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Thailand is the origin of about 1,300 tropical orchid species and 180-190 genera. Deforestation and
over-collection of wild Thai orchids for trade has placed orchid species at a risk of extinction. Therefore, the
conservation, as well as sustainable use is urgently needed to conserve orchids by various means. The genus
Paphiopedilum and Dendrobium cruentum are listed in Appendix | of CITES. At the Department of Plant
Science, Faculty of Science, Mahidol University, various methods of cryopreservation of Thai orchid species are
implemented. For cryopreservation, recent methods were used, namely vitrification (dehydration in PVS2
solution, consisted of 30% (w/v) glycerol, 15% (w/v) ethylene glycol and 15% (w/v) dimethyl sulfoxide,
prepared in modified Vacin and Went liquid medium), encapsulation-dehydration (encapsulation in calcium
alginate beads followed by air-drying in a laminar air-flow cabinet), encapsulation-vitrification (encapsulation in
calcium alginate beads followed by dehydration in PVS2 solution) droplet-vitrification (fast freezing from small
drops of PVS2 solution on aluminium strip) and cryo-plate (a combination of encapsulation and droplet on very
fast freezing aiuminium plate) dehydrated with silica gel and drying beads. Application of these methods in
seeds was successful in Dendrobium chrysotoxum (99%, vitrification). Dendrobium cruentum (32%,
virification), Dendrobium draconis (95%, vitrification), Dendrobium hercoglossum (80%, encapsulation-
vitrification). Doritis pulcherrima (62%, vitrification). Rhynchostylis coelestis (85%, vitrification), Vanda
coerulea (67%, vitrification), as well as in protocorms of Dendrobium cruentum (33%, vitrification; 27%,
encapsulation-dehydration), Dendrobium cariniferum (15%, encapsulation-vitrification), Grammaytophyllum
speciosum (14%, encapsulation-vitrification), Rhynchostylis gigantea (19%, vitrification), Vanda coerulea (40%,
encapsulation-dehydration) and Seidenfadenia mitrata (67%, vitrification) and Arundina graminifolia (76% and
74%, cryo-plate dehydrated with drying beads and silica gel, respectively; 33% droplet-vitrification; 64%
encapsulation-dehydration with drying beads or silica gel). Cryopreserved seeds and protocorms were able to
develop into normal seedlings. These methods appear to be promising techniques for cryopreservation of some
Thai orchid germplasm.
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Introduction

Thailand is the origin of about 1,300 tropical orchid species and 178 genera. Many Thai
orchid species have good horticultural characteristics and are used as parents for breeding,
making Thailand the No.1 orchid exporter. Climate change, deforestation (habitat destruction)
and over-collection of wild Thai orchids for trade has placed Thai orchid species at a risk of
extinction. Therefore, conservation, social awareness and consciousness, as well as sustainable
use are urgently needed to conserve orchids by various means [13]. At the Department of Plant
Science, Faculty of Science, Mahidol University, various methods of ex situ conservation of
Thai orchid species are implemented, namely cryopreservation, seed stores under Orchid seed
stores for sustainable use (OSSSU) project and micropropagation [4, 8].

After meeting and discussing with Professor Akira Sakai at the International
Workshop on In Vitro Conservation of Plant Genetic Resources, July 4-6, 1995 in Kuala
Lumpur, Malaysia, he came to demonstrate vitrification-based methods for plant
cryopreservation at the Department of Plant Science. A little while later, research on
cryopreservation of jackfruit embryonic axes has started and the results were very successful
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and novel [11]. Dr. K. Thammasiri then shifted his interest in cryopreservation research into
orchids and discovered a new scientific direction. In 2000, the first paper on Doritis
pulcherrima, a wild Thai orchid, on seed cryopreservation by vitrification with 62% was
published [11]. It was also the first paper on seed cryopreservation by vitrification
(dehydration in PVS2 solution, consisting of 30% (w/v) glycerol, 15% (w/v) ethylene glycol
and 15% (w/v) dimethyl sulfoxide, prepared in modified Vacin and Went liquid medium).

