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Abstract.. In vitro-proliferated shoots of ‘Delicious’ and ‘Starkspur Red’ apples (Malus
domestica Borkh.) were submitted for 1 week to root induction in the dark with their
basal parts in liquid medium containing 1.5 µM IBA and 43.4 mM sucrose. The shoots
were transferred to root initiation and root elongation medium made up of plugs wetted
with half-strength Lepoivre salts. When antioxidants, such as PVP, GH, 2-Me, and
DIECA, were added to the liquid induction medium, the percentages of rooting usually
decreased. In contrast, if the antioxidants PVP and citric acid were added in the
initiation-elongation medium, the percentages of rooting increased. The results agree
with the finding of other researchers who proposed a rapid increase in peroxidase
activity during root induction followed by a fast decline during rooting initiation as a
marker for good rooting responses. Moreover, the use of antioxidants both in induction
and in initiation-elongation had no effect on number and length of roots. Chemical
names used: polyvinylpyrrolidone-40 (PVP); glutathione reduced (GH); 2-mercaptoeth-
anol (2-Me); diethyldithiocarbamic acid, sodium salt trihydrate (DIECA); N- (phenyl-
methyl) 1 H- purin-6-amine (BA); 1 H- indole-3-butyric acid (IBA); gibberellic acid (GA3).
In several tree species, rooting remains one
of the most critical steps of the micropro-
pagation technique. Moncousin and Gaspar
(1983) reported that in Cynara scolymus, a
herbaceous plant, high rooting responses
corresponded to increases in peroxidase (EC
1.11.1.7) activity during induction and a rapid
decrease in the same enzymatic activity dur-
ing initiation-elongation phase.

Usually variations in peroxidase activity
and rooting responses have been obtained by
application of light, auxin, temperature, and/
or phenols at the proper time (Debergh, 1987;
Druart et al., 1982; James, 1983; Quoirin et
al., 1974; Standardi, 1985; Zimmerman,
1984). Recently, De Klerk et. al. (1989) ob-
served a correlation between peroxidase ac-
tivity, time of shoot transplanting, and rooting
quality in shoots of apple, without finding
the pathway proposed by Moncousin and
Gaspar (1983).

The time of application of the factors able
to interfere with peroxidase activity and,
consequently, with the rooting process, is
very important. Some researchers have pro-
posed that it is possible to subject the shoots
to the root-induction step (the others are ini-
tiation and elongation) during the last week
of proliferation (Debergh, 1987; Druart et
al., 1982), whereas others believe that in-
duction begins after the separation of the
shoots from the clumps proliferated at the
end of a subculture (Amitrani et al., 1989;
Standardi, 1985; Zimmerman, 1984; Zim-
merman and Fordham, 1985).
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In this experiment, the direct administra-
tion of antioxidants during induction and also
during initiation–elongation of roots was ex-

 amined.
Cultures of ‘Delicious’ and ‘Starkspur Red’

were initiated from meristems collected from
buds, using procedures and environmental
conditions described by Jacoboni and Stan-
dardi (1982). Shoots were proliferated on
medium containing Lepoivre salts (Quoirin
and Lepoivre, 1977) supplemented with 0.56
mM myo-inositol, 1.18 µM thiamine-HCl,
2.18 µM BA, 1.47 µM GA3, 86.7 mM su-
crose, and 7 g purified agar/liter (Merck, code
1614).

Terminal shoot cuttings 1.5 to 2.0 cm long
were prepared from proliferating cultures,
retaining the leaves only at the apical 1 cm
of the shoots. Groups of 10 shoots were placed
upright in 25 × 95-mm shell vials contain-
ing 3 ml of autoclave liquid medium com-
posed of 1.5 µM IBA and 43.4 mM sucrose
0

(Zimmerman and Fordham, 1985). The cul-
tures were incubated in darkness for 1 week
in a growth chamber maintained at 24 ± 1C.

The shoots were then transferred into 500-
ml jars containing 20 Milcap plugs (one ex-
plant per plug Fig. 1) previously wetted with
half-strength Lepoivre salts and autoclave
at 115C for 20 min. During rooting, cultures
were grown at 25 ± 1C with a 16-hr pho-
toperiod provided by warm-white fluores-
cent lights at a photon flux density of 50 to
60 µmol·s-1·m -2.

The antioxidants (0.25 mM PVP; 1.61 mM
GH; 6.25 mM 2-ME; and 83.33 mM DIECA)
were used during the inductive phase where
they were added to the vials containing 3 ml
of liquid medium. During the initiation and
elongation steps, where the chemicals were
put into the jars containing the Milcap plugs,
we used 25 µM PVP; 1.30 mM 1.30; 1.05
mM citric acid; and 1.11 mM ascorbic acid.
The substances were added to liquid medium
or to Milcap plugs by sterile filtration; the
control contained no antioxidants.

The substances and the concentrations were
chosen on the basis of preliminary experi-
ments in which various quantities were tested.
Their persistence in the media and sensivitity
of the shoots to them were considered.

In each treatment, 40 shoots were em-
ployed (10 explants × four replications). Data
on number of cuttings rooted and length and
number of roots per plantlet were collected
4 weeks after initiation of the experiment.

In ‘Delicious’ all the compounds signifi-
cantly reduced rooting compared the control
when applied at induction, whereas in
‘Starkspur Red’ only GH and PVP reduced
rooting (Table 1). Consequently, cultivars
appear to differ in sensitivity to antioxidants
tested in the first step of rooting.

Among the compounds tested during ini-
tiation and elongation of roots, the highest
rooting percentages, which were higher than
for the control, were found in both cultivars
treated with GH or citric acid. PVP and as-
corbic acid gave results similar to the control
(Table 1). The ineffectiveness of the last two
substances may be related to the concentra-
tions assayed.
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The antioxidants used did not influence
number (range per plant 1.4 to 1.9, ‘Deli-
cious’; 1.4 to 1.8, ‘Starkspur Red’) or length
(14 to 21 mm,‘Delicious’; 5 to 8 mm ‘Stark-
spur Red’) of roots following any treatment.

These results indicate that using antioxi-
dants to reduce peroxidase activity during
induction inhibits rooting, whereas applying
antioxidants to reduce peroxidase activity
during the initiation and elongation of roots
promotes rooting. Consequently, the sug-
gestion of Moncousin and Gaspar (1983) that
the rapid increase in peroxidase activity dur-
ing root induction and the fast decline at root
initiation as a marker for good rooting in
Cynara scolymus appears to be confirmed
from the results of this experiment with ‘De-
licious’ and ‘Starkspur Red’ apple. This re-
sult is also in agreement with the work of
Druart et al. (1982).

Nevertheless, other investigations mea-
suring peroxidase activities during the root-
ing steps in explants treated with antioxidants
at different intervals and concentrations are
necessary to verify the validity of the above
suppositions. In this experiment some treat-
ments caused the death of explants (Table
1).

Although some biochemical and physio-
logical aspects of the rooting process remain
unknown, this experiment clearly showed that
some antioxidants positively or negatively
influence this important phase of micro-
propagation, depending on the time of their
application.
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