (cm)
bC 0 0 95,56+2,94 a 88,89+1,11 a 0,00+0,00 g 0,86+0,05 a
CT1 50 2 73,62+1,32 b 53,32+2,34 b 4,43+0,63 e 0,85+0,0 a
CT2 100 2 54,44+2,94 d 32,2242,94 d 8,38+1,19d 0,75+0,02 bc
CT3 200 2 33,33+3,85 g 21,11+2,22 e 12,19+1,50 bc 0,80+0,02 ab
CT4 400 2 7,78+2,22 jk 4,44+1,11 gh 3,71+0,38 ef 0,71+0,02 cd
CT5 800 2 0,00+0,00 m 0,00+0,00i 0,00+0,00 g 0,00+0,00 i
CTé 50 4 66,58+2,95 ¢ 37,49+2,11 ¢ 14,93+191 a 0,67+0,01 de
CT7 100 4 24,44+1,11 h 14,44+1,11 f 7,77+0,63d 0,65+0,04 de
CT8 200 4 7,78+1,11 jk 3,33+0,00 ghi 3,33+0,00 ef 0,61+0,02 efg
CT9 400 4 3,33+1,92 kim 1,11+1,11 hi 1,11+1,11 fg 0,56+0,05 fgh
CT10 800 4 1,11+1,11 Im 1,11+1,11 hi 1,11+1,11 fg 0,53+0,02 h
CT11 50 6 47,74£1,08 e 18,68+0,73e 13,56+1,09 ab 0,68+0,01 cde
CT12 100 6 10,00+1,92 j 5,56+1,11 g 3,89+0,48 ef 0,69+0,02 cde
CT13 200 6 2,2241,11 Im 1,11+1,11 hi 2,22+1,11 efg 0,53+0,02 h
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CT14 400 6 0,00+0,00 m 0,00+0,00 i 0,00+0,00 g 0,00+0,00 i
CT15 800 6 0,00+0,00 m 0,00+0,00 i 0,00+0,00 g 0,00+0,00 i
CT16 50 8 41,43+1,13 f 12,59+1,35 f 10,23+1,35 cd 0,61+0,04 efg
CT17 100 8 5,56+1,11 jkl 4,44+1,11 gh 2,72+1,43 efg 0,62+0,02 ef
CT18 200 8 1,11+1,11 Im 0,00+0,00 i 0,00+0,00 g 0,52+0,00 h
CT19 400 8 0,00+0,00 m 0,00+0,00 i 0,00+0,00 g 0,00+0,00 i
CT20 800 8 0,00+0,00 m 0,00+0,00 i 0,00+0,00 g 0,00+0,00 i
CT21 50 10 19,62+0,77 i 6,78+0,85 g 3,03+0,72 ef 0,56x0,05 fgh
CT22 100 10 2,22+1,11 Im 1,11+1,11 hi 1,11+1,11 fg 0,54+0,02 gh
CT23 200 10 1,11+1,11 Im 0,00+0,00 i 0,00+0,00 g 0,51+0,00 h
CT24 400 10 0,00+0,00 m 0,00+0,00 h 0,00+0,00 g 0,00+0,00 i
CT25 800 10 0,00+0,00 m 0,00+0,00 h 0,00+0,00 g 0,00+0,00 i

Trung binh * sai s6 chudn (SE); Cac chi¥ céi khac nhau trong ciing mét cét cho biét c6 sw khac biét ¢é y nghia théng ké (p < 0,05,
Ducan’s test).

Sau 8 tudn nudi cay, ty 1& mo seo con séng khi dwoc x&r ly bing DMS cao nhét dat duoc 1a 73,62% (CT1). Ty lé
mau c6 mam chdi phat trién & cong thirc nay la 53,32%, tuy nhién sé mau cé biéu hién hinh thai khac so véi dbi
ching lai thdp chi dat 4,43%. Cong thirc x& ly bing DMS véi ndng dd xt Iy 50 ppm trong 4 gi®, c6 sé mau bién
di hinh thai I&n nhét dat 14,93% (CT6). Cac cong thirc thi nghiém khéc, ty 1é mau bién di déu thap hon 14%,
tham chi coéng thirc CT9, CT10, CT22 chi dat 1,11% ma&u bién di. Khi xt& Iy mé seo bang DMS v&i néng dd 400
ppm tré 1én trong thei gian 6-10 gi® thi cac mAu da bj chét 100% dén thoi diém 8 tudn sau xi ly. Cac cong thire
CT14, CT15, CT19, CT24 va CT25 xi¥ ly & ndng dd 800 ppm trong 2 gid cling c6 két qua twong tw. O thi nghiém
CT18 va CT23 déu ghi nhan cé mau séng nhwng ty 1& rat thap (1,11%), mau khéng phat trién mam chdi va cé
mau Ga vang, mic tang trwdng kém, kich thuwéc mau chi dat 0,52 cm va 0,51 cm. Kich thwéc clia mo seo xi ly
DMS con séng sau 8 tuan nudi cay dat dwoc trong khoang 0,51 — 0,86 cm, cao nhat & cong thirc déi chirng (0,86
cm) va CT1 (0,85 cm) (bang 1).

Gay doét bién bang DMS dwoc Mostafa (2015) str dung trén cay Xa clr (Khaya senegalensis) dé tao ra céc gibng
méi co dac tinh tot hon. Hat cay Xa ct ngam trong dung dich DMS (0, 1000, 2000, 3000, 4000 va 5000 ppm)
trong 15 gio. Két qua cho thay cac nong dd 2000 ppm, 3000 ppm, 4000 ppm da cho nhitng bién di vé sb lwong
canh 14, chiéu cao cay, mau sic va tbc do tang trwéng (Mostafa, 2015) Mot nghién ctru khac cia Mostafa va
Alhamd (2016) trén cay hoa Huynh lién (Tecoma stans), tién hanh ngam hat trong dung dich DMS & ndng d6 0,
200, 400, 600, 800 va 1000 ppm trong 15 gi® dé tao ra bién di di truyén. Két qua thtr nghiém cho thay vé&i cac
ndng dé thir nghiém déu c6 nhirng cay bién di véi cac dic diém khac nhau vé 14, hoa, mau séc, kich thudc cay
va hoa (Mostafa, Alhamd, 2016). Mét cong bd khac clia Victoria Vasko va Victor Kyrychenko (2016) trén cay hoa
Hwéng dwong (Helianthus annuus), tac gid da si dung DMS néng d6 0,01 — 0,05% dé xir ly hat trong 18 gio:.
Nghién ctru ciing da cho thdy DMS da tac dong lam thay ddi sé lwong canh hoa, mau séc, kich thwéc cay cla
cay Hudng dwong & thé hé 1 va 2 so véi cay dbi chirng (Vasko, Kyrychenko, 2016).

Nhw vay, qua két qua nghién ctru nay cla ching t6i va nhirng c()ng bb clia cac nha khoa hoc truéc day cé thé
thay dwoc DMS 1a mét chat c6 tac dung manh Ién giai doan sém clia phdi dén dén nhieng bién ddi vé hinh thai
sau dé va & céc thé hé tiép theo. Héa chét nay c6 thé dwgc ap dung trén nhiéu déi twong cay tréng, va c6 thé
dwoc xir ly & cac giai doan, protocorm, mé seo trong nudi cay in-vitro, hodc dwoc x ly trwc tiép trén hat.

Hinh théai phat trién cda md seo sau khi xé¢ ly hoa chat

Mb seo sau khi dwoc x& Iy bdng DMS sau thoi gian nudi cly 3-4 tudn bat dau xuét hién cac hinh thai khac véi dbi
ching. Biéu hién dau tién do la vé mau sic, mau xuét hién nhw trdng (hinh 1B, hinh 1C), hoi vang hoéc nau
(hinh 1E, hinh 1F) nhung mo seo nay bat dau chét & tudn th& 4-5. Mt s6 md seo con song thi sinh tredng co
hinh thanh cac phién méng, mau trdng hoi xanh hodc hoi vang nau bao bén ngoai. Cac phién nay udn lwvon va
gap khuc, va né khéng cé kha ndng phat trién thanh chdi. Céac mang phién méng nay sé ta vang, chét sau d6 1-2
tuan (hinh 1E, hinh 1F). Nhi*ng mé seo con sbng thi khi phat trlen thwong cd mau xanh, bat dau c6 & mam vala
mam thwéng to, day va ngan hon, c6 mau xanh la dam so voi mau dbi chirng (hinh 1M, hinh 1N), mét sb khac c6
hinh thai l4 mam bj bién dang nhiéu, mam khéng phat trién dwoc (hinh 1H, hinh 11, hinh 1J, hinh 1K, hinh 1L).
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Hinh 1. Mét s6 hinh dang bat thwong ctia md seo va chéi sau khi xtr |y DMS

A,G: Mu khong xi ly héa chat; B-F, H-N: Mau duoc xi ly bang DMS.
Péc diém té bao mé 14, than varé

Thwe hién lam tiéu ban dé quan sat dinh sinh trwéng, than non, dau ré va bidu mé la cta cac mau thi nghiém.
Binh sinh trwdng & mau ddi chirng va x& ly DMS vé& hinh thai d& cé sw bién déi khac nhau. Mau dwoc xir ly DMS
¢6 dinh sinh trwdng hinh dang khang 6n dinh, bién dang nhiéu vi tri, t& bao c6 xu hwéng kéo dai, mat do diép luc
thdp (hinh 2B). Ngwoc lai, dinh sinh trwdng & mau déi chirtng c6 mau xanh dam, té bao xép chat ché véi nhau,
hinh dang té bao tron, va 6n dinh, it c6 sw bién ddi hinh dang (hinh 2A). Két qua nay cho thdy DMS da anh
hwéng t6i sy sdp xép té bao, t&¢i cAu tric md cha dinh sinh trwéng lan Gia hac tim Hué.

Hinh 2. Dinh sinh trwéng cla lan Gia hac tim Hué dwoc quan sat dwéi kinh hién vi
A. M&u déi chung khong xc ly héa chét; B. M4u xd» Iy DMS ndng dé 50 ppm trong 4 gio.

Quan sat mat cat ngang phién la cia 2 mau thi nghiém (14 cay dbi chirng va cay x& ly DMS) cho thdy & mau la
cla cay x& ly DMS khéng thay ré mach dan, 1a c6 mau xanh dam, céc t& bao c6 xu hwéng kéo dai, phién |14 c6 bé
day 0,78+0,03 mm(bang 2, hinh 3B). So v&i |4 clia cay déi chirng cac 16p t& bao d&u nhau, té bao biéu bi hinh
dang nhw nhau, dang hinh tron, phién la méng dan vé hai bén mép I14, cé bé day trung binh Ia 0,69+0,04 mm,
lwong diép luc phan bé déu vé hai bén mét 14 (béng 2, hinh 3A). Nhw vay, DMS da lam thay dbi hinh thai té bao,
phan bé diép luc trong 14, d6 day méng cta phién I4.

Hinh 3. Mat cat ngang cua phién la lan Gia hac tim Hué sau 3 thang nudi cay tai sinh chéi (thwéc tilé 1 mm)
A: L& déi chimg khong xt# ly héa chét; B: La xi¥ ly DMS ndng dé 50 ppm trong 4 gio.

Céc té bao biéu mé Ia dwoc quan sat tr mau dwoc x& Iy bdng DMS, c6 sy thay ddi Ién vé hinh dang va trat tw
sap xép, kich thwdc té bao thi khong thay ddi nhiéu, cé thanh té bao day, nhan té bao nhé so vai déi chirng
(Bang 2, hinh 4).
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Bang 2. Mét sé kich thwéc va sé liéu té bao

B6 mach dan . PV WA N o
trong than non Kich thwéc té bao bieu mo Pwong kinh Chidu da Long hut caare
Méu thi - nhanté bao | T G5V
nghigm | Solwong | g onokinh | Chidudai | Chidureng | Piéumodla (mm) | cniduadai
(b6 mach/ (um) Long hat/mm
5 (um) (um) (um) (mm)
than)
Déi 21,27+0,21a 71,89+1,17a 28,62+1,14a | 16,02+0,83a 3,84+0,20a 0,69+0,04b 252,47+10,90a 0,64+0,02a
ching
DMS 19,33+0,13b 58,35+2,91b 27,60+1,25a | 13,27+0,55b 2,95+0,12b 0,78+0,03a 247,13+10,16a 0,43+0,02b

Céc chir cai khac nhau (a,b) trén cling mét cét chi ra s sai khéc cé y nghia théng ké cta trung binh méu véi p<0,05, Duncan’s
test.