Later M.Sc. and Ph.D. students of Dr. K. Thammasiri studied recent methods, namely
vitrification (dehydration in PVS2 solution), encapsulation-dehydration (encapsulation in
calcium alginate beads followed by air-drying in a laminar air-flow cabinet), encapsulation-
vitrification (encapsulation in calcium alginate beads followed by dehydration in PVS2
solution) and droplet-vitrification (fast freezing from small drops of PVS2 solution with plant
materials inside on 7 x 20 mm sterile aluminium foil strip). Application of these methods on
seeds was successful for many Thai orchid species. Cryopreserved seeds and protocorms were
able to develop into normal seedlings. These methods appeared to be promising techniques
for cryopreservation of many Thai orchid species.

Dr. Thammasiri [12] presented “Preservation of Seeds of Some Thai Orchid Species
by Vitrification” at the 16" World Orchid Conference. Dendrobium chrysotoxum,
Dendrobium draconis, Doritis pulcherrima and Rhynchostylis coelestis had 99%, 95%, 62%
and 85% germination, respectively after seed cryopreservation by vitrification. Other Thai
orchid seeds were later successfully cryopreserved, such as in Dendrobium cruentum (32% by
vitrification) [3], Vanda coerulea (67% by vitrification) [14], Dendrobium hercoglossum
(80% by encapsulation-vitrification) [7], as well as in protocorms of Dendrobium cruentum
(33% by vitrification and 27% by encapsulation-dehydration) [3], Dendrobium cariniferum
(15% by encapsulation-vitrification) [6], Vanda coerulea (40% by encapsulation-dehydration)
[2] and Seidenfadenia mitrata (67% by vitrification) [5].

The aim of this study was to develop efficient cryopreservation methods for
endangered Thai orchid species.

Objects and Investigation methods

Plant materials

Protocorms of Grammatophyllum speciosum and Arundina graminifolia were used in
this study.

Mature fruits, 8-month-old, derived from self-pollination of G. speciosum were
used. Fruits were cleaned and wiped with 70% ethanol, then placed inside a laminar
air-flow cabinet and soaked in 95% ethanol for 1 min, then flamed with an alcohol
burner. After cooling, fruits were cut and seeds were removed and placed on sterile Petri
dish. Seeds were sown on half strength Murashige and Skoog agar medium (2MS)
containing 2% (w/v) sucrose. The medium was adjusted to pH 5.7 before adding 0.2%
(w/v) gelrite. Cultures were maintained at standard conditions; 25+ 2°C, under white

fluorescent light (“Philips”, Thailand) at the intensity of 37 umol m? s for 16 h d™.
Protocorms, 0.1 cm in diameter, developed from 2 month-old germinating seeds were used
in this study [8].

Mature seeds of Arundina graminifolia were germinated on half strength Murashige
and Skoog (% MS) agar medium supplemented with 0.1 mg L™ a-naphthaleneacetic acid,
0.1 mg L™ kinetin and 20 g L™ sucrose at the Orchid Research Laboratory, Mahidol
University, Salaya Campus. The pH was adjusted to 5.8 prior to autoclaving. Cultures
were incubated at 25+3°C under white fluorescent light (“Philips”, Thailand) at the
intensity of 37 umol m? s® for 16 h d*. This medium stimulated the development of
protocorms after 70 days. Protocorms, 1-2 mm diameter were used in the experiments.

Desiccation materials used were 50 g silica gel (2.8-3.0 mm diameter) per Petri
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dish and 30 g drying beads (6.5 mm diameter) per Petri dish to dehydrate encapsulated
protocorms and encapsulated protocorms adhered to cryo-plates. Silica gel, considered to
be a low cost and effective product, is largely used to effectively remove moisture from
plant materials. Drying beads, developed by the combination of aluminosilicate with clay,
allow for easy handling and the ability to be used virtually indefinitely. After these beads
have absorbed their maximum amount of moisture, they can be dried in an oven and used again.

