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Optimization of microclonal propagation conditions for increasing the multiplication
factor of poplar microshoots

Abstract: Representatives of the genus poplar — Populus L. (kind Salicaceae) are widely used for
landscape gardening residential areas and creating different types of protective plantings. Difficulties
of propagation for some types of poplars by traditional methods is their weak rooting, as well as a high
level of bacterial and fungal infection rate. Therefore using such methods as clonal micropropagation
of plants in aseptic conditions on artificial nutrient medium is relevant for valuable forms of poplar.
The purpose of this work is optimization of the conditions of microclonal propagation for increasing
the coefficient of propagation of microshoots of Populus alba L. and Populus bolleana L. from axillary
shoots introduced into an in vitro culture. The main objective set for solving this purpose were the
regeneration of plants on the basis of direct proliferation of axillary meristem, their rooting and
multiplication of the microshoots. High regeneration of axillary basic shoots of two types of poplars
occurred on a WPM nutrient medium with the addition of the hormones BA (0.5 mg/l) and GA
0.2 mg/l. The WPM nutrient medium with the addition of BA hormones of 0.2 mg/1 and 0.2 mg/1
appropriate for increasing the quantity of shoots from axillary shoots. More optimal for rooting and
growth of microshoots of Populus alba L. and Populus bolleana L. is S WPM nutrient medium for
woody cultural with the addition of the hormone IBA 0.01 mg/1l. Thereby, conditions of microclonal
propagation was been optimized for increasing the coefficient of propagation of poplar microshoots.

Keywords: Populus alba L., Populus bolleana L., axillary shoods, cultivation medium, in vitro.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-57-65

Abbreviations: WPM — Woody plant medium; BA — 6-benzylaminopurine; IBA — indole-3-
butyric acid; GA — gibberellic acid; NA — nicotinic acid; medium MS.

Introduction. The success of landscape gardening in large amount depends on the correct
selection of decorative trees. Knowledge of the morphological and decorative features of woody
plants and their relationship to the adverse conditions to the city environment allows to improve the
landscape of the city [1].

The genus Populus become an important component of the world’s potential renewable resources
for the XXI century. The genus Populus has many commercially important components like hybrids
and species, and is the most highly distributed woody plant worldwide [2, 3|. Poplar one of the
fastest growing species used in plantation cultivation for various aims [4]. In altogether, here are
around 110 poplar speciesin the world that widely distributedin the northern hemisphere [5].

In the list of the Royal Botanic Garden Kew were numbered 199 scientific names of Populus genus,
which only 87 were recognized as specific names [6].

Forgardening the cities and region with severeclimatic conditions, landscapers provide planting
and reproduction of Populus alba L. and Populus bolleana L. |7]. Valuable quality of two types
of decorative poplar is sufficient stability against smoke and gas, the ability to enrich the air with
volatile production and kill pathogenic microbes. They are winterhardy, relatively drought and
gas-resistant, light-requiring, heat-resistant, and wind-resistant [8].

Despite the advantage of two types of poplar, there are limitations when cultivation for gardening
ecologically unfavorable territories [9]. There exist a problem, which connects with surviving per-
centage of Populus alba L., which relateswith effect of fungal and viral diseases Populus bolleana L.
rooting process is difficult [10]. For reproduction of Populus alba L. and Populus bolleana L.with the
most appropriate and optimal method is microclonal reproduction by axillary buds, since it achieves
the highest genetic stability and uniformity [11].
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By the researchers were selected and optimized nutrient medium, determined the significance of
auxins and cytokines for shoot growth, to induce root formation under conditions in vitro |12, 13,
14].

Poplars were one of the first objectives of propagation trials, where Cambial tissues were use
dasbasicmaterial [15, 16]. Initially, callus improvement, following shoot or root development was
generated on the callus surface. Sometimes it occurred without any outside effect. The link between
the regenerated shoots and roots was sometimes unclear. Gathered opinions established the vegeta-
tive propagation founded from a single bud and different originated callus based plant regeneration
[17].

Several researchers’ micropropagated sterile bud originated plantlets of poplars for the first time
[18, 19]. They presented in their results about difficulties of culture establishment and genetically
determined differences between the species. It was identified that the success of establishment also
depends onthe age of the mother plants [17].

