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ROOTING AND ACCLIMATIZATION OF MICROPROPAGATED
SHOOTS OF FRAXINUS EXCELSIOR L.

DANCHEVA Desislava

Abstract. Axillary shoot tips, originated in vitro were used as initid explants for the rooting experiments. They were cultured on an
inductive, half-strength WPM, supplemented with a combination of 1.0 mg It IBA and 1.0 mg I NAA for 24, 48 or 72 h, respectively and
then on half-strength, plant growth regulator-free (PGRs-free) expressive WPM. For comparison of the results, the shoots were cultivated on
inductive or expressive medium without transfer. The rooted shoots were planted in 500 ml pots. In one part of the experiment, the posts
contained peat and the plantlets were covered with trangparent plastic vessels for 14 days to provide high air humidity. For the other
experiment, the pots contained peet, perlite, peat and perlite (1 : 1, v/v), Dystric Alluvid Fluvisol and perlite (1 : 1, v/v) and the plantlets were
covered with transparent plagtic vessels. After 14 days the cover vessels were consecutively removed for 30 min, 60 min, 90 min, and 120
min, daily. All plantlets were grown in a cultivation chamber and after the remova of covers, were transferred in a greenhouse conditions.
The highest rooting rate (90.00 + 5.77%) was observed when the shoots were pulse treated with auxin for 24 h and decreasing of the mean
number of roots was found with the increasing of the duration of inductive phase. High survival rate of the plantlets was manifested on
different subgtrates (93-100%) but significant difference between them was not found. However, higher length was observed by using pest
containing subgtrates (from 129+ 1.0 to 194+ 5.1cm) but satistical difference between them was not found. By contrast, plants
acclimatized on perlite containing substrates were smdler than these planted in peat containing substrates. These results demonstrated that
the duration of inductive phaseis critical for the rooting rate and quality of the root system and the type of the soil subgtrate is an important
factor for the growth of the plants during the acclimatization.

Keywords: common ash, in vitro, tissue culture.

Rezumat. Inridicinarea si aclimatizarea lastarilor micropropagati de Fraxinus excelsior L. Varfurile de lastari axilari, de
originein vitro, au fost utilizate ca explante initiale pentru experimente privind Thradacinarea. Acestea au fost cultivate pe un WPM inductiv,
redus lajumitate, suplimentat cu o combinatie de 1,0 mg 1™ IBA si 1,0 mg I NAA timp de 24, 48 sau 72 de ore si pe WPM expresiv, fari un
regulator de crestere a plantelor (PGRs-free). Pentru a compara rezultatele, lastarii au fost cultivati pe mediu inductiv sau expresiv, fara
transfer. Lagtarii Tnradicinati au fost plantati n vase de 500 ml. Pentru o parte a experimentului, substratul a continut turba si plantulele au
fost acoperite cu vase din plagtic transparent, timp de 14 zile pentru a mentine umiditatea ridicata a aerului. Pentru celelalt experiment, vasdle
au continut turba, perlit, turba si perlit (1: 1, v / v), fluvisol distric aluvionar si perlit (1: 1, v/ v) si plantulele au fost acoperite cu vase de
plastic transparent. Dupa 14 Zzile, vasele de acoperire au fost Tndepirtate consecutiv timp de 30 min., 60 min., 90 min. i 120 min., zilnic.
Toate plantule au fost pastrate Tntr-o camera de cultivare si dupa indepartarea capacelor, au fost transferate Tn conditii de sera. Ceama mare
rata de Tnradacinare (90,00 * 5,77%) a fost observata atunci cand lastarii au fost tratati cu auxin pentru 24 de ore, in timp ce sciderea
numarului mediu de radicini sa condtatat 0 datd cu cresterea duratei fazei inductive. S-a constatat o rati ridicata de supravietuire a
plantulelor pe diferite substraturi (93-100%) si nu s-a observat o diferenta semnificativa intre acestea. Cu toate acestea, s-a condatat o
lungime mai mare in cazul substratului care contine turbd (de la 12,9 £ 1.0 - 194 + 51 cm), dar nu s-a observat o diferentd stetistica
semnificativa Tntre acestea. Prin contragt, plantele aclimatizate pe substrat care contine perlit au fost mai mici decét cele cultivate pe
substratul care contine turba. Aceste rezultate au demonstrat ca durata fazel inductive este critica pentru rata de Tnradacinare si calitatea
sstemului redicular si ca detipul de sol este un factor important pentru cresterea plantelor pe perioada de aclimatizare.

