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Adaptation of in vitro turanga-poplar plants to greenhouse conditions

The reproduction of turanga-poplar is better carried out by the method of micropropagation, which allows
you to obtain high-quality material that is advisable to use in reforestation and landscaping of cities, especial-
ly with arid climates. Adaptation of in vitroplants was carried out in greenhouse conditions in containers with
a volume of 450 ml. Different in terms of composition substrates were used. The substrate of option 3 turned
out to be the most effective: peat and perlite in layers, peat in the lower part, perlite in the upper part; and op-
tion 4 — a mixture of peat and black soil in a ratio of 6/4 with a recess filled with perlite. The experiments
were carried out in natural daylight in a frame heated greenhouse with a film coating at a temperature of
+20...+27 °C. Plants were used in three stages of root system development. After transplantation, they were
watered with an antifungal drug solution and water. To prevent evaporation of moisture from in vitro plants
and from the surface of the substrate, a transparent cap with a screw-off lid was covered from above. Con-
tainers with turanga plants fully adapted to non-sterile conditions were transferred to open areas outside the
greenhouse for hardening.
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Introduction

Populusdiversifolia Schrenk, further P. diversifolia, is a tree belonging to the genus Poplar Populus,
reaching a height of 11-16 meters and a diameter up to 90-100 cm in individual specimens. The tree has an
openwork spreading crown, which acquires a beautiful golden color in the autumn period. It is a sand fixer,
capable of growing in arid conditions and on saline soils of Kazakhstan, which makes this tree indispensable
not only for reforestation, but also for landscaping cities with a harsh windy arid climate [1-3].

Unfortunately, due to the difficulty of reproduction and cultivation by artificial means, this crop is prac-
tically not bred in forest nurseries. But recently, great interest has been shown in this species for its unique-
ness, both for reforestation on sandy soils susceptible to wind erosion in order to consolidate them, and in
order to restore degraded populations of P. diversifolia.

The following ways of reproduction of P. diversifoliaexist: they are seeded and vegetative. The follow-
ing vegetative methods of propagation are distinguished: by cuttings, root layering and microclonal.

Propagation by cuttings and root layering is a laborious and not always successful method due to the
low rooting ability of this type of poplar [1].

The most optimal method of reproduction for P. diversifolia is micropropagation (in vitro), which is
widely used due to its high success rate and scientific justification [4, 5].

It is especially important to obtain turanga-poplar plants with a closed root system in containers as a re-
sult of micropropagation. The plants obtained have a high survival rate for the restoration of natural popula-
tions, whose range narrows over time due to natural causes or due to human activity [6-8].

However, this method has its difficulties, especially at the stage of in vitro transplantation of plants into
containers with a soil substrate, as well as during the period of adaptation to non-sterile conditions. With
micropropagation, large losses occur when transplanting plants into non-sterile conditions (50 percent or
more of death). This is due to the fact that at this stage plants are experiencing a lot of stress, primarily water
stress, leading to dehydration of tissues and destruction of plant membranes. It is complemented by poor ad-
aptation to photoautotropy due to the weak activity of carbon-fixing enzymes, that is, the ability of plants to
absorb CO? after transplantation into non-sterile conditions decreases 4-5 times. Another significant factor
that creates problems during transplantation is the poorly developed root system of adaptable plants, which is
unable to absorb nutrients and water in sufficient quantities [9, 10].

The purpose of this study was to select the optimal composition of the substrate, the need to use an anti-
fungal drug, a suitable temperature regime, the season of transplanting adaptable plants into non-sterile con-
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ditions for high survival and growth, the need for hardening on sites outside the greenhouse for planting in
the open ground, for growing in nurseries to the required size in order to carry out forestry work or landscap-
ing industrial cities with arid climate.

Experimental

The object of the study was P. diversifolia, propagated in culture in vitro in the laboratory of cryopres-
ervation of germoplasm of the Institute of Plant Biology and Biotechnology. In order to determine the opti-
mal composition of the nutrient medium for rooting, three options were tested: Murashige and Skuga medi-
um (MS) with the addition of 0.5 mg/l indolylbutyric acid (IBA); MS%: + 0.5 mg/l IBA and 2MS without
hormones.