Another research aimed to develop micropropagation methods of poplars for commercial purposes
[20]. Thus, that research improved the micropropagation method of the tetraploid clone ‘Ta — 10’
for the substitution of vegetative propagation by grafting. Research around the development of the
micropropagation procedure for different poplar species continues today [21]. Many scientists sum-
marized the multiplication procedure of several poplar species that were inoculated or not inoculated
with ectomycorrhizal fungus for different experimental purposes [13, 22, 23].

The aim of the study was to optimize the conditions of micropropagation to increase the multipli-
cation factor of poplar microshoots of Populus alba L. and Populus bolleana L. from axillary shoots
introduced into the culture n vitro.

Material and Methods

Sterilization of shoots . The cut annual shoots of poplar about 6 cm in size were thoroughly
washed with running war water and sterilized. Sterilization consisted of two stages: 1 — preliminary
sterilization, which took place in non-sterile conditions (surface sterilization), 2 — basic sterilization
in aseptic conditions (in laminar-flow box conditions).

Introduction of azillary buds into in vitro culture

In laminar-box in axillary buds removed cover scales and leaves, leaving the two most deeply
located leaves, which were isolated and placed in a nutrient medium WPM (Woody plant medium)
with the addition of 0.5 mg/l BA (6-benzylaminopurine), 0.2 mg/l GA (gibberellic acid) for the
growth of axillary buds. Axillary shoots were cultivated in the climatic chamber "BINDER KBWF
720" with a 16-hour light mode, illumination — 2-3 kilolux, temperature 24-26 © C, the humidity level
of 70%.

Regeneration and rooting of test-tube plants. Regeneration of meristem plants consisted of the
following stages — induction of shoot formation, their elongation and rooting. To increase the number
of shoots of poplar species of Populus alba L. and Populus bolleana L., nutrient media WPM and
MS with BA growth hormones in concentration - 0.2 mg/1; 0.5 mg/1; 1.0 mg/l and GA — 0.2 mg/1
were used. Rooting of in vitro shoots of two species of poplar was conducted on WPM medium with
half the content of macrosalts (S WPM), growth hormone IBA (indole-3-butyric acid) 0.01 mg/I;
0.5 mg/l or nutrient medium free of hormones.

Results and discussion

Regeneration of poplar axillary shoots. The regeneration of axillary shoots is a particularly impor-
tant step in the development of poplar micropropagation technology. The main purpose of this stage
is the regeneration of plants on the basis of direct proliferation of axillary meristems, their rooting
and animation of the obtained microshoots. Annual non-woody shoots of Populus alba L and Popu-
lus bolleana L. poplar with axillary vegetative buds were used to regenerate the main axillary shoots.
The researchers of poplar cultivation using MS and WPM with the addition of phytohormones, such
as 6-benzylaminopurine (BA) [21].

We optimized the composition of the nutrient medium WPM benefits for the growth and devel-
opment of axillary shoots of two species of poplars from explant. The influence of phytohormones
(BA and GA) was studied. Following variants of the WPM medium were studied: 1) BA 0.2 mg/1,
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GA 0.2 mg/l; 2) BA 0.5 mg/1, GA 0.2 mg/l. Sterilized shoots were cut under aseptic conditions into
segments of size 0.5-2 cm with one axillary bud (Figure 1).

f

Ficure 1 — Obtaining poplar seedlings through micropropagation
a) sterile axillary shoots of Populus alba L; b) development of the main axillary shoot; ¢) rooted of
microshoots; d) growing microshoots in light room; e) reproduction of induced shoots of Populus
alba L; f) microshoots planted in the soil

After 30 days of cultivation, the results of the experiment were analyzed and it was found that
high regeneration of axillary main shoots of two poplar species occurred in the second variant of
the nutrient medium WPM with the addition of hormones (BA 0.5 mg/l and GA 0.2 mg/1). The
highest percentage of well-developed axillary main shoots was obtained by cultivating explants on
the nutrient medium WPM with BA 0.5 mg/l and GA 0.2 mg/l in Populus alba L — 70.2%, in
Populus bolleana L.— 57.3% (Figure 2).
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Ficure 2 — Regeneration of axillary shoots depending onthe hormonal medium composition WPM

The percentage of regeneration of axillary shoots in Populus alba L. is higher than that of Populus
bolleana L. This is due to the fact that Populus alba L. has a high intensity of vital and rapid
growth in culture in vitro and natural conditions, compared with Populus bolleana L.[19]. Thus, for
regeneration of axillary shoot of Populus alba L. and Populus bolleana L. the environment of WPM
with the addition of hormones BA 0,5 mg/1 and GA 0,2 mg/1 is better suited.
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Clonal micropropagation of poplar microshoots

In the literature, there are data on the use of different nutrient media with hormones to increase
the number of induced shoots [13, 14, 25|. It is shown that the best growth in the proliferation of
shoots in poplar was on the medium WPM for tree crops with BA in the concentration of 0.1 and
0.2 mg/l, and the increase in the concentration of BA did not have a positive effect on the increase
of the shoots number [14].

