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The aim of the research was to develop the technology of introduction of the Gentiana lutea L. plants
obtained by microclonal propagation into conditions in situ. Methods of cultivation of plant objects in
vitro were used. There were chosen optimal conditions for rooting G. lutea shoots obtained through
microclonal propagation in vitro: MS/2 medium with twice decreased concentration of NH,NO;without
vitamins and sucrose supplemented with 3 g/l of mannite and 0.05 mg/1 kinetin, and agar (4 g/1) in
combination with perlite (16 g/1) used as a maintaining substrate; or the nutrient medium (MS/2 without
vitamins and smaller concentration of NH,NO3) with gradual decrease of carbohydrates from 10 g/1 to
2 g/1, and further rooting experimental shoots in tap water. Rooted plants were adapted to conditions ex
vitro through planting them into flowerpots with soil and gradual changing hothouse regime for exposed
one. The share of adapted to in situ conditions plants (21% after a year of planting) proves the used
method to be resultative and promising. Thus, there was suggested the most efficient technology for
revival of disturbed G. lutea populations that includes repatriation of rooted and adapted to ex vitro

conditions plants obtained through microclonal propagation in vitro.

Key words: Gentiana lutea L., rooting in vitro, adaptation ex vitro, repatriation in situ.

Within a concept of preserving biodiversity
of plant and animal world, the investigations
aimed at finding ways to stabilize the number
of disturbed populations and revival of
destroyed natural populations of rare plant
species are of current relevance. While
protecting such plant species, it is necessary to
apply not only passive preservation methods
(inventory, including into local lists of rare
plants and Red Books of various ranks,
conserving on reserved territories), but use
active methods (growing in botanical gardens,
increasing number of rare species in natural
conditions by seeding and planting of obtained
in vitro cultures) too [1].

Rare plant species, requiring protection and
revival, include medicinal Gentiana lutea L.
The complexity of G. lutea seed restoration,
excessive pastoral load and recreation have
led to reducing areas and violated structures
of this species population. G. lutea value for
conventional and nontraditional medicine,
determined by the pharmacological properties
and potential need in raw material, has caused

the necessity to estimate the species resources
in Ukraine for creating fundamental principles
of preservation and developing new approaches
to its population revival.

The recent years being marked by the
developed methods of G. lutea microclonal
propagation in vitro [2, 3], the repatriation
of propagated in vitro plants into natural
conditions has become of great importance.
The essential condition for successful
repatriation is the use of individuals grown in
most approximated to natural conditions, and
therefore minimally changed genetically [4].

The objective of the investigation was to
develop a scheme of reintroducing G. lutea
plants developed by microclonal propagation
into in situ conditions.

Materials and Methods

The object of the investigation was G. lutea —
a perennial with indefinitely long life cycle
(over 50 years) and lasting pre-generative
period (5—-10 years) [5]. The initial seed
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material was gathered during expeditions in
the Ukrainian Carpathians in mountainous
populations on Petros Marmarosky,
Pozhyzhevska, Sheshul-Pavlyk, Menchul
Kvasy mountains and Lemska and Rogneska
mountainous valleys.

For choice of rooting G. lutea shoots in
vitro we took into consideration biological and
ecological peculiarities of the species and the
results of G. lutea introduction in vitro culture,
obtained in the laboratory of ecology and
biotechnology of Volodymyr Hnatiuk Ternopil
National Pedagogical University. For rooting,
we used G. lutea shoots obtained by microclonal
propagation and then grown for 1.5—3 months
until they became 15-20 mm high with 3-5
pairs of leaves. Each testing variant included
three samplings with 8-10 shoots.

Fourteen variants of media were tested
(tables 1, 2). In eight tested variants, the
cultivated in vitro shoots were planted in
Murashige and Skoog medium (1962) with half
concentration of macro- and microsalts (MS/2)
without sucrose and vitamins (table 1). There
were experimented two MS modifications
media: MS/2 (variants I, II, III, IV); and MS/2
with twice decreased concentration of NH,NO4
(variants V, VI, VII, VIII), as the decrease
of macro- and micro-elements and nitrogen
concentration are known to promote rooting
wild strawberry, apple-tree and other plant
cuttings [6—9]. In addition, the research of
the component soil composition from natural
G. lutea areas showed that the amount of both
available and general nitrogen in them was
comparatively low. Growth regulators are
known to negatively influence adaptation of
plants to ex vitro conditions [9], so kinetin
(Kin) concentration in all media was reduced
t0 0.05 mg/1.