Cuvinte cheie: frasin, in vitro, cultura de tesut.

INTRODUCTION

Rooting of microshoots is critical for in vitro plant production systems. The induction of rooting depends on a
series of interdependent phases (induction, initiation, and expression) (MONCOUSIN et al., 1988; DE KLERK et d.,
1999; GASPAR et a., 1992, 1994).

Depending on the juvenility and auxin used and its concentration, different authors achieved 10 to 100%
rooting in common ash (CHALUPA 1983, 19873, b, 1990; HAMMATT & RIDOUT 1992; TABRETT & HAMMATT
1992; HAMMATT 1994, 1996; SILVEIRA & COTTIGNIES 1994, NOUGAREDE et a. 1996; THOMPSON et dl.,
2001; SCHOENWEISS & MEIER-DINKEL 2005; MITRAS et a., 2009). The quality of the root system is one of the
important factors for the successful acclimatization. It has been suggested that defects in root system functioning are
one of the main reasons for the high mortality rate of plants derived fromin vitro culture (YIE & LIAW, 1977; DAVID,
1982; PATEL et a., 1986). Furthermore, after the transfer from in vitro to in vivo conditions the plantlets should adapt
to different environmental conditions. Usually the irradiance and air turbulence is much higher, air humidity much
lower, there are fluctuating temperatures, the type of soil substrate and its humidity is different in comparison with in
vitro conditions (ZIV 1986; KOZAI 1991; PREECE & SUTTER 1991; DONNELLY & TISDAL 1993;
POSPISILOVA et a., 1999; HAZARIKA 2003; ROHR et al., 2003; KOZAI & ZOBAYED, 2000). Depending on the
biological peculiarities and genetic potential of the species, the methods which work for in vivo environment of one
species are not necessary satisfactory to ensure the surviva of another. However, there is only one report for high rate
of Fraxinus excelsior acclimatization (LEBEDEV & SCHESTIBRATOV, 2013) but the effect of the soil substrate is
not investigated.
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The goal of this work was aimed at identifying suitable duration of inductive phase on rooting of axillary
shoots and conditions of acclimatization of common ash plantlets.

MATERIAL AND METHODS

Effect of the inductive medium on the adventitiousroot formation.

In vitro originated axillary shoot tips (2 cm), having one or two internodes were cultured on an inductive, half-
strength WPM (LLOY D & MCCOWN, 1980) rooting medium, supplemented with combination of 1.0 mg I indole-3-
butyric acid (IBA) and 1.0 mg | a-naphthaleneacetic acid (NAA) for 24, 48 or 72 h, respectively and then on half-
strength, plant growth regulator-free (PGRs-free) expressive WPM. For the comparison of the results, the shoots were
cultivated on inductive or expressive medium without transfer.

Tree replications, each containing ten explants, were used for each variant. After 45 days, the percentage of
rooted plants, as well as the number and length of induced roots were determined.

Conditions of the cultivation.

Each variant of the medium contained 20 g I sucrose and 7 g I™* agar (Sigma) and pH was adjusted to 5.6 - 5.7
before autoclaving (under pressure of 118 kPa and 120°C for 20 min). The cultures were grown in a cultivation chamber at
25 + 0.5°C with 16 hrs of cool white fluorescent light at a photosynthetic photon flux density of 40 umol m? s?, daily.