Hinh 4. Té bao biéu md mat dwéi ciia la lan Gia hac tim Hué
A: Té bao méu /4 déi chimg khong xi Iy héa chat; B: Té bao mau la xd» Iy DMS ndng dé 50 ppm trong 4 gic.

Giai phau phan than non cho thay rd sy khac biét gitra cay dwoc xt ly DMS va cay dbi chirng, sb lwgng bé mach
trong cAu tric than non ctia cay déi chirng trung binh 21,27+0,21 bé mach/than, dao déng trong khoang 20-22 b6
mach, s&p xép thanh nhiéu vong tron tir ngoai vao trong ddng tam, bé mach tron, kich thuwéc twong déng nhau va
c6 duwong kinh 71,89+1,17 pm. Cac té bao xung quanh cé hinh tron sp xép trat tw, kich thwéc twong dong nhau
(bang 2, hinh 5A, hinh 5B, hinh 5C, hinh 5D). Mau chdi x& ly bing DMS c6 s lwong bé mach trong than it hon
dat trung binh 19,33+0,13 bé mach/than, dao déng trong khodng 19-20 bé mach, cac bé mach sap xép thua,
khong déu nhau, b6 mach dep va c6 dweng kinh 58,35£2,91 um, t& bado mé xung quanh cé xu hwdng thay déi

hinh dang nhiéu, khéng ddng déu, I&p vé bao bén ngoai than méng hon so v&i déi chirng (bang 2, hinh 5E, hinh 5F,
hinh 5G, hinh 5H).

Hinh 5. Hinh thai giai phau mat ct ngang cta than chéi lan Gia hac tim Hué

A, B, C, D: M4u than chéi déi ching; E, F, G, H: M4u than chéi xtrly DMS néng dé 50 ppm trong 4 gio;
A, E, C, G: Mét c4t ngang; B, F: B6 mach dén; D, H: Té bao xung quanh manh dén.

Quan sét hinh thai giai phéu cla ré & 2 mau céy thi nghiém (d6i chirng va xt ly DMS) ciing thé hién sy sai khac.
Tuy nhién mrc d6 sai khac o ré khong nhiéu, dlem sai khac chu yéu tap trung vao hinh thai va sb lwong l6ng hiit.
Ré cay 60| chirng c6 16ng hat phan bb déu, sb lwgng nhiéu & mién 16ng hat cla ré co méat d6 252,47+10,90 l6ng
hat/mm?, chiéu dai dat 0, 64+0,02 mm (bang 2, hinh 6A, hinh 6B). Cay Xt Iy DMS c6 ré cé kich thwéc to I&p té
bao bao bén ngoai rat day, ré cé I6p I6ng hat nhd, sb lwong 16ng hat dat 247,13+10,16 I16ng hat/mm? v& mét

thpng ké khong khac biét so véi dbi chiing. Tuy nhién, chiéu dai chi dat 0,43+0,02 mm, ngén hon rat nhiéu so voi
doi chirng (bang 2, hinh 6C, hinh 6D).
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Hinh 6. Hinh giai phau ré lan Gia hac tim Hué.

A, B: Mat cdt ngang va doc cia ré cay déi ching;
C, D: Mét cat ngang va doc cda ré cay xt ly DMS nong dé 50 ppm trong 4 gio.

Pdc diém té bao khi khéng

Quan sat dac diém cta khi khéng cho thay chiéu dai, chiéu rong, dién tich khi khdng va mat do té bao dat lan
lwoc 14,84 um; 12,52 ym; 158,82 um” va 212,73 t& bao/mm?. Két qua nay khong c6 si khac biét so véi mau dbi
chirng (bang 3, hinh 7). Biéu nay goi y rang dot bién it c6 &nh huédng t&i dac diém té bao khi khong cua lan.

Bang 3. Pac diém cua té bao khi khéng trén biéu bi 14 sau 3 thang nudi cay

B Té bao khi khéng
Mau " - 2 - 2
Chiéu dai (um) | Chiéu réng (um) Dién tich (um?) Mat d6 té bao/mm
Cay dbi chirng 15,79+0,56a 13,33+0,56a 168,66+13,29a 235,80+4,30a
Cay xt ly DMS 14,84+0,56a 12,52+0,54a 148,82+11,47a 212,73+3,90a

Cac chir cai khac nhau (a,b) trén cling mét cét chi ra si sai khéc c6 y nghia théng ké cta trung binh méu véi p<0,05, Duncan’s
test.

Hinh 7. Hinh théai khi khéng cua lan Gia hac tim Hué sau 3 thang nu6i cay chéi

A, B: Khi khdng & I4 cay déi chimg; C, D: Khi khdng & 14 cay xi Iy DMS.

KET LUAN

X& ly md seo bang DMS véi néng dd 50 ppm, trong thdi gian 4 gie cho két qua ty 1é md seo bién ddi hinh thai
nhidu nhat dat 14,93%. Ndng d6 DMS va thdi gian x& Iy cang cao dan dén ty 1& séng clia mé seo cang thap. Ty
I& sbng chi dat tr 0 — 7,78% khi xtr ly & ndng d6 Ién hon 200 ppm. Cac thay déi clia md seo sau khi xtr ly DMS
cht yéu 1a nhitng thay ddi v& hinh thai, kich thwéc, mau sic. Phan tich cac chdi phat trién t mé seo cé bién ddi
sau khi xt Iy DMS, nhan thdy & c&p dd t& bao c6 nhivng thay ddi vé& hinh dang, trat tw sép xép, mat do cla cac
loai t& bao bidu md 14, khi khéng, manh dan.

Loi cam on: Tt ca thi nghigm dueoc tién hanh tei Phong Thi nghiém Té bao, Vién Cong nghé sinh hoc, Dai hoc Hué. Kinh
phi dwoc phong thi nghiém ho tro va tir nguon hoc bong VinlF. “Nguyen Hitu Tho duwot tai tro boi Chuong trinh hoc bong
dao tao thac si, tién si trong nuoc cua Quy Poi mdi sdng tao Vingroup (VINIF), ma so VINIF.2023.7S.121 .
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RESEARCH ON THE EFFECT OF DIMETHYL SULFIDE (DMS) ON INDUCING
VARIATION IN DENDROBIUM ANOSMUM LINDL 'TIM HUE' ORCHID

Nguyen Huu Tho™*, Nguyen Thi Oanh®, La Thi Thu Hang® Truong Thi Bich Phuong? Nguyen Thi Kim Cuc”
YInstitute of Biotechnology, Hue University, Road 10, Phu Thuong, Phu Vang, Thua Thien Hue, Vietnam
2University of Sciences, Hue University, 77 Nguyen Hue, Hue City, Thua Thien Hue, Thua Thien Hue, Vietnam
3University of Agriculture and Forestry, Hue University, 102 Phung Hung street, Hue City, Vietnam

4CoIIege Electro-Mechanics, Construction and Agro-Forestry of Central Vietnam, KV8, Bui Thi Xuan Ward,
Quy Nhon city, Binh Dinh, Vietham

SUMMARY

Chemical mutagenesis is one of the commonly used methods for plant breeding. In this study, we used Dimethyl
sulfide (DMS) to induce mutations in the Dendrobium anosmum Lindl ‘Tim Hue’ to select morphotypes with
high aesthetic and economic value. Treatment of D. anosmum ‘Tim Hue’ orchid callus with Dimethyl sulfide at
concentrations of 0, 50, 100, 200, 400, and 800 ppm at different time points ranging from 2 to 10 hours. After 8
weeks of culture, the results showed that the highest survival rate of callus was 73.62% at a DMS concentration
of 50 ppm for 2 hours. However, the number of samples exhibiting morphological differences compared to the
control was only 4.43%. The experiment with the highest morphological variation rate (14.93%) was observed at
a DMS concentration of 50 ppm for 4 hours. Initial changes in the callus after DMS treatment included
alterations in morphology and color. The epithelial cells, stomata, and vascular systems of shoots grown from
DMS-treated callus exhibited changes, mainly in shape and arrangement. Based on these results, we continued
cultivating the mutated callus to develop complete plants, aiming to select various morphotypes for further
breeding of Dendrobium anosmum Lindl ‘Tim Hue’ orchid.

Keywords: Variation, cellular structure, Dendrobium anosmum Lindl, Dimethyl sulfide (DMS), callus tissue,
morphological changes.

" Author for correspondence: Tel: 0943112476; Email: ntkcuc.huib@hueuni.edu.vn
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Tém tat. Vi khuan ndi sinh la cac vi khuén cu trt trong cic md thuc vat ma khong gay ra nhiing ton
thwong cho cay cha, ching ¢ vai tro tang ceong hd tro sinh truong thuc vat trong ca diéu kién binh
thuong va nhiing diéu kién bat 1oi. Trong nghién ctu nay, chiing t6i da phéan lap duwogc 30 chung vi
khudn ndi sinh tir cac gidng lan rimg Gia hac (Dendrobium anosmunt), Gidng huong tam bao sic (Aerides
falcata), Kiéu vang (Dendrobium thyrsiflorum), Hoang thao vay rong (Dendrobium lindleyi), lan kiém
(Cymbidium finlaysonianum). Hinh thai khuan lac ctia cac ching dugc phan lap cht yéu c6 mau triang
(73,4%), tron nhay (60%), mép tron déu (63,3%), mdt s it cé bé mat kho rap hodc béng nhin, vién mép
dang gon song. Két qua nghién cttu déc diém hoda sinh cho thay 18/30 chung c6 kha nang phan giai lan;
15/30 chuing c6 kha nang sinh IAA; 16/30 chiing ¢ kha néng cd dinh dam; va 18/30 chung cé kha ning
sinh NHs. Trong d6, 3 chung vi sinh vat duoc ky hiéu la L4, L6, C4, ¢6 dac diém trdi hon cac chung
khac da duogc lya chon dé€ dinh danh, va duoc Ian luot xac dinh 1a Burkholderia sp., Bacillus cereus v
Pseudomonas boreopolis. D4y 1a nhitng chung vi sinh vat tiém nang cé thé€ ing dung trong nghién ctiu
phat trién cac ch€ pham vi sinh dung trong kich thich sinh truwdng cua lan.

Tt khoa: Bacillus, Burkholderia, IAA, Pseudomonas, vi khuan noi sinh

Isolation of endogenous bacteria from wild orchids
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Abstract. Endophytic bacteria reside in plant tissues without causing damage to the host and enhance
plant growth under both normal and adverse conditions. In this study, 30 strains of endophytic
bacteria were isolated from different wild orchids, including Dendrobium anosmum, Aerides
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falcata, Dendrobium  thyrsiflorum, Dendrobium lindleyi, and Cymbidium  finlaysonianum. The
morphology of the isolated strains was mainly white (73.4%), and slimy (60%), with regularly rounded
edges (63.3%), a few had a dry or glossy surface and a wavy edge. The results of biochemical
characterization studies showed that 18/30 strains could decompose phosphorus; 15/30 strains could
produce producing IAA; 16/30 strains could fix nitrogen; and 18/30 strains were likely to generate NHs.
Among them, three isolated strains, named L4, L6, and C4, as outstanding characteristics than other
strains, were selected for identification and identified as Burkholderia sp., Bacillus cereus, and
Pseudomonas boreopolis, respectively. These microbes are potential strains that can be used as microbial

colony

products for agricultural applications, especially in growing orchid seedlings.