Droplet-vitrification

For droplet-vitrification method [9] (Figure 1), selected protocorms were
precultured on filter paper soaked with 2MS medium containing 0.4 M sucrose at
25+ 2°C for 0, 1, 2 and 3 days. The precultured protocorms were treated with loading
solution (2 M glycerol and 0.4 M sucrose in 2MS liquid medium) for 20 min at 25 + 2°C.
Following preculture, the protocorms were treated with loading solution (2 M glycerol
and 0.4 M sucrose in »2MS liquid medium) for 20 min at 25 + 2°C, then dehydrated with
PVS2 solution (30% (w/v) glycerol, 15% (wi/v) ethylene glycol and 15% (w/v) dimethyl
sulfoxide in 2MS liquid medium with 0.4 M sucrose at pH 5.7) for 0, 15, 30, 60, 90, and
120 min. Ten small drops of PVS2 solution were dropped on 7x20 mm sterile aluminium
foil strip, and then treated protocorms were placed one by one in a prepared drop of PVS2
solution. After that aluminium foil strip containing beads was rapidly transferred into a 1.8
ml cryotube filled with liquid nitrogen (LN) and then the cryotube was incubated in LN for
at least 1 h. For rapid warming, aluminium foil strips were removed from LN and
transferred into a new cryotube filled with 1.5 ml of /2MS liquid medium containing 1.2 M
sucrose for 20 min at 25 + 2°C at the intensity of 37 pmol m? s for 16 h d™.

Encapsulation-dehydration

For encapsulation-dehydration method [9] (Figure 2), encapsulated protocorms were
precultured in A2MS liquid medium containing 0.4 M sucrose on a shaker (110 rpm) at
25 +2°C for 0, 1, 2 and 3 days. The precultured beads were exposed to sterile air-flow at
0.5 inches/water column (0.12 kPa) inside a laminar air-flow cabinet at c. 28°C and 34%
RH for 0-12 h. After dehydration, ten dehydrated beads were transferred into 1.8 ml
cryotube and then directly plunged into LN and stored for at least 1 h. For rapid warming,
cryotubes were removed from LN and rapidly warmed in a waterbath at 40 = 2°C for 2 min

under white fluorescent light (“Philips”, Thailand) at the intensity of 37 pmol m?s™ for 16 h d™.

Encapsulation-vitrification

For encapsulation-vitrification method [9] (Figure 3), encapsulated protocorms were
precultured in %2MS liquid medium containing 0.4 M sucrose on a shaker (110 rpm) at
25 + 2°C for 0, 1, 2 and 3 days Then, precultured beads were treated with loading solution for
20 min 25 +2°C. The precultured beads were dehydrated with PVS2 solution for 0, 15,
30, 60, 90, and 120 min. 10 beads were then transferred into 1.8 ml cryotube
containing 1.5 ml PVS2 solution. The cryotubes containing treated beads were directly
plunged into LN and stored for 1 h. For rapid warming, the cryotubes were rapidly warmed in
a waterbath at 40 + 2°C for 2 min, then PVS2 solution were removed from cryotubes and
replaced by adding 1.5 ml of %2MS liquid medium containing 1.2 M sucrose for 20 min at
25+ 2°C under white fluorescent light (“Philips”, Thailand) at the intensity of 37 pmol m™
st for 16 h d™.

Cryo-plate method

For cryo-plate method [1] (Figure 4), Arundina graminifolia protocorms, 1-2 mm, were
placed into the preculture solution consisting of 0.7 M sucrose on a shaker (110 rpm) at
25+3°C for 1 day. After that, protocorms were placed one by one in the wells of cryo-plates
pre-filled with the alginate solution containing 2% (w/v) sodium alginate in calcium-free 4
MS liquid medium with 0.4 M sucrose. The cryo-plates were hardened for 20 min by
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slowly dispensing the calcium chloride solution containing 0.1 M calcium chloride in %2MS
liqguid medium with 0.4 M sucrose. Then, the cryo-plates were surface dried using sterile
filter paper, placed in Petri dishes containing silica gel or drying beads in a laminar air-
flow cabinet. Cryo-plates were dehydrated until the moisture content was 25% and then
placed into 2 mL cryotubes (one cryo-plate/cryotube) and plunged directly into liquid
nitrogen for 1 day. The cryo-plates were removed from cryotubes and warmed in
unloading solution (1.2 M sucrose solution) for 20 min. Protocorms were then removed
from the the cryo-plate and placed and cultured on 2 MS agar medium at 25+3°C under
white fluorescent light (“Philips”, Thailand) at the intensity of 37 pmol m? s™ for 16 h d™
and determined regrowth after 90 days

