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In vitro propagation of mature trees of Sorbus aucuparia L. and field
performance of micropropagated trees

V. CHALUPA

Czech University of Agriculture, Faculty of Forestry, Prague, Czech Republic

ABSTRACT: The influence of tree age, explant source and genotype on micropropagation of mature trees of Sorbus aucuparia has
been investigated. Experiments demonstrated the feasibility to use juvenile parts of mature trees for in vitro propagation of selected
genotypes. Explants from lower branches and from epicormic shoots of mature trees exhibited high multiplication coefficients of
microshoots cultured on modified MS agar nutrient medium supplemented with cytokinin (BA, TDZ) and auxin (IBA). Microshoots
produced from juvenile parts of mature trees exhibited good rooting response and produced plants were well adapted to grow in forest
soils. The survival of micropropagated trees planted in experimental plots was high and losses during winter were low. Height and
diameter increments of micropropagated trees originated from juvenile parts of mature trees were considerable and their dimensions
after five years of growth were comparable with the dimensions of trees originated from seeds.
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European mountain ash (Sorbus aucuparia L). is
a hardy forest tree species, that grows from lowlands to
the upper tree line in mountains of Europe. Sorbus au-
cuparia grows well in the harsh climate of high moutain
altitudes and thrives on dry as well as moist soils. The
height of Sorbus aucuparia trees ranges from 10 m to
20 m. Trees yield wood of high technological value that
is used for furniture, veneer, pulping, and as firewood.
Trees of Sorbus aucuparia produce a large quantity of
red berries (with a high content of vitamin A and C)
which in the variety edulis are edible. The fruits are
favorite and important food components for birds and
game in mountainous regions. They are also used for
making jams and alcoholic beverages. S. aucuparia
tolerates harsh mountainous climatic conditions and is
frequently used for reforestation of mountainous regions.
Trees of S. aucuparia suffer mainly from some diseases
caused by fungi and bacteria. The fungus Phaeolus ruti-
lans is the injurious fungal disease of S. aucuparia. Seri-
ous danger to S. aucuparia is caused by the bacterium
Erwinia amylovora (Burill) Wins.

Sorbus aucuparia is propagated mainly by seeds, that
before germination must be stratified for long period (for
5—7 months in moist sand). Vegetative propagation is an
important method for preserving unique characteristics of
the selected trees. S. aucuparia is a tree species with great
variety and occurs in many forms. By the use of in vitro
technologies it will be possible to achieve rapid propaga-
tion of selected elite genotypes and important varieties in
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a short time. Also the rapid in vitro propagation of disea-
se-resistant genotypes and fast propagation of valuable
varieties with large edible fruits is desirable.

Our experiments with in vitro propagation of Sorbus
aucuparia showed that in vitro technologies can be
used for fast micropropagation of important genotypes
of S. aucuparia (CHALUPA 1981, 1983a,b, 1984, 1985,
1987a,b, 1988, 1990, 1992). This study was carried out
to investigate the influence of tree age, explant source
and genotype on in vitro propagation of mature trees. The
effects of plant growth regulators on shoot multiplication
were tested and field performance of micropropagated
trees was studied.

MATERIALS AND METHODS
PLANT MATERIAL

Nodal segments and shoot tips were used as initial ex-
plants for in vitro propagation of mature trees. For explant
collection, mature trees were selected (45-50 years old)
and explants were taken from different parts of mature
trees (from branches growing 2 m above ground, or from
branches in top parts of trees, or from juvenile parts of
trees — from epicormic shoots). For comparison, explants
from 10 seedlings (2 years old) and from 10 graftings
(branches of mature trees were grafted onto seedlings
used as rootstocks), were used. Explants were collected
from February to April. Nodal explants were sterilized in
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calcium hypochlorite solution (7.5% w/v) for 20 min and
then in mercuric chloride solution (0.1% HgCl,) for 20—
30 min. After sterilization, nodal segments were washed
three times in sterile distilled water and placed on agar
nutrient medium.