Acclimatization

The rooted shoots were thoroughly washed to remove adhering gel and planted in 500 ml (& 95 mm, h = 110 mm)
pots. In one part of the experiment the posts contained pest and the plantlets were covered with transparent plastic vessels
(250 ml, & 75 mm, h= 95 mm) for 14 days to provide high air humidity (Experiment 1). For the other experiment the pots
contained peat, perlite, peat and perlite (1 : 1, v/v), Dystric Alluvid Fluvisol and perlite (1 : 1, v/v) were covered with
transparent plastic vessels (Fig. 1). After 14 days the cover containers were consecutively removed for 30 min, 60 min, 90
min, and 120 min, daily (Experiment 2). All plantlets were grown in a cultivation chamber at 25 + 0.5°C with 16 hrs of cool
white fluorescent light a a photosynthetic photon flux density of 40 umol m? s?, daily. After the removal of covers, all
plantletswere transferred in a greenhouse with temperature of 20-25°C and regular irrigation.

Figure 1. Pre-acclimatization with covering of the plantletsin the cultivation chamber.

Ten plantlets were used per treatment and the experiment was repeated three times. After 60 days, the
percentage of acclimatized plants, as well asthe mean length of stem was determined.

The results were analysed by One-Way ANOV A followed by a post hoc LSD test at p < 0.05, using SPSS 10.0
for Windows (SPSS for Windows 1999). Percentage values were transformed using arcsine square root (VP)
(COMPTON 1994) to normalize error distribution prior variance analysis.

RESULTSAND DISCUSSION

In many species, the application of endogenous auxin is required to achieve rooting (DE KLERK, 2001, 2002;
DEKLERK et al., 1997, 1999; KUREPIN et al., 2011).
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In the absence of auxin, the rooting rate in our experiment was low (Table 1), the emergence of new roots
progressed slowly and callus formation was not observed on the base of the shoots in the end of the rooting period. On
auxin enriched medium without transfer of the shoots, in the end of experiment, significant amount of callus and thicker
roots were formed on the base of the shoots, in comparison with all other treatments (Fig. 2). However, statistical
significant difference with the auxin-free medium was not found in the rooting rate (Table 1).

Figure 2. Significant amount of Figure 3. Rooted shoots, formed after the
callus and formation of thick application of inductive medium for 24 h and
roots after cultivation on auxin evaluated after 45 days of cultivation.

enriched medium without transfer
on expressive medium.

Smaller amounts of callus and slenderer roots were formed on the base of shoots in the end of the experiment, after
al pulse treatments. Our results demonstrated that auxin pulse treatments significantly improve the rooting of shoots in vitro.
These results are in agreement with the findings of DE KLERK (1996, 2001, 2002), DEKLERK et a. (1999), MITRASet a.
(2009), LYUBOMIROVA & ILIEV (2013). The highest rooting rate (90.00 + 5.77%) was observed when the shoots were
pulse treated with auxin for 24 h (Table 1, Fig. 3). It was pointed that during the initial 24 h after the shoots have been taken,
they are not yet very senditive to auxin. It is considered that during this lag period, dedifferentiation occurs during which cells
become competent to respond to the rhizogenic stimulus, auxin. Then up to 72 h, certain previoudy activated cells become
committed to the formation of root primordia by the rhizogenic action of auxin in the induction phase (DE KLERK et dl.,
1999). However, datistical difference in the rooting rate between different pulse treatments was not found in our experiment.
It was found that during this period, auxin pulses strongly increases the number of rootsin pea (NORDSTROM et d., 1991)
and Helianthus annuus (LIU & REID, 1992). Despite of that, decreasing of the mean number of roots was found with the
increasing of the duration of inductive phase, but statistical difference between al treatments was not ascertained. The longest
roots were observed after pulse treatment for 72 h and on auxin free medium without transfer to expressive medium (Table 1).