We have optimized the composition of the nutrient medium to increase the number of induced
shoots. The effect of concentration of BA and GA phytohormones were studied. The following
WPM medium variants were tested: 1) BA 1.0 mg/l, GA 0.2 mg/l; 2) BA 0.5 mg/l, GA 0.2 mg/1; 3)
BA 0.2 mg/l, GA 0.2 mg/l; 4) BA 0.5 mg/l; MS medium: 5) BA 1.0 mg/1, GA 0.2 mg/1; 6) BA 0.5
mg/l, GA 0.2 mg/1; 7) BA 0.2 mg/1, GA 0.2 mg/l; 8) BA 0.5 mg/l (Figure 3, table 2). Experiments
were carried out on Populus alba L. the primary explant with a cut axillary shoot was used.

Table 1 — Indicators of increase in the number of induced shoots in Populus alba L.

Options

1 day

15 days

30 days

50 days

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

I - WPM
with BA 1,0
and GA 0,2

mg/1

1

1.5+0.1

2.0£0.1

1.8+0.1

3.0£0.2

2.1£0.1

5.44+0.3

2.3£0.1

I - WPM
with BA 0,5
and GA 0,2

mg/1

2.24+0.1

2.0£0.1

2.44+0.1

3.2+0.2

2.5+0.1

5.4+0.3

2.7£0.1

Il - WPM
with BA 0,2
andGA 0,2

mg/1

3.240.2

3.240.2

3.44+0.2

7.0+£0.4

9.3£0.3

11.240.6

5.5£0.3

IV - WPM
with BA 0,5

mg/1

1.4£0.1

1.240.1

1.5+0.1

2.24+0.1

1.7+0.1

3.6+0.2

1.8£0.1

V — MCwith
BA 1,0 and
GA 0,2
mg/1

1.3+0.1

1.0+0.1

1.5+0.1

1.2+0.1

1.6+0.1

1.8+0.1

1.7£0.1

VI -
MCwith

BA 0,5 and
GA 0,2
mg/1

1.8£0.1

1.0£0.1

2.1+0.1

1.0£0.1

2.1+0.1

1.4£0.1

2.1+0.1

VII -
MCwith

BA 0,2 and
GA 0,2
mg/1

2.240.1

2.6£0.1

2.4£0.1

5.0£0.3

3.240.2

7.8+0.4

3.3£0.2

VIII -
MCwith
BA

mg/1

0,5

1.6£0.1

1.84+0.1

1.8+0.1

3.0+0.2

20+0.1

5.4+0.3

2.6+0.1

After 15, 30 and 50 days of cultivation, the results of the experiment were analyzed and it was
found that the high number of poplar shoots occurred in the third options of the nutrient medium
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a

Ficure 3 — Propagation of induced shoots of poplar

induced shoots on the WPM medium with BA 0.2 mg/1, GA 0.2 mg/];
b) propagation of induced shoots after 30 days

WPM with the addition of hormones (BA 0.2 mg/l and GA 0.2 mg/1). Thus, the average number
of shoots of white species was 11.2 units; shoots length — 5.5 cm.

The slowest development of shoots was observed in the sixth variant of the medium (MS with
BA 0.5 and GA 0.2 mg/l): the average number of shoots wasonly 1.4 units, the length of shoots —
2.1cm. There was no positive effect of BA 1.0 mg/l and GA 0.2 mg/] on the increase in the number
of shoots. Thus, to increase the number of shoots from axillary shoots solid medium MS with of
hormones the addition BA 0.2 mg/1 and GA 0.2 mg/l was more applicable.

Rooting of poplar microshoots. One of the important stages of obtaining seedlings in the culture
of in wvitro male specimens of Populus alba L. and Populus bolleana L. is the induction of root
formation. For obtaining poplar seedlings of Populus alba L. and Populus bolleana L. from the
test-tube, it is initially necessary to choose a nutrient medium with hormones, there will be normal
growth and development of the roots. In the literature as the medium for induction of root formation
microshoots four poplar species used nutrient medium Schenk Hildebrandt (SH) and Woody Plant
Medium (WPM) supplemented with 5 mg/1 nicotinic acid (NA) WPM or SWPM (with a reduced
content of macrosalts) without hormones [26]. WPM with the auxin, indole-3-butyric acid (IBA)
0.5 mg/1.

