Journal of Fruit and Ornamental Plant Research Vol. 18(2) 2010: 297-308

DIFFERENT GROWTH OF EXCISED AND INTACT

FOURTH INTERNODE AFTER REMOVAL OF THE

FLOWER BUD IN GROWING TULIPS; FOCUS ON
AUXIN ACTION

Marian Saniewski!, Justyna Goraj?,
Elzbieta Wegrzynowicz-Lesiak!, Hiroshi Okubo?,
Kensuke Miyamoto® and Junichi Ueda®

'Research Institute of Pomology and Floriculture
Pomologiczna 18, 96-100 Skierniewice, POLAND
?Laboratory of Horticultural Science, Department of Plant Resources
Faculty of Agriculture, Kyushu University, Fukuoka 812-8581, JAPAN
3Faculty of Liberal Artsand Sciences, Osaka Prefecture University
Sakai, Osaka 599-8531, JAPAN
“Graduate School of Science, Osaka Prefecture Universi ty
Sakai, Osaka 599-8531, JAPAN

(Received November 3, 2010/Accepted November 17, 2010)
ABSTRACT

The present study is concerned with auxin action in intact and excised 4" inter-
node of tulip shoot after removal of the flower bud in relation to the growth stages.
Elongation of the intact 4™ internode with or without leaves, after removal of the
flower bud, at different stages was very weak. This suggests that the flower bud is
aways responsible for elongation growth of the 4™ internode. Auxin (IAA at 0.1%,
w/w in lanolin) exogenously applied to the cut surface of tulip shoot with or without
leaves, greatly stimulated the growth of the 4™ and lower internodes of tulip shoot.
The elongation growth of excised 4™ internode of tulip shoot with or without node,
after removal of the flower bud was much higher, in comparison with that of intact 4"
internode in tulip shoot which was growing and in which the flower bud had been cut.
Elongation depended on the initial length of the 4" internode. IAA at 0.1% applied to
the cut surface of excised 4" internode, just after removal of flower bud, sightly in-
creased the growth of the 4™ internode. The promotion was observed only during the
first or second day of the experiment. Finally, auxin did not stimulate, or had no effect
on elongation of excised 4" internode with or without node. On the other hand, elon-
gation growth of the excised 4™ internode with a flower bud was amost independent
of the initia length of the 4™ internode. Differences in the growth of excised and
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intact 4™ internode of tulip shoot after removal of the flower bud are discussed in

relation to auxin action.
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INTRODUCTION

Tulip bulbs, with termina buds
containing a complete flower, require
a period of 12-16 weeks of low tem-
perature treatment for floral stak
elongation (De Hertogh, 1974). In
tulip plants, elongation growth of
stem and development of the leaves
are well known to be almost entirely
due to elongation of cells produced
during earlier developmental stages
(Gilford and Rees, 1973). Auxins are
well known to play an important role
in the growth and development of
tulips. The leaves and flower bud,
mostly gynoecium, have been sug-
gested to provide auxins for inducing
stem growth (Op den Kelder et d.,
1971; Hanks and Rees, 1977,
Saniewski and de Munk, 1981). Ex-
cision of all leaves and flower bud in
the early growth stage of tulips, re-
sulted in amost complete inhibition
of stem growth. Excision of the
flower bud aone (leaves intact) had
an inhibitory effect only on the elon-
gation growth of the top and the
lower internodes was normal just like
in intact plants (Saniewski and de
Munk, 1981). Thus, elongation
growth of top internode in tulips is
only regulated by flower bud. Exci-
sion of al leaves in the early growth
stage of tulips, when the length of the
stem was about 4.0 cm, fully inhib-
ited stem elongation, and flower bud
blasting was observed. On the other
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hand, excision of all leaves when the
stem length was about 8.0 cm did not
affect the stem growth. In this case,
perianth development and pistil
growth were significantly higher than
those in intact plants (Saniewski,
1986), suggesting that the leaves in
the sprouting stage of tulips play an
important role in flower bud devel-
opment. Inhibition of tulip stem
growth after excison of all leaves
and flower bud, was fully recovered
after application of auxin at the cut
surface of the top internode (Op den
Kelder et al., 1971; Hanks and Rees,
1977; Okubo and Uemoto, 1985;
Okubo et al., 1986; Saniewski and de
Munk, 1981; Banasik and Saniewski,
1985). The elongation of all the
internodes in tulips has been reported
to be substantiadly regulated by the
interaction of exogenous auxins with
gibberdlins (Okubo and Uemoto, 1985;
Okubo et d., 1986; Saniewski, 1989;
Saniewski and Kawa-Miszczak, 1992;
Rietved et d., 2000). Applicetion of
IAA asalandlin paste, to the cut sur-
face of the top internode of tulip
shoot excised from cooled bulbs
and/or from growing shoots in
cooled bulbs, promoted the extreme
growth of all internodes. On the con-
trary, the growth of al internodes
treated only with lanolin in the same
way asthe |IAA application, was very
small (Saniewski et a., 2005, 2007).
Rapid elongation of the 4™ (top)
internode in tulips after earlier elon-
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gation of the first, second and third
internodes has aso been found
(Ranwala and Miller, 2008). Dy-
namic changes in the metabolism of
carbohydrates, during flower stak
elongation in tulips, have been re-
ported to be important in the growth
of shoot (Lambrechts and Kolloffel,
1993; Lambrechts et al., 1994; Bdk
and de Boer, 1999; Ranwaa and
Miller, 2008).