Turanga (P. diversifolia) plants at different stages of root system development were used for transplan-
tation from an in vitro culture into non-sterile conditions of the greenhouse. The first stage was characterized
by the beginning of formation and active growth of the root system (root length from 0.5 to 1.0 cm). At the
second stage, the roots began to branch (the appearance of second-order roots), the formation of hairs oc-
curred; the length of the roots was 1.5-2.5 cm. The third stage was characterized by the presence of branches
with the formation of root hairs and the length of the roots from 2.5 to 3.5 cm.

At the same time, when transferring to non-sterile conditions, the optimal composition of the soil sub-
strate was selected, for which five options were tested. In the first option, peat (brown and dark sphagnum)
of the Kekilla Professional brand (pH — 5.5) was used. For the second option, a mixture of peat and expand-
ed perlite was used in a ratio of 8/2, respectively. In the third option, peat and perlite were not mixed together
but filled the container with layers: peat in the lower part, perlite in the upper part. In the fourth option, the
container was filled with a mixture of peat and black soil in a ratio of 6/4, respectively, and then a recess of
1.0-4.0 cm was made and filled with perlite. For the fifth option, a mixture of peat and sifted river sand with
fraction sizes of 0.1-0.3 mm in a ratio of 1/1 was taken. Polypropylene containers with a volume of 450 ml, a
height of 9.5 cm and a diameter of 9 cm were used as a container for transplantation.

The plant was carefully removed from the culture jar, while the remains of the nutrient medium were
not removed; the transplant was carried out together with it. This was done in order not to damage the deli-
cate root system of the adaptable plant. Next, a small recess was made in the experimental substrate, the root
system was placed there, evenly without bends upwards, the plant was sprinkled and leveled.

When transferred from an in vitro culture to non-sterile conditions, the root system of plants can be af-
fected by pathogenic soil-dwelling fungi, which subsequently lead to plant death. To avoid this, the effect of
the drug “Maxim Dachnik” (active ingredient fludioxonyl 25 g /1) on the survival rate of P. diversifolia was
studied. For this purpose, in the first option, the planted plants were watered with a solution of the drug in a
concentration of 2 ml / 1 liter of water, 100-150 ml for each plant, and in the second option the drug was not
used.

In order to avoid evaporation of moisture, both from the surface of the substrate and from the tissues of
transplanted plants, the containers were covered from above with a transparent cap with a screw-off lid (di-
ameter 2.0 cm) and placed on racks.

The plants were transplanted under natural daylight in a frame heated greenhouse with a film coating at
a temperature of +20...4+27 °C from mid-March to the end of September. The plant survival rate was taken
into account weekly. 5-7 days after transplanting plants into containers, the caps were unscrewed to allow air
to enter. After P. diversifolia showed signs of active growth and development, the caps were gradually lifted
and completely removed with full adaptation to non-sterile conditions, the entire stage took from 3 to 4
weeks.

After the plants transplanted from the in vitro culture were fully adapted to the non-sterile conditions of
the closed ground, they were placed on sites outside the greenhouse in order to harden for planting in the
open ground.

Results and Discussion

To determine the optimal composition of the nutrient medium for rooting, three options were tested:
MS, IBA — 0.5 mg/l; aMS + IBA — 0.5 mg/l and 2MS without hormones.

The results of optimizing the nutrient medium for obtaining the root system of P.diversifolia showed
that a decrease in the concentration of macro and microelements by MS and the introduction of
phytohormone IBA into the medium at a concentration of 0.5 mg/l leads to the formation of roots in
95-97 % of plants in in vitro culture. In this case, the first roots began to appear after 14 days, followed by
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intensive growth, development, and branching accompanied by the formation of root hairs. After 30 days,
they reached a length of 1.0-1.5 cm and had a white color with a beige tint.