We have optimized the composition of the nutrient medium WPM for the induction of root
formation and rooting of microshoots of two types of poplars. It was studied the influence of without
hormonal environment and WPM supplemented with auxin is indole-3-butyric acid (IBA). Tested
the following mediums WPM: 1) no hormone; 2) SWPM (reduced content of macrosalts); 3) SWPM,
IBA 0.5 mg/l; 4) SWPM, IBA 0.01 mg/l was added auxin, IBA at a concentration of 0.01 mg/1
and 0.5 mg/l in the medium to determine the required amount of exogenous hormones to receive
microshootson the basis of proliferation of axillary meristems (direct distillation axillary shoots) and
the induction of root formation, except for the stage of callus formation. The increased concentration
of auxins in the medium contributes to the formation of callus tissue, which is confirmed by literature
data [13, 25].The experiments were carried out on two types of poplar, 30 test-tube microshoots
were analyzed for each variant. To obtain whole microshoots, the formed shoots were isolated and
transferred to the rooting medium (Table 2).

Table 2 — Induction of roots formation of microshoots in culture in vitro

Genotype Option of | Amount of microshoots Length | Callus
mediums of induc-
shoots, | tion
cm
total rooted | %
Populus alba L. | 1 — WPM 30+1.5 16£0.8 | 53.3+£2.7 | 4.1£0.2 | —
2-S WPM 30+1.5 20£1.0 | 66.7£3.3 | 6.8£0.3 | —
3 -S WPM + | 30+1.5 9+0.5 | 30.0£1.5 | 5.1+£0.3 | +
IBA 0,5
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4 -S WPM + | 30+1.5 24+1.2 | 80.0£3.2 | 7.24+04 | —
IBA 0,01
Populus  bol- | 1 — WPM 30+1.5 104+0.5 | 33.3£1.7 | 5.0+£0.3 | —
leana L.

2-S WPM 30+1.5 16£0.8 | 53.3+£2.7 | 7.7£0.4 | —
3-S WPM + | 30£1.5 8+0.4 |26.7+1.3 | 5.6+0.3 | +
IBA 0,5
4 - S WPM + | 30£1.5 17£0.9 | 56.7£2.8 | 6.4+£0.3 | -
IBA 0,01
Notes: 1 — «+» induced callus; 2 — «—» callus is not formed

After 30 days of cultivation, the results of the experiment were analyzed and it was found that
the best rooting of poplar microshoots occurred in the fourth variant with a reduced content of
macrosalts — SWPM with the addition of IBA 0.01 mg/1, which was 80% for Populus alba L. 56.7%
for Populus bolleana L. Also, the best results were obtained in the second option of the medium
- SWPM without hormone, Populus alba L. - 66.7%, Populus bolleana L. - 53.3%. Two types of
poplars at the option of SWPM medium with auxin, IBA 0.5 mg/l was observed the formation of
callus tissue.

The percentage of rooted plants in two poplar species is different, this is due to different levels
and a set of own hormones, because of this, they can exhibit different morphogeneticactivity and
the ability to regenerate whole plants in vitro culture (Figure 4). By rooting microshoots obtained
rapid growth in their height. After a month of cultivation, shoots reached a length of 4.1 to 7.7 cm.

a b c

Ficure 4 — Rooting of microshoots of two species of poplars
a) rooting of Populus alba L. microshoots; b) induced roots of Populus bolleana L. on nutrient
medium SWPM; ¢) induction of callus formation of microshoots on nutrient medium SWPM with
IBA 0.5 mg/1

Consequently, the nutrient medium SWPM for woody crops with the addition of the hormone
IBA 0.01 mg/1 is the most optimal for rooting and growth of microshoots of Populus alba L. and
Populus bolleana L. Thus, the optimized conditions of micropropagation in tractable traditional
method of Populus alba L. and Populus bolleana L. for mass production and receiving improved
planting material.

