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Gibberellin Induces Shoot Growth and Flowering in Nonprecooled
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Effect of gibherellic acid (GA)) at a concentration of 200mgl ! on shoot growth ancd
flowering in nonprecooled derooted tulip bulbs cvs, Gudoshnik and Apeldoorn was investigated.
In control nonprecocled derooted bulbs flower bud blasting occurred and no growth of stem was
observed. GA; greatly induced shoot growth and flowering. The stimulatory elfect of gibberallin
on shool growth and flowering in nonprecooled derooted bulbs was much stronger than in case
of nenprecooled rooted bulbs {previously published results). GA, stimulated also stem growth
after excision of flower bud with upper part. ol leaves and scales. Tt is probable that excision of
all roots in nonprecooled bulbs decrcases the level of abscisic acid and exogencus gibberellic
acid is more effective in comparison to nonprecooled rooted bulbs. Or it is also possible that
better penctration and uptake of gibberellin take place after removal of roots. Il scems that
gibbercllin can substitute for cold requircrnent and that interaction of exogenous gibberellin
with endogenous auxin confrols stem growth.,

INTRODUCTION

Tulip bulbs, with terminal buds containing a complete flower, require a period of
12-16 weeks of low temperature treatment for floral stalk elongation (De Hertogh, 1974).
It is well known that during the cooling of the tulip bulbs the amount of free gibberellins
increases (Aung and De Hertogh, 1967; 1968; De Hertogh et al., 1971; Van Bragt, 1971,
Aung and Rees, 1974; Hanks and Rees, 1980). Hanks and Rees (1980) found two peaks of
activity of gibberellin—like substances in tulips sampled at intervals from October
{(planting time) until the fellowing April (flowering time)}. The first one occurred in
December or in early—-January samples, before the cold requirement was completed, and
the second peak occurred around the time of rapid shoot extension and flowering found
in roots, scales, leaves, stems, daughter bulbs and in flowers. Recently, however, Rebers
et al. (1995) suggested that there was no direct correlation between cold-stimulated
growth and a change in endogenous GA status in sprouts or basal plates of tulip bulbs
during cold storage.

Saniewski and De Munk (1981) and Banasik and Saniewski (1985) concluded that
elongation of all internodes in cooled tulip bulbs is promoted by auxin produced in leaves
and flower buds, and that the auxin-release or response system was stimulated by
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gibberellins. Recently it has been suggested thal the elongation of all internodes in tulips
is controlied by auxin and gibberellins (Okubo and Uemnoto, 1985; 1986; Okubo et al.,
1986; Saniewski, 1989). Okubo and Uemoto (1986) suggested that two different gib-
berellins are involved in controlling the elongation of the lower and upper inlernodes of
tulip flower stalk. Kawa and Saniewski (1986) showed that gibberellic acid had a strong
stimulatory effect in increasing the length and fresh weight of pistil isclated from
uncooled fulip bulbs but to lesser degree in the case of cocled bulbs, cultured in vitro.
Saniewski (1989) suggested that gibberellins produced during the cooling of bulbs play an
important role in the flower bud development, mostly pistil growth, and other gibberellins
are synthesized during shoot growth and, together with auxin, control the stem
elongation in tulips. Rebers ef al. (1995) also suggested that in tulip GAs are involved in
the stalk clongation response.

Exogenously applied gibberellins cannot substitute for cold treatment of uncooled
tulip bulbs but do for only partially cooled bulbs and stimulate shoot growth and flowering
(Van Bragt and Zijlstra, 1971; Rudnicki et al., 1976; Van Bragt and Van Ast, 1976; Cocozza
Talia and Stellacci, 1979, Hanks, 1984; 1985; Jones and Hanks, 1984).

In the present work the stimulatory effect of gibberellin on tulip shoot growth and
flowering in nonprecooled deraoted tulip bulbs is documented.