In this study, we report the com-
parison of the elongation growth of
excised and intact 4" internode —
with or without node, after removal
of flower bud, in various growth
stages of tulips. Auxin action in these
internodes is also discussed in rela
tion to growth stages.

MATERIAL AND METHODS

Bulbs of tulip (Tulipa gesneriana
cv. Apeldoorn) with circumference
of 10-11 cm, after lifting, were stored
a 18-20 °C until transferred on October
15to0 5 °C for dry cooling. The cooling
period extended from January until the
beginning of March. Then, the tunics
were removed and the bulbs were indi-
vidudly planted in pots and cultivated
a 18-20 °C in a greenhouse under natu-
rd light conditions.

Experiment A

The flower bud and/or al leaves
were removed from tulip shoot when
the length of the 4" internode was
about 27, 60, 90 and 150 mm. Just
after removal of the flower bud, lano-
lin aone (the control) or IAA (0.1%,
w/w in lanolin) was applied to the
cut surface of the intact 4™ internode.
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The growth of the 4" internode was
measured daily until the end of the
experiment.

Experiment B

The 4™ internodes with or with-
out node were excised from tulip
shoots just after removal of the
flower bud, when the length of the 4™
internode was about 25, 60, 90 and
140 mm. Lanolin aone (the control)
or with IAA 0.1% in lanolin, was
applied to the cut surface of the 4"
internode instead of the flower bud.
The basa part of the excised inter-
node was kept in distilled water. The
excised 4™ internode of about 50, 90
and 150 mm, with intact flower bud,
was aso included in the experiment
as a positive control. The growth of
the excised 4" internode was meas-
ured daily.

In experiment B, data were sub-
jected to an analysis of variance. The
Duncan t-test was introduced to es-
timate the difference between means
at p=0.05. Experiments A and B were
made at the same time, and 8 to 10
plants or excised 4™ internodes were
used in each treatment.

RESULTS AND DISCUSSION

Intact tulip plants with long stalk
and good quality of flower has been
well known to develop normally.
After excision of the flower bud and
all leaves at various growth stages of
tulip shoot, whose initial length of
the 4™ internode were ca. 30, 60, 90
and 150 mm, the growth of all inter-
nodes almost totally stopped (Tab. 1,
Figs. 1-4). When the flower bud was
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Table 1. Effect of IAA (0.1%, w/w in lanolin) application to the top of stem, after
excision of the flower bud and/or all leaves, at different stages of stem growth, on the
4" internode elongation in tulip cv. Apeldoorn cultivated in a greenhouse

. Increase of length Total length of
Initial length hy -2 the 4" inter-
of thea® | Ofthedtinte | oye el +
Treatments internode node after growth inc}m of
completion
[mm] [mm g[rr?]mn/:]h
Flower bud removed (Fig. 1)
Control (lanolin only) 27.0 33 30.3
IAA 28.3 184.0 212.3
Flower bud and all leaves removed
(Fig. 1)
Control (lanolin only) 28.7 37 324
IAA 25.9 208.6 2345
Flower bud removed (Fig. 2)
Control (lanolin only) 584 118 70.2
IAA 58.8 105.1 163.9
Flower bud and al leaves removed
(Fig. 2)
Control (lanolin only) 61.6 131 74.7
IAA 56.9 128.8 185.7
Flower bud removed (Fig. 3)
Control (lanolin only) 97.3 16.0 1133
IAA 94.3 785 172.8
Flower bud and all leaves removed
(Fig. 3)
Control (lanolin only) 911 20.6 1117
1AA 89.7 82.8 172.5
Flower bud removed (Fig. 4)
Contral (lanolin only) 147.4 14.3 161.7
IAA 142.7 45.1 187.8
Flower bud and al leaves removed
(Fig. 4)
Contral (lanolin only) 149.4 16.3 165.7
IAA 153.6 49.9 2035