The conducted studies have shown that the stage of development of the root system and its length had a
significant impact on the survival and adaptation of plants in non-sterile conditions. As can be seen from
Figure 1, plants at the first stage of root system development had the lowest survival rate of 43 %. This was
due to the fact that plants at this stage completely lacked second-order roots and root hairs responsible for the
absorption of water and nutrients. The highest rate was in plants at the second stage — 92 %. The reason was
the active growth of second-order roots with the formation of root hairs on them, and a length not exceeding
2.5 cm. Survival rate at the third stage was 79 %. The root system, which was more than 3.0 cm long, bent
and broke during transplantation, which prevented the supply of nutrients and contributed to damage by
pathogenic microflora. This led to a decrease in the survival rate of turanga in the third stage of root devel-
opment.
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Figure 1. Survival rates of P. diversifolia at different stages of root system development

Figure 2 shows P. diversifolia plants at various stages of root system formation in in vitro culture.

c)

a) the first stage of development; b) the second stage of development;
c) the third stage; d) the development of the root system at different stages

Figure 2. Development of the root system of P. diversifolia in in vitro culture.
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As a result of the conducted studies, it was found that the highest percentage of plant survival during
adaptation from in vitro culture was when using substrate options 3 and 4 and amounted to 50.7 % and
65.7 %, respectively. Planting in pure perlite resulted in active root system growth. This is due to the good
aeration and hygroscopicity of the material, the absence of pathogenic microflora in it, which causes rotting
of the roots and the base of the stem. When using options 1, 2 and 5, the survival rate of adaptable plants did
not exceed 35 %, 31 % and 22.3 %, respectively. This was due to the close contact of roots and shoots with
pathogenic microorganisms living in a non-sterile substrate. At the same time, the aeration of these substrate
options was less intense than when using pure perlite. Data on the survival rate of plants are presented in the
Table.

Table
Survival results of P. diversifolia on different substrates (average)
The composition of the substrate The number of plants that took root, %
peat (option 1) 35+£2,0
peat + perlite mixture 8:2 (option 2) 31+1,7
peat bottom layer + perlite top layer (option 3) 50,7+1,03
peat + black soil mixture 6:4 + recess with perlite (option 4) 65,745,1
peat + sand mixture 1:1 (option 5) 22,34+3,3

The results achieved were compared with data from previous studies on the use of substrates using the
example of various crops. For example, the number of plants that took root when transplanted into non-
sterile conditions of strawberries of the Redgontlit variety with the use of perlite was 80 %; when using the
peat: sand substrate 1:1, the number of plants that took root was 58.6 % [9]. The survival rate of triploid as-
pen test tube plants planted in peat tablets averaged 46.6 % [10]. Thus, our studies have allowed us to obtain
sufficiently high rates of P. diversifolia survival to non-sterile conditions.

The use of an antifungal drug to treat the substrate directly during transplantation gave a positive result
compared to watering with just water. The bases of the shoots of some plants, the soil under which was wa-
tered without the use of a fungicide, began to darken a week after transplantation, then wilting and complete
rotting were observed. In specimens planted with the use of a fungicide, such symptoms were observed much
less frequently or were absent altogether (Fig. 3).

a)

a) with the use of a fungicide; b) without the use of a fungicide

b)

Figure 3. Plants of P. diversifolia, a week after transplantation

The results of the effect of the fungicide “Maxim Dachnik” on the in vitro survival of plants after trans-
plantation into non-sterile conditions are presented in Figure 4.
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Figure 4. The effect of a fungicide on the survival rate of P. diversifolia in non-sterile conditions

As can be seen from Figure 4, the survival rate of turanga when watered with an antifungal drug after
transplantation into non-sterile conditions was on average 53 %, without the use of the drug on average did
not exceed 15 %.

During the experiments, it was noted that the optimal temperature for adaptation to non-sterile condi-
tions was 20...23 °C and natural daylight in the greenhouse conditions. The optimal time for the transfer of
P. diversifolia from an in vitro culture to a soil substrate is the period from mid-March to the end of Septem-
ber. During this period, the transplanted plants did not lack sunlight for active growth and development.