Keywords: Bacillus, Burkholderia, endogenous microorganisms, IAA, Pseudomonas

1 Mo dau

Nhitng anh huwong 6 loi cta vi sinh vat doi
v6i su phat trién ctia thuc vat nhu ¢d dinh dam,
phéan giai lan, kali kho tan, thiic ddy sy phat trién
ctia chdi va ré, kiém soat hoic ngan chan dich
bénh va cai thién cau trac dat da dwoc nhiéu nha
khoa hoc quan tam nghién ctu... [1]. Mot s6 vi
sinh vat c6 ich duoc nghién cttu va st dung phd
bién trong nong nghiép c6 thé ké dén nhu
Rhizobia,
Pseudomonas, Trichoderma, Streptomyces va mot sO
loai khac [2]. Vi sinh véat néi sinh l[a mét nhém vi

sinh vat duoc quan tam gan day, la nhitng vi sinh

Moycorrhizae,  Azospirillum,  Bacillus,

vat cong sinh véi thuc vat, song noi sinh trong cac
mo thue vat ma khong gdy ra bat ky tac hai nao
cho cay chu [3-5]. Céc vi khuan noi sinh thudc cac
Burkholderia,
Pseudomonas thuwong dwoc tim thdy o cac cay

chi  Bacillus, Enterobacter  va
trong nong nghiép [6], chung c6 vai trdO quan
trong trong sinh truwong, phat trién cta cay trong
va gop phan duy tri tinh bén vitng trong san xuat
nong nghiép [7].

Vi khuan néi sinh da dwoc phéan lap tw
nhiéu loai thwe vat trong d6 bao gom ca cac cay
trong néng nghiép va cay co dai [8]. Tuy nhién,
nghién ctru vé vi khuan ndi sinh trong cay hoa lan
(Orchidaceae) va tng dung thuc tién cta nd van
con han ché. D6i vdi hoa lan, dac biét 1a hoa lan
ring ¢6 mot hé vi sinh vat cong sinh rat phong
pht, diéu nay c6 thé la mét trong nhitng nguyén

nhéan chinh gitp cho lan ring c6 mot stic séng
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manh mé, kha nang dé khang tot véi nhiéu loai
sau bénh [9]. Nguoc lai lan nudi cdy mo, lan cong
nghiép thi sttc s6ng yéu hon, kha nang chéng chiu
sau bénh cting kém hon, diéu nay mot phan
nguyén nhan c6 thé do nhiing loai lan nay khéng
cd hé vi sinh cong sinh bén trong nhw lan ring.
DPa c6 nhitng cong trinh nghién cttu tng dung cac
vi sinh vat cong sinh vao lan nham nang cao chat

lwong cua céc giong lan cong nghiép [9,10].

Khac v6i cac thuwce vat khac, hat caia cac loai
lan khong c6 ndi nhit va chang phai phu thudc
vao mot loai ndm noi sinh Rhizoctonia d€ nay
mam, phat trién va thich nghi [11]. Ngoai ra cling
c6 nhiéu chung vi sinh vat noi sinh ¢ than, 14, ré
cua cdy giap thac day cac qua trinh phat trién cta
cay, cing nhu giup khang lai mot s6 loai bénh.
Faria va cOng su [12] da phan lap vi khudn ndi
sinh tr phong lan va tiém nang cua ching dé thuc
ddy su phat trién cta thuc vat. Nghién ctu cta
Shah S. va cdng su vé vi sinh vat ndi sinh trong
phong lan Vanda cristata cho thdy c6 sy anh hudng
nhat dinh cua vi sinh vat ndi sinh t6i sy phat
trién cua thuc vat [13]. Nghién cttu caa Héctor
Herrera va cong syt da phan lap va xac dinh duoc
mét s6 vi khudn néi sinh tir md ré ctia hoa lan trén
can ttr mién Nam Chile [14]. Tsavkelova va cong
sw da thuc hién nghién ctu vé vi khuan cu tra
bén trong ré ctia lan biéu sinh [15] va mot nghién
ctu khac vé vi sinh vat noi sinh trong ré lan va
kha nédng sinh auxin ctia chtiing [16]. Bén canh do,

mot s6 chiing ndm ndi sinh trén cay hoa lan nhuw
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Penicillium sp., Fusarium sp. [17], chi Fusarium,

Unidentified 1I [18].

Céc giong lan ¢ thé sinh sdng ¢ nhiéu moi
treong ngoai canh khac nhau tao nén mot su da
dang trong quan thé& cic vi khuan noi sinh, gan
két cung nhitng ddc trung riéng biét so voi hé vi
sinh vat ctia moi truong dat xung quanh [19].
Trong nghién ctu nay, chung t6i phan lap va
tuyén chon mot s6 ching vi sinh vat ndi sinh tte
cac mau lan riing duoc thu thap & khu vic mién
trung Tay Nguyén goém Binh Dinh, Gia Lai, Kon
Tum, Thtra Thién Hu€, huéng dén muc tiéu phat
trién san phdm phan bén hitu co ¢ ngudn goc tir
vi sinh vat tng dung trong linh vitc néng nghiép

bén viing.

2 Vatliéu va phuwong phap

21 Vatliéu

Cac mau lan rimg dugc thu thap & Binh
Dinh, Gia Lai, Kon Tum, Thtrta Thién Hué. Céc
giong lan dwgc thu thdp gom cd6 Gia hac
(Dendrobium anosmum), Giang huong tam bao sac
(Aerides  falcata), Kiéu
thyrsiflorum), Hoang thao vay rong (Dendrobium

vang  (Dendrobium

lindleyi), lan ki€m (Cymbidium finlaysonianum).

2.2 Moi truong nudi cy vi sinh

Moi treong Luria-Bertani (LB) dung nuoi
cady vi khuan cho dinh danh [20] gom 10 g/L
Tryptone, 5 g/L cao ndm men, 10 g/L NaCl (trong
thi nghiém st dung LB dang ddc thi bd sung agar
15 g/L.)

Nud6c Peptone gom cd Peptone: 10 g/L;
NaCl: 5 g/L.

Moi treong Pikovskaya (PVK) (dung dé€
phén 1ap vi khuan c6 kha ndng phan giai lan kho
tan) gom glucose (10 g), Cas(PO4)2 (5 g), (NH4)2SOx4
0,5 g), KCI (0,2 g), MgSOs.7H:0 (0,1 g), MnSOs
(0,002 g), FeSOs4 (0,002 g), cao ndm men (0,5 g),
agar (20 g) va nuedc cat 1.000 ml.
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Mo6i treong Nutrient agar (NA) gom co
nudc thit bo: 200 g/L; Peptone: 5 g/L; cao nam
men: 3 g/L; NaCl: 5 g/L; 18 g/L agar, pH: 7,0.

Moi truong NA ban 1ong gdm c6 nudc chiét
thit bo: 200 g/L; Peptone: 5 g/L; cao ndm men: 3
g/L; NaCl: 5 g/L; 4 g/L agar, pH: 7,0.

Moi trueong Starch casein agar (SCA) gom
c6 Tinh bot: 10 g/L; Ko2HPOs: 2 g/L; KNOs: 2 g/L;
casein: 0,3 g/L; MgS04.7H20: 0,05 g/L; CaCOs: 0,02
g/L; FeSO4.7H20: 0,01 g/L; NaCl: 2 g/L; Agar: 15
g/L; pH: 7,0.

Moéi truong International streptomyces
project 2 (ISP2) gom c6 cao ndm men: 4 g/L; chiét
xudt mach nha: 10 g/L; dextrose (hodc glucose): 4

g/L; Agar: 15 g/L; pH: 7,3.

Mboi truong Ashby x4c dinh kha ndng cd
dinh dam cua vi sinh vat gom c6 Glucose (ngudén
carbon): 20 g/L; K2HPOs: 0,2 g/L; NaCl: 0,2 g/L;
MgS04.7H:0: 0,2 g/L; K2SOu: 0,1 g/L CaCOs: 5 g/L;
Agar: 15 g/L; pH: 7,0.

2.3  Thoi gian va dia diém

Cac thi nghiém dwoc thyc hién tai phong thi
nghiém té bao, Vién Céng nghé sinh hoc, Pai hoc
Hué tir thang 9/2021-8/2022.

24  Phwong phap
Phén 1ap vi khuan néi sinh

D€ loai trir cac vi sinh vat trén bé mit, mau
(than, ré, 1a) sau khi thu thap duoc xt ly nhu sau:
Loai b cac phan bi héng, tia vang, rira sach mau
dudi voi nude chay; tiép tuc riza lai bang nudc cat
v0 trung roi cit mau thanh nhitng doan nhé 1 - 2
cm, lam khd mau béng gidy htt am; sau dé khu
tring mau bang con 96% trong 3 phut, Sodium
hypochloride 1% trong 5 phut, hydrogen peroxide
3% (H202) trong 5 phut va rtra lai v6i nude cat vo
trung 4 lan d€ tdy rura cac loai hda chat con thira
[21]. D€ kiém tra kha ndng cac vi sinh vat con sot

lai trén bé mat mau sau khi khiz tring, 14y 200 uL
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nuée cat vo trung da rira mau ¢ 1an cudi cay trai
trén moi treong LB agar va t ¢ 30°C trong 24h dé
quan sat ngoai nhiém (mau nao cé ngoai nhiém
thi khong st dung vi sinh vat tir mau d6 cho cac
nghién cttu tiép theo). Cac mau sau khi khit tring
duoc cho vao cac cSi bang st da khir trung va
nghién min mau, thém 10 mL nuwéc cat khit tring
trung, sau d6 tat ca mau dwoc cho vao mot ng 50

mL v trung.

Dung dich sau khi nghién tién hanh pha
loang theo day nong do 100, 10, 102, 103 sau d6
hat 50 uL dung dich ¢ cac nong do pha loang
duoc chuyén vao trong 6ng nghiém c6 chita 3 mL
moi truong ban 1ong NA, roi dem u ¢ 30°C trong
48 h, quan sat thdy cac ong nghiém chita moi
truong ban long NA da cay dich trich ctia mau
xudt hién mot 1op mang mong cidch mat moi
treong nudi khoang 0,5 cm chi thi ¢6 su hién dién
cta vi khuan ndi sinh  [22,23].

Lay mot it vi khuan tir mang mong cta cac
moi treong ban long NA lan luot cdy chuyén sang
cac dia moi treong NA, LB, SCA, ISP2 déc dé€ tach
dong cac khuan lac. Sau vai lan cdy chuyén trén
cac moi treong dac, chon cac khuan lac roi va déu
nam trén duong cdy quan sat dudi kinh hién vi.
Khi thay vi khuan da thuan nhat thi cdy chuyén
sang dng nghiém chita moi truong dic twong ing

dé trit 6 4°C va duoc xem nhu la mot dong [22].

Hinh thai vi khuan trén cac dia moi truong
duoc theo ddi bang cach do kich thuée va quan
sat hinh théi cdc dang khudn lac bao gom cac chi
tiéu: mau sic, hinh dang, d6 noi va dang bia
khuan lac bang mat thuwong. D6i v6i nhitng khuan
lac c6 kich thwdc qua nho thi sit dung kinh lap dé
quan sat [24].

Phan tich hoat tinh hoa sinh
Xdc dinh khad ndng phdn gidi lin

Lua chon cac khudn lac da phéan lap cay

chdm diém lén moéi truong Pikovaskya. Cac
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khuén lac xudt hién trén bé mdt moi truong sau 24
dén 72 h 1, tién hanh khao sat hinh thai khuan lac,
hinh dang t&€ bao. Cac dong vi khudn phan lap
duoc khao sat dinh tinh kha nang hoa tan Phot
pho trén moi treong Pikovaskya dac [25] thong
qua vong sang phan giai tao ra xung quanh khuan

lac trén moi treong [26].