CULTURE MEDIA AND CONDITIONS

Nodal segments were grown on modified MS me-
dium (MURASHIGE, SKOOG 1962) or on BTM (CHA-
LUPA 1983a). The basal medium was supplemented
with glutamine (100 mg/l) and casein hydrolysate
(100 mg/1) and 30g/1 sucrose. The media were solidified
with Difco Bacto agar (7 g/l) and adjusted to pH 5.7,
before sterilization by autoclaving 121°C for 20 min.
Growth regulators and glutamine were filter — sterilized.
Growth regulators added to nutrient medium included
6-benzylaminopurine (BA), or thidiazuron (TDZ) in com-
bination with indole-3-butyric acid (IBA). BA was tested
in concentrations 0.1-4.0 mg/l, thidiazuron in concentra-
tions 0.001-1.0 mg/l. IBA was added in concentration
0.1 or 0.2 mg/1. Microshoots 10-20 mm long were rooted
in a modified WPM (half strength) containing low con-
centration of sucrose (5—-10 g/I) and low concentration of
auxin (IBA 0.3-0.6 mg/l, NAA 0.2-0.5 mg/l).

RESULTS

EFFECTS OF PLANT GROWTH REGULATORS
ON SHOOT MULTIPLICATION

Fast axillary bud proliferation and shoot multiplication
of mature trees of S. aucuparia was achieved on modi-
fied MS medium supplemented with a low concentra-
tion of cytokinin (BA or TDZ) plus auxin (IBA). Nodal
segments placed on MS agar nutrient medium started to

form shoots within 2—3 weeks and many new shoots were
produced within 5-6 weeks. Of the nutrient media tested
(MS, BTM, WPM) the highest multiplication rate was
obtained on modified MS medium. All tested cytokinins
(BA, TDZ) stimulated the fast formation and proliferation
of new shoots from axillary buds of nodal segments of
mature trees (Table 1). MS nutrient medium supplemented
with a low concentration of BA (0.2-0.4 mg/l) plus IBA
(0.1 mg/1) promoted effectively formation of longer shoots
in nodal segments of mature trees. MS nutrient media sup-
plemented with higher concentration of BA (0.6—1.0 mg/1)
stimulated formation of numerous shoots, however, the
shoots were short.

The shoot formation and proliferation was also stimu-
lated on MS medium containing TDZ as cytokinin,
however, the produced shoots were short. Modified MS
medium, supplemented with TDZ (0.005-0.01 mg/l)
plus IBA (0.1-0.2 mg/l) promoted formation and prolif-
eration of shoots of mature trees of S. aucuparia. Experi-
ments showed that shoot proliferation of mature trees of
S. aucuparia is promoted on MS medium with different
cytokinins. In general, the number of shoots produced
on media supplemented with cytokinins increased with
increasing cytokinin concentration. However, the shoot
length decreased with increasing cytokinin concentration.
Shoots produced on media containing a higher concentra-
tion of cytokinin (BA 1-2 mg/l) or TDZ (0.05-0.2 mg/1)
were numerous and short (Table 1).

EFFECTS OF TREE AGE AND EXPLANT
SOURCES ON SHOOT PROLIFERATION
AND ROOTING

Mature trees are characterized by decreasing capac-
ity for vegetative propagation. However, different parts
of mature tree are often in different degree of maturity.

Table 1. Effect of cytokinin on shoot proliferation of mature trees of Sorbus aucuparia L.

BA (mg/l) Number of shoots*  Shoot length (cm) TDZ (mg/1) Number of shoots*  Shoot length (cm)
0.2 36+1.5 1.8+£0.6 0.005 27+12 13+£04
0.4 43+18 1.5+£04 0.01 35+1.5 1.1+0.3
0.6 59+2.1 1.4+04 0.02 42+1.9 0.8+0.3
1.0 82+26 1.1£03 0.05 7.8+23 0.5£0.2

*Data based on 40 nodal segments (collected from lower branches of mature trees) cultured on modified MS medium supplemented with auxin

(IBA 0.1 mg/l) and cytokinin (BA or thidiazuron). Mean + SD

Table 2. Effect of explant source on shoot proliferation of Sorbus aucuparia L.