Our results showed that pulse treatment supports the rooting and the rate of rooting depends on the duration of
inductive phase. After the cultivation of shoots to a root induction medium, auxin is no longer required for the rooting
and improvement of the root system. These results are in agreement with the findings of other authors (BERTHON et
al., 1989, 1990; HAMMATT & RIDOUT, 1992; HAMMATT, 1996; ILIEV & ILIEV, 1997, LYUBOMIROVA &
ILIEV, 2013) but the duration of the inductive phase probably depends on the genotype peculiarities of the species, rate
of the juvenility of the shoots, type and concentration of the used auxin.

Table 1. Effect of the duration of inductive phase on the rooting of shoots.

Duration of theinductive phase (h) Rooted shoots (%) Mean number of the Mean length of the
roots roots (mm)
Auxin enriched medium without transfer 30.0+5.8¢c 43+14ab 235+4.1b
PGRs-free medium without transfer 53.7+6.7bc 21+0.2b 324+21ab
24 90.0+5.8a 38+05a 29.1+13b
48 80.0+5.8a 3.1+04ab 294+20b
72 76.7+3.3ab 27+04ab 389+46a

Legend: Values are mean (M) + standard error (SE). Means in the column followed by the same letter are not significantly different estimated by
One-Way ANOVA followed by a post hoc LSD test at p < 0.05.
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Different systems for acclimatization are recommended (DEBERGH, 1991; CLAPA et d., 2013). It was reported
that the effect of the type of soil substrate is an important factor for the acclimatization of plantlets to in vivo conditions
(ILIEV et d., 2001; PINKER et d., 2007; IMENEZ et d., 2011; RAGONEZI et d., 2012). High survival rate of the plantlets
was manifested on different substrates (93-100%) but significant difference between them was not found (Fig. 4).

Our results indicated that significant elongation of the shoots on some substrates was noticed even in the cultivation
room (data are not shown). The substrates studied can be divided into two groups according their effect on the elongation of
micropropagated plants in the end of the investigated acclimatization period. Higher length was observed by using peat
containing substrates (from 12.9 + 1.0 to 19.4 £ 5.1 cm) but dtatistica difference between them was not found. By contrast,
plants acclimatized on perlite containing substrates were smaller than these planted in peat containing substrates and statistical
difference between them dso was not found (Table 2, Fig. 4). The reason for this tendency could be not only the better
retention of water and aeration of the peat, but also the higher concentration of nutritive substancesinit.

Table 2. Effect of the substrate on acclimatization.

Substrate used Acclimatized plants (%) M ean length of the steam (cm)
Peat (Experiment 1) 93.3+6.7a 186+19a
Peat (Experiment 2) 933+6.7a 129+1.0ab
Peat and perlite (Experiment 2) 100.0+0.0a 194+51a
Perlite (Experiment 2) 93.3+33a 59+05hb
Perlite and soil (Experiment 2) 93.3+33a 84+06b

Legend: Values are mean (M) + standard error (SE). Means in the column followed by the same letter are not significantly different estimated by
One-Way ANOVA followed by apost hoc LSD test at p < 0.05.

Figure 4. Acclimatized plants in greenhouse conditions. Left: planted on perlite and Right: planted on mixture of peat and perlite.
ACKNOWLEDGEMENT

This research was supported by the grant No BG051PO001-3.3.06-0056 ,, Support for the development of
young peoples at the University of Forestry”, financed by the Operational Programme Human Resources Devel opment
(2007-2013) and co-financed jointly by the European Social Fund of the European Union and the Bulgarian Ministry of
Education and Science.

REFERENCES

BERTHON J.,, MALDINEY R., SOTTA B., GASPAR TH. 1989. Endogenous levels of plant hormones during the
course of adventitious rooting in cuttings of Sequoiadendron giganteum (Lindl.) in vitro. Biochemie und
Physiologie der Pflanzen. 184: 405-412.