G. speciosum fruit. Dissected fruit Seeds pooled on
sterile petri dish

Plant materials placed in LS treatment for 20 min + Seeds transferred
PVS2 dropped on aluminium foil PVS2 treatment for 0-120 min into 1.8 ml cryotubes
[\
>
Aluminium foil strip transferred into LN storage at least 1 h Removal of aluminium foil with
cryotube filled with LN cryopreserved seeds
from cryotube
< <
Removal of Removal of aluminium Aluminium foil with
1.2 M sucrose and regrowth on foil cryopreserved seeds transferred into 1.2 M
1/2 MS solid medium sucrose for 20 min

Figure 1 Established protocol for cryopreservation of G. speciosum seeds by droplet-vitrification
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> >
G. Speciosum seeds Seeds suspended in 1/2 MS + 3% Seed mixture dispended into 0.1% M
Na-alginate + 0.4 M sucrose. CaCl,, incubated 1 hat25 £2°C
<
Cryotube containing 10 beads Encapsulated seeds precultured in 1/2

MS+0.4 M sucrose for 0, 1,2 or 3d

> >
Dehydration in laminar Plunging into LN and Rapid thawing at 40°C
air-flow cabinet for 0-12 h storing at least 1 h for 2 min
<
Regrowth on Unloading 1.2 M sucrose for 20 min

1/2 MS solid medium

Figure 2 Established protocol for cryopreservation of G. speciosum seeds by encapsulation-dehydration

Statistical analysis

All experiments were arranged in a completely randomized design (CRD). Data from
the experiments were subjected to analysis of variance (ANOVA) and the means were
compared using the least significant difference (LSD) test based on four replications.

Results and Discussion
Droplet-vitrification method
Preculture and treatment with PVS2 solution affected the water content of the
protocorms. Water content of protocorms precultured with 0.4 M sucrose for 0, 1, 2 and 3
days and without exposure to PVS2 solution was 83%, 80%, 78% and 75%, respectively.
After exposure to PVS2 solution, protocorms without preculture showed significantly higher
water content (P < 0.05) than protocorms precultured with 0.4 M sucrose for 1, 2 and 3
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days at any PVS2 solution exposure time. The preculture of protocorms on 0.4 M sucrose
before dehydration with PVS2 solution helped to further reduce the water content of
protocorms. Longer preculture times resulted in more desiccation. The water content of
precultured protocorms after exposure to PVS2 solution decreased rapidly for the first 30
min, followed by a gradual decline.

G. Speciosum seeds Seeds suspened in 1/2 MS + 3% Seed mixture dispended into 0.1% M
Na-alginate + 0.4 M sucrose CaCl,, incubated 1 hat 25 £2°C

<
LS Treatment for 20 min Cryotube containing 10 beads Encapsulated seeds precultured in 1/2
MS+0.4 M sucrose for 0, 1,2 or 3d
> >
PVS2 treatment Plunging into LN and Rapid thawing at 40°C
for 0-120 min storing at least 1 h for 2 min
<%

Unloading with

Regrowth on 1.2 M sucrose for 20 min

1/2 MS solid medium

Figure 3 Established protocol for cryopreservation of G. speciosum seeds by encapsulation-vitrification

The exposure time to PVS2 solution affected the regrowth rate of protocorms.
Increasing exposure time to PVS2 solution led to reduced regrowth in the control
treatment (non- cryopreserved). The regrowth rate of non-cryopreserved protocorms
decreased rapidly after 30 min of exposure time to PVS2 solution, whether the protocorms
were precultured with 0.4 M sucrose or not. The optimum exposure time to PVS2 solution
was 30 min. Longer exposure times to PVS2 solution also reduced the growth rate of
cryopreserved protocorms. The highest regrowth rate of 38% after cryopreservation was
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achieved when protocorms were precultured on 0.4 M sucrose for 2 days, followed by
dehydration with PVS2 solution for 30 min.