Xdc dinh khad ning cd dinh dam

Lwa chon cac khudn lac da phéan lap cay
diém 1én mdi truong Ashby mannitol agar, U &
30°C trong 72 gio. Xac dinh cac khudn lac phat
trién dugc trén moi truong Ashby, hinh thai
khuén lac, hinh dang t€ bao vi khuén, duong kinh
khuan lac phat trién [27].

Xdc dinh kha nang sinh NH3

Xac dinh kha nang sinh NHs ctia cac chung
vi khuan ndi sinh duoc phéan lap bang phuong
phap dinh tinh cia Cappuccino & Sherman [28,29].
Céc dong vi khuan da phan 1ap duoc nudi trong
dng 10 mL nudc peptone, nudi lac 150 vong/phiit,
trong 48-72h ¢ 28 + 2°C. Sau d6 cho 0,5 mL thuGc
thtt Nessler (K:Hgls) vao mdi dng. Quan sét su
thay d6i mau sac trong khoang mau vang sang nau
sam la ching to chung vi khuan dé cé sinh
amoniac [30,31], mau sic phu thudéc vao ham

ltong amoniac sinh ra.

Xdc dinh kha niang sinh IAA

Cac chung vi sinh vat da phan lap dwoc
nudi tang sinh trong moi treong dich thé Luria
Bertani c6 b6 sung 0,1% L - Tryptophan trong
méy lac 6n nhiét 6 toc do 150 vong/phut, trong
thoi gian tir 48-72 h, nhiét d6 twr 28°C dén 30°C. Ly
tam khong it hon 3 mL dung dich mau tht véi toc
dd 6000 vong/phut, trong thoi gian 10 phat. Lay 2
mL phan dung dich trén bé mdt (phan nudc
trong) cho vao &ng dinh muc dung tich 10 mL.
Thém thudc tht Salkowski dén vach dinh mtec,
tron déu. U t8i trong vong 25 phut va tién hanh so

sdnh mau sac ctia cac chung vi sinh vat, mau cang
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d6 thi ham luong IAA tdng hop duoc cang cao
[32]. Ham lwong IAA sinh ra dwoc xac dinh bf“mg
d6 thi duong chuan (Hinh 1). Do cuong dé6 mau

trén may quang pho so mau 6 budc séng 530 nm.

25
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Hinh 1. Duong chuan IAA dugc xdy dung ¢ day nong
d6 IAA tir 0 dén 100 pg/ml

Dinh loai phéan t chung vi sinh vat

Trong s6 nhitng chung phan lap duoc, lua
chon chung c6 hoat tinh t6t nhat d€ dinh danh vi
khudn bang cach giai trinh te gen 16S rRNA.
DNA tdng s6 tir vi khudn duoc tach chiét theo mo

ta ctila Sambrook va Russell [33].

Cac dong phan 1ap duoc xéac dinh bang giai
trinh ty mot phan ctaa vung 16S d6i véi vi khudn.
Cac vung 16S rRNA cua vi khuan dwgc khuéch
dai béng cach st dung doan mdi thuan 27F (5'-
AGAGTTTGATC (AC) TGGCTCAG-3') va moi
nguoc 1492R (5-ACGG (CT) TACCITGTTACGA
CTT-3) [34].

Phan tng PCR dugc thuc hién 30 chu ky
v6i su bién tinh ban dau ¢ 95°C trong 5 phut. Bién
tinh & 94°C trong 1 phut, gan mdi & 60°C trong 30
giay va kéo dai 0 72°C trong 30 gidy. Lan kéo dai
cudi cung 6 72°C trong 5 phut. San pham PCR sau
dé duoc dién di kiém tra trén gel agarose 1,5%, va
tinh sach trwedc khi duwoc giai trinh tw tai genLab
(Ha Noi). Trinh tw thu duwoc sau dé dugc so sanh
va phan tich vdi trinh tw da duoc cong bé trén co
so dit liéu (NCBI) bang chuwong trinh BLAST.
Cung v6i d6 trinh tw duoc so sanh bang
CLUSTAL X. Céc chung duoc dung cay phan loai
xac dinh ho hang gan bang phan mém Mega 7.
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Phwong phap xt 1y s6 liéu

Tat ca di liéu thee nghiém dwgc biéu thi
bang gia tri trung binh ctia ba phép do cung véi
sai s6 chudn. Dai véi phan tich thong ké, ANOVA
nhan t6 don (phan tich phuong sai) sau dé la
kiém tra nhiéu pham vi ctia Ducan’s dugc thuc
hién bang phan mém SPSS.16. Su khac biét vé gia
tri trung binh dwoc coi la ¢ y nghia ¢ p <0,05.

3  Két qua va thao luan

3.1 K&t qua phan l4p vi sinh vat

Két qua phan 1ap vi sinh vat ndi sinh tir cac
bd phéan khac nhau cta cay lan ritng da thu duoc
30 chung vi khuan ndi sinh. Phan 16n cac ching
phén 1ap duoc b hinh thdi khuan lac 1a mau
trang chiém 73,4% (tréng sita (30%), trang trong
(26,7%), tréng duc (16,7%)) mot s8 it chung cd
mau vang chiém 10%, vang nhat chiém 10%, hong
chiém 3,3% hodc cam chiém 3,3%. Ngoai ra, dic
diém bé mat khuan lac la tron nhay chiém 60%,
mot s6 khac thi kho rdp chiém 16,7%, hodc bong
nhan chiém 23,3%. Mép ctia khudn lac qua quan
sat thay thuong tron déu chiém 63,3% hodc dang
luon séng chiém 36,7% (bang 1). Kich thude ctaa
khuén lac nudi cdy trén moi truong phan lap sau
48 h dat tir 1-5 mm, c6 dang t€ bao 1a hinh tron
hodc hinh que. Cac mo ta vé ddc diém khuan lac
cua cac chung vi khudn ndi sinh twong tu clng
duoc tim thay trong cdc nghién ctu ctia Nguyén
Thi Minh va D6 Minh Thu [23]; Nguyén Thi Thay
Duy va cong sw [35].

Hinh 2. Phén 14ap va tao dong thuan khiét cac vi khuén
noi sinh. (A: phéan 1ap vi khuan néi sinh trong moi
truong ban long NA; B: Tao dong thuan khiét)
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3.2 Mot sd dic tinh hoa sinh caa cac chiing vi
sinh vit n6i sinh phan lap duoc

Cac chung vi khuan da phéan lap duoc tiép
tuc thtr nghiém trén cac moéi truong khac nhau d€
xac dinh cac dac tinh hoa sinh. Cac hoat tinh dwoc
kiém tra gom kha nang phéan giai lan, kha nang
sinh NHs kha néng ¢d dinh nito trén moi truong
khong chira nito, kha nang sinh IAA. Két qua thw
nghiém duoc thé hién qua bang 1.

Kha ning phan giai lan

Trong nghién cttu nay, véi 30 chung da
phan lap va xac dinh duoc 18 ching c6 kha nang
phan giai lan, day la hoat tinh hoa tan tri-canxi
photphat (TCP) c6 trong moi trueong Pikovaskya.
Tuy nhién kha ning phan giai 1an 6 mdi chtng la
khac nhau, mttc 46 danh gia thong qua vong sang
phan giai sau 72 h nudi. Puong kinh vong sang
duoc hinh thanh sau nudi cdy trén moi truong
dao dong tir 2 - 15 mm. Két qua thit nghiém da
chon dwoc 3 chiing ¢ kha nang phan giai lan cao
la L4 véi duong kinh vong sang phan giai lan la
15 mm, duwong kinh khuéan lac la 5 mm; Chuang L6
c6 duong kinh vong sang 13 mm, duong kinh
khuéan lac 6 mm va chung C4 la 15 mm va 6 mm
(Bang 1, Hinh 3).

Hinh 3. Thit nghiém kha ndng phan giai lan cta vi sinh
vat ndi sinh trén moi trieong co6 chira tricalcium

photphat
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Kha ndng c6 dinh dam

Trong s 30 ching dugc phan 1ap, cay thu
nghiém trén moi treong khong cod nito Ashby
agar, sau 72 h nu6i cdy cé 16 chung phat trién
duoc trén moi truong nay. Diéu nay ching minh
chiang c6 kha néng cd dinh nito thanh NHas* d€ ¢6
thé hap thu va sinh treong. Tuy nhién kha nang
c6 dinh nito ctia 16 chung d6 1a khac nhau, dwa
vao kich thudc khudn lac phat trién d€ xac dinh.
Kich thudc ctia khudn lac sau thoi gian nudi cdy
ctia cac chung phat trién duoc c6 duong kinh tir 2-
16 mm, thi nghiém ciing ghi nhan 3 ching L4, L6,
C4 ¢6 duong kinh khuan lac cao, thit tw la 16 mm,
16 mm, 15 mm (Bang 1, Hinh 4).

Hinh 4. Thit nghiém kha nang phat trién trén moi
trueong khong ¢6 Nito ctia cac chung vi khuan da phan
lap

Kha nang sinh IAA

Két qua xac dinh kha nang tong hop IAA
cho thay trong sd 30 chung dwoc phan lap c6 15
chung c6 kha nang sinh IAA, dga vao muc do
dam nhat ctia mau sic thay doi c6 thé xac dinh
nhting chung vi khuan c6 kha nang tong hop IAA
cao hay thap (Bang 1, 2). Thi nghiém cling xac
dinh 4 chung L4, L6, C9, C4 la c6 tiém ndng sinh
IAA cao nhét, trong d6 chung L6, C9 va C4 co
dung dich thay d&i mau sac dam nhat (mau nau
dam), con ching L4 thi mau nhat hon, ching C16
thay d6i mau sac it nhat va gidng véi sy thay doi

mau cta 10 ching con lai (Hinh 5). Qua xac dinh
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ham luong TAA sinh ra ciing khang dinh lai kha
nang sinh IAA cta 4 chang L4, L6, C9, C4 la manh
nhat véi ham lugng theo thit tu 34,10 pg/ml; 38,44
pg/ml; 36,98 ug/ml va 41,47 pug/ml. Ngoai ra, c6 4
chung sinh ham luong IAA tir 1-10 pg/ml; 5
chung c6 ham luong IAA 11-20 pg/ml va 2 ching
c6 ham lwgong IAA sinh ra 21-30 pg/ml (bang 1, 2).
Két qua nghién ctru ctia chung t6i vé kha nang
sinh IAA ctia cac chung vi sinh vat néi sinh cling
phu hop véi nghién cttu cta Tran Bao Tram va
cdng su (2017) vé kha nang tong hop IAA cua vi
sinh vat trong dat trong sam [36].

Bang 1. Kha nidng sinh tong hop IAA ctia cac chung vi
sinh vat ndi sinh phan lap tt ré lan

Ham luong S6 Ty 1é chung ¢ kha nang
IAA (ug/ml)  ching sinh IAA (%)
0 15 50.00
1-10 4 13.33
11-20 5 16.67
21-30 2 6.67
>30 4 13.33

Hinh 5. Thit nghiém kha nang sinh IAA ctia cac ching
vi khuan noéi sinh da phéan lap; DC: éng nghiém d6i
chimg (moi truong LB long va thude thir Salkowski) L4,
L6, C9, C4 cac chuing vi khuan c6 sinh IAA manh, C16
chting sinh TAA rat it
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Kha ning sinh NH3

Két qua khao sat kha nang sinh NHs cta
cac chung da phan lap trinh bay ¢ hinh 6, trong s6
30 chung cé duoc 18 chung c6 kha nang sinh NHa.
Dya vao mau sic thay d6i khi cho thudc thtr
nessler vao moi truong da nudi cdy vi khudn sau
48 h. Mau biéu hién la mau vang, ndu hodc nau
sam 1a chiing to c6 sy xudt hién caa NHs mau
cang nau dam thi ham luong cang cao. Phan ting

thi nghiém theo phwong trinh phan tng;:

2K:Hgls + NHs + 3KOH —» Hg(HgIONHy) +
7KI + 2H:0

(mau vang)

2KeHgls + NHs + KOH ~ —+»  Hg(HglONH) +
5KI + H20

(mau nau)

Thi nghiém ciing Iita chon dwoc 6 chung cd
mau dam nhédt cho kha ning sinh NHs d6 la
chung L4, L6, L7, C4, C11, X2 (Hinh 6, bang 1).