Explant source Number of shoots* Shoot length (cm)
Mature trees (lower branches) 42+19 1.5+0.5
Mature trees (top branches) 27+1.5 12+04
Mature trees (epicormic shoots) 5.1+22 1.7+£0.7
Graftings 49+2.6 1.7+0.8
Seedlings 62+24 2.1£0.6

*Data based on 50 nodal segments (collected from 5 trees) cultured on modified MS medium supplemented with cytokinin (BA 0.4 mg/l) and auxin

(IBA 0.1/1). Mean + SD
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Table 3. Effect of explant source on rooting of microshoots of Sorbus aucuparia L.

IBA IBA + NAA
Explant source .
rooted microshoots (%)

Mature trees (lower branches) 62 74
Mature trees (top branches) 52 62
Mature trees (epicormic shoots) 74 82
Graftings 76 78
Seedlings 84 86

*Data based on 50 microshoots rooted on modified WPM supplemented with IBA (0.5 mg/1), or IBA (0.4 mg/l) plus NAA (0.4 mg/1)

Fig. 1. Shoot multiplication of Sorbus aucuparia L. cultured on
modified MS medium supplemented with BA (0.4 mg/l) plus
IBA (0.1 mg/l)

The basal parts of mature trees often contain tissues with
a high degree of juvenility. Vegetative buds produced in
young trees may stay dormant for many years. Juvenile
tissue may occur in low parts of trees (epicormic shoots
and stump sprouts), and new shoots originated from
juvenile tissues exhibit juvenile characteristics. In vitro
propagation of mature trees can be achieved by the use
of explants taken from juvenile tissues. Our experiments
with explants taken from different parts of mature trees of
S. aucuparia showed that explant source is an important

Fig. 2. Shoot multiplication of Sorbus aucuparia cultured on
modified MS medium supplemented with BA (0.4 mg/l) plus
TDZ (0.01 mg/1) plus IBA (0.1 mg/l)

factor influencing shoot multiplication (Table 2). Ex-
plants taken from juvenile parts of mature trees (epicor-
mic shoots, lower branches, graftings), exhibited higher
multiplication rates and produced more microshoots than
explants from mature parts of trees.

Nodal segments taken from different parts of mature
trees and cultured on modified MS medium supplemented
with cytokinin (BA or TDZ) plus auxin (IBA) produced
new shoots within 4 weeks (Table 2). Shoot cultures
were produced from all tested explants, however, mul-
tiplication rates of cultures produced from juvenile parts

Table 4. Effect of explant source on height growth of micropropagated trees of Sorbus aucuparia L.

Height (cm)*
Explant source
2 years 5 years

Mature trees (lower branches) 115+ 11.4 342 £18.1
Mature trees (top branches) 107 £12.2 318+ 19.2
Mature trees (epicormic shoots) 123+ 11.6 355+ 17.5
Graftings 119+£12.7 352+18.9
Seedlings 128 £10.3 368 +£18.1

*Data based on 15 micropropagated trees. Mean + SD
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Fig. 3. Microshoot of Sorbus aucuparia rooted on agar WPM
(half — strength) supplemented with IBA (0.4 mg/l) plus NAA
(0.2 mg/)

of mature trees (epicormic shoots, low growing branches)
were higher than those from adult parts of mature trees
(explants from branches growing in top parts of crown).
Multiplication rates of shoot cultures derived from seed-
lings were higher than those of mature trees (Table 2).

Shoot cultures derived from epicormic shoots and lower
branches of mature trees maintained high multiplication
coefficient during the whole experimental period without
a significant decrease in regeneration capacity. These
results indicate that explants from epicormic shoots and
lower branches of mature trees can be used for initiation
of shoot cultures and for in vitro propagation of mature
selected trees of S. aucuparia.

Microshoots excised from multiplying cultures that
were transferred on rooting medium (modified WPM
supplemented with auxins) started to form adventitious
roots within 2—3 weeks. Microshoots derived from juve-
nile parts of mature trees exhibited good rooting response
(70-80% of microshoots formed adventitious roots in
rooting medium within 3—5 weeks — Table 3). Rooted
plantlets were transplanted into potting mixture. Some
microshoots derived from explants of mature trees were
rooted ex vitro, in a potting mixture. After auxin treatment,
microshoots were inserted into potting mixture (peat and
perlite, 1:2 v/v) and were maintained in a warm and humid
atmosphere. Within 4-6 weeks, most microshoots rooted.
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Microshoots rooted in a potting mixture formed roots well
adapted for growth in soil.