BERTHON J, TAHARS,, GASPAR TH., BOYER N. 1990. Rooting phases of shoots of Sequoiadendron giganteumin
vitro and their requirements. Plant Physiology and Biochemistry. 28: 631-638.

CHALUPA V. 1983. Vegetativi mnozeni brizy (Betula pendula Rhoth.) dobu (Quercus robur L.) a jasnu (Fraxinus
excelsior L.) invitro. Prace VUULHM. 62: 179-194.

CHALUPA V. 1987a. Vegetativni razmnozovani listnatych dievin fizky ametodou in vitro. Lesnictvi. 33: 501-510.

CHALUPA V. 1987b. European hardwoods. In: Bonga J. M. and Durzan D. K. (Eds). Cell and Tissue Culture in
Forestry. Martinus Nijhoff Publlisher Dordrecht-Boston-Lancaster. 3: 224-246.

CHALUPA V. 1990. Micropropagation of hornbeam (Carpinus betulus L.) and ash (Fraxinus excelsior L.). Biologia
Plantarum. 32: 332-338.

78



Muzeul Olteniei Craiova. Oltenia. Sudii si comunicari. Stiingele Naturii. Tom. 30, No. 1/2014 ISSN 1454-6914

CLAPA D., FIRA A., JOSHEE N. 2013. An efficient ex vitro rooting and acclimatizatuion method for horticultural
plants using float hydroculture. Hort Science. 48: 1159-1167.

COMPTON M. E. 1994. Statistical methods suitable for the analysis of plant tissue culture data. Plant Cell, Tissue and
Organ Culture. 37: 217-242.

DAVID A. 1982. In vitro propagation of conifers. In: Bonga J. M., Durzan D. J. (Eds). Tissue Culture in Forestry.
Nijhoff and Junk, The Hague: 72-108.

DE KLERK G.-J. 1996. Markers of adventitious root formation. Agronomie. 16: 563-571.

DE KLERK G.-J., ARNOLD-SCHMITT B., LIEBEREI R.,, NEUMANNK _.-H. 1997. Regeneration of roots, shoots and
embryos. physiological, biochemical and molecular aspects. Biologia Plantarum. 39: 53-66.

DEKLERK G.-J,, VAN DER KRIEKEN W., DE JONG J. C. 1999. The formation of adventitious roots: new concepts,
new possibilities. In Vitro Cellular & Developmental Biology-Plant. 35: 189-199.

DE KLERK G.-J. 2001. Rooting of micropropagules. In: Waisel Y., Eschel A., Kafkafi U. (Eds). Plant roots: The
hidden half. Marcel Dekker Publisher, New Y ork - Basel: 349-357.

DE KLERK G.-J. 2002. Rooting of microcuttings: theory and practice. In vitro Cellular & Developmental Biology-
Plant. 38: 415-422.

DEBERGH P. C. 1991. Acclimatization techniques of plants from in vitro. Acta Horticulturae. 289: 292-300.

DONNELLY D. J. & TISDALL L. 1993. Acclimatization strategiers for micropropagated plants. In: AhujaM. R. (Ed.).
Micropropagation of woody plants. Kluwer Academic Publishers. Dordrecht: 153-166.

GASPART., KEVERS C., HAUSMAN J. F., BERTHON J. Y., RIPETTI V. 1992. Practical uses of peroxidase activity
as apredictive marker of rooting performance of micropropagated shoots. Agronomie. 12; 757-765.

GASPART., KEVERS C., HAUSMAN J. F., BERTHON J. Y., RIPETTI V. 1994. Peroxidase activity and endogenous
free auxin during adventitious root formation. In: Lumsden P. J., Nicholas J. R., Davies W. J. (Eds).
Physiology, Growth and Development of Plantsin Culture. Kluwer Academic Publishers, Dordrecht: 289-298.