For each modification of nutrient medium,
we used various maintaining substrates such
as agar (8 g/1) (I, V); agar (4 g/1) and perlite
(16 g/1) (IV, VIII); agar (4 g/1) and ground
perlite (16 g/1) (III, VII); foam (II, VI);
vermiculite (IX). We also attempted to enroot
shoots in a sterilized soil from natural G. lutea
habitats combined with peat and perlite in
correlation 1:1:1 (X).

There was tested nutrient medium MS/2
without vitamins with twice decreased
concentration of NH,NO; which was added
with 2 g/l sucrose (as the main CO, source) (XI);
two variants with different concentrations of
sucrose and mannite in correlation 1:1 (XII,
XIII); a variant with mannite only (XIV) with
its concentration 3 g/l (table 2). Agar (4 g/1)
combined with perlite (16 g/1) was used as
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a maintaining substrate. Adding mannite
was caused by its being osmotically active
substance providing antioxidant protection
and promoting plant survival in stress [10,
11]. Plants were cultivated for 120 days on the
media mentioned above.

G. lutea was cultivated in jars with
ventilatory covers. The plants, infected during
relocation or not forming roots on nutrient
media, were placed into settled tap water.
Rooted specimens were planted into flowerpots
with soil, having their roots previously washed
with distilled water to relieve them from the
medium remains.

To avoid dehydration of the plants and
create the greenhouse effect the flowerpots
were covered with glass. Every day the plants
were sprayed and once a week they were
watered with settled tap water. Air expositions
were used to make them adapt to ex vitro
conditions. In 1-1.5 months the flowerpots
were definitely opened, watering was done in
dependence on soil drying (1-2 times a week),
and spraying was daily.

In early June (after 8—10 months of the
experiment beginning) the adapted to ex vitro
conditions and then grown for 3—4 months
G. lutea were planted in situ conditions in
the places of bare soil near adult gentian
individuals.

General state of plants in ex vitro and in
situ conditions was estimated by morphological
values (plant height, number of shoots,
pairs of leaves and number of internodes per
plant). The obtained data were processed
statistically [12].

Results and Discussion

The adaptation efficiency of the obtained
in vitro plants to ex vitro conditions depends
in the first place on their successful rooting,
as the existence of well-developed root system
provides better adaptation of plants to growth
in soil and unstable conditions of unsterile
environment (fluctuations of humidity,
temperature, etc.). Thus, the research included
three stages: rooting obtained by microclonal
propagation plants in vitro, adaptation of
rooted plants to ex vitro conditions, transfer of
adapted to ex vitro plants to conditions in situ.

Rooting G. lutea sprouts obtained by
microclonal propagation. The results of the
research show that both the composition of
nutrient medium and the type of maintaining
substrate (table 1) influenced G. lutea rooting.
G. lutea shoots planted in agarized media (8 g/1)
(I, V) and in vermiculite (IX) necrotized on the
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20-30'" day of cultivation, and those placed
in media with agar (4 g/l) in combination
with ground perlite (16 g/1) (III, VII) — on
20-40" day. Evidently, the consistency of
nutrient medium decelerates absorbing of
nutrient substances by plant roots that leads
to their death. This result is confirmed by
scientific literature data, pointing to the
fact that growth and development of roots in
vitro are dependent on aeration of nutrient
medium that, in its turn, is dependent on
agar concentration. Rooting plant cuttings
is decelerated; the development of secondary
roots does not take place [ 7].

The shoots planted into the nutrient
media with foam substrate and decreased
concentration of agar (up to 4 g/l1) in
combination with perlite (16 g/1) survived and
rooted in dependence on medium composition.
The individuals cultivated in MS/2 without
vitamins and sucrose (II, VI), died on the
20" (II) and 30" (VI) day. Twice decreased
concentration of NH,NO; in MS/2 medium
(VI, VIII) was more efficient. As a result, the
share of viable specimens on the 50" day of
cultivation constituted 45% (VI) and 66%
(VIII), and on the 120" day, it was 10 % and

15% respectively. Obviously, the composition
of nutrient medium serves as a limiting factor
in such a combination of nutrient medium and
maintaining substrate.