MATERIALS AND METHODS

Plant materials

Tulip bulbs cvs. Gudoshnik and Apeldoorn, with a circumference of 10-11cm, after
lifting were stored at 18-20°C until used for experiments between November 10-22
(nonprecooled bulbs). After the removal of dry scales the following experiments were
conducted.

Experiment 1

All roots were excised and bulbs were kept on petri dishes 1) with distilled water or
2) with gibberellic acid (GA,) at a concentration 200mgl”". In a second group all roots
were excised and the upper part of the scales, together with flower bud and the upper
part of the leaves at the level of the flower bud, were cut and the bulbs were kept on petri
dishes 3) with distilled water or 4) with GA, at a concentration of 200 mgl—.

Experiment 2 .

All roots were excised and the apices of sprouted leaves were treated as follows: a)
untreated, b) lanalin on leaf apex, ¢} TAA (.1% in lanolin on leaf apex, d) lanolin after
removal of 2 mm leaf apex, or ) [AA 0.1% in lanolin after removal of 2 mm leaf apex. The
treated bulbs were kept on petri dishes 1) with distilled water or 2) with GA; at a
cancentration of 200 mgl—.

In both experiments 15 bulbs per treatment were used and every experiment was
repeated fwice. Newly appeared roots were removed daily. During the experiments the
shoot growth and flowering were measured and photographed.
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Table L. Effcct of GA, 200 mgl - on shoot growth and flowering of nonprecooled
derooted bulbs.

Treatment. Length of sprout (first leaf) or *slem Length ol internode (mm) on Dee, 22
with flower bud (mum)
Nov. Nov. Dee. Dec.  Dec. st Znd 3rd 4th Tolal
11 30 3 ) 22
Roots removed
ev. Gudoshnik .
water 233 349 464 64.7 81.5 —*
GA, 28.1 512 711 1184 *2434 32.0 269 309 866 1753
cv. Apcldoorn
waler 26.9 391 483 60.9 73.6 —=
GA; 31.1 505 662 98.1 *215.7 14.1 179 272 952 1544

Routs removed and_flower bud together with upper pari of
leaves and scales excised

cv. Gudoshnik

waler 7.1 108 15.6 2749 37.0 =

GA, 83 174 206 3.7 36.8 314 165 T4 11.1 (6.3
cv. Apeldoormn

water 6.5 108 166 23.5 30.0 =

GA, 94 185 302 34.5 37.0 265 167 11.4 11.7 66.3

‘No stem growth, and [ower bud blasting.
‘No stem growth.

RESULTS AND DISCUSSION

Experiment 1

The shoot growth of nonprecooled derooted tulip bulbs was very small in both
cultivars, only sprouting of leaves was observed and flower bud blasting took place (Table
1, Fig. 1). Gibberellic acid at a concentration of 200 mgl ' caused the breaking dormancy
and induced the shoot growth and flowering in nonprecooled derooted tulip bulbs. GA,
also stimulated stem growth aficr cxcision of the flower bud and the upper part of the
leaves at the level of the flower bud. Thus, independent of the presence or absence of a
flower bud in nonprecocled derooted tulip bulbs gibberellin stimulated stem growth, but
was much less effective in cases where flower bud and upper part of leaves were excised.
It seems thatl exogenously applied gibberellin stimulates pistil growth, and interaction of
exogenous gibberellin with endogenous auxin is responsible for elongational growth of
stem.