Encapsulation-dehydration method

In contradiction to the previous experiment, the sucrose preculture did not affect the
water content of the encapsulated beads when precultured for 0, 1, 2 or 3 days. When the beads
were dehydrated under a laminar air-flow cabinet, the water content of encapsulated protocorms
linearly decreased. The water content of encapsulated beads was about 20% after 12 h of
dehydration. The regrowth rate of non-cryopreserved beads decreased rapidly after 8 h
dehydration and was less than 40% when dehydrated for 12 h. After cryopreservation, the
highest regrowth rate of 24% was achieved when encapsulated protocorms were precultured
with 0.4 M sucrose for 2 days and then dehydrated for 8 h. The survival of encapsulated
protocorms after cryopreservation by encapsulation-dehydration was successful when
precultured for 0, 1, 2, or 3 days and dehydrated for 6 to 10 h. There was no survival of
encapsulated protocorms after cryopreservation when dehydrated for 12 h.

?

N —=
s
7 .

Figure 4 Cryo-plate method dehydrated with silica gel or drying beads:

A — protocorm development; B — preculture of protocorms in 1/2 MS liquid medium with 0.7 M sucrose for 1
day; C — pour the alginate solution containing 2% (w/v) sodium alginate in calcium-free 1/2 MS basal medium
with 0.4 M sucrose in the wells; D - place the precultured protocorms in the wells one by one; E - pour the
calcium chloride solution containing 0.1 M calcium chloride in 1/2 MS basal medium with 0.4 M sucrose; F —
dehydration with 50 g silica gel; G — dehydration with 30 g drying beads; H — put each cryo-plate ina 2 ml
cryotube; | - plunge 2 ml cryotubes into liquid nitrogen for 1 day; J - warming in 1.2 M sucrose solution for 20
min; K — plate on 1/2 MS agar medium; L — regrowth; M - regrowth after 60 days

Encapsulation-vitrification method

This experiment showed that sucrose preculture time did not have much effect on
water content of encapsulated beads. At 0 min exposure time to PVS2 solution, the water
content was 85%, 85%, 85% and 84% when precultured with 0.4 M sucrose for 0, 1, 2
and 3 days, respectively. The water content of encapsulated protocorms after exposure to
PVS2 solution decreased rapidly in the first 60 min of the treatment.

Exposure time to PVS2 solution affected the regrowth rate of non-cryopreserved
beads, increasing exposure time to PVS2 solution significantly reduced the regrowth rate.
After cryopreservation by encapsulation-vitrification, the highest regrowth rate of about 14%
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was achieved when encapsulated protocorms were precultured with 0.4 M sucrose for 1 and 2
days, and then dehydrated with PVS2 solution for 60 min.

Cryo-plate method

Preculture, encapsulation adhered to cryo-plates and dehydration using 50 g silica
gel or 30 g drying beads per Petri dish for 5 h had a little effect on survival (92% for
silica gel; 95% for drying beads) and regrowth (90% for silica gel; 92% for drying beads)
of non-cryopreserved encapsulated protocorms adhered to cryo-plates. Survival and
regrowth of cryopreserved encapsulated protocorms adhered to cryo-plates were hardly
different (74-77%) and close to values observed for non-cryopreserved materials.

Regrowth was observed at the 2™ week after culture on 4MS agar medium.
Dehydration using silica gel or drying beads did not obviously affect regrowth rate.
Subsequently, protocorms developed into normal plantlets.

In this study, G. speciosum protocorms cryopreserved by droplet-vitrification gave
the highest regrowth rate (38%) among these three methods. This regrowth rate seems to be
low but it is sufficient for Grammatophyllum plants because the cost to maintain these
large plants in the greenhouses is high. Droplet-vitrification combines fast freezing and the
application of concentrated intracellular solution which is important for successful
vitrification-based cryopreservation. Placing plant materials on aluminium foil strips and

then directly plunging into LN has a cooling rate of around 130°C s

Pretreatment which prepares the plant materials to the freezing process is an
important process for successful cryopreservation. However, the suitable condition depends
on species. In this study, preculture of protocorms and encapsulated protocorms with 0.4 M
sucrose induced freezing tolerance. Protocorms precultured with 0.4 M sucrose for 2 days
before exposure to PVS2 solution and LN showed higher survival compared to protocorms
without preculture. Encapsulated protocorms precultured with 0.4 M sucrose for 1 and 2
days before exposure to PVS2 solution and LN showed higher regrowth rates than
encapsulated protocorms without preculture. Osmosis occurs in the presence of high
concentrations of sucrose and results in a slow reduction of moisture content. Sucrose is
able to enter the cells which leads to soluble sugar accumulation and acts as the protectant
of proteins and membranes from dehydration and freezing damage. The preculture of
mature seed, 3-day germinating seed and protocorms of Bletilla striata with high
concentrations of sucrose and sorbitol enhanced their tolerance of PVS2 treatment and
improved the regrowth rate of cryopreserved materials [2].