Thus, one can assume that using MS/2
medium with twice decreased NH,NO;
concentration and maintaining substrates such
as foam and agar (4 g/1) combined with perlite
(16 g/1) positively influences rooting shoots.
As the results of shoots survival on conditions
of using foam and agar with perlite did not
sufficiently differ, one can use both variants
for further cultivation. However, referring to
the objective of the research, we find the use
of the second variant more efficient as semi-
solid maintainig substrate will enable better
adaptation of plant root system to growth
conditions in soil. Other researchers prove
positive effect of using agar combined with
perlite as a maintaining substrate: plants of
wild strawberries, apples, pears, ashes, lilac
formed a well-developed root system on such a
substrate [7].

On conditions of rooting G. lutea shoots
in sterilized soil with adding peat and perlite
in correlation 1:1:1 all the tested shoots died
on 20-30'" day. Evidently, soil sterilization

Table 1. Rooting of G. lutea shoots in vitro

Percentage of viable shoots, %

MS/2 medium without vitamins and MS/2 medium without vitamins and sucrose; ®
sucrose supplemented with 0.05 mg/1 with twice decreased concentration of NH4NOsg, =

. Kin supplemented with 0.05 mg/1 Kin §
E Maintaining substrate g
Ag F Ag+gPr | Ag+Pr Ag F Ag+gPr Ag+Pr ~

I II II1 v A% VI VII VIII IX

10 | 51+3.8 | 84+3.5 | 42+2.4 100 49+3.2 100%* 100* 100* 100

20 0 0 0 27+1.8 0 100%* 18+1.4% 93+5.4% 43+3.2

30 0 0 0 0 0 100%* 44+2.8% 93+5.4% 0
40 0 0 0 0 0 85+5.4% 0 71+4.7% 0
50 0 0 0 0 0 45+3.6* 0 66+4.2% 0
60 0 0 0 0 0 30+3.1% 0 48+3.9% 0
90 0 0 0 0 0 10=+1.5% 0 43+3.3% 0
120 0 0 0 0 0 10+1.5% 0 15+1.8% 0

Notes: Ag, F, Ag + gPr, Ag + Pr — maintaining substrates;

Ag — agar (8 g/1), F — foam, Ag + gPr — agar (4 g/1) combined with ground perlite (16 g/1), Ag + Pr —
agar (4 g/1) combined with perlite (16 g/1);

* — marked variants of the experiment in which the parameters of share of viable shoots during use of
modified variants MS/2 media with twice decreased concentration of NH,NOj reliable (P < 0.05) differ from
the results on nutrient media MS/2 with full NH,NOj concentration.
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leads to death of mycorrhizal organisms that
negatively affects growth and development of
G. lutea, which is a mycorrhizal species [13].

An attempt to enroot G. lutea shoots on the
medium suggested by Petrova and colleagues
[14] and which was efficient for rooting and
further adaptation of obtained in vitro G. lutea
plants to ex vitro conditions, and then to in situ
in Natural Park of Vitosha (Bulgaria) failed to
have any positive results in our case. None of
the cultivated in vitro shoots formed roots that
is probably caused by genotype peculiarities
and heterogeneity of natural habitats of
plants.

The shoots cultivated on the medium
without sucrose and additional supply of CO,
died probably because of the complexity of
adaptation to autotrophic type of nutrition,
little photosynthetic activity and scarcity of
oxygen. Therefore, for further cultivation, we
used nutrient medium MS/2 without vitamins
with twice decreased concentration of NH,NO;
and added carbohydrates (XI, XII, XIII, XIV)
(Table 2).

The shoots cultivated on XI, XII and XIII
variants of the medium were viable on the 30"
day, but they did not form roots. That is why
all the specimens for rooting were planted
in tap water, covered with caps, which were

gradually opened to adapt the plants to ex
vitro conditions. On the 20" day after planting
into water 38% of specimens demonstrated
rhizogenesis, and on the 90" day 94% of the
specimens formed roots. The G. lutea shoots
grown on XIV variant of the medium also formed
roots (Fig.1), the percentage of adaptation on
the 120" day of cultivation was 97 (Table 2).