Hinh 6. Thit nghiém kha nang sinh NHs ctia mét s6
chung vi khuan néi sinh duoc lwa chon; A, B: 2 dng
nghiém d6i chiing (A: moéi truong LB long. B moi
truong LB 1ong va thuGc thir nessler); cac 6ng nghiém
c6 mau vang, nau sam la nhitng 6ng nghiém c6 phan
tng voi thube thie nessler ching t6 ¢6 sinh NHs
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Bang 2. M6t s6 déc diém khuén lac va déc tinh hod sinh ctia cac chung vi khudn phan 14p sau 72h nuoéi cdy

Dic diém khudn lac

Paic tinh hoa sinh

Phan giai lan

Ki O khuéin Ham
hiéu O vong o ) J vong Sinh lac trén luong
chang  Mausic Mép Bemjt  sangphin  khuan  sang NH MT 1AA
giai ‘,’2‘ lac (mm)  phan ’ Ashby sinh ra
khuan giai lan (mm) (ug/ml)
lac(mm) (mm)
L1 Vang Luon Tron béng 15 11 4 + 2 0,00
séng
L2  Trangduc Luon Tron béng 13 10 3 - - 0,00
song
L3  Trangsita Trondéu  Tronnhay 16 8 8 + 11 0,00
L4 Tringsita Trondéu Kho rap 20 5 15 ++H 16 34,10
L5 Tréng stta Tron déu Tron nhay 14 7 7 + 6 0,00
L6  Tring Tron déu  Tron 19 6 13 -t 16 38,44
trong nhay
L7 Vang nhat Trondéu  Tron nhay 16 5 11 4+ - 11,68
L8 Trangstta Trondéu  Tron nhay 17 8 9 ++ 7 0,00
L9  Trangsita Trondéu  Tronnhay 17 6 11 + 10 13,19
Cl  Trang Luon Kho rap 5 5 0 - - 0,00
trong song
2 Vang Luon Tron nhay 4 4 0 + 5 6.58
song
C3  Trangduc Trondéu  Tron nhay 7 5 2 + 9 26,83
C4  Trang Tron déu  Tron 21 6 15 +H 15 4147
trong nhay
C5 Tréng duc  Luon Kho rap 10 10 0 - - 16,22
song
C6  Trang Luon Tron nhay 6 6 0 + - 0,00
trong song
Cc7 Vang nhat Trondéu  Tron nhay 3 3 0 - - 11,73
C8 Tréng duc  Trondéu  Tron nhay 7 7 0 - 6 7,33
9 Tréngstta Trondéu  Tron nhay 16 10 6 + - 36,98
C10  Vangnhat Trondéu  Khorap 2 2 0 + 8 0,00
Cll1  Vang Tron déu  Tron nhay 15 6 9 ++H+ 4 0,00
C12  Trang Tron déu  Tron béng 6 6 0 - - 7,13
trong
C13 Trzfmg stta Luon Tron béng 4 4 0 - 4 0,00
song
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Pic diém khuan lac

Pac tinh hoa sinh

Phan giai lan

@ khuan Ham

Ki ) .
hiéu ) g vong @ﬂ 9 vong Sinh lac trén luwong
chiing Mau séc Mép Bémat  sangphan  khuan sang NH MT IAA
giai va lac(mm)  phéan 3 Ashby sinh ra
khuin giai lan (mm) (ug/ml)
lac(mm) (mm)
C14 Tréng stta Lwon Kho rap 5 5 0 - - 17,48
séng
C15 Trangsita Luon Tron nhay 8 4 4 - 6 0,00
séng
C16 Tring duc  Trondéu  Tron nhay 10 6 4 + 6 4,61
C17  Trang Tron déu  Tron béng 4 4 0 - - 0,00
trong
N1  Trang Trondéu  Tron béng 5 2 3 - 3 22,89
trong
N2  Tréng Trondéu  Tron nhay 5 3 2 + 8 0,00
trong
X1 Cam Luon Tron nhay 5 5 0 - 2 0,00
song
X2 Tréng Lwon Tron béng 18 7 11 +H+ 13 0,00
hong song

Ch thich: +: ¢4 hoat tinh; ++: hoat tinh tot; +++: hoat tinh rt tot
-: khong c6 hoat tinh; @: dwong kinh

3.3 K&t qua dinh loai phin t& cic chung vi
sinh vat n6i sinh dwgc phan lap

Dua trén két qua danh gia cac déc tinh hod
sinh ctia 30 ching vi sinh dwoc phan lap, da chon
duoc 3 chung c6 ddc tinh t6t nhat vé kha nang
phan giai 1an, kha nang ¢ dinh dam, kha nang
sinh NHs, va kha nadng sinh IAA d€ nhan dién
béng cach giai trinh tw gen va 1ap cay phét sinh
loai. 3 chung duoc chon dé la L4, L6 va C4. Ca 3
ching dugc nudi trong moi treong LB 1éng qua
dém d€ thu sinh khéi phuc vu tach chiét DNA
tong s6 bang phuong phéap tach cot. DNA tdng s6
cua 3 chung da dugc tach thanh cong (Hinh 7) dé€
dung lam khudn mau nhan gen ma héa 16S rRNA
dung trong dinh loai phan tt.
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Hinh 7. DNA tong s6 ctia cac chung vi khudn da phan
lap. Maker: Generuler 1kb DNA ladder (Thermofisher)
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Poan gen c¢6 kich thudc khoang gan 1500
bp da dwoc nhan 1én ¢ 3 ching nghién cttu (Hinh
8) va gii di giai trinh tw bang phuong phap
Sanger. Két qua giai trinh tw cua 3 chung vi khuan
duoc st dung d€ so sanh vdi trinh tu DNA cta
cac dong vi khudn ¢ trong ngan hang di liéu

twong dong cao vdi cac trinh tu trén GenBank (98-
100%), va cac dong vi khudn tuwong dong déu
thudc cac chi cé dai dién 1a vi khuan néi sinh. Cu
thé, 3 chung gui di giai trinh tw dwoc x4c dinh 1a
ching L4 thudc chi vi khuan Burkholderia; ching
L6 thudc chi vi khuan Bacillus; chung C4 thudc chi

NCBI bang phan mém BLASTN. Két qua cho thay vi khuén Pseudomonas.

trinh ty cua cac chung vi khuan phén lap c6 do

Hinh 8. Gen ma hda 16S rRNA ctia vi khudn. Maker: Generuler 1kb DNA ladder (Thermofisher)

0.001 2-0000 A B246809.1 Pseudomonas boreopolis gene for 165 ribosomal RNA partial sequence
l;.u:m

MW 144910.1 Xanthomonadales bacterum strain CE21 165 ribosomal RNA gens partial sequence
NR_040801. 1 Pseudomaonas boreopolis strain ATCC 33662 165 rbosomal RNA partial sequence
K¥ 4364271 Pseudomaonas sp. strain EAS4 165 ribosomal RNA gene partial sequence
J*485817.1 Pseudomonas boreopolis strain SMs21 16S rbosomal RNA gene partial sequence
MWW 144876.1 Xanthomonadales bacterum strain RED11A 165 ribosomal RNA gene partial sequences

KM 103099.1 Pseudomenas boreopalis strain SR2 16S ribosomal RNA gene partial sequence

KM103100.1 Pssudomonas boreopolis strain SR3 16S ribosomal RNA gene partial sequence

K 194239.1 Pseudomonas boreopolis strain JZ30 16S ribosomal RNA gene partial sequence
ON764222.1 Pseudomonas boreopolls strain VDQN4 16S ribosomal RNA gene partial sequence
K¥ 357352, 1 Burkhalderia sp. strain S8-1 165 rbosomal RNA gene partial sequence

LC218382. 1 Burkholderia sp. SM-2017A gene for 165 ribosomal RNA partial sequence Isolate: S5t
KY810675.1 Burkhalderia cenccepacia strain MaAL-199 16S ribosomal RNA gene partial sequence
KY810676.1 Burkholderia cenocepacia strain BAAr-207 165 rbosomal RNA gene partial sequence
KY810685.1 Burkholderia cenccepacia strain MNR-239 165 ribosomal RNA gene partial sequence
LC484717.1 Burkholdera sp. FJFN&1 gene for 165 ribosomal RNA partial sequence

MMN540845.1 Burkholderia territoril strain SCATO01 165 ribosomal RNA gene partial sequence
MMNE91121.1 Burkholderia cepacia strain N1_1_18 168 rbosomal RNA gene partial sequence

MNG91129.1 Burkhalderia cepacia strain N1_1_27 165 ribosomal RNA gene partial sequence
halderia sp. strain Isybd2 16S ribosomal RNA gene partial sequence
TIL-Ps64_F 11

©OPQ01403.1 Baclllus cereus strain MB25 16S rihosomal RNA gene partial sequence
KM268806.1 Bacillus cereus strain BTD4-2 16S ribosomal RNA gene complete sequence

KT758501.1 Bacillus anthracis strain HQB341 16S ribosomal RMNA gene partial sequence
KT719668. 1 Baclllus cersus strain MER_93 165 ribosomal RMNA gene partial sequence
KT151920.1 Bacillus sp. EAAC32 16S ribosomal RNA gene partial sequence

MT377913.1 Bacillus cereus strain SM-100 165 rbosomal RNA gene partial sequence
MTE45463. 1 Baclllus paramycoldes strain S10a 165 rbosomal RNA gene partial sequence
ONB68098.1 Baclllus cereus strain QN1 165 rbosomal RNA gene partial sequence
KY773584.1 Baclllus cereus strain PD1 185 ribosomal RNA gene partial sequence

0000

ON764225.1 Baclllus paramycoides strain TTH1 165 rbosomal RNA gene partial sequence

Chi
Pseudomonas

Chi
Burkholderia

L Chi Bacillus

Hinh 9. Cay phan loai ctia cac chung thudc chi Burkholderia.; chi Bacillus.; chi Pseudomonas va 3 chung thudc 3 chi nay
theo thit twe L4 dwoc ki hiéu TIL-Ps63_E11; L6 dwoc ki hiéu TIL-Ps64_F11; Chung C4 duwoc ki hiéu TIL-Ps62_D11
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Két qua xay dung cay phan loai cua ching
C4 phan 1ap tit cAc mau lan riing thu thap duoc
trong qua trinh nghién cttu, cho thady né ¢ muc
do twong dong cao véi cac chung Pseudomonas
khac véi do twong dong 99-100% nhuw cac chung
ON764222.1; KY194239.1; KM103100.1,... diéu nay
c6 thé khang dinh rang chting C4 dwoc lya chon
la ching thudc chi Pseudomonas va dac biét chung
C4 rat gan voi loai Pseudomonas boreopolis véi murc
twong dong 100%, vi vay chung C4 cing thudc
dong vi khudn nay (Hinh 9). Cac déc tinh hoa sinh
cua chi vi khudn Pseudomonas trong nghién ctu
nay phut hgp véi nghién cttu ctia Oliveira Danyllo
Amaral de va cdng su vé Pseudomonas [37], twong
tw trong nghién cttu ctia DS Thanh Luan va cong
sw vé kha nang sinh IAA va ¢d dinh dam cua vi

khuén noi sinh trong d6 ¢ Pseudomonas [38].

Két qua giai trinh tw ctia chung L6 cling
duwgc st dung d€ tim kiém cac trinh ty tuong
déng bang BLASTN trén NCBI, két qua cac trinh
tw tim ki€m c6 muic twong dong rat cao 99 -100%,
déu thudc chi Bacillus nhw cac vi khudn c6 ma
dang ky ON764225.1; ON668098.1 MT645463.1, ...
diéu nay ching to chung vi khuan da phan lap L6
thudc chi vi khudn Bacillus. DPac biét la gan véi
dong Bacillus cereus (hinh 9) véi mtGc twong dong
la 100%. Vi vay c6 thé xem chung L6 la dong vi
khuan Bacillus cereus. Nhitng ddc diém vé hoat
tinh hoa sinh cua chung vi khuédn nay ciing tuong
dong véi nghién cttu da c6 cua Akhtar Nosheen
va cong su [39], hay trong nghién ctru cua
Nguyén Ptic Thanh va cong sw [40].

