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Abstract Potato (Solanum tuberosum cv. Désirée)
shoots grown in vitro in continuous darkness or in
long days (LDs), were used to investigate indole-3-
acetic acid (IAA) effects on stolon initiation and
tuber formation, combining IAA with increased or
decreased gibberellin levels. An increased gibberellin
(GA) level was achieved by the applying 1 pM GA3;,
while decreased gibberellin level was presumably
realized by the adding 3 uM tetcyclacis (Tc). About
15% of potato shoots developed stolons both in LDs
and in darkness. Stolon initiation was stimulated by
GAj in darkness and by Tc in LDs. Tuber formation
was strongly inhibited in LDs and by GAj; both in
light and darkness, but stimulated in darkness at low
GA level. Exceptionally, tuber formation occurred in
LDs at the highest Tc concentrations, in about 25% of
explants. Indole-3-acetic acid alone stimulated stolon
formation in LDs, both in the presence or absence of
GA;. TAA alone also stimulated tuber formation in
dark-grown shoots, but could not overcome the
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inhibitory effect of LDs. Indications that, depending
on their concentration ratio, IAA may interact with
GA; in different tuberization phases, have been
discussed.
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Introduction

Tuberization process in potato consists of several
phases (stolon initiation and elongation, tuber induc-
tion and formation), which are under a complex
control of various endogenous and environmental
factors, though gibberellins and day length play the
key roles in these processes (Vreugdenhil and Struik
1989; Ewing 1995; Jackson 1999; Fernie and
Willmitzer 2001). Gibberellins and LDs are non-
inductive factors for the complete tuberization
process. However, they may have different effects
in separate steps of tuberization. Early steps (i.e.
formation of stolons) may be promoted by GAj; in
darkness, or in LDs at very low GA level, while later
steps (i.e. tuber formation) are strongly inhibited by GA3
and occur only in darkness or in short days. It appears,
however, that the fine tuning of tuber formation may
partly be mediated by other plant growth regulators,
such as auxins (Vreugdenhil and Struik 1989; Xu
et al. 1998; Romanov et al. 2000; Zhang et al. 2005).
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The objective of this study was to investigate the o wma
possible interaction of auxins and gibberellins in : : ;
stolon initiation and tuber formation in potato shoot al2gx
cultures. Therefore, we examined IAA effects com- Ol wn Nl
bined with increased or reduced gibberellin levels, in I
tuber inductive (darkness), or non-inductive (long H H A

o © o @
days) conditions. s |9 o + =

(==

Material and methods A j
O [

The potato cultivar used in our experiments was b

Solanum tuberosum ssp. tuberosum L. cv. Désirée. H

Elite tubers were obtained from PKB Agroeconomic " e |lAa o
Institute, Belgrade. Shoot cultures were established ,5 o e ; ; ;
from sprouts cultured in vitro on the basal medium Q ol ol
(BM), consisting of mineral salts (Murashige and g f i i
Skoog 1962), 0.7% agar, 3% sucrose, and supple- = 8 g <8
mented with 100 mg 1=' myo-inositol, vitamines @ <+ 9 @
(Linsmaier and Skoog 1965), and 0.2 mgl™' 2 IR
(0.89 pM) 6-benzylaminopurine, BAP (Sigma Chem- _g ola S eun
ical Co.). Shoot culture clone PKB3, confirmed by b =lal="°
Elisa testing (Potato research center Guca) as virus- § a2
free, was used in all subsequent investigations. § H H H