The analyzed results show that efficiency
of rooting G. lutea shoots can be provided only
by combination of optimal composition of
nutrient medium and favourable for rooting
maintaining substrate. The optimal medium
among those tested proved to be MS/2 medium
with twice decreased concentration of NH,NO;
without vitamins and sucrose supplemented
with 38 g/l mannite and 0.05 mg/1 Kin and agar
(4 g/1) combined with perlite (16 g/1) used as
a maintaining substrate. Gradual diminishing
carbohydrates from 10 g/l to 2g/1 in the
nutrient medium (MS/2 without vitamins and
twice decreased concentration of NH,NOj;)
with further rooting of the shoots in tap water
proved equally efficient (Fig. 1).

Adaptation of the rooted plants to ex
vitro conditions. Repatriation in disturbed
populations of plants obtained through
microclonal propagation in vitro first requires
solving the problem of their adaptation

Table 2. Rooting of G. lutea shoots

Percentage of viable shoots, % / Percentage of rooted plants, %
MS/2 medium with twice decreased concentration of NH,NO3 without vitamins, supplemented

@ with 0.05 mg/1 Kin, and agar (4 g/1) in combination with perlite (16 g/1) used as a maintaining

= substrate

A

2 g/l sucrose, 1 g/1 sucrose, .
2 g/l sucrose 2 g/1 mannite 1 g/l mannite 3 g/l mannite
X1 XII1 X111 X1V
10 100/0 100/0 100/0 100/0
20 100/0 100/0 100/0 100/0
100/0 100/0 100/0
30 100/54+3.2
Shoots planted into tap water

40 100*/0 97+4.7%/97+4.7
50 100%/38+2.8 97=+4.7%/97+4.7
60 94+5.3%/72+6.1 97=+4.7%/97+4.7
90 94+5.3%/94+5.3 97=+4.7%/97+4.7
120 94+5.3%/94+5.3 97=+4.7%/97x4.7

Note: * — marked variants of the experiment in which the parameters of the share of viable shoots, on
conditions of using modified variants of MS/2 media with twice decreased concentration of NH,NOj3 supple-
mented with carbohydrates reliable (P < 0.05) differ from the results on the nutrient MS/2 medium with twice
decreased concentration of NH;NO3 without carbohydrates (Table 1, VIII variant of nutrient medium).
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Fig. 1. Rooting G. lutea shoots in vitro:
A — rooting in the medium MS/2 with twice decreased concentration of NH;NO3 without vitamins
and sucrose, supplemented with 3 g/l mannite and 0.05 mg/1 Kin, the maintaining substrate is agar (4 g/1)
combined with perlite (16 g/1); B — rooting in tap water

to ex vitro conditions. According to the
research literature data [15—17], this process
is labour intensive, as specific conditions
of in vitro culture in many cases cause the
formation of microshoots with defective
physiological processes, morphological and
anatomical structure. After transplantation
from cultivation-vessels to ex vitro conditions
such plants may be damaged because of altered
cultivation conditions and therefore they
require adaptation.

For adaptation G. lutea to ex vitro
conditions the plants which formed roots
in tap water and in the medium with twice
decreased concentration of NH,NO; and
mannite were planted in soil (Fig. 2) To avoid
drying of plants and their better adaptation
to ex vitro conditions the flowerpots with
planted specimens were covered by glass.
Air expositions were done for 4-6 weeks,
the duration and frequency of openings were
gradually increased.

Percentage of adaptation for plants from
various experimental variants somewhat
differed (Fig. 3). Thus, on the 30*" day
the share of adaptation for plants which
previously formed roots in water was higher
compared to the plants cultivated in nutrient
medium (XIV). However, the percentage
of viable plants from both variants did not
significantly differ hereafter and on the 150"
day constituted 72.4% (rooted in tap water)
and 70.8% (rooted in nutrient medium).