Rooted plants were grown under high relative humid-
ity and long photoperiod. After 2 weeks, the high relative
humidity was reduced to normal values. Rapid stem elon-
gation and formation of new leaves that were anatomically
adapted to a low relative humidity, was important for tree
survival. After new adapted leaves had formed, the trees
were placed outdoors and grown in partial shade.

FIELD PERFORMANCE OF
MICROPROPAGATED TREES

Micropropagated trees after rooting and hardening were
transferred to selected sites. The planting was usually done
in early summer. Planted trees at the end of the first grow-
ing season attained a height of 35-58 cm. The survival
of micropropagated trees planted in experimental plots
was high and losses during the winter were low. Trees
withstood winter frosts without significant losses and next
spring continued in growth.

During the second growing season, the height increment
was considerable and trees attained the height of 100—
130 cm by the end of the second growing season (Table 4).
Even in the following years, the height and diameter incre-
ment of micropropagated trees was high. At the end of the
fifth growing season, micropropagated trees, originated from
mature trees of Sorbus aucuparia, attained a height of 320—
350 cm (Table 4). Differences in height of trees originated
from different explant sources of mature trees were observed.
Explant source influenced the growth of micropropagated
trees significantly. The height growth of micropropagated
trees originated from juvenile parts of mature trees (epicor-
mic shoots, lower branches of mature trees) was comparable
to the growth of trees originated from seeds.

Fig. 4. Micropropagated trees of Sorbus aucuparia growing in
the experimental plot
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DISCUSSION

Recent advances in micropropagation of broadleaved
forest tree species (CHALUPA 1979, 1981, 1983a, 1985,
1987b) have opened great opportunities for mass propaga-
tion of selected valuable genotypes of forest trees. Promis-
ing results have been mostly obtained with micropropaga-
tion of juvenile plant material. The capacity of trees to be
propagated vegetatively decreases with increasing age and
mature trees have usually a low capacity to be propagated
vegetatively. The technique used for rejuvenation of mature
trees includes severe pruning, grafting of mature scions on
juvenile seedling rootstocks, and the use of explant material
from juvenile parts of trees (BONGA 1987; FRANCLET et al.
1987; HACKETT 1987; SAN-JOSE et al. 1990; VIEITEZ et al.
1994; MEIER, REUTHER 1994; CHALUPA 2000). Selection
of explants, composition of nutrient media, concentration
of phytohormones, and methods used for micropropaga-
tion have significant effects on shoot multiplication rates,
rooting and quality of produced trees.

The modified MS medium that we used in experiments
stimulated well shoot growth. Macroelements in nutrient
medium provided an adequate level of nutrition for fast
shoot elongation and multiplication. The best shoot mul-
tiplication was obtained on media supplemented with low
levels of cytokinin (BA, TDZ) and auxin (IBA). Higher
concentrations of cytokinin reduced shoot elongation.
Shoot multiplication rates depended greatly on nutrition
of explants and evironmental conditions, however, shoot
multiplication and elongation was also greatly affected
with juvenility of explants. Our recent experiments with
different explant sources of Sorbus aucuparia indicate that
explants taken from juvenile parts of mature trees, exhi-
bit juvenile characteristics. Cultures initiated from these
explants showed a high capacity for shoot formation and
fast shoot proliferation. Rooting experiments demonstra-
ted the good rooting capacity of microshoots originated
from juvenile parts of mature trees. Height and diameter
growth of trees produced from explants originated from
juvenile parts of mature trees was rapid and after five
years of growth in forest experimental plots, dimensions
of micropropagated trees of Sorbus aucuparia were com-
parable with dimensions of trees produced from seeds.
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In vitro rozmnozovani dospélych stromii Sorbus aucuparia L. a rist stromki
rozmnoZenych in vitro