HAMMATT N. & RIDOUT M. S. 1992. Micropropagation of common ash (Fraxinus excelsior). Plant Cell, Tissue and
Organ Culture. 13: 67-74.

HAMMATT N. (1994). Shoot induction in the leaflet axis of compound leaves from micropropagated shoots of juvenile
and mature common ash (Fraxinus excelsior L.). Journal of Experimental Botany. 45: 871-875.

HAMMATT N. (1996). Fraxinus excelsior L. (common ash). In: Bajg Y. P. S. (Ed.). Biotechnology in Agriculture and
Forestry. Trees |V. Springer-Verlag Publisher, Berlin-Heidelberg-NewY ork: 172-193.

HAZARIKA B. N. 2003. Acclimatization of tissue-cultured plants. Current Science. 85: 1704-1712.

ILIEV I. & ILIEV N. 1997. Influence of donor plant’s age on the in vitro cloning of giant sequoia (Sequoiadendron
giganteum (Lindl.) Buchh.). Uj Kertgazdasag. 3: 26-31 (in Hungarian).

ILIEV I., KITIN P., FUNADA R. 2001. Morphological and anatomical study of in vitro root formation of Silver birch
(Betula pendula Roth.). Propagation of Ornamental Plants. 1: 10-19.

JMENEZ V. M., GUEVARA E., MASIS S. 2011. Effect of macronutrients and sucrose concentration on in vitro
growth of Drosera capensis L. (Droseraceae) plants, and evaluation of six substrates for acclimatization.
Propagation of Ornamental Plants. 11: 34-39.

KOZAI T. 1991. Acclimatization of micropropagated plants. In: Bajg Y. P. S. (Ed.). Biotechnology in Agriculture and
Forestry. High-Tech and Micropropagation |. Springer-Verlag, Berlin. 17: 313-343.

KOZAI T. & ZOBAYED S. M. A. 2000. Acclimatization. In: Spier R. E. (Ed.). The encyclopedia of cell technology.
John Wiley & SonsInc., New York, USA: 1-12.

KUREPIN L., HASLAMT., LOPEZ-VILLALOBUS A., OINAM G., YEUNG E. 2011. Adventitious root formation in
ornamental plants: I1. The role of plant growth regulators. Propagation of Ornamental Plants. 11: 161-171.

LEBEDEV V. & SCHESTIBRATOV K. 2013. Effect of natural and synthetic growth stimulators on in vitro rooting
and acclimatization of common ash (Fraxinus excelsior L.) microplants. Natural Science. 5: 1095-1101.

LIU J. H. & REID D. M. 1992. Adventitious rooting in hypocotyls of sunflower (Helianthus annus) seedlings. 1V. The
role of changesin endogenous free and conjugated indole-3-acetic acid. Physiologia Plantarum. 86: 285-292.

LLOYD G. & MCCOWN B. 1980. Commercialy feasible micropropagation of mountain laurel (Kalima latifolia) by
use of shoot-tip culture. Proceedings of the International Plant Propagators Society. 30: 421-427.

LYUBOMIROVAT. & ILIEV I. 2013. In vitro propagation of Syringa vulgarisL. Forestry Ideas. 19: 173-185.

MITRAS D., KITIN P., ILIEV |., DANCHEAVA D., SCALTSOYIANNES A., TSAKTSIRA M., NELLAS CH.,
ROHR R. 2009. In vitro propagation of Fraxinus excelsior L. by epicotyls. Journal of Biological Research-
Thessaloniki. 11: 37-48.

MONCOUSIN C., FAVRE J. M., GASPAR T. 1988. Changes in peroxidase activity and endogenous IAA levels during
adventitious root formation in vine cuttings. In: Kut&ek M., Bandurski R. S., Krekule J. (Eds). Physiology and
Biochemistry of Auxinsin Plants. Academia, Praha: 331-337.