Gioéng véi chung C4 va L6, két qua tim
kiém trinh ty twong dong voi trinh ty ctia chung
L4 trén NCBI ciing ¢6 mtic tuong dong rat cao voi
chi vi khudn Burkholderia. Cac chung nhw
KY678897.1; MN691129.1; MN691121.1, ...mtc d0
twong dong véi chung L4 la 98-99.5%. Két qua
nay cling khang dinh dugc chung vi khudn ndi
sinh L4 phan lap duwoc thudc chi vi khuan
Burkholderia (Hinh 9). Puogc dinh danh la ching
Burkholderia sp. voi mic tuong dong la 99.5 %,
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day ciing la mot chi vi khuan c6 nhiéu dai dién vi
khuéan ndi sinh cho sy phét trién cua thwe vat, cac
hoat tinh ctia Burkholderia sp. trong nghién ctu
nay cling twong dong voi nghién ctu ctia Hau-

Hsuan Hwang va cong su [41].

Nhu vay trong nghién cttu nay 3 chung vi
khuan duoc lwa chon d€ dinh danh c6 mic twong
dong kha cao voi cac chung lién quan da duoc
cong bd truede do, va cling 1a nhing chi vi khuan
c6 cac loai vi khuan ndi sinh phd bién, duoc ting
dung nhiéu trong trong linh vuc san xuat phan

boén, ché€ phdm vi sinh.

4  Kétluan

Nghién cttu da phan lap dugc 30 chung vi
khuan ndi sinh tx mot s6 giéng lan ring, cac
chung cé sy da dang vé hinh thai khuan lac va
ddc diém hoa sinh. C6 18/30 chung c6 kha nang
phan giai lan; 15/30 ching c6 kha nang sinh IAA;
16/30 chung c6 kha nang cd dinh dam phat trién
trén moi treong Ashby agar; va 18/30 chung cé
kha nang sinh NHs. Nghién cttu da lya chon 3
chung c6 hoat tinh hoda sinh cao Ian luwot dwgc xac
dinh la chiang L4 thudc chi vi khuan Burkholderia;
ching L6 thudc chi vi khudn Bacillus; chung C4

thudc chi vi khuan Pseudomonas.

H6 tro tai chinh

Nghién cttu nay dwoc hd tro théng qua

nhém nghién ctru manh, ma sO

NCM.DHH2020.13.

Mau thuin lgi ich

Céc tac gia tuyén bd khong c6 mau thuan

nao lién quan dén viéc xuat ban bai bao nay.
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Abstract

The Purple Gia Hac orchid (Dendrobium anosmum) is one of the most popular orchid species in Vietnam and has been
excessively exploited due to its high aesthetic value. Therefore, genetic conservation and improvement efforts are essential
for the preservation and development of this species. In plant breeding, colchicine-based polyploidization offers advan-
tages over traditional hybridization by overcoming infertility and incompatibility barriers. In this study, we established the
first protocol for polyploidization of D. anosmum callus, regeneration of in vitro plantlets from colchicine-treated calli, and
acclimatization of micropropagated plantlets. Immersion of calli in 50 mg/L colchicine for two hours was optimal, yielding
calli with the highest proportion of mutant phenotypes. MS medium supplemented with 1.5 mg/L 6-benzylaminopurine and
0.5mg/L a-naphthaleneacetic acid was optimal for shoot regeneration, producing maximum mean shoot height (2.34 cm)
and leaf number per shoot (3.33) after eight weeks of culture. The exhibition of enlarged morphological characteristics,
including thickened and swollen stems and leaves, was found in shoots regenerated from colchicine-treated calli. Micro-
scopic anatomical comparisons revealed that colchicine-treated plantlets/shoots had enlarged leaf epidermal cells, stomata,
nuclei, and root hairs relative to untreated controls. Candidate polyploid lines also showed alterations in pigment contents
and produced flowers with more intense purple coloration and color patches. Karyotyping confirmed high proportions
of polyploid cells (66.19-84.48%) in candidate lines. These results demonstrate that colchicine-induced polyploidization
holds promise for the aesthetic improvement of D. anosmum through subsequent selection of stable polyploid lines.

Key message
The first study for polyploidy induction in Dendrobium anosmum by colchicine treatments

Keywords Dendrobium anosmum - Colchicine - Polyploidy - Shoot regeneration

Introduction

Dendrobium is one of the most important genera in the
family Orchidaceae, comprising approximately 1,800 spe-

Communicated by Nhut Tan Duong cies that are widely distributed across many countries,
including China, Japan, India, the Philippines, Indonesia,
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(D. anosmum Lindl.) is the most popular species in Viet-
nam’s orchid market (Nguyen et al. 2022). Known for its
large, fragrant flowers, this species has been overexploited
from the forests of Lam Dong and other northern provinces
(Nguyen et al. 2022). Therefore, genetic conservation and
improvement efforts for D. anosmum are essential not only
to preserve its presence in the wild but also to develop
diverse genetic resources for commercial breeding.

There are various methods of plant breeding, including
hybridization, radiation breeding, and polyploidy induc-
tion (Chen et al. 2021; Wang et al. 2023). Despite being
widely used, hybridization-based breeding efforts are often
hindered by infertility and incompatibility in interspecific
and intergeneric crosses (Vilcherrez-Atoche et al. 2022;
Wang et al. 2023). Polyploidy induction serves as an effec-
tive alternative, overcoming the challenges associated with
crossbreeding (Wang et al. 2023). Polyploid plants exhibit
several advantageous traits compared to their diploid coun-
terparts, including enhanced vigor, increased organ size,
higher yield, improved product quality, greater resistance to
biotic and abiotic stresses, the potential for seedless prod-
uct production, and protection against deleterious mutations
(Yenchon and Te-Chato 2014; Sattler et al. 2016; Huy et al.
2019; Zakizadeh et al. 2020). In orchid breeding, polyploidy
induction plays a crucial role in hybridization, genetic
improvement, and the development of premium species
(Miguel and Leonhardt 2011; Huy et al. 2019; Zakizadeh et
al. 2020). Polyploid orchids are highly valued in the com-
mercial market due to their large flowers, intensified col-
oration, thick vegetative organs, high fertility, and superior
adaptability (Miguel and Leonhardt 2011; Zakizadeh et al.
2020; Bolafios-Villegas and Chen 2022; Vilcherrez-Atoche
et al. 2022; Wang et al. 2023). Colchicine is the most com-
monly used antimitotic agent for plant polyploidy induction
(Zhang and Gao 2021). In orchids, colchicine treatment con-
centrations range from 0.01% to 1.00% (w/v), depending on
the species (Silva et al. 2000; Sarathum et al. 2010; Vichiato
et al. 2014; Zakizadeh et al. 2020). Colchicine-based poly-
ploidy induction has been successfully applied to numerous
species within the genus Dendrobium (Sarathum et al. 2010;
Yenchon and Te-Chato 2014; Vichiato et al. 2014; Zakiza-
deh et al. 2020; Zhang and Gao 2021, Revathi and Thomas
2022; Liu et al. 2023; Wang et al. 2023). However, to date,
no study has been conducted on the in vitro induction of
polyploid D. anosmum using colchicine.

Considering the significant potential of polyploidization
in orchid breeding and the lack of scientific research on this
topic in D. anosmum, this study was conducted to establish
the first in vitro protocol for polyploidy induction in this spe-
cies. Our candidate polyploid D. anosmum lines regenerated
from colchicine-treated callus exhibited not only increased
size in micromorphological traits but also enhanced color
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intensity. These findings hold great promise for commercial
breeding programs.

Materials and methods
Plant materials

Primary calli (0.3-0.5cm in diameter) were used as the
starting material for the establishment of in vitro polyploid
lines. The calli were originally induced from stem segments
containing dormant buds of D. anosmum under in vitro con-
ditions. Callus induction was carried out on Murashige and
Skoog (MS) medium (Murashige and Skoog 1962) supple-
mented with 7 g/L agar, 30 g/Lsucrose, 0.5 g/L activated char-
coal, 60 ¢g/L finely ground potato, 100 mL/L coconut water,
1.5mg/L thidiazuron, and 0.5mg/L a-naphthaleneacetic
acid (NAA) (Nguyen Huu et al. 2024). For proliferation,
calli were subcultured on the same medium formulation.
All callus cultures were maintained and propagated in the
Laboratory of Cytology, Institute of Biotechnology, Hue
University. Only healthy and vigorously growing calli were
selected for subsequent colchicine treatments.

Colchicine stock solution preparation

Ten grams of colchicine powder (Duchefa Biochemie, the
Netherlands) was dissolved in 25 mL of 90% ethanol. Auto-
claved distilled water was then added to the solution to reach
a total volume of 1 L, resulting in a colchicine concentration
of approximately 10,000mg/L. The prepared colchicine
stock solution was subsequently filtered (pore size: 0.22 um)
and stored in dark conditions, at 20-25 °C until use.

Colchicine treatment

Various colchicine concentrations (0, 50, 100, 200, 400, and
800mg/L) were added to liquid MS medium supplemented
with 30 g/L sucrose. Undifferentiated green calli were then
cultured in different colchicine-supplemented MS media for
different durations (2, 4, 6, 8, and 10hours) on an orbital
shaker at 120 rpm (GFL, Germany) to determine the opti-
mal treatment time and concentrations.

Following treatment, the calli were washed three times
with autoclaved distilled water and dried on autoclaved
paper towels in a laminar airflow cabinet. The treated calli
were subsequently cultured on basal MS medium contain-
ing 30g/L sucrose and 8g/L agar for eight weeks. After
the culture period, the calli were dissected into 2—10 parts,
depending on their size, to determine the proportion of
colchicine-induced phenotypic alterations (from this point,
these alterations will be referred as “mutant phenotypes”
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for brevity). Calli that exhibited mutant phenotypes across
their entire surface were considered to have a 100% mutant
proportion. Dead or non-growing calli were considered to
have 0% of mutant phenotypes. There were 90 calli (30
calli x 3 replicates) in each time treatment, totaling 450 calli
observed in each colchicine concentration treatment. Ninety
calli were also observed in the control group.

Colchicine-treated calli (putative mutant calli) were
characterized by a brittle and porous structure with irregu-
larly sized cell blocks and heterogeneous coloration, rang-
ing from dark green and light yellow to whitish-green and
brown. In contrast, untreated calli (controls) were uniformly
green, exhibited a compact texture, and were characterized
by smooth surfaces with numerous bud formations. More-
over, control calli displayed relatively homogeneous size
and morphology.

Shoot regeneration

Surviving colchicine-treated calli were subcultured on MS
medium (containing 30 g/L sucrose and 8 g/L agar) supple-
mented with various combinations of 6-benzylaminopurine
(BA) and NAA for eight weeks to determine the optimal
conditions for shoot regeneration. BA and NAA concen-
trations ranged from 0 to 2mg/L and 0 to 1 mg/L, respec-
tively. 675 callus samples were observed in total (SBA
treatments x 3 NAA treatments x 3 replicates % 15 calli). The
most effective culture medium for shoot regeneration was
identified based on the number of shoots per callus, shoot
height (cm), and the number of leaves per shoot.

Microscopic anatomical observations

Fifteen in vitro plantlets or 3-month-old shoots were ran-
domly sampled from both colchicine-treated and untreated
groups. Micromorphological features were observed from
organs, including leaves, the main stem, and the roots. Leaf
blade thickness (mm), cell length (um), cell width (um), and
nucleus diameter (um) were observed from in vitro leaves
and their epidermal tissues. Vascular bundle number and
vascular bundle diameter (um) were observed from main
stems. Root hair number per mm? and root hair length (um)
were recorded from in vitro roots for each sample. Addi-
tionally, stomatal characteristics, such as length (um), width
(um), area (um?), and density (cell number/mm?), were also
observed. Microscopic observations were conducted using
an Olympus CX43 microscope (Olympus, Japan). The
recorded micromorphological features for each sample were
mean values calculated from five microscopic fields.