To estimate the condition of G. lutea
individuals, we determined some morphometric
parameters: height of plants (to clarify their
adaptive capacity), number of pairs of leaves
(leaves are the main organs of photosynthetic
activity), and the number of internodes (to show
adaptive changes of plants to ex vitro conditions,
as internodes formation is the peculiarity of
G. lutea plants cultivated in vitro ).

It was shown that within the period from
the 1% to 30" day the accretion of plants rooted

Fig. 2. G. lutea planted in soil:

vegetation duration 30 (4), 60 (B), 90 (C), 120 (D) days
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Fig. 3. Adaptation in soil for plants rooted
in vitro:

I — percentage of adaptation for plants which

formed roots in tap water;

II — percentage of adaptation for plants rooted in
the nutrient medium MS/2 with twice
decreased concentration of NH;NO3 without
vitamins and sucrose, supplemented with
3 g/l mannite and 0.05 mg/1 Kin, the main-
taining substrate is agar (4 g/1) combined
with perlite (16 g/1)

in the nutrient medium was 1.6 times higher
compared with the plants which formed roots
in water (Table 3). This phenomenon can be
explained by the available reserve of nutrient
substances stored in the organs of plants from
the nutrient medium. From 30" to 90" day,
the results were the opposite: accretion of
the rooted in water plants was twice bigger
that may testify to faster adaptation to ex
vitro conditions. From 90™ to 120*® day the
accretion of plant height was 1.3 times bigger
for specimens rooted in the nutrient medium.

During growing in soil, the rooted in tap
water plants formed on average 4—5 pairs
of leaves and those rooted in the nutrient
medium — 2—3 ones. That proves more intense
photosynthetic activity, better viability and
adaptation to ex vitro conditions. The number
of internodes was the same in both variants.
Besides, merome formation decreased in
the process of cultivation and on 150" day
it stopped (Table 3). Evidently, in ex vitro
conditions G. lutea acquire morphological
structure of intact plants, as the formation of
radical rosette is representative for this species
in nature [18].

Thus, the percentage of adaptation and
accretion of plants rooted in tap water and in
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the nutrient medium did not practically differ.
For rooting and further adaptation to ex vitro
conditions, G. lutea can be planted in both
water and medium MS/2 with twice decreased
concentration of NH,NO; without vitamins
and sucrose, supplemented with 3 g/l mannite
and 0.05 mg/1 Kin. It is reasonable to use
agar (4 g/1) combined with perlite (16 g/1) as a
maintaining substrate.

Transplantation of adapted ex vitro plants
into conditions in situ. At the beginning of June
all viable and adapted to ex vitro conditions
individuals were planted in natural conditions
on Pozhyzhevska mountain (territory of the
Carpathian National Natural Park) (Fig. 4).
The area is located on the slope of northern-
western exposition with steepness 20-40°
1450 m high above sea level.

According to literature data[19, 20], which
were confirmed by our research, germination
and taking to root of undergrowth for
Gentiana species, including G. lutea, take place
best in conditions of disturbed gramineous
sodding. That is why the individuals were
planted in places of bare soil to reduce the
level of interspecies competition and provide
optimal conditions for G. lutea adaptation and
growth.

On the 3™ day of growth in natural
conditions, we observed the loss of turgor in
15 = 1.2% plants; on the 30" day the share
of adapted plants constituted 97 = 2.5% . The
plants were viable, 2.5-7.5 cm high, with
6—16 pairs of leaves (Table 4). Evidently,
their adaptation in situ was favoured by
weather conditions of highland, as it rained
almost every day in June—July, 2013. On the
60" day of growing the share of viable plants
was 51 = 1.8% . However, almost 40% of
individuals died, having been eaten by small
animals (rodents, lizards). Next year the share
of viable plants equaled 21% .