Every 30 days shoot cultures were propagated by 8 A PRI
culturing single-node stem cuttings on BM without E ol=T°
BAP. For all experiments, single-node cuttings (with § a2
one leaf) were placed on BM supplemented with = H H H
growth regulators: indole-3-acetic acid, TAA (Sigma _5 - la g § g
Chemical Co.), gibberellic acid, GA3 (Sigma Chem- & SR B =
ical Co.), or growth retardant tetcyclacis, Tc (5- i a2
(4-chlorophenyl)-3,4,5,9,10-pentaaze-tetra-cyclo-5,4, = H H A
1,0,0-dodeka-3,9-dien, BASF 106 W (BASF, Mann- = ali 2@
heim). Gibberellic acid was applied to the medium %ﬂ ©l -
after filter sterilization (Millipore filters, pore size © o g
0.2 um). In the first set of experiments, single- é j j j
regulator treatments consisted of adding to the g g A § I g
medium TAA, GAj3 or Tc in different concentrations ‘g o o o
(0.01, 0.1, 1.0, and 10 puM), in order to determine s | _ NSRS
their basic effects on stolon initiation and tuber & E % j ﬂ j
formation. According to these results, suitable con- g ; = 6 © B B
centrations of GAz and Tc for the study of their B | v '% o oo
interaction with 0.01-10 pM TAA were chosen. g ﬁ % ; ; ;
Increased GA level was achieved by applying 1 M kS %D % Aoy
GA;, selected as the lowest tested concentration that § g Clela] =& &
totally inhibited tuber formation. Decreased gibber- g % %
ellin level was achieved by adding 3 pM Tc, that - | g %
reduced shoot length to 1/4 of control length and 2|5 |= e«
strongly induced tuber formation. After 30 days the Slzl< g (SR
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percent of shoots with stolons and tubers were
determined.

Since a great diversity concerning gravitropic
orientation of axillary organs was observed, and
axillary shoots could be mistaken for true stolons, the
angle between the main shoot axis and the axillary
organ was taken as the basic criterion for distinction.
Therefore, all axillary organs growing under the
angle greater than 45° to the main shoot axis above
the node were designated as stolons. Sessile tubers
were excluded from calculations for stolons, since
tuberization happened without stolon formation and
elongation.

Shoot cultures were grown at 25 %+ 2°C, in
darkness, or in long days (LDs) of 16 h photoperiods
(“Tesla” white fluorescent lamps, 65 W, 4,500 K;
light flux of 45.5 pmol m > s ~'). Data presented in

Fig. 1 Effects of

STOLONS

figures are the means & S.E. of three independent
experiments (at least 30 replicates per experiment).

Results and discussion

When single-node cuttings were put on the medium,
axillary buds started growing after about 2 days, and
produced shoots, which gave rise to stolons or tubers,
depending on the applied growth regulators and light
conditions. These treatments affected the main shoot
elongation in a predictable way (Table 1). Gibberellic
acid and IAA stimulated stem elongation, whereas in
the presence of Tc the stem length was drastically
reduced. Unexpectedly, in shoot cultures grown in
darkness at 1 and 10 pM GAj; elongation was
arrested due to apical necrosis. Instead, the growth

TUBERS

gibberellic acid, tetcyclacis a
and their combinations on
stolon initiation and tuber
formation in potato shoots
grown in long days ((J) or
continuous darkness (i4)
for 30 days. (a, d) 0-10 uM
gibberellic acid (GAj3), (b,
e) 0-10 uM tetcyclacis
(Tc), and (c, f) 0-10 uM
gibberellic acid + 3 uM
tetcyclacis. Line bars
indicate standard errors of
the means
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of axillary branches was promoted. With this expla-
nation in mind, the data in Table 1 can be taken as
evidence that IAA, GA3, Tc, and light conditions are
acting in potato shoot cultures in an expected manner.

Stolons arose mainly on the basal nodes and very
rarely on middle ones. During our experimental
period of 30 days, stolons remained without tubers in
non-inductive conditions. Since Désirée is a faculta-
tive SD cultivar, tubers may occur even in non-
inductive conditions after about 6 weeks. Tubers
were observed as swellings along the shoots; they
were mainly formed in lateral position just above the
medium. On a regulator-free control medium, about
15% of the shoots developed stolons both in LDs and
in darkness (Fig. 1a, b). Long days in combination