Conclusion. Research of the conditions clonal micropropagation of plants in aseptic conditions
on artificial nutrient medium which are difficult to root by the traditional method of Populus alba
L. and Populus bolleana L. showed that the use of this method is optimal at all stages of the pro-
duction of regenerated plants. High-level regeneration of the axillary main shoots of two species of
poplars occurred on a WPM nutrient mediumwith the addition of the hormones BA 0.5 mg/1 and
GA 0.2 mg/l. To increase the quantity of shoots from axillary shoots better suits the WPM nutrient
medium with the addition of hormones BA 0.2 mg/1 and GA 0.2 mg/l. The most optimal for rooting
and growth of microshoots of Populus alba L. and Populus bolleana L. is S WPM nutrient medium
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for woody plant culture with the addition of the hormone IBA 0.01 mg/l. Thereby, the conditions
for isolating explants, sterilization modes, cultivation conditions and composition of nutrient medi-
umwere selected. The obtained microplants of Populus alba L. and Populus bolleana L. are suitable
for further industrial use in urban landscape gardening.
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TepekTiH MUKPO epkeAepiH KebelTyaiH KO3(dduueHTTEepiH apThipy YIIIH MUKPOKJIOHAbI KOTEHUTYiH,
>KarJanjapblH OHTANJIAHABIPY

Angnarna Populus L. (tykpivpac. Salicaceae) Tepek TYKbIMIACTAPHBIH, OKLIZEP] el MeKeHIepAl KOraiqaHIbIpMeH opTypJIl
TUNTEri KOPFaJaThIH KOIIETTEP/l »Kacay MaKCaTbIHIa KEHIHEH KOJIJaHbLIabl. Keiibip Tepek TypJiepiH mocTypJii >KOJIMEH
KOOEUTYIIH KUBIHJBIKTAPhl, OJIAD/IBIH OJICI3 TaMbIPJIAHYbI, COHJAl-aK OAKTEPUSJIBIK, YKOHE CaHbIPAYKYJIAK »KYKIIAJapbIHbBIH,
2KOFaphl JieHreiie »Kyrybl 60bin Tabbuianbl. Coui cebenti, acenTUKAJIBIK *Karmaiifja »KacaHbl KOPEKTIK OpTaja KJIOHAJIIbI
MHKPO KOOEHTymiH OCBI OOiCTepiH KOJIJaHy, TePeKTiy Oarajbl Typsepi yimH e3exkTi OGOJIbII TaObLIagbI. 2KymMbIcThIH
HEri3ri MakcaTbl-KyJIbTypara €HrI31JIreH KOJITHIK OYPIIIKTEPJAEH IIBIKKAH akK KoHe bBoJjuie TepeKTep/iH MHUKPOOPKEHIEPIHIH
KebeiTy KO3(MDUIMEHTIH >KOFapJiaTy VIIiH MUKDPOKJIOHJbI KOOEHUTY/iH KarJaijlapblH OHTAWIAHIALIPY OOJIBIIT TaOBbLIAIb.
Bepinren makcaTThiy memniiMi yiriH eciMiK pereHeparuschl KOJITBIK, OypPIIKTEP/iH Typa Ipoudepalusichbl HEri3iHe ajbIHFaH
MHKDPOOPKEHIEPAIH MyJIbTUILINKAIIAICH] 2KOHE OHBIH TaMBIPJIaHybl 0acThl MiHAeT 60bin Tabbutansl. TepekTin exi Typinin Herisri
epKeHJepinin »Korapbl pereHepanusicel WPM kopekrik opraceina BAIT 0,5 mr/m kene 'K 0,2 Mr/n ropMoHzapsl KOCBUIFAH
opraceiHga Gosabl. OpKeHJep CaHBIH apTThIpyJa KOATHIK Oypmikrep ymin BAIT (BA) 0,2 mr/a xeme 'K(GA) 0,2 mr/n
ropMoH1apbl Kocklran WPM KOpekTik opTachlia ecipreH eTe OHTaiIbl. AFall eciMIiKTepi yIIiH ak >koHe BoJiie TepekTepiHin
MUKDPOOPKeHIepiniH ecyimen Tambipianybiaga (MMK) 0,01 mr/s ropmonst Kocburran S WPM KOpeKTiK opTachl OHTaNIBI GOJIBIIT
Tabbutagpl. OcpbLiaiina, TEPeKTiH MHUKPOOPKEHIEPIHIH KOOeHTy KO3(DMUIMEHTIH *KOFapiaTyla MUKPOKJIOHAJALI KOOEHTYIiH
2Karaaiiyiapbl OHTaNIaHIBIPBIIIbL.

Tyiin cesaep: Ak Tepek, BoJuie Teperi, KONTBIK OYpIIiK, KOPEKTIK OpTa, in vitro.

