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Abstract

Applying the new method for culture initiation 16 different cultivars of Malus domestica could be
established in vitro from shoot tips of adult orchard trees. Actively growing shoot tips were cleaned and
surface disinfested, dissected to 2-3 mm and placed on a modified MS-medium with 4.4 uM BA.
Explants were covered for 24 h with 200 ul of a 0.1% solution of 8-hydroxy-quinolinol-sulfate (8-HQS)
and transferred to a medium containing both auxin and cytokinin after 2 weeks. The application of
8-HQS induced a strong reduction of the infection rate and inhibited the browning of the explants and
the media. After 7 days yields of 50-90% sterile explants could be obtained in comparison to 100%
losses of untreated shoot tips. After 60 days variable rates of actively growing shoots could be observed,
depending on the genotypes. The described method allows a successful establishment of fruit trees from
adult orchard material on one hand by strongly reducing the browning, caused by the oxidation of
polyphenolic compounds by polyphenoloxidases, and on the other hand 8-HQS can strongly increase
the yield of explants without contamination, independently from the vegetation period and the
phytosanitary state of the donor material.

Abbreviations: BA — 6-benzyladenine, IBA — indolebutyric acid, 8-HQS - 8-hydroxy-quinolinol-sulfate

Introduction ment. The most frequent problems are infec-
tions, endogenous bacteria and browning of

Despite recent advances in micropropagation explants. Additional problems with Malus

techniques, the establishment of woody plants
has continued to be a difficult step. Keeping the
donor plants under glasshouse conditions and
pretreating them with antimicrobial substances
allows considerable improvement of their
phytosanitary state and decreases the infection
pressure (Debergh 1987; Duhem et al. 1988;
Enjalric et al. 1988). However, this is not always
possible, especially if the donor plant is an old,
mature tree in the field. In such cases losses of
up to 100% can occur during in vitro-establish-

domestica arise from the hairy surface, which
necessitates longer disinfestation periods.

During preparation polyphenolic compounds,
which exist in apple and many Rosaceae in high
amounts, are oxidized by polyphenoloxidases
(PPO). These oxidized compounds induce a
strong browning of the cut surfaces and media
and lead to the subsequent death of the explant
(Hu & Wang 1983; Lé 1985; Skirvin et al. 1986),
the most critical phase being the first 24 to 48 h
in culture (R. Theiler, pers. comm.).



156

Many solutions have been proposed to solve
these problems, e.g. the use of ascorbic acid,
polyvinylpyrrolidone, activated charcoal, differ-
ent disinfesting agents and culture conditions or
antibiotics (Duhem et al. 1988; George & Sher-
rington 1984; L& 1985; Poulsen 1988; Scortichini
& Chiarotti 1988; Staritsky et al. 1984; Walkey
1972; Zimmerman & Broome 1981; Zimmerman
1984). Until now no generally applicable solution
has been found. In this paper we describe a new
method that allows a faster and safer initiation
and establishment of fruit tree tissue cultures
from adult material. During our attempt to es-
tablish tissue cultures of old local apple cultivars
we encountered major problems at the initiation
step, because some donor plants were very old
trees. Many of these cultivars are not cultivated
in commercial orchards, but are of great interest
for an extensive plantation system, which in
some parts of Austria still plays an important
role and in some other parts is regaining impor-
tance. The fruits are used not only as fresh fruits
for the market, but also for cooking and cider
production. Tissue culture initiation of this ma-
terial is posing major problems, because these
trees have not been treated with fungicides for
many years.

Materials and methods

Actively growing shoot tips from 16 different
apple cultivars (Table 1) were collected from 20-
to 40-year-old orchard trees from April (at the
beginning of the vegetation period) until July (in
the middle of the vegetation period).

Culture media were based on Murashige &
Skoog inorganic salts and vitamins (1962) sup-
plemented with 100 mg1™" myoinositol, 20g1™"
sucrose and 0.8% purified agar for microbiology

(Merck, no. 1614). Medium A —a medium fre-
quently used for the establishment of apple cul-
tures (Zimmerman 1984), additionally contained
44 uM BA, medium B 2.64 uM BA and
0.15 uM IBA and medium C 1.58 uM BA and
0.15 uM IBA. All growth regulators were added
to the media before autoclaving. Media were
adjusted to a pH of 5.6-5.7 with IN NaOH or
IN HCI and autoclaved for 20 min. Aliquots of
2.5ml of media A and B were dispensed into
each well of 24-well microtiter plates (Nunc).
Ten milliliters of medium C were dispensed into
25 x 150 mm glass tubes.

Figure 1 shows the applied working steps for
the in vitro-establishment of pomes. Shoot tips
were cleaned and surface disinfested for 20 to
30 min in 10% NaOCl. Twenty-four shoot tips
2-3mm long were dissected from each cultivar
and placed on medium A. Control explants were
kept in the same original wells for the following
10 days without any treatment.

Preliminary experiments with different con-
centrations of 8-HQS showed that a 0.1% solu-
tion of 8-HQS gave the best results. Treated
explants were covered for 24 h with 200 ul filter
sterilized 0.1% solution of 8-HQS (Chinosol,
Riedel de Haen) and then transferred onto fresh
culture medium of the same composition. Cul-
tures were grown at 24°C +2°C with a 16-h
photoperiod provided by cool white fluorescent
tubes with an irradiance of 100 wmolm *s™".
After 10 to 14 days all explants were transferred
to culture medium B, containing both cytokinin
and auxin. The following passages were carried
out at 3—4 week intervals on medium C.

The sterility and the browning of the explants
after 7 days, their development after 20 days and
the number of actively growing shoots after 60
days were recorded. Experiments were repeated
several times from April until July at approxi-

Table 1. Apple cultivars used in this study with abbreviations used in Fig. 2.