PVS2 solution is the most commonly wused cryoprotectant for plant
cryopreservation; however, it could be highly toxic. Optimization of the exposure time to
PVS2 treatment is known to reduce the injurious effects that might occur during the
dehydration process. Our results showed that optimum exposure time to PVS2 solution
depended on plant materials, 30 min for protocorms and 60 min for encapsulated
protocorms. PVS2 solution is highly toxic to G. speciosum protocorms. Regrowth rate of
non-cryopreserved was significantly decreased when exposure times to PVS2 solution was
increased. The regrowth rate of non-cryopreserved protocorms was <60% when protocorms or
encapsulated protocorms were exposed to PVS2 solution for 90 min, and the regrowth rate
was less than 40% when plant materials were exposed to PVS2 solution for 12 h.

Encapsulation of protocorms with 3% Na-alginate affected the regrowth rate of
non-cryopreserved protocorms. The regrowth rate of non-cryopreserved protocorms without
exposure to PVS2 was 93%, while the regrowth rate of encapsulated protocorms without
exposure to PVS2 or before being subjected to dehydration by air-flow was about 83%.

It was noted that droplet-vitrification is the most suitable method for the
cryopreservation of G. speciosum protocorms among the three methods tested. However, the
regrowth rate obtained from droplet-vitrification was quite low. To obtain higher survival and
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regrowth rate, protocorms of different developmental stages, sucrose or other sugar
concentrations for preculture, preculture conditions, exposure times to loading solution or
recovery method after cryopreservation will need to be further investigated for droplet-
vitrification.

Cryopreserved protocorms of Arundina graminifolia using the cryo-plate method had
the highest regrowth (77%) using drying beads after 90 days. This could be attributed to
the removal of a reasonable amount of water from the cells that allowed for regeneration
without ice crystal formation. It can also be suggested that good cold / heat conduction of

the cryo-plate at 4,500°C min™, and the reduction in harmful chemicals had an effect on
the regrowth of the protocorms.

Using the cryo-plate method permits for the encapsulation of protocorms directly on
the plate itself. Doing so may increase survival and decrease cell destruction due to
dehydration. Utilizing the cryo-plate method does not require the use of toxic
cryoprotectants, such as DMSO and ethylene glycol, which has been applied in standard
vitrification techniques. This work allows for the development of new research techniques,
such as the testing of genetic loss over time in orchid species that have been
cryopreserved. The technique might also be suitable for application to other species of rare
and endangered plants. In conclusion, this is the first report of using silica gel and drying
beads successfully to dehydrate orchid materials cryopreserved by the cryo-plate method.
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Cmamows nocmynuna 6 pedaxyuro 20.07.2016 2.

Kanuut Tammacupu CoxpaHeHHe TaiiCKHX BHIOB OpXH/el ¢ MOMOINbIO KpHOOHOTEXHOJ0rUu //
bron. Hukut. 6otan. caga — 2016. — Ne 120. — C. 7 — 16.