General accretion of G. lutea height after
60 days of growing in natural conditions was
insignificant (5.8 mm) that is probably caused
not only by the complexity of adaptation,
but biological peculiarities of the species too.
Particularly, in the first years of ontogenesis
G. lutea are known to grow slowly (2—-5 cm/
per year), forming 5—8 pairs of leaves [5]. The
accretion of plants height from 30" to 60** day
compared with the same value from 1% to 30"
day was almost 3 times bigger that proves the
successful adaptation. From 1% to 30" day the
number of leaves was observed to increase, and
from the 30" to 60" day — to decrease (Table 4).
Probably the lack of rains in the first half of August
resulted in drying out lower pairs of leaves.
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Table 3. Morphometric parameters of G. lutea planted in soil

Morphometric parameters of plants rooted in tap water
Parameters g}; It)}f:;tl;;lg 30" day 60" day 90" day 150" day acr(I:‘:gglon
X+ Sx 29+3.2 34=2.5 42+3.4 44+4.0 53+6.2 -
PH, mm
Accretion - 5+0.4% 8+0.6% 2+0.2% 9+0.6* 24+0.7
NPL, X=+ Sx 7.8+0.77 9.3+0.82 10.1+0.75 10.3+0.76 12.0+0.89 -
pieces | Accretion - 1.5+0.2% 0.8+0.1 0.2+0.1 1.7+0.2% 4.2+0.3
NI, X+ Sx 3.1+0.35 4.2+0.33 4.3+0.33 4.5+0.43 4.5=0.37 -
pieces | Accretion - 1.1+0.1 0.1+0.04 0.2+0.05 0 1.4+0.2
Morphometric parameters of plants rooted in the nutrient medium!
X+ Sx 43+4.3 51+6.4 56+7.9 57+8.1 69+6.8 -
PH, mm
Accretion - 8+0.5 4+0.4 1+0.2 12+0.7 25+0.8
NPL, X=+ Sx 8.8+0.73 9.5+0.80 10.2+0.84 10.5+1.10 10.8+1.16
pieces | Accretion - 0.7+0.1 0.7+0.1 0.3+0.05 0.3+0.05 2.0+0.2
NI, X=+ Sx 3.9+0.83 4.7+0.99 5.1+0.96 5.3+0.30 5.3+0.30 -
pieces | Accretion - 0.8+0.1 0.4=0.09 0.2+0.06 0 1.4+0.2
Notes: PH — plant height, NPL — number of pairs of leaves, NI — number of internodes; ! _ the medium MS /2

with twice decreased concentration of NH,;NO3 without vitamins and sucrose, supplemented with 3 g/l mannite
and 0.05 mg/1 Kin, the maintaining substrate is agar (4 g/1) combined with perlite (16 g/1);

* — marked variants of the experiment in which the morphometric parameters of plants rooted in the nutrient
medium MS/2 with twice decreased concentration of NH;NO3 without vitamins and sucrose, supplemented with
3 g/l mannite and 0.05 mg/1 Kin reliable (P < 0.05) differ from the parameters of plants rooted in tap water.

Fig. 4. G. lutea planted in natural conditions:
on 3 ), 3 30" (B), 0th (C) days of vegetation and a year after planting (D)

Within 60 days’ period of G. lutea
growing in natural conditions the length and
width of lamina increased 7.8 and 2.9 times
respectively. The formation of internodes
stopped, and on the 60" day sporadic
individuals had 1-2 internodes left, that
proves that the plants acquired characteristic
for the species habitus [18].

Thus, the conditions for rooting G. lutea
shoots obtained by microclonal propagation
have been chosen. It has been established
that the biggest share of rooting shoots was
provided by optimal combination of nutrient
medium composition and supporting substrate.
The medium MS/2 with twice decreased
concentration of NH,NO; without vitamins
and sucrose, supplemented with 3 g/1 mannite
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Table 4. Morphometric parameters of G. lutea planted in situ
(Mt. Pozhyzhevska, 1450 m a.s.l.)