NORDSTROM A. C., JACOBS A. C., ELIASSON L. 1991. Effect of endogenous indole-3-acetic acid and indole-3-
butyric acid on the internal levels of the respective auxin and their conjugation with aspartic acid during
adventitious root formation in pea cuttings. Plant Physiology. 96: 856-861.

NOUGAREDE A., SILVEIRA C. E., RONDET P. 1996. In nature dormant buds and in vitro dormant-like buds of
Fraxinus excelsior L. Protoplasma. 190: 16-24.

79



DANCHEVA Desislava

PATEL K. R,, RUMARY C., THORPE T. A. 1986. Plantlet formation in black and white spruce. 111. Histological analysis of
in vitro root formation and root-shoot union. New Zealand Journal of Forestry Science. 16: 289-296.

PINKER |., VUKSANI G., DIETZ R., BOHME M. 2007. Effects of different substrates on acclimatization of
Echinodorusin vitro plantsin greenhouse conditions. Propagation of Ornamental Plants. 7: 195-198.
POSPISILOVA J,, TICHA |., KADLECEK P., HAISEL D., PLZAKOVA S. 1999. Acclimatization of micropropagated

plants to ex vitro conditions. Biologia Plantarum. 42: 481-497.

PREECE J. E. & SUTTER E. G. 1991. Acclimatization of micropropagated plants to the greenhouse and field. In:
Debergh P. C., Zimmerman R. H. (Eds). Micropropagation. Technology and Application. Kluwer Academic
Publishers. Dordrecht, Boston, London: 71-93.

RAGONEZI C., CALDEIRA A. T., DO ROSARIO MARTINS M., DIAS L. S,, SANTOS-SILVA C., GANHAO E,,
MIRALTO O., PEREIRA 1., LOURO R., KLIMASZEWSKA K., ZAVATTIERI A. 2012. Pisolithus arhizus
(Scop.) Rauschert improves growth of adventitious roots and acclimatization of in vitro regenerated plantlets
of Pinus pinea L. Propagation of Ornamental Plants. 12: 139-147.

ROHR R., ILIEV I., SCALTSOYIANNES A., TSOULOHA P. 2003. Acclimatization of micropropagated forest trees.
Acta Horticulturae. 616: 59-69.

SCHOENWEISS K. & MEIER-DINKEL A. 2005. In vitro propagation of selected mature trees and juvenile embryo-
derived cultures of Common ash (Fraxinus excelsior L.). Propagation of Ornamental Plants. 5: 137-145.

SILVEIRA C. E. & COTTIGNIES A. 1994. Period of harvest, sprouting ability of cuttings, and in vitro plant
regeneration in Fraxinus excelsior. Canadian Journal of Botany. 72: 261-267.

SPSS for Windows™. 1999. Version 10.0. Copyright SPSS Inc., Chicago, IL.

TABRETT A. M. & HAMMATT N. 1992. Regeneration of shoots from embryo hypocotyls of common ash (Fraxinus
excelsior). Plant Cell Reports. 11: 514-518.

THOMPSON D., HARRINGTON F., DOUGLAS G., HENNERTY M., NAKHSHAB N., LONG R. 2001. Vegetative
Propagation Techniques for oak, ash, sycamore and spruce. COFORD Publication. Dublin. 54 pp.

YIES. & LIAW |. 1977. Plant regeneration from shoot tips and callus of papaya. In Vitro. 13: 564-568.

ZIV M. 1986. In vitro hardening and acclimatization of tissue culture plants. In: Withers 1. A., Alderson P. G. (Eds).
Plant Tissue Culture and its Agricultural Applications. Butterworths, London, Boston, Durban, Singapore,
Sydney, Toronto, Wellington: 187-196.

Desislava Dancheva
Laboratory of Biotechnology and Molecular Genetics, University of Forestry,
10 Kliment Ohridski blvd., Sofia 1797, Bulgaria
E-mail: d_borisowa@abv.bg

Received: March 12, 2014
Accepted: April 12, 2014

80




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