Tawmnann cuuraetcs pomuHoit Oomee 1300 BumoB opxumeit u3 180-190 pomoB. BripyOka neca u
Ype3MEpHBI YPOBEHb SKCIOpTa IMKOPACTYLIMX OpXWAEH MPUBOJUT K HMX HcuYe3HOBeHuio. ClenoBaTenbHO,
npobJieMa palMOHAIBLHOTO UX HCIIOJIBb30BaHMS M COXPAHEHUS BHIOB JIIOOBIMH CHOCOOAMHU CTOMT JOCTaTOYHO
octpo. Poaer Paphiopedilum u Dendrobium cruentum sxirouensr B cricok Konenuun CUTEC. Ha kadenpe
Ooranuku (DakynbTeT €CTESCTBEHHBIX HayK, Maxuaoidl YHHBEPCHUTET), NMPUMEHSIOTCS Pa3IHYHbIE METOJBI
KPHOKOHCEPBAIlMK C IIETBI0 COXpPAaHECHUS BUAOB OPXUACH, NMPOM3PACTAOIINX Ha TeppuTopm: Tammanma. B
mocjeqHee BpeMs ISl KPUOKOHCEPBAIMH HCTIONB3YIOTCS METOIBl BUTPUPHUKANNN (IETUAPOTAINS B PAacTBOpE
PVS2, cocrosmem w3 30% (Bec/oOBEM) aTmieHa rTimkons u 15% (Bec/oObEM) muMmermicymbdoKcHaa,
MPUTOTOBJICHHOM B MOAUGUIIPOBaHHOW VW KHIKOH cpele), MHKAICYIIUN U ICTHAPOTAINH (MHKATICYIISAINS
B LIapHKax M3 ajbrHHATa KaJbLMs C HOCIEIYIOUIMM BBICYLIIMBaHHEM B KaMepe C MPUIPAaHUYHBIM MTOTOKOM
BO3JlyXa), HHKAICYJISIMU-BUTPU(DHUKALNK (MHKAIICYJISALMS B IIApUKaX U3 allbTUHATA KAJIBIHS C MOCIEAYIOIEeH
jgerunporaiueii B pactBope PVS2), kamensHOi BuTpupUKanuu (CBEpXOBICTPBIH CHOCOO 3aMOpaKUBAHUS
MaJIeHbKUX Kamesb pacTBopa PVS2 Ha amoMuHuEBO# M1acTHHE) U MPUMEHEHHE KPUO-TUIaTo (KOMOWHUpPOBaHWE
METOJla MHKAICYJSIIMKM M KalellbHOM BHUTPU(MKALMKM Ha aJIOMHHHMEBBIX IUIACTHMHAX CBEPXOBICTPOro
3aMOpaKMBaHKs) IyTEM JETHAPOTAIMH CHJIMKArejleM M BhICYNIMBAIOIIMMHU IIapuKaMu. VICIoJib30BaHHE DTHUX
METOJIOB OBbLIO JIOBOJBHO YCIEHIHBIM IpU paboTe ¢ CeMeHaMH pacTeHWil cieayromux pojos: Dendrobium
chryosotoxum (99%, Butpudukaiwms), Dendrobium cruentum (32%, Butpudukarus), Dendrobium draconis
(95%, Butpudukauus), Dendrobium hercoglossum (80%, unkancynsiuus-surpudukanus), Doritis pulcherimma
(62%, Butpudukarus), Rhynchostylis coelestis (85%, surpudukanus), Vanda coerulea (67%, surpudukarusi),
TaKk ke Kak W B mporokopmax Dendrobium cruentum (33%, Burpudukaums; 27%, WHKAICYISLMsA-
nerunporaius), Dendrobium cariniferum (15%, uakancyssiuusi-sutpudukarust), Grammaytophyllum speciosum
(14%, wnkancymsius-sutpudukamus), Rhynchostylis gigantean (19%, sutpuduxkamnus), Vanda coerulea (40%,
MHKancymsus-aeruaporanus) u Seidenfadenia mitrata (67%, surpudukanus) u Arundina graminifolia (76% u
74%, WCIIb30BAaHME KPHUO-IUIATO, JETHAPOTAlMs  BBICYIIMBAIOIMIMMHM  I[IAPUKAMU ¥ CHJIMKaresem,
COOTBETCTBEHHO; 64%, WHKANCYIAIUA-BUTPUGHUKAIMSA C HCIIONB30BAaHHEM BBICYIIMBAIOUINX INAPUKOB MIN
cunukaress). CeMeHa M IMPOTOKOPMBI IOCJie KPHOCOXPaHEHUsI CIIOCOOHBI 00pa30BaTh CTaHJAPTHBIC Ca’KEHIIBI.
JlaHHBIE METOABI SIBJISIIOTCS MEPCIEKTUBHBIMU JIJIsl KPUOCOXPAHEHMsl 3apOJIbILIeBON IUIa3Mbl TaliCKUX BHJIOB
OpXUIIEH.

KuaroueBble ciaoBa: gumpugurayus; uHKANCYAAYUA-0e2UOpOMayust;, UHKANCYIAYUA-GUMPUDUKAYUSL,
KanenbHas sUumpuurkayust;, Kpuo-niama, 6blCyuugarowjue Wapuxi, CUIUKaens