BA - Baumanns Renette BE - Berner Rosenapfel

CH - Champagnerrenette GB - Grosser Bohnapfel

GE - Gelber Bellefleur GO - Goldparmane

JT - Jonathan LA - Lavantaler Bananenapfel
LP - London Pepping OB - Oldenburger

RB - Roter (Red) Boskoop RK - Rheinischer Krummstiel
TH -~ Thurgauer Weinapfel WB - Welschbrunner

WK - Weisser Winterkalvill

WO - Wondernot
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Fig. 1. Method for initiating cultures of mature apple trees using 8-hydroxy-quinolinol-sulfate.

mately monthly intervals in two consecutive
years.

Results

In the experiments at the beginning of the vege-
tation period, when a low infection pressure is to
be expected, a high rate of explants without
contamination could be obtained from the differ-
ent cultivars, when this method was applied.
Figure 2A shows the results of the experiments
during early months in the year (April). A range
of 50 to 92% of uncontaminated explants were
observed after 7 days (light bars, Fig. 2A). This
was quite a progress, since in previous years,

using the different methods cited above, we ten-
ded to lose most of our new cultures due to
infections and browning already during the first
week.

Even if the infection pressure was considerably
higher in July, a comparable rate of successful
establishment could be obtained (Fig. 2B). With
the cultivar Jonathan using this method with
8-HQS, 92% of the explants established in April
were uncontaminated after 7 days as were 50%
of those established in July.

Treated shoot tips showed good development
after 3 weeks in culture on medium B, where
they developed 4 to 6 new leaves and elongated
considerably (Fig. 3). The subsequent passage
on medium C revealed quite strong differences
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Fig. 2. Effect of establishment procedure on initiation of cultures from 16 apple cultivars from shoot tips collected in April (A)

and July (B). See Table 1 for identification of cultivars.

in the requirements of the 16 cultivars (data not
shown).

After 60 days, again varying among the cul-
tivars, a range of 10-80% actively growing cul-
tures was obtained (dark bars, Fig. 2). However,
even starting from only 24 original explants for
every cultivar it was possible, after 60 days, to
have enough material from each cultivar to start
experiments for the optimization of the multipli-
cation medium when this method was used.

Fig. 3. In vitro shoot culture of cv. GroBer Bohnapfel on
medium B, 20 days after establishment.

Discussion

The unsatisfactory yield of sterile, actively grow-
ing shoots of fruit trees in-vitro using conven-
tional methods of surface sterilisation has been
documented by several workers (Enjalric et al.
1988; Hennerty et al. 1988; James & Thurbon
1978; Laimer et al. 1988; Webster & Jones
1989). Protocols for surface disinfestation that
consistently yield a high number of uncontami-
nated explants would be highly desirable (Hen-
nerty et al. 1988). It therefore appeared advan-
tageous to use a substance that not only allowed
a longer disinfestation period but also effectively
inhibited the browning process without damaging
the tissue or impairing later shoot development.
We chose 8-HQS, an old antimycotic and bac-
tericidal substance, which apart from its use in
human healthcare (Auterhoff et al. 1991) has
been used for treatment of budwood of fruit
trees (K. Duhan, pers. comm.). Recently it has
been shown that 8-hydroxy-quinoline citrate pro-
duced similar positive effects at the establish-
ment of tissue cultures of woody species (Read
& Yang 1990).

The application of 8-HQS during the establish-
ment phase achieved a lower infection rate as
well as resulting in a clear reduction of the
browning caused by the PPO. 8-HQS seems to
inhibit the polymerisation of phenols to the typi-
cal brown polymers, possibly by chelating essen-



tial metal ions (R. Ebermann, pers. comm.;
Auterhoff et al. 1991; Cheng et al. 1982).

In most cases, losses, which appeared during
the first 24 to 48 h after establishment of apple
tissue cultures and were mainly due to browning
of the explants, could result in a yicld as low as
10% (Walkey 1972; Webster & Jones 1989). In
contrast to this we have found that with the help
of 8-HQS a yield of 50-92% could be achieved
(Fig. 2). The differences in the rates of uncon-
taminated explants obtained after 7 days (light
bars, Fig. 2) depend very strongly on the differ-
ent phytosanitary stage of the donor plants in the
field.

What we consider the great advantage of this
new method is that even under a high infection
pressure in the orchard at a later time in the
vegetation period (July), comparable results
could be obtained. The cultivar Jonathan is an
outstanding example, showing an increase in un-
contaminated explants from 5% to 50% using
this method.

The various growing rates of the different
cultivars after 60 days (dark bars, Fig. 2) depend
on (a) the physiological stage of the donor plant
(Collet & Lé 1987) and (b) the use of a uniform
culture medium for the establishment of each of
the 16 different genotypes.

It is our opinion that the latter point is the
determining factor. We base this statement on
the observations that the 16 cultivars showed
different requirements in subsequently optimized
multiplication media. For example the cultivar
Baumanns Reinette tended to form single thick
shoots on Medium C and showed a strong apical
dominance, which corresponds to the natural
habit of the cultivar. Only a change in the bal-
ance of growth regulators led finally to a satisfac-
tory multiplication rate (data not shown). On the
other hand also a possible infection with latent
viruses could be the reason for the reduced
vigour of the tissue and thus of the reduced
number of actively growing explants. We deduce
this from experiments with other genotypes,
where starting material with a known viral infec-
tion was used, and which resulted in a signifi-
cantly reduced establishment of cultures.

Finally the fact that such a long exposure to an
antimicrobial substance does not harm the tis-
sues suggests a possible solution of the problems
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encountered with endogenous bacteria. Experi-
ments to verify this hypothesis are currently
underway.
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