Photosynthetic pigment quantification

Six leaf samples from the control in vitro plantlets and five
candidate polyploid lines, surviving the colchicine treat-
ments and exhibiting clear mutant phenotypes on leaf and
main stems, were collected to quantify photosynthetic pig-
ment content. The putative mutant lines were named L2, L5,
L6,L16,and L17.

Briefly, 0.25 g of fresh leaf tissue, excluding veins, was
cut and placed in a mortar containing 0.2 g of CaCO;. The
leaf samples were then homogenized and transferred to test
tubes containing 10 mL of 80% (v/v) acetone for five min-
utes. The mixtures were subsequently filtered through cot-
ton in a funnel, yielding green solutions, which were then
transferred to a UV-1800 UV/VIS spectrophotometer (Ray-
leigh Instruments, China) for absorbance measurements at
470, 645, and 663 nm. The measurements were technically
replicated three times for each sample. Photosynthetic pig-
ment contents (chlorophyll a — chla, chlorophyll b — chlb,
and carotenoids) were determined using the following equa-
tions, which were mentioned in a previous study (Hung et
al. 2022).

V x (127 X A663 —2.69 x A645)

Cchia = m,
a - (mg/g)

V x (229 X A645 —4.64 x A663)
Cenw = (mg/g)

m
Vs [1000 x Agro — 1.82 x (12.25 x Agag — 2.97 X Agas)
—85.02 x (21.5 x Agss — 5.1 x Aggs)

Cearotenoid = (mg/g)

198 x m

Where 4,7, Agys, and Agg; are absorbance levels at 470,
645, and 663 nm, respectively; m is sample mass (g); and V'
is 80% acetone volume (mL).

Total chlorophyll (C,;,;,+C.;;) and carotenoid contents
were used in comparisons among the lines.

Karyotyping

Karyotyping for ploidy level determination of the five can-
didate mutant lines (L2, L5, L6, L16, and L17) was con-
ducted following previously established protocols (Manton
1950; Rahayu et al. 2015).

Root apices (Smm) of candidate lines were excised,
placed in 1.5-mL Eppendorf tubes containing 100puL of
0.1% colchicine to prevent the polymerization of tubulin
(Kamath et al. 2008), facilitating observation and image
acquisition. The samples were incubated for 30 minutes at
28-30 °C. The colchicine solution was then discarded, and
200 uL of 0.5% sodium acetate was added, followed by a
30-minute incubation at room temperature. The samples
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were subsequently fixed in Carnoy’s solution for four hours,
followed by washing steps using 70% ethanol. Staining was
performed using 1% methylene blue or carmine red at room
temperature for five minutes. The stained samples were then
divided into 1-2mm segments, placed on glass slides, and
gently pressed under coverslips (Kirov et al. 2014). Based
on chromosome number, the quantities of diploid and poly-
ploid cells were recorded in ten microscopic fields for each
sample.

Culture conditions

In vitro cultures were incubated in a closed room with air
filtering and ventilation, at the temperature of 25+2 °C
and the humidity of 50-60%, under white fluorescent light
bulbs, with the light intensity from 13.5-27 pumol/m’s and
the light regime of 8 h/day.

Acclimatization

The untreated and candidate mutant plantlets were acclima-
tized in a nursery. Light intensity was reduced by 50% using
black shading nets. The irradiance level was monitored with
a portable light intensity meter (LT300, Extech Instruments,
USA). The temperature was maintained within the range of
25-30 °C by misting. The plantlets were watered once daily
in the morning when the temperature was below 30 °C and
twice daily, in the morning and afternoon, when the temper-
ature exceeded 30 °C. The plantlets were grown on a sub-
strate mixture of coconut coir and rice husk ash (1:1, w/w)
(Nguyen Huu et al. 2023). One gram of NPK fertilizer with
an N:P:K:Mg ratio of 6:40:6:15 was applied to each plantlet
monthly. The acclimatization period lasted three months.

Data analysis

In the colchicine treatment and shoot regeneration experi-
ments, a two-way analysis of deviance based on generalized
linear models was conducted (Hastie and Pregibon 1992;
Chambers and Hastie 1997; Venables and Ripley 2002;
Dobson and Barnett 2018; McCullagh and Nelder 2018).
Colchicine concentration and treatment duration were
used as independent variables for the colchicine treatment
experiment, while BA and NAA concentrations were used
as independent variables for the shoot regeneration experi-
ment. The dependent variables were the mutant proportion
(%) for the colchicine treatment experiment and the num-
ber of shoots per callus, shoot height (cm), and the number
of leaves per shoot for the shoot regeneration experiment.
Statistical analyses were performed using the “anova()" and
‘glm()" functions from the ‘stats’ package in R (http://www
.R-project.org/). Mean comparisons were conducted using
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the ‘emmeans’ package (https:/rvlenth.github.io/emmea
ns/) or Games-Howell’s post hoc test (Games and Howell
1976) when the "emmeans’ package did not function prop-
erly with the models.

To compare microscopic anatomical features between
the control and colchicine-treated groups, a two-sample
independent t-test (Student 1908) was performed using the
“t.test()” function in R. The “var.equal® argument was set to
"TRUE' or "FALSE" depending on the results of F-tests for
variance homogeneity, conducted using the “var.test()" func-
tion. If the normality assumption of the t-test was not met, as
assessed by the ‘shapiro.test()’ function (Shapiro and Wilk
1965), the Wilcoxon rank sum test (*wilcox.test()* function)
was used as an alternative (Bauer 1972; Hollander et al.
2014) to compare the two groups. All statistical functions
used were part of the “stats’ package in R.

To compare pigment content and polyploid cell per-
centage among the five candidate mutant lines, analysis of
variance (ANOVA) or Welch’s test was performed using
the "aov()’ or ‘oneway.test()' functions in R (Welch 1951;
Chambers et al. 1992). Post hoc comparisons were con-
ducted using Tukey’s HSD or Games-Howell tests (Tukey
1949; Games and Howell 1976) with the "tukey hsd()® and
‘games_howell test()" functions from the ‘rstatix’ package
(https://rpkgs.datanovia.com/rstatix/). The choices of funct
ions for ANOVA and post hoc tests were based on variance
homogeneity assessed by Bartlett’s test (Bartlett 1937) with
the “bartlett.test()" function from the “stats’ package in R.
Residual normality was evaluated using the ols_test nor-
mality()" function (https://olsrr.rsquaredacademy.com/),
based on different tests (Kolmogorov 1933; Smirnov 1948;
Anderson and Darling 1954; Shapiro and Wilk 1965; Ste-
phens 1986).

Results
Colchicine treatment

As presented in Supplementary File S1, the interaction
between colchicine concentration and treatment duration
did not have a significant effect on the mutant proportion
(p>0.05), whereas their individual effects were significant
(»<0.05). Therefore, colchicine concentration and treat-
ment duration are independent factors, and the optimal pro-
tocol for colchicine-based polyploidization in D. anosmum
can be determined by selecting the concentration and dura-
tion that result in the highest mutant proportions.

In general, increasing colchicine concentrations and
prolonged exposure to the chemical had negative effects
on the detected mean mutant proportion since dead calli
were considered to have 0% of mutant phenotypes (Fig.
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1K). Specifically, the mean mutant proportion decreased
substantially from its peak values of 20.28% and 15.73%
at the optimal colchicine concentration of 50 mg/L and an
exposure duration of two hours, respectively, to 0.22% and
3.13% at 800 mg/L colchicine and a treatment duration of
10hours (Fig. 1K).

As mentioned, high colchicine concentrations and treat-
ment durations could negatively affect callus vitality and

growth. Specifically, although a two-hour treatment was
the optimal duration for polyploidization in D. anosmum,
increasing colchicine concentrations from 50 to 800mg/L
resulted in a noticeable reduction in callus size. A similar
trend was observed in calli exposed to the optimal colchi-
cine concentration (50 mg/L) for varying durations, ranging
from two to ten hours (Fig. 1A-J). Additionally, necrotic
brown or growth inhibited calli were observed in treatments
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o
c 4.49¢
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-
£ 201
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o
Q
s
0.22d
04 2.00d . _I_

0 50 100 200 400 800
Colchicine concentration (mg/L)

Fig. 1 Phenotypic observations of untreated (A) and colchicine-treated
(B-J) calli and optimization of colchicine treatment for D. anosmum
polyploidization (K). Callus growth and vitality decreased following
exposure to colchicine for 2h at increasing concentration gradients:
50 (B), 100 (C), 200 (D), 400 (E), and 800 (F) mg/L. A similar trend

15.73a

13.21ab
12.22ab

7.61b

3.13c

Mean mutant proportion (%)

0- 0.00d

[]
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Colchicine treatment time (h)

was observed in calli treated with 50 mg/L colchicine for varying dura-
tions: 4h (G), 6h (H), 8h (I), and 10h (J) (scale bars: 5mm). In panel
K, means sharing the same letters do not differ significantly (p>0.05)
according to Games—Howell’s post hoc test. Error bars represent stan-
dard deviations

@ Springer



36 Page 6 of 15

Plant Cell, Tissue and Organ Culture (PCTOC) (2026) 165:36

with high colchicine concentrations and extended exposure
durations (Fig. 1F, J).

Shoot regeneration

Different combinations of BA and NAA had minimal effects
on shoot multiplication from D. anosmum callus exposed
to colchicine. However, they significantly influenced shoot
growth, as indicated by shoot height and leaf number in the
deviance analysis results (Supplementary File S2).

Consistent with the deviance analysis, the mean shoot
numbers across all BA+NAA treatments were low (ranging
from 0.64 to 2.36 shoots per callus), exhibited high vari-
ance, and were generally not significantly different from
one another (Fig. 2, Supplementary File S2). Therefore, no
BA+NAA combination could be identified as optimal for
shoot multiplication.

Regarding shoot height and leaf number, MS medium
supplemented with 1.5mg/LL BA and 0.5mg/L NAA pro-
duced the best-developed shoots, with an average height of
2.34cmand 3.33 leaves per shoot (Figs. 2, 3). This BA+NAA
combination was not significantly different from several
others, including 1.0mg/L BA + 0.5mg/L NAA, 1.5mg/L

BA + 1.0mg/L NAA, and 2mg/L BA + 0.5mg/L NAA in
terms of shoot height, and 1.5mg/L BA + 1.0mg/L NAA
regarding leaf number. However, 1.5mg/L BA + 0.5mg/L
NAA can still be considered the optimal combination, as
it was significantly distinct from most other treatments,
and the means of the other aforementioned combinations
were not significantly different from lower mean values in
emmeans-based pairwise comparisons (Fig. 2, Supplemen-
tary File S2).

We observed morphological modifications in shoots
regenerated from colchicine-treated calli (colchicine-
derived shoots), such as thicker main stems compared to
control shoots (Fig. 4). In several cases, swelling of the
main stem was observed in colchicine-derived shoots (Fig.
4B). In addition, the formation of many short internodes was
observed in several colchicine-derived shoots (Fig. 4D).