Time of measurement Increase of morphometric parameters
Parameters
1°day | 30" day | 60" day | 1-30""day 30-60'" day 60-90'" day
X 41.4 42.9 47.2
Sx 1.3 1.3 0.35
Plant height, ,
mm Sx 1.84 1.63 1.70 15 4.3 5.8
Min 20.0 25.0 30.0
Max 70.0 75.0 75.0
X 4.19 2.23 0.6
Sx 1.12 0.41 0.02
Number of
internodes per Sx 1.47 0.58 0.13 967 _1.63 _4.30
plant, pieces
Min 1.0 0 0
Max 10.0 4.0 1.0
X 8.54 9.16 8.75
Number of Sx 2.49 2.38 0.71
pairs of leaves ,
per plant, 8x 2.69 2.64 2.97 0.62 -0.41 0.21
pieces Min 4.0 6.0 4.0
Max 13.0 16.0 14.0
X 7.8 8.2 10.9
Sx 0.08 0.1 0.13
Lengthoof lam-| g, 0.26 0.35 0.39
8, 0.4 2.7 3.1
Min 5.0 5.0 7.0
Max 12.0 15.0 20.0
X 3.6 4.7 6.8
Sx 0.02 0.04 0.05
of laﬁiﬁ;hmm Sx’ 0.09 0.1 0.17
’ 1.1 2.1 3.2
Min 1.5 3.0 5.0
Max 4.5 7.0 10.0

and 0.05 mg/1 Kin and agar (4 g/1) combined
with perlite (16 g/1) as a maintaining substrate
proved to be the most efficient among all tested
variants. Quite effective was also gradual
diminishing of carbohydrates from 10 g/1 to
2 g/l in the nutrient medium (MS/2 without
vitamins and decreased concentration of
NH,NOs;) and further rooting of shoots in tap
water.
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There are chosen conditions for adaptation
of rooted in vitro plants to conditions ex vitro.
It has been found that plants rooted on both
mentioned above variants can be used for
this purpose. The obtained initial results of
repatriation of G. lutea plants (21% ) in natural
habitats testify to efficiency of the suggested
technology and rationality of its use for revival
of disturbed gentian populations.
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AJTAIITAIIIA OJEP;KAHUX in vitro
POCJIUH Gentiana lutea L.
O YMOB ex vitro TA in situ

O. IO. Matioposa
JI. P. 'puyax
H. M. Ipoour

TepHoOIiNbCHKUI HAITIOHAJIBHUN ITEaTOTiUHUHT
yHiBepcuret imeHi Bomogumupa I'maTioka,
Ykpaina

E-mail: majorova@i.ua

MeTor0 poboTu 6yI0 PO3POOUTH TEXHOJIOTiIO
mepeHeceHHA OJeprKaHUX IMJIAXOM MiKPOKJIO-
HaJILHOTO PO3MHOKeHHs pocaul Gentiana lutea L.
B YMOBU in Situ. BukopucToByBajau MeTOAU KYJIb-
TUBYBaHHSA POCAUHHUX 00’ €KTiB in vitro. Ilixiopa-
HO ONTUMAJbHI YMOBU AJA BKOPiHEHHS OTpUMA-
HUX MiKPOKJIOHAJIbHUM PO3SMHOKEHHAM HIaTrOHiB
G. lutea in vitro: ;xuBunbHe cepenoBurie MC/2 3
nonoBuHHUM BMicrom NH,NO; 6es BiTamiziB Ta
caxaposu, gomnoBHeHe 3 r/a manity Ta 0,05 Mr/a
KiHeTHUHY, 3 BUKOPUCTAHHAM SAK IIiATPUMYBaJb-
HOro cybcTpary arapy (4 r/a) y moegHaHHi 3 mep-
gitom (16 r/m) abo moeTanmHe 3MEHIIEHHS B Ce-
penoBumii MC/2 6e3 BiTamiHiB Ta 3i 3MeHIIIEHOIO
rouneHTpanielo NHNO; kornenrpanii Byriaeso-
niB 3 10 r/m oo 2 r/n i3 moAanbIIUM YKOPiHEHHAM
IUX HaroHiB y BOAOIPOBiAHINA BoAi. YKOpiHeHi
POCIMHU afalTOBAHO M0 YMOB eX Vitro IJISX0M
BUCAMKYBAHHS IX Yy TOPIUKY 3 'PYHTOM Ta IIO-
CTYIIOBUM TePeBeAeHHAM TEIJUYHOTO PEKUMY
Io BigkpuToro. YacTka agamnToBaHUX OO YMOB in
situ pocnun — 21% uepes piK micasa BUCAMIKY-
BaHHA — CBiAYUTH IIPO MEPCIEKTUBHICTh PO3PO-
6JIeHOTO CTI0CO0Y KYJIbTUBYBaHHA. TaKUM YMHOM,
3aIPOITOHOBAHO OAWH 3 e()eKTUBHUX CIIOCO0iB
BifHOBIIEHHA YIHIKOMKeHUX monyaamnii G. lutea,
110 BKJIIOYAE pellaTpialliio B HUX YKOPiHEHUX Ta
aalTOBAHUX IO YMOB ex Vitro poCIuH, OTpUMA-
HUX MiKPOKJOHAJBHUM POSMHOMKEHHAM in vitro.