removed at each growth stage of
tulip shoot, only the growth of the 4™
(top) internode was extremely inhib-
ited. An additional effect from re-
moval of all leaves together with the
flower bud was not observed (Tab. 1,
Figs 1-4). These results suggest that
the flower bud is in fact, necessary
and responsible for the elongation
growth of the 4™ internode in tulips.
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The application of 1AA at 0.1%
to the cut surface of the 4™ internode
just after removal of the flower bud,
in the presence or absence of al
leaves, resulted in greatly stimulated
growth of not only the 4™ internode
but aso lower internodes (Tab. 1,
Figs. 1-4). Similar observations have
already been reported by Saniewski
and de Munk (1981), Banasik and

J. Fruit Ornam. Plant Res. vol. 18(2) 2010: 297-308



Different growth of excised and intact fourth internode...

Saniewski (1985), Saniewski (1989)
and others described in the Introduc-
tion. This could mean that the lower
(the 1% to 3) internodes as well as
the 4™ internode are capable of re-
sponding to externally applied auxin
in the growth stages of tulip shoots.
Auxins produced in flower buds
have been shown to be transported
basipetally to internodes, to promote
elongation growth (Op den Kelder et
a., 1971; De Munk, 1979). Removal
of IAA which had been applied exo-
genously to the cut surface of tulip
shoot without al leaves (instead of
the flower bud), at different growth

stages of tulips, resulted in an imme-
diate hat in the elongation of each
internode of tulip shoot. This result
indicates that continuously supplied
IAA isrequired for tulip stem growth
as already reported by Saniewski and
Wegrzynowicz-Lesak (1993). Polar
auxin transport is acrucial determinant
of the initiation, direction and extent of
growth throughout plant devel opment
(Vieten et d., 2007). There is evidence
that only basipetaly transported IAA
or its metabolites account for the in-
duction of the dongation of tulip stalk
(Saniewski et al., 1979; Banask and
Saniewski, 1985).

Figure 1. The effect of IAA (0.1%, w/w in lanolin) application to the top of stem,
when the length of the 4™ internode was about 28 mm, after excision of the flower
bud and/or the all leaves, in tulips cv. Apeldoorn cultivated in a greenhouse:

on left — plants at time of treatment,

on right — plants after completion of extension growth: leaves intact —the control and IAA treatments;

all leaves removed — the control and IAA treatments
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.F

Figure 2. The effect of IAA 0.1% application to the top of stem, when the length of
the 4™ internode was about 50 mm, after excision of the flower bud and/or the all
leaves, in tulips cv. Apeldoorn cultivated in a greenhouse:

on left — plants at time of treatment,

on right — plants after completion of extension growth: leaves intact —the control and IAA treatments;
al leaves removed — the control and IAA treatments

Figure 3. The effect of IAA 0.1% application to the top of stem, when the length of
the 4 internode was about 93 mm, after excision of the flower bud and/or the all
leaves, in tulips cv. Apeldoorn cultivated in a greenhouse:

on left — plants at time of treatment,

on right — plants after completion of extension growth: leaves intact —the control and IAA treatments;
all leaves removed —the control and IAA treatments
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Figure 4. The effect of IAA 0.1% application to the top of stem, when the length of
the 4" internode was about 148 mm, after excision of the flower bud and/or the all
leaves, in tulips cv. Apeldoorn cultivated in a greenhouse:

on left —plants at time of treatment,

on right — plants after completion of extension growth: leaves intact — the control and IAA treatments; all
leaves removed — the control and IAA treatments

Figure 5. The effect of IAA 0.1% application
to the top of excised the 4" internode with or
without node, after removal of the flower bud,
when the initial length of the 4" internode was
about 137 mm, in tulips cv. Apddoorn culti-
vaed in a greenhouse; photographed after
completion of extension growth:

on left — internode without node, the control and IAA
treatments,

on right — internode with node, the control and I1AA
treatments
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Asshown in Table 2 and Figure 5,
the growth of the excised 4™ internode
with or without node after removal of
flower bud, was much higher in com-
parison to that in growing tulips after
removal of the flower bud. The growth
was dependent on the initial length of
the 4™ internode. IAA at 0.1% applied
to the top surface of excised the 4"
internode in the place of the removed
flower bud, dightly increased the
growth of the 4™ internode only on the
first and second day of the experiment.
After the second day, the auxin did not
simulate. Instead, it showed a dight
inhibitory effect or no effect, on elon-
gation of the excised 4™ internode with
or without node (Tab. 3). The mecha
nism in which auxin dightly inhibits
elongation growth for long term incu-
bation isstill unclear.