Experiment 2

IAA 0.1% applied on leaf apex did not affect shoot growth of nonprecocted tulip bulbs
kept on the water or treated with GA; (Table 2, Fig. 2). It was suggested previously that
the elongation of all internodes in precooled tulip bulbs is contrelled by interaction of
auxin and gibberellin (Okubo and Uemoto, 1985; 1986; Okubo et al., 1986; Sanicwski,
1989). The stimulatory cffect of gibberellin on shoot growth in nonprecooled derooted
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Table 2. Ellect of [TAA 0.1% treatment on the leal apex on shool growlh and flowering ol
nonprecooled derooted bulbs ev. Gudoshnik kepl in water and GA, 200 mgl-

Treatment Length of sprout (first leaf) or Length of internoede (mm? on Dee. 12
*stem with flower bud (mum)

Dec.2 Lec.d Dec.dad ist 2nidd Jrid 4ih Total

{intreated

waler 43.7 57.5 ™7 =

FA. 66.9 93.4 *205.0 185 186 208 ™8 1348
Lawolin on dntact leaf apex

waler 49,4 63.8 84,1 —

GA, 69.5 98.9 *#229.1 256 220 263 838 1578
TAA O 1% ovantact leaf aper

water 63.1 82.7 1036 —*

(A, 82.6 1176 *180.9 245 186 184 625 1240
Leenolin after removed of 2mm leaf apex

waler 43.8 57.9 75.9 —

GA, 60.5 87.6 *234.5 318 236 268 86.6 1088
{AA 0.1% after removal of & mm leaf apex

water 56.3 7.9 99.3 =

GA, 772 118.2 *204.5 300 2k6 0 238 737 1491

‘No stem growth, and flower bud blasting.

tulip bulbs was much stronger than in case of nonprecooled rooted bulbs (Rudnicki e ai.,
1976). In our expecrimernts we used GA; but GA., GA,, GA,, GA,, GA, and GA, were
identified in hoth nen—cold cooled tulip bulb sprouts (Rebers, 1992; Rebers et al., 1994b;
1995). GA, was the major gibberellin, while GA,, GA, and GA,, were present in lower
amounts. Rebers et al. (1995) suggested that in tulip, gibberelling arc not the
cold-induced trigger but are involved in the stalk elongation response, as was shown by
the inhibition of thig elongation by the GA biosynthesis inhibitors, ancymidol and
paclobutrazol, and the reversal of this effect by applied GA (Shoub and De Hertogh, 1974,
Saniewski, 1989; Rebers et al., 19942). Rebers el al. (1995) showed the higher level of
GA; and its inactivation product GAs, ouly in growing loral stalks of cooled bulbs, and the
absence of a significan!, quantitative accumulation of GA, and suggest that GA, is probably
involved in the floral stalk elongation of tulip.

It ig possible that excision of all roots in nonprecooled tulip bulbs decreases the level
of abscisic acid (ABA) and/or exogenous gibberellic acid is more effective in comparison
to intact nonprecooled rooted bulbs. The presence of abscisic acid in tulips is well
documented (Aung and De Hertogh, 1979; Singh e/ al., 1979, Syrtanova et al., 1975; Terry
et al., 1982) and low temperature treatment decreascs the amount of ABA (Syrtanova et
af., 1973; Rakhimbayev et al., 1978; Aung and De Hertogh, 1979). Aung and De Hertogh
(1979) suggested that probable sites of abscisic acid biosynthesis in tulip bulb are the
developing bulblets, basal plate and roots, since the ABA level is high in these organs and
low in the scales and shoot. The inhihitory cffect of ABA on pistil and stere growth in
tulips was also well documented (Saniewski et af., 1990). Tt is also possible to consider
that after excision of roots in nonprecooled tulip bulbs better penetration and uptake of
gibberellin take place and they are more effective in stimulation of shoot growth in
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Fig. 2. Lifecl of leat apex 1AA 1% treatment on the shoot growth and
flowering of nonprecocled derooted buibs cv. Gudoshnik kepl in
water and Ga, 200mgl®, Upper row; bulbs kept in water, lower
row; bulbs kept in GA,. From left to right; untreated, lanolin on
leal apex, TAA on leaf apceg, lanolin after removal of 2mm leaf
apex, [AA aller removal of 2mm leaf apex. Treatments applied on
November 19, photographed on December 21,

comparison to nonprecooled rooted bulbs. Our results indicate that gibberellin can
substitute for the cold requirement of tulip bulbs.
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