Microscopic anatomical observations

The success of the colchicine treatments was additionally
indicated by increases in the microscopic anatomical fea-
tures of treated shoots and plantlets compared with untreated
controls. Specifically, stomata in colchicine-treated shoots
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Fig.2 Optimization of BA-NAA concentrations for shoot multiplication of D. anosmum callus treated with colchicine. Data points represent mean
values, and error bars indicate standard deviations (mean+ SD). Means sharing the same letters are not significantly different (p>0.05)
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Fig. 3 Observations of shoot
clusters cultured on basal MS
medium (A) and MS medium
supplemented with 1.5mg/L BA
and 0.5mg/L NAA (B). Scale
bars: 10mm

Fig. 4 Morphological observa-
tions of shoots generated from
untreated callus (A) and from
calli exposed to colchicine (B, C,
D). To illustrate morphological
features of treated-callus-derived
shoots, shoots from calli treated
with 50 mg/L for 2h (B), 50 mg/L
for 6h (C), and 200 mg/L for

4h (D) were taken as examples.
Scale bars: 5Smm

were, on average, approximately 3.5 times the area of those
in the control group (Figs. 5, 6A, B). However, stomatal
density in potential polyploid shoots was significantly lower
than that in untreated shoots, showing a 33.33% reduction
(Fig. 5).

The “giga” effect was also observed in various cell types,
as evidenced by significant increases in leaf epidermal cell
dimensions and leaf blade thickness (Fig. 6C—F). Neverthe-
less, mean epidermal cell length and width increased only
slightly in potential polyploids, with differences of 4.45 um

and 2.47 um, respectively, between treated and untreated
shoots (Fig. 7). Leaf epidermal cells from colchicine-treated
plantlets and shoots exhibited greater variation in shape
compared with those from the control group (Fig. 6E, F).
Similar to stomata, root hairs in colchicine-treated shoots
were longer but fewer in number than those in the controls
(Fig. 7, Supplementary File S3, Figure S3-3). In contrast
to other anatomical features, vascular bundles in the main
stems of potential polyploid shoots showed an increase in
number, with an almost threefold rise compared with the
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controls, while the vascular bundle diameter in treated
shoots was approximately half that of untreated shoots
(Fig. 7). In the main stems of colchicine-treated plantlets
and shoots, vascular bundles were scattered, whereas those
in control main stems were arranged in concentric circles
(Supplementary File S3, Figure S3-1). Additionally, the
mean nucleus diameter of leaf epidermal cells in colchi-
cine-treated shoots increased by 51.71% compared with the
controls, suggesting an increase in genetic material (Fig. 7;
Supplementary File S3, Figure S3-2).

Photosynthetic pigment quantifications

Different candidate polyploid lines of D. anosmum gen-
erated from colchicine-treated calli exhibited significant

@ Springer

variations in pigment contents, as indicated by the results
of ANOVA and post-hoc tests (Supplementary File S4).
Regarding chl contents, most selected candidate polyploid
lines did not show higher levels of total chl compared to
the control, except for line L17 (Fig. 8). Specifically, the
highest observed value for total chl in L17 was 1.32mg/g.
In contrast to chl, carotenoid content was higher in three
out of five candidate polyploid lines (lines L2, L5, and L17)
compared to the control, ranging from 0.205 to 0.227 mg/g.
Lines L6 and L16 exhibited the lowest values across all pig-
ment types (Fig. 8, Supplementary File S4).
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Fig. 6 Observations of microscopic leaf anatomical features, including stomatal size (A, B), leaf blade thickness (C, D), and leaf epidermal cell
dimensions (E, F), were conducted for the control (A, C, E) and for shoots or plantlets regenerated from colchicine-treated calli (B, D, F)

Karyotying

As expected, polyploid cells (Supplementary File S5) were
found only in the five candidate polyploid lines (L2, L5, L6,
L16, and L17) (Fig. 9). The mean polyploid percentages of
these candidate lines were generally not significantly dif-
ferent from one another. Specifically, only the mean per-
centages of L6 and L17 differed significantly (p<0.05), as
indicated by the post hoc test (Fig. 9, Supplementary File
S6). L17 exhibited the highest mean proportion of polyploid
cells (84.48%), followed closely by L5 and L16, with mean
proportions of 76.22% and 72.60%, respectively (Fig. 9).
Although the proportions of polyploid cells observed in the
microscopic fields of the candidate polyploid lines were
high, diploid cells were also present, indicating that the can-
didate lines were mixoploid (Fig. 9).

Observations of acclimatized plantlets’ flowers

After three months of acclimatization, we observed the
flower phenotypes from the acclimatized control and can-
didate polyploid lines. The flowers of three candidate
polyploid lines, L2, L6, and L16, exhibited a more intense
purple coloration compared to the flowers of control plants.
Flowers from the L5 and L6 lines also displayed purple dots
on the petals (Fig. 10). L17 was the only candidate poly-
ploid line that showed no obvious difference in flower color
compared to the control (Fig. 10F).

Discussion

Although colchicine is a commonly used agent for inducing
polyploidy in plants, it is highly cytotoxic, as it blocks mito-
sis and alters cellular differentiation processes (Pintos et al.
2007; Potenza and Tellez-Iidon 2015; Forkosh et al. 2020;
Wang et al. 2023). Therefore, optimization of colchicine
concentration and treatment duration is critical for effec-
tive polyploidy induction (Wang et al. 2023). The cytotoxic
effects of colchicine were clearly observed in our study
using D. anosmum callus as explants. Specifically, increas-
ing colchicine concentrations from 50 to 800mg/L and
extending exposure time from 2 to 10h resulted in dead or
growth-inhibited calli, leading to a reduction in the propor-
tion of observed mutant phenotypes. Our analysis indicated
that colchicine concentrations of 50-100 mg/L and exposure
times of 2—4h are suitable for polyploidy induction in D.
anosmum callus.

Cytokinins and auxins are crucial phytohormones con-
trolling shoot and leaf formation and growth (Reinhardt
et al. 2000; Duclercq et al. 2011; Hill and Schaller 2013;
Novak et al. 2014; Wu et al. 2021). In orchids, cytokinins
are combined with auxins to establish a high cytokinin-to-
auxin ratio, which is required for shoot formation (Hadley
and Harvais 1968; Harvais 1982; Novak et al. 2014). The
D. anosmum shoot regeneration results presented in Fig. 2
are consistent with previous studies on cytokinin-to-auxin
ratios in shoot and leaf development. Specifically, increases
in shoot height and leaf number were observed as the

@ Springer
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Fig.7 Observations of various micro-
scopic anatomical features in colchicine-
untreated (1) and colchicine-treated

(2) shoots. The values are presented as
means=+standard deviations. Asterisks
indicate statistically significant differ-
ences between the groups (* p<0.05, ***
»<0.001)
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Fig.9 Comparisons of polyploid percentages determined by karyotyp-
ing among five candidate polyploid (L2 to L17) and control (L1) lines.
The values are means+standard deviation. Means with a letter in com-
mon are not significantly different according to Games-Howell’s test
(p>0.05)

bination among those tested for shoot regeneration from pro-
tocorms (Nguyen et al. 2022). Another study reported that
MS medium supplemented with 1.5mg/L BA and 0.5mg/L
IAA was optimal for the multiplication of shoots regener-
ated from D. anosmum nodal segments (Nguyen Huu et al.
2023). Although the optimal BA+NAA combinations iden-
tified in previous studies are similar to those in our study, we
did not observe strong effects of BA+NAA combinations
on shoot multiplication. This discrepancy may be attributed
to the tissue- and developmental stage-specific effects of
plant growth regulators, particularly auxins, on shoot for-
mation (Novak et al. 2014).

One of the most important effects of polyploidy in plants
is the increase in organ size, commonly referred to as the
“gigas” effect (Sattler et al. 2016). Within the genus Den-
drobium, morphological differences between polyploid in
vitro plantlets and their diploid counterparts have been doc-
umented in numerous species, including swollen or thicker
stems, thicker, harder, or miniaturized leaves, shorter stems
and internodes, and fewer roots (Sarathum et al. 2010;
Zhang and Gao 2021, Revathi and Thomas 2022; Liu et
al. 2023; Wang et al. 2023). Consistent with these previous
studies, we also observed swollen shoot stems with thick,
miniaturized leaves and a rough texture in callus-derived D.
anosmum shoots following colchicine treatment.

Colchicine treatment not only modifies overall plant-
let morphology but also alters the microscopic anatomical
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Fig. 10 Flower color observations from acclimatized plants of the control (A) and candidate polyploid lines, including L2 (B), L5 (C), L6 (D),
L16 (E), and L17 (F). Scale bars: 10mm

features of plantlets exposed to the chemical. Stomatal size
is frequently used as an indicator of polyploidy in Dendro-
bium plantlets. In our study, larger stomata occurring at
lower densities were observed in candidate polyploid plant-
lets/shoots, consistent with reports in other Dendrobium
species (Zhang and Gao 2021, Revathi and Thomas 2022;
Liu et al. 2023; Wang et al. 2023). In addition to increased
stomatal size, thicker leaves were observed in candidate
polyploids, as previously described for D. cariniferum and
D. wardianum (Zhang and Gao 2021; Wang et al. 2023).
Moreover, similar to D. cariniferum, D. anosmum plantlets
regenerated from colchicine-treated callus exhibited larger
leaf epidermal cells than the controls (Zhang and Gao 2021).
Unlike many previous studies on Dendrobium poly-
ploidization, we also detected changes in additional micro-
morphological features of candidate polyploid D. anosmum
plantlets/shoots. First, polyploid plantlets exhibited an
increased number of vascular bundles compared with dip-
loid plantlets, a feature also reported in other species such as
Juncus effusus and Panax vietnamensis (Xu et al. 2010; Hieu
et al. 2025). Second, roots of candidate polyploid plantlets
had longer root hairs than those of control plantlets, a trait
previously reported in Arabidopsis thaliana (Stetter et al.
2015). Finally, D. anosmum plantlets derived from colchi-
cine treatments exhibited increased nuclear size, consistent
with observations in other plant species (Tank and Thaker
2014; Nezhad and Mansouri 2019; Chopkar et al. 2023).

@ Springer

Another set of morphological changes induced by col-
chicine involves modifications in pigment contents, includ-
ing chlorophyll and carotenoids, as well as alterations in
flower coloration. With respect to carotenoid content, col-
chicine has been reported to increase the levels of this pig-
ment in polyploid plants across numerous species (Hias et
al. 2017; Lv et al. 2024; Zhang et al. 2024; Nourozi et al.
2025). In contrast, the effects of colchicine on chlorophyll
content appear to be species specific. Colchicine treatment
increased chlorophyll levels in Catharanthus roseus, Actin-
idia chinensis, Malus x domestica, and Dendrobium ‘Sonia’
(Hias et al. 2017; Zakizadeh et al. 2020; Lv et al. 2024,
Nourozi et al. 2025), while it reduced chlorophyll content
in Lycium chinense, Gladiolus grandiflorus, and Juncus
effusus (Xu et al. 2010; Manzoor et al. 2018; Zhang et al.
2024). Because of its ability to modify plant pigment con-
tents, colchicine can also induce changes in flower color.
For example, flowers of Dendrobium ‘Transient White
Rika’ and ‘Florenza’ derived from colchicine-treated plants
exhibited reddish-purple patches compared with the origi-
nal pure white coloration (Sukamto et al. 2025). Studies on
polyploidization of Gladiolus grandifiorus have similarly
reported shifts from dark flowers to lighter and more highly
saturated colors (Manzoor et al. 2018). Consistent with
these reports, we observed pigment content modifications
in D. anosmum, with three out of five candidate polyploid
lines showing increased carotenoid content and four out of
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five lines showing decreased chlorophyll content. We also
observed flowers with more saturated purple coloration and
dark purple patches on light purple petals. These results
demonstrate that colchicine-based polyploidization can be
used to enhance the aesthetic value of D. anosmum.

Karyotyping of the five candidate polyploid D. anosmum
lines revealed that, although the majority of cells were poly-
ploid, all five lines were mixoploid. This outcome may be
attributed to the fact that the callus used in this study had
entered a phase of rapid growth and formed multicellular
meristematic masses prior to colchicine treatment, lead-
ing to the development of mixoploid buds (Xu et al. 2018).
Based on these results, further propagation and selection of
progeny from the five candidate lines are required to iden-
tify lines producing polyploid gametes capable of generat-
ing fully non-mixoploid plants.

Supplementary information The online  version  contains
supplementary material available at https://doi.org/10.1007/s11240-0
26-03456-5.
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