V. CHALUPA

Ceskd zemédélska univerzita, Lesnickad fakulta, Praha, Ceskd republika

ABSTRAKT: Byl zjistovan vliv stafi matetskych stromt, vliv genotypu a mista odbéru explantatti na rozmnozovani dospélych
stromt Sorbus aucuparia L. metodami in vitro. Ziskané vysledky ukazaly, ze pfi pouziti juvenilnich explantatti odebranych z do-
spélych stromil je mozné dosdhnout rychlého mnozeni dospélych stromii metodami in vitro. Explantaty odebrané z juvenilnich
casti dospélych stromi (nizko rostouci vétve, kmenové vymladky rostouci v dolni ¢asti kmene) umoziiovaly dosahnout znacného
koeficientu mnozeni prytti na modifikovaném MS médiu obsahujicim nizké koncentrace cytokininu (BA, TDZ) a auxinu (IBA).
Pryty vypéstované in vitro byly zakofenény na modifikovaném WPM obsahujicim nizké koncentrace auxinu (IBA, NAA) a po
otuzeni byly zakotfenéné stromky vysazeny na venkovni pokusné plochy. Vyskovy a tloustkovy rlst stromkid vypéstovanych
in vitro probihal podobné jako rust semenacku; po pétiletém ristu dosahly stromky vypéstované in vitro podobnych rozméra
jako stromky vypéstované ze semen.

Kli¢ova slova: in vitro rozmnozovani; Sorbus aucuparia L.; mikropropagace dospélych stromu; juvenilni ¢asti stromu; rust in

vitro rozmnozenych stromku

Jetab ptaci (Sorbus aucuparia L.) patii k odolnym list-
natym lesnim stromim s rozsahlym rozsitenim v Evropé.
Vzhledem k velké odolnosti k drsnym klimatickym pod-
minkam roste od nizin az do vysokych horskych poloh.
Krome dfeva poskytuje i velké mnozstvi plodd, které jsou
vyznamnou soucasti potravy ptakl a zvéte v horskych
oblastech. Vyskytuje se v riznych formach, z nichz
vyznamné jsou zejména genotypy odolné k chorobam,
rychle rostouci a poskytujici velké urody vyzivnych
ploda. Reprodukce jefabu pta¢iho metodami in vitro
ma velky vyznam pro rychlé rozmnozovani vybranych
hodnotnych genotypti. In vitro reprodukce je dulezita pro
zachranu cennych genotypt a populaci.

Provadéné experimenty byly zaméfeny na vypracovani
vhodnych metod reprodukce dospélych stromt Sorbus
aucuparia za pouZiti in vitro metod, které by umoznily
rychlé rozmnozeni odolnych a produktivnich genotyp.
Byl zejména zjistovan vliv riznych fytohormonti na
mnozeni prytl in vitro a jejich zakofenovani a rist
stromkl po jejich vysazeni na venkovni plochy. Experi-
menty byly zaméfeny na zjisténi vlivu stafi stromu, mista
odbéru explantatd a vlivu genotypu na rychlé in vitro
mnozeni dospélych stromt jetabu ptaciho.

Jako pocatecni explantaty pro zalozeni kultur byly
pouzity explantaty z dospélych stromi (40—45 let), které
byly odebirany jednak z juvenilnich ¢asti dospélych
stroml (kmenové vymladky ve spodni ¢asti kmene, niz-
ko polozené vétve), jednak z vrcholovych vétvi. Nodalni
segmenty dlouhé 1-2 cm byly po sterilizaci vysazeny na
agarové zivné médium. Kultury byly péstovany za kon-
trolovanych podminek v kultiva¢ni mistnosti pfi teploté
23 °C, pti 16hodinové periode.