The excised 4™ internode with the
flower bud at different initia lengths of
53.4, 88.0 and 146.4 mm, substantially
elongated up to the length 87.5, 82.3
and 76.6 mm, respectively (Tab. 3). The
growth rate of the excised 4™ internode
with flower bud, was not independent
from the initid length of the 4™ inter-
node. The results suggest tha flower
bud is a source of auxin to induce the
growth of excised the 4" internode. The
ability of the flower bud to supply auxin
to the 4" internode was not affected by
the initid length of the 4™ internode of
tulip shoot, or growth stage, in these
experimenta conditions.

Here, the main question is why
the growth of the excised 4™ inter-
node, independently of the length -
with or without node, is much higher
than that in tulips which are growing
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after removal of the flower bud? One
possible explanation is that endoge-
nous auxin in the 4" internode in
growing tulip shoot after removal of
the flower bud, is easily transported
basipetally to lower internodes. This
transport takes place because thereis
interaction between the growth of
each internode in intact tulip shoot.
Lack of endogenous auxin would
then cause a limitation on the growth
of the 4™ internode.

As described above, Saniewski
and Wegrzynowicz-Lesiak (1993)
have reported that a continuous sup-
ply of auxin is necessary for tulip
stem growth. Xu et al. (2008) exam-
ined diffusible IAA, from various
parts of tulips, during rapid elonga
tion of the flower stalk using gas
chromatography-mass  spectrometry
(GC-MYS). The amount of diffusible
IAA from different organs followed
the order of that of the inter-
nodes>flower organs>leaves at that
time. The 4™ internode exported
higher quantity of IAA than did the
flower during most of the rapid elon-
gation period, except of the begin-
ning of the rapid elongation stage
and on one day after flowering. They
also suggested, that the top (the 4™
internode) was probably more impor-
tant than the flower, in the produc-
tion of IAA accountable for rapid
elongation of the flower stalk. Xu et
al. (2008) also described that it is
possible that before the beginning of
the rapid elongation stage, the flower
exudes higher levels of 1AA than
does each internode, acting as the
major source of auxins.
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Table 2. Growth of the excised 4™ internode with or without node at different stages of tulip development after application of lanolin
(thecontral) or IAA 0.1% in the place of the removed flower bud (the basal part was kept in water)

Initial length of . th s
Treatments the 4% internode Length increase [mm)] of the 4™ internode after days
[mm] 1 2 3 5 7 9 11

Excised 4" internode without node

Control 20.7 - 5.9a 10.9a 15.4a 18.4a 21.4a 22.0a

1AA 22.7 - 11.6b 12.1a 15.0a 19.9a 22.0a 22.3a
Excised 4" internode with node

Control 26.6 - 5.1a 16.6a 25.4a 31.3a 32.6a 33.0a

1AA 26.1 - 14.7b 18.3a 22.3a 26.4a 27.4a 27.7a
Excised 4™ internode without node

Control 58.9 11.3a 21.3a 31.5a 38.6a 41.6a 43.5b 44.9b

I1AA 52.9 19.0b 28.9b 3l.1a 33.6a 34.5a 36.3a 37.0a
Excised 4" internode with node

Control 55.9 10.3a 21.8a 31.3a 37.9b 39.9b 41.0b 42.1b

1AA 544 14.3a 24.5a 27.0a 28.5a 29.6a 30.3a 31.0a
Excised 4" internode without node

Control 81.9 16.6a 28.1a 33.7a 38.3a 39.3a 42.1a -

1AA 83.6 30.4b 35.1b 36.1a 37.9a 38.3a 38.7a -
Excised 4" internode with node

Control 89.4 19.0a 38.9a 46.4a 54.1b 54.9b 56.3b -

1AA 90.6 24.9b 38.1a 39.9a 41.1a 41.1a 41.7a -
Excised 4"internode without node

Control 133.3 26.1a 43.7a 54.6a 60.1b 63.1b - -

IAA 132.3 37.0b 47.7a 49.9a 50.0a 49.7a - -
Excised 4™ internode with node

Control 142.9 27.4a 46.0a 56.6a 62.1b 68.0b - -

IAA 141.9 37.0b 48.0a 50.1a 50.3a 50.3a - -

J. Fruit Ornam. Plant Res. vol. 18(2) 2010: 297-308 305




M. Saniewski et al.

Table 3. Growth of the excised 4" internode with node and the intact flower bud at