Hardening of P. diversifolia for cultivation in the open ground was carried out on a site outside the
greenhouse and seedlings with a height of 20-30 cm with a closed root system in containers were ob-
tained (Fig. 5).

Figure 5. Hardening in the open area of P. diversifolia

Conclusions

The best results for the rooting of P.diversifolia under in vitro conditions were obtained using the medi-
um MS% + IBA — 0.5 mg/I.

When transferring to non-sterile conditions, it is recommended to use in vitro plants with a root system
having second-order roots with root hairs and a length of 1.5-2.5 cm.

As a result of the experiments conducted on the adaptation of P.diversifolia plants to non-sterile indoor
conditions, the highest percentage of survival was shown by substrate 3, consisting of a mixture of brown
and dark sphagnum peat with expanded perlite, placed into a container in layers in the lower part peat, in the
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upper part perlite; and substrate 4 — a mixture of peat and black soil in a ratio of 6/4, respectively, with a
recess filled with perlite.

After transplantation, it is recommended to abundantly spill the substrate with a solution of the fungi-
cide “Maxim Dachnik” (active ingredient fludioxonyl 25 g/ I) in a concentration of 2 ml / 1 liter of water to
reduce the negative effect of pathogenic microflora on the immature and vulnerable root system of plants in
vitro.

In order to avoid evaporation of moisture from the tissues of the adapted plant, it is necessary to cover
the top with a transparent cap with a screw-off lid (diameter 2.0 cm) and remove the lid after 5-7 days. After
the appearance of signs of active growth of P.diversifolia, it is advisable to gradually open the caps until the
plants fully adapt to non-sterile conditions. The whole stage takes from 3 to 4 weeks.

Transplantation of in vitroP. diversifolia plants is best performed at a temperature of 20...23 °C in natu-
ral daylight from mid-March to the end of September.

To prevent additional stress from plants adapted to greenhouse conditions when planting in open
ground conditions, it is effective to carry out hardening in open areas outside the greenhouse.
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H.B. Muxaiinenko, T.T. Typaues, b.A. Kent6aera, 3.T. Tyiirynos, C.B. Kymnapenko

TopanrbI-Tepek ociMaiKTepiHiH IN VItro :kadbIK TONBIPAK KaraaiijapbiHa Oeitimaenyi

TopaHFBI-TEpeKTI KOOEHTY YIIiH MHUKPOKIOHAJIBIBI OMICTI KOJAaHY THIMII, ceOebi Oy camanbl MaTepHal
aJryFa MYMKIHZIK Oepei, OHBI OpMaH/bI KaJIlbIHa KeNTipy MEH Kalalapabl KeralJanablpyaa, acipece Kyprak
KIAMAarTa maijananyra Oonamel. [N Vitro ecimuikrepin kabbik Tombipakra 450 M KenemiHmeri
KOHTelHepiepae OeiMaey xyprizinmi. Oprypiai cydcTpar Kypamaaps! KongaHsuinel. EH THiMzai HoTmxke 3-
HyCKa OOMBIHIIA aNbIHABL: TOMEHIi KabaTTa IIBIMTe3eK, >KOFapFbl KabaTTa IepiMT, coHpmaif-ak 4-Hycka
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HEpIUTICH TONTBIPBUIFAH IIBIMTE3€K JKOHE Kapa TOMNBIPAKTHIH 6/4 KaTbIHACBIHIArbl —KOCHACHI.
DKcIepUMEHTTep TaOUFU KYH coyJieciHAe IICHKaMeH XKaObUIFaH Kbutbbkaiiaa +20...+27°C temmepatypana
OTTi. OCIMAIKTEp TaMBIp KYHECIHIH JaMYBIHBIH YII Ke3eHiHIe KOIIaHbUIAbL. KaliTa OTBIpFBI3bUIFaHHAH KEHiH
oJIap CaHbIpayKyJlaKKa Kapchl Ipenapar epiTiHIiCiMeH jKoHe CyMeH Cyapbuiabl. In Vitro eciMaikrepiHil xoHe
cyOcTpar OeTiHEH BUFAIBIH OylaHybIH OOJABIpMAy YIIIH YCTIHTI KaFbl OypaiMaisl Kakmarsl 0ap Tyccis
KaJIIaKNeH jka0buTIbl. TONBIFEIMEH CTEPIITBII €MeC XKaFaiFa OeiliMIenTreH TOPaHFBI-TEPEK oCIMIIKTepi 6ap
KOHTeHHepJIep KaTalo YIIiH )KbIIBDKAHIaH THIC allbIK XKepiiepre aybICThIPBIIIHL.