Fig. 2 Effects of indole-3-

STOLONS

with elevated GA level in the medium suppressed
stolon initiation, but in darkness their initiation was
stimulated by GAj; (Fig. 1a). The decrease of endog-
enous GAs strongly stimulated stolon initiation, but
only in LDs, and completely blocked that process in
darkness (Fig. 1b), Tuber formation was inhibited by
GA; (Fig. 1d) and stimulated by Tc (Fig. le), in
proportion to their concentrations. Tubers were
sessile and formed exclusively in darkness (Fig. 1d,
e), with one exception. Namely, at higher concentra-
tions of Tc (1 and 10 pM), the inhibitory effect of
LDs on tuber formation was counteracted and tubers
appeared in about 25% of shoots (see also Fig. 2f,
with 3 uM Tc). In further experiments Tc and GA;
were added together, in an attempt to reverse Tc

TUBERS

acetic acid and its a
combinations with 3 uM
tetcyclacis and 1 pM
gibberellic acid on stolon
initiation and tuber
formation in potato shoots
grown in long days ([J) or
continuous darkness (E4)
for 30 days. (a, d) 0-10 uM
indole-3-acetic acid (IAA),
(b, e) 0-10 uM indole-3-
acetic acid + 1 pM
gibberellic acid (GAj3), and
(c, f) 0-10 uM indole-3-
acetic acid + 3 uM
tetcyclacis (Tc). Note that
treatment with 1 pM

IAA + 3 puM Tc resulted in
tuber formation in 100% of
shoots, in all three
experiment replications
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action. Stolon initiation in darkness was restituted by
GA3, but in LDs the reversal of stolon initiation was
not complete (Fig. Ic). The experiments aimed at
assessing the reversal of Tc effect on tuber formation
were pointless (Fig. 1f), since added GA; would
inhibit tuberization anyway. The formation of tubers
in LDs perhaps indicates that some side effects of Tc
occur, restricting stolon initiation and enabling earlier
formation of tubers, if the GA level is low. The
possibility that Tc may affect the synthesis of a
substance other than GA should be further studied.

The effect of applied IAA on stolon initiation was
dependent on light conditions. In LD-grown shoots a
stimulating IAA effect on stolon initiation was
observed only with the lowest (0.01 uM) and highest
(10 uM) concentrations (Fig. 2a). Indole-3-acetic
acid applied alone stimulated tuber formation in dark-
grown shoots, but could not overcome the inhibitory
effect of LDs (Fig. 2d). In combination with 1 pM GA;
(Fig. 2b), the effect of TAA in LDs was not different
from control, except at 1 uM, where increased stolons
initiation was observed; hence, a positive interaction of
IAA and GA; occurred only at their equimolar
concentrations. In darkness, GA; and TAA kept stolon
initiation at the level obtained with GAj alone, except
at the lowest (0.01 pM) IAA concentration (Fig. 2b).
It was not possible to study the interaction of IAA and
exogenous GAj; on tuber formation, since there were no
tubers at all (Fig. 2e). When endogenous GAj level
was decreased (Fig. 2c), the Tc induced stimulation of
stolon initiation in LDs was repeatedly demonstrated,
except at 0.01 and 10 pM IAA. In the presence of Tc,
the TAA effect on tuber formation depended on light
conditions (Fig. 2f). In dark-grown shoots, tuber
formation was strongly promoted, both in control and
IAA-supplemented media (Fig. 2f), occurring on 100%
shoots, or nearly so. Decreasing the GA level counter-
acted the inhibitory effect of LDs on tuber formation;
this effect was also evident when IAA was present
(Fig. 2f).

Indole-3-acetic acid apparently can modulate both
stolon initiation and tuber formation, once they were
induced by darkness and low GA content. It is known
that plant hormones have multiple actions, which

may be limited to specific tissues and developmental
stages. Moreover, JAA might be involved in two
different phases of stolon initiation, the lowest
concentration being optimal for one of them, while
in the other phase the highest concentrations is
required (Fig. 2a). This could be resolved only in
further studies by investigating other parameters of
tuber induction and formation. Our results demon-
strate that in these studies more attention should be
given to factors that may modify the well-known
effects of day-length and gibberellins; IAA is
certainly one of them.
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