Kultury byly péstovany na MS zivném médiu (MU-
RASHIGE, SKOOG 1962). Média byla zpevnéna Difco
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Bacto agarem (7 g/l). Jako zdroj uhliku byla pouzita
sachardza (20-30 g/l). Zivna média byla sterilizovana
autoklavovanim po dobu 20 minut, tepelné labilni
slouceniny byly sterilizovany filtraci. Z fytohormont
pridanych do zivnych médii byl testovan ucinek 6-ben-
zylaminopurinu (BA) a thidiazuronu (TDZ), z auxind vliv
kyseliny indolylmaselné (IBA) a kyseliny 1-naftyloctové
(NAA). Zakotenovani pryti vypéstovanych in vitro bylo
provadéno jednak v zivnych médiich zpevnénych agarem,
ktera obsahovala exogenni auxin (IBA, NAA), jednak
v substratech, slozenych ze smési raseliny a agroperlitu
(1 : 1 v/v). Pti zakofenovani prytl ex vitro v substratech
byly baze prytl osetfeny pudrovym stimulatorem.

Z testovanych zivnych médii byl rychly rist a proli-
ferace prytl, odebranych z juvenilnich ¢asti dospélych
stromd, stimulovana nejlépe na modifikovaném MS mé-
diu, které obsahovalo nizkou koncentraci cytokininu (BA,
TDZ) a auxinu (IBA). Po umisténi nodalnich segmentti na
agarové zivné médium se vytvofily z axilarnich pupenti
nové pryty béhem 3-5 tydnt. Rist a vyvoj kultur byl
ovlivilovan pouzitym typem cytokininu a jeho koncen-
traci v zivném médiu. Se stoupajici koncentraci BA (0,2—
1,0 mg/l) v zivném médiu stoupal pocet vytvoienych
prytd, jejich délka vsak klesala. MS médium obsahu-
jici nizké koncentrace BA (0,2-0,4 mg/l) a IBA (0,1—
0,2 mg/1) stimulovalo efektivné vytvareni a prodluzovani
novych prytil. Rovnéz nizké koncentrace TDZ (0,01 mg/1)
plus IBA (0,1-0,2 mg/l) stimulovaly vytvareni prytd, které
vSak byly kratké.

Nodalni segmenty odebrané z riznych casti dospélych
stromt vytvarely pfi péstovani na MS médiu nové pryty,
které se dale mnozily. Mnozici se kultury se vytvarely
u vSech zkoumanych explantatli, nejvyssi koeficient
mnozeni byl zjistén u kultur vzniklych z juvenilnich ¢asti
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dospélych stromil (kmenové vymladky z dolnich ¢asti
kmene).

Vytvatreni kofenil u prytd vypéstovanych in vitro
bylo stimulovano na agarovém WPM (poloviéni kon-
centrace), obsahujicim nizké koncentrace auxinu (IBA,
NAA). Adventivni kofeny se zacaly vytvafet na bazi
pryti po piesazeni do vhodného zivného média. Bylo
dosazeno vysokého procenta zakotenéni (70-80 %) pryta
vypéstovanych in vitro. Zakotenéni prytl vypéstovanych
in vitro bylo dosazeno i v nesterilnim substratu (smés
raSeliny a agroperlitu 1 : 1 v/v) po ptfedchozi stimulaci
baze prytd v pudrovém stimulatoru. Kofeny vytvorené
v nesterilnim substratu byly morfologicky i funk¢éné dobie
pfizpuisobené pro dalsi rist sazenic v pude.

Po zakofenéni byly stromky vypé&stované in vitro
péstovany pii vysoké vzdusné vihkosti, ktera byla postupné

snizovana na normalni hodnoty. Po otuzeni byly stromky
vypéstované in vitro vysazeny na venkovni pokusné plochy,
kde pokracovaly v rlstu, a na konci vegeta¢ni doby dosahly
vysky 35-58 cm. Umrtnost stromki vypéstovanych in vitro
byla v zimnim obdobi nizka, nedoslo k jejich poskozeni
mrazy. Vyskovy a tloustkovy rist stromktl vypéstovanych
in vitro probihal podobné jako u stromki vypéstovanych ze
semen. Nebyly pozorovany zadné morfologické ani riistové
abnormality u in vitro mnozenych stromkd. Na konci patého
vegetacniho obdobi dosahly stromky vypéstované in vitro
vysky 320-350 cm. Vyska stromkd vzniklych z juvenilnich
¢asti dospélych stromtll (z kmenovych vymladkd z dolni
casti kmene) byla srovnatelna s vyskou stromka vzniklych
ze semen.
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