Kpeickaprynap: WPM — Woody plant medium; BAIIl — 6-6ensunamunonypun; UMK — wnmonun mak Kpiukpiis;; K —
rubbepennn KpimkbUibl; HK — aukorusa kpinkeuais; MC — Mypacure-CKyr KOPEKTiK OpTachl.
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OnrTuMu3anus ycJjIOBUII MUKPOKJIOHAJIBHOIO PAa3MHOXKEHUsI IJIsI OBBIINEHNsI KO3 PUINEeHTa PA3MHOXKEHUSA
MUKPOIIOOETOB TOIIOJISI

Annoranus: Ilpencrasurenu poga Tononb — Populus L. (cem. Salicaceae) mMHMPOKO HMCHONMB3YIOTCH ISl O3€JIEHEHUS
HACEJICHHBIX MECT ¥ CO3JAHUs PA3JINIHOTO TUIIA 3AIUTHBIX HacaXKAeHuil. TpyIHOCTBIO pa3MHOKEHISI HEKOTOPBIX BH/OB TOIOJIEH
TPaJUIMOHHBIMU CIOCODAMMY SIBJISIETCH UX Cjiabasi YKOPEHSeMOCThb, a TaK»Ke BBICOKUU yPOBEHb 3apPaKEHHOCTU OaKTepUaIbHON
u rpubHOi nHdeknuei. ITosToMy mpruMeHeHHE TAKOrO METOAA KaK KJIOHAJIBHOE MHUKPOPA3MHOXKEHHUE PACTEHHI B aCEITHIECKUX
YCJIOBUSIX HA WMCKYCCTBEHHBIX IUTATEJBHBIX CPEJaX sIBJISETCs aKTyaJIbHbIM JJIsi IEHHbIX (GOpM Tomojisi. llesibio HacTosie
paboThl SABJISETCS ONTHMHU3AIUs YCIOBHH MHUKPOKJIOHAJIBLHOTO Pa3MHOXKEHHS JJIsl MOBBINIEHHS KO3(P@MUIMEHTa Pa3MHOYKEHUS
MHUKPOIIOOErOB TOIOJIsI CepebpUCTOro U TOMOJsi BoJule M3 ma3yliHbIX IIOYeK, BBEJEHHBIX B KYJbTYypy in vitro. (OCHOBHBIMU
3aJ@4aMy, I[TOCTABJICHHBIMH JJIsl PEIIeHUs] JAHHON Ieu, ObLIN pereHepalys PACTEHHIl Ha OCHOBE MpPsIMOi Nposudeparu
Ma3ylIHBbIX MEPUCTEM, UX yKOPDEHEHHWE U MYJIbTUILIUKAIUS IIOJIyYEeHHBbIX MUKPOIoOOeroB. Brwicokasi pereHeparysi OCHOBHBIX
Ma3yIIHbIX T0GEroB ABYX BUJIOB TOMOJIEl IPOMCXOIUIIO Ha nuTareiabHol cpene WPM ¢ nobasienuem ropmonos BAII 0,5 mr/n
u 'K 0,2 mr/mn. s yBesmdenus: KOIm4IecTBa MOGErOB M3 Ia3yIIHBIX MOOErOB JIydlle MOAXOAUT IHUTaTeabHas cpega WPM c
no6asnenneM ropmonoB BAIT 0,2 mr/s u 'K 0,2 mr/n. HanGousiee onrnMasbHO# /1Sl yKOPEHEHUS] U POCTa MUKPOIIOGErOB TOIIOJIS
cepebpucroro u tomoss bosute siBisiercst nurarensHas cpega S WPM gas gpesecubix KyabTyp ¢ gobasieruem ropmona MK
0,01 mr/su. Takum 06pa3oM, ONTHMUIUPOBAHBI YCJIOBUsS MUKDPOKJIOHAJBLHOIO Pa3MHOXKEHUsl JJIsl MOBbIIeHus: Koadduimenra
Pa3MHOXKEHUSI MUKPOIIOOErOB TOIOJIS.

KurrogyeBble cjioBa: TONOJbL CepeOPUCTHIi, Tonoab Bosute, masymnble MOYKY, TUTATEIbHAS CPEa, N Vitro.

Cokparenus u o6oznadenusi: WPM — Woody plant medium; BAII — 6-6enzunamunonypus; UMK — unnonunvacisasas
kuciaora; 'K — rubbepesioBas kuciora; HK — Hukorunosast kuciora; MC — cpena Mypacure-Ckyra
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