Kanamwuwosi cnosa: Gentiana lutea L., BKOpiHeHHS
in vitro, aganrarida ex vitro, penarpiaiisa in situ.
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ATAIITAIIAA IUIOJIY‘IEHHLIX in vitro
PACTEHMUMU Gentiana lutea L.
K YCJIOBHUAM ex vitro U in situ

0. IO. Maiioposa
JI. P. I'puyax
H. M. Ipoovix

TepHOTIONBCKUH HAITMOHATBHBIN
meIarornyecKuil YyHUBEPCUTET
nMmenu Baragumupa 'maTioka, YKkpanHa

E-mail: majorova@i.ua

ITenp paboThl — pa3paboTKa TeXHOJOTUU IIe-
peHeceHUA MOJYUYEHHBIX TYTEM MUKPOKJIOHAJIb-
HOTO pa3dMHOKeHus pacrenuir Gentiana lutea L.
B yCJ0BU4 in situ. Vcmmoib30BaaIl METOABI KYJIb-
TUBUPOBAHUS PACTUTENBLHBIX 00BLEKTOB in vitro.
ITomo6paHbl OITUMAJIbHBIE YCIOBUA YKOPEHEHU S
MOJIYYeHHBIX MUKPOKJIOHAJIBHBIM Pa3MHOMKEH-
em mmoberoB G. lutea in vitro: muTaTeJbHas cpe-
na MC/2 ¢ nonoBuaHBIM comep:karreM NH,NO;
0e3 BUTaAMWHOB U CaxXaposbl, AOMOJHEeHHAA 3 T'/JI
magHuTta u 0,05 Mr/; KuHETHMHA, C UCIOJIH30BA-
HUEeM B KauyecTBe HOAJePKUBAIOIEro cyocTpara
arapa (4 r/xa) B coueranuu c¢ nepautom (16 r/i)
aunbo mosTamHOe yMeHbIleHue B cpene MC/2 Ges
BUTAMHHOB U C YMEHBIIIEHHON KOHIleHTPAI[Ue
NH/NO; xonuenrpanuu yriuesogos c 10 r/x ro
2 1/7 ¢ mocyenyIONuM YKOPEeHeHueM 3TUX 1o0e-
T'OB B BOJOIIPOBOHOM BoJle. Y KOPDEHUBIIIMECA Pac-
TeHUs afalTUPOBAJU K YCIOBUAM eX Vitro, BBI-
CasKMBasA UX B TOPIIKHU C ITIOUYBO, U ITOCTETIEHHBIM
epeBOIOM TEMJIMUYHOTO PeKMMa B OTKPBITHIHU.
KoanuecTBO afanTupoBaHHBIX K YCJIOBUAM in Situ
pactenuit — 21% uepes roj mocje BhICAKUBAHUS
CBUETEJbCTBYET O MEPCIEeKTUBHOCTU paspabdo-
TaHHOTO crocoba KyJIbTUBUPOBaHUA. TakuM 00-
pasoM, IpeaJyioKeH OAUH U3 5(P(PeKTUBHBIX CIIOCO-
60B BOCCTAaHOBJIEHUA MTOBPEKICHHBIX TOMYJIAIUNA
G. lutea, cocTogaInuii B penaTpUaIiy B IPUPOIHbBIE
MecTa Ipom3pacTaHuAa YKOPEHEHHBIX 1 afallTUPO-
BaHHBIX K YCJIOBUAM eX Vitro pacTeHUM, IIOJyUeH-
HBIX MUKDPOKJIOHAJIbHBIM PA3MHOKEHUEM in VItro.

Knrwuesvie cnosa: Gentiana lutea L., ykopeHeHUE
in vitro, amanranud ex vitro, penatTpuanusa in situ.