Kinm ce30ep: Geitimaery, TOPaHFBI-TEPEK, MUKPOKIOHAIBABI KOOeHTy, IN Vitro, eciMmik, crepuibai emec
JKaFaai, mpemnapar, cyocTpart.

H.B. Muxaiinenko, T.T. Typaues, b.A. Kenr6aea, 3.T. Tyiirynos, C.B. Kymnaperko

AanTanusi pacTeHuii in Vitro TypaHra-TonoJisi K ycJOBHAM 3aKPBITOr0 TPyHTA

Pa3MHOXEHHE TypaHra-TOIOJS JIy4Ille IIPOBOIUTh COCOOOM MHKPOKIOHAIBHOTO Pa3MHOXEHHUS, YTO MO3BO-
JISIeT MOJTy4YaTh Ka4eCTBEHHBIH MaTepuai, KOTOPHI [eecoo0pa3Ho HCIIOIb30BaTh B JIECOBOCCTAHOBICHUH H B
03EJICHECHHH TOPOJIOB, 0COOCHHO C 3aCYLUIMBBIM KJIMMATOM. AJIanTaiuio in Vitro pacTeHni mpoBOAUIN B yC-
JIOBHSX 3aKPBITOrO TPYyHTA B KOHTeHHepax o0beMoM 450 mir. [Ipu 5ToM HConb30Bany pa3iMyHbIe TI0 COCTa-
By cyOctpatbl. Hanbonee 3 hekTHBHBIM OKa3alsicsi COCTaB BapuaHTa 3: TOPQ M MEPIMT CIIOSIMH, B HUKHCH
gacTd Top(d, B BEpXHEH — MepiIuT; U BapuaHT 4 — cMech Topda 1 YepHO3eMa B COOTHOLICHUH 6/4 ¢ yriry0-
JICHHEM, 3aIlOJIHEHHBIM IMEPIUTOM. DKCHEPUMEHTHI MPOBOJMIN NPU ECTECTBEHHOM JHEBHOM OCBEIICHHU B
KapKacHOH OTaIUIMBAaeMOM TEIUIUIIE C IUNICHOYHBIM MOKPHITHEM IpH Temneparype +20 —+27°C. Hcnomnp3oBa-
JIM PACTCHMS B TPEX CTAAMSIX Pa3BUTHUs KOPHEBOH cucTeMsl. Ilocne nepecagky MONUBAIK PACTBOPOM MPOTH-
BOrpuOKOBOTO Ipenapara U BoJoii. Jyisl mpeqoTBpalleHus] UCIApeHHs BiIard u3 in Vitro pacteHuii u ¢ mo-
BEpXHOCTHU CyOCTpara CBepXy HaKPBHIBAIHM IPO3PAYHBIM KOJIIAKOM C OTKpy4YHBaromelcs Kpelmkoi. KoHTei-
HEpHI C TOJHOCTBIO aJaNTUPOBAaHHHBIMU K HECTEPHIIBHBIM YCIOBHSM PACTCHHUSIMH TYPaHTH HEPEHOCHIN Ha
OTKPBITHIE IUIOIIAAKY BHE TETUTUIIBI [T 3aKaJIBAHMSI.

Kriouesvie cnosa: anantaiys, TypaHra, MUKPOKJIOHAIBHOE pa3sMHOXKEHHe, in Vitro, pacTeHue, HeCTepUIIbHbIC
yCIOBUS, IIpemnapar, cyocTpar.
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