different stages of tulip development

Length of excised 4"
internode with node and
the intact flower bud

Lengthincrease [mm] of the 4" internode after days

[mm] 1 3 5 7 9
534 224 59.0 75.0 83.3 87.5
88.0 304 61.6 72.0 77.6 82.3

146.4 31.6 64.8 71.8 76.4 76.6

The higher growth of the excised
4™ internode, in comparison to that in
growing tulips after remova of the
flower bud, is possibly caused by
weaker and/or slow flow of auxin
into water. Consequently, relative
higher levels of endogenous auxin
are till present in the 4™ internode,
which accounts for the elongation. It
is possible to limit elongation growth
of the excised 4" internode, both
untreated (the control) and treated
with IAA a 0.1%. Such limiting can
be done by an endogenous leve of
sucrose and hexoses that can be readily
utilized in elongating cells. This proc-
ess is known, because the importance
of dynamic changes in carbohydrates
metabolism for flower stalk elongation
in tulips has been reported (Lam-
brechts and Kolloffe, 1993; Lam-
brechts et d., 1994; Bak and de Boer,
1999; Ranwalaand Miller, 2008).

In addition, endogenous auxin,
indole-3-acetic acid, has been shown
to promote the biosynthesis of active
gibberellin A, in elongating inter-
nodes of pea, and inhibited GA 1 de-
activation (Ross et al., 2003). In the
case of tulips the growth of all inter-
nodes is substantially regulated by
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interaction of auxin and gibberellins
(Okubo and Uemoto, 1985; Okubo et
al., 1986; Saniewski, 1989; Rietveld
et al., 2000). These facts suggest that
not only auxin but aso gibberellin
are responsible for the growth of
internodes in tulip shoots. Further
studies on the growth of tulip shoots
will be focused on the important role
of auxin and gibberellin.
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ZROZNICOWANY WZROST ODCIETEGO
| NIENARUSZONEGO CZWARTEGO MIEDZYWEZLA
PO USUNIECIU PAKA KWIATOWEGO U ROSNACYCH
TULIPANOW: ROLA AUKSYN W TYM PROCESIE

Marian Saniewski, Justyna Goraj,
Elzbieta Wegrzynowicz-Lesiak, Hiroshi Okubo,
Kensuke Miyamoto i Junichi Ueda

STRESZCZENIE

Badania dotyczyly dziatania auksyny (IAA) na wzrost nienaruszonego i odcicte-
go czwartego miedzywezla pedu tulipana po usunieciu paka kwiatowego, w zalezno-
$ci od etapu wzrostu. Wzrost nienaruszonego czwartego miedzywezla, w réznych
etapach wzrostu roslin, w obecnosci lisci lub po ich usunieciu, i po odcieciu paka
kwiatowego, byt bardzo maty, co sugeruje, ze pak kwiatowy jest zawsze odpowie-
dzialny za wzrost wydiuzeniowy czwartego miedzywezla. Auksyna (IAA 0,1%
w pascie lanolinowej) podana w miejsce usunigtego paka kwiatowego, w obecnosci
lisci lub po ich odcieciu, silnie stymulowata wzrost czwartego i wszystkich nizszych
miedzywezli pedu tulipana. Wzrost wydtuzeniowy odcietego czwartego miedzywezla
pedu tulipana, z weztem lub bez wezta, po usunigciu paka kwiatowego, byt duzo
wigkszy w poréwnaniu ze wzrostem czwartego nienaruszonego migdzywezla roslin
rosnacych w obecnosci lisci lub po ich usunigciu, i zalezat od dtugosci poczatkowej
czwartego migdzywezla. IAA w stezeniu 0,1% podany w miegjsce usunigtego paka
kwiatowego w odcietym czwartym miedzywezlu w niewielkim stopniu stymuluje
wzrost wydtuzeniowy jedynie w pierwszym lub drugim dniu po traktowaniu. Osta-
tecznie auksyna nie stymulowata lub nie miata wiekszego wptywu na wzrost odciete-
go czwartego miedzywezla z weztem lub bez wezta. Z drugig strony, wzrost wydtu-
zeniowy odcietego czwartego miedzywezla z pakiem kwiatowym byt prawie nieza-
lezny od poczatkowsej diugosci tego migdzywezla. Réznice we wzroscie odcigtego
i nienaruszonego czwartego miedzywezla pedu tulipana po usunieciu paka kwiatowe-
go sa dyskutowane w kontekscie dziatania auksyny.

Stowa Kkluczowe: tulipany, todyga, migdzywezle, wzrost, auksyna
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