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Abstract

It is known that chilling of Muscari bulbs is necessary for the growth of the in-
florescence stalk and flowering, but not for the growth of leaves. Gibberellic acid
(GA) accelerated stem growth and flowering in chilled Muscari bulbs. In the pres-
ent experiment it was shown that in unchilled derooted Muscari bulbs the growth
of leaves, but not the growth of the inflorescence stalk, was observed when bulbs
were stored in water, GA at a concentration of 50 and 100 mg/L, benzyladenine
(BA) at a concentration of 25 and 50 mg/L, or a mixture of GA+BA (50+25 mg/L),
but abscisic acid (ABA) at a concentration of 10 mg/L greatly inhibited the growth
of leaves. In chilled derooted Muscari bulbs the growth of leaves and inflorescence
stalk was observed when bulbs were stored in water or GA, but BA and GA+BA
treatments totally inhibited the growth of the inflorescence stalk without an effect
on the growth of leaves. These results clearly showed that the growth of leaves
and inflorescence stalk in Muscari bulbs are controlled by plant growth regula-
tors in different ways. ABA totally inhibited the growth of leaves and inflorescence
stalk in chilled derooted Muscari bulbs. It was shown that after the excision of
the inflorescence bud in cultivated chilled Muscari bulbs, the inflorescence stalk
died, but application of indole-3-acetic acid (IAA) 0.5% in the place of the removed
inflorescence bud induced the growth of the inflorescence stalk. IAA applied under
the inflorescence bud inhibited the development of flowers (flower-bud blasting)
and induced the growth of the inflorescence stalk below the treatment site. These
results are discussed with reference to hormonal regulation of stem (stalk) growth
in tulip, narcissus, hyacinth, and Hippeastrum.

Keywords
Muscari armeniacum; grape hyacinth; inflorescence stalk; leaves; growth; growth
regulators

Introduction

In early fall, Muscari bulbs with formed inflorescences, leaves and root primordia are
planted in the soil where rooting and growth of the leaves a few centimeters above
the soil level take place before wintertime. The flowering and further growth of leaves
occur in the spring after chilling. Thus, it is interesting that in Muscari the growth of
leaves starts without the chilling of bulbs; however, chilling is necessary for the growth
and flowering of the inflorescence stalk. Saniewski [1] showed that in unchilled Mus-
cari bulbs planted in a greenhouse at high temperature, strong growth of leaves took
place without the growth of the inflorescence stalk. Thus, chilling is necessary for
the growth of the inflorescence stalk and flowering. It should be mentioned that the
growth of leaves in unchilled Muscari bulbs is greater than of the leaves in chilled
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naturally growing Muscari [1]. It has been found [1] that gibberellic acid applied as
a lanolin paste around the basal plate of Muscari at the beginning of July accelerated
the flowering of naturally chilled bulbs, but did not break the dormancy of unchilled
bulbs. Gibberellic acid (GA) strongly stimulated the growth of leaves and inflores-
cence stalk in chilled bulbs of Muscari in early spring, but the final length of these
organs was similar to that of the control plants [2]. Hanks and Jones [3] have also
documented the fact that gibberellic treatment interacted with the duration of chill-
ing, and that GA strongly accelerated flowering and growth of the inflorescence stalk
and leaves in partially chilled bulbs of Muscari armeniacum.

The anatomical structure of Muscari armeniacum Leichtl. (grape hyacinth) bulbs is
similar to the structure of hyacinth (Hyacinthus orientalis L.) bulbs, but their growth
patterns are different. Muscari bulbs do not require chilling for the growth of leaves,
but low temperature treatment is necessary for inflorescence stalk growth and flower-
ing, whereas in hyacinth bulbs low temperature treatment is necessary for the growth
of leaves and for inflorescence stalk growth and flowering of the plants [4].

In the present study, we determined the effects of GA, benzyladenine (BA), in-
dole-3-acetic acid (IAA), and abscisic acid (ABA) on the growth of leaves and the
inflorescence stalk growth in unchilled and chilled derooted Muscari armeniacum
bulbs.

Material and methods

Grape hyacinth (Muscari armeniacum Leichtl.) bulbs, 4-5 cm in circumference, with
formed inflorescence stalk, leaves and root primordia, were used in the experiments.
TIAA, GA, BA, a mixture of GA+BA, and ABA under different concentrations were
applied in these experiments. Two experiments were conducted.

Experiment A

The effect of plant growth regulators (GA, BA, GA+BA, ABA) on the growth of leaves
and inflorescence stalk in unchilled and chilled Muscari bulbs was tested. Unchilled
bulbs were stored at 20°C in a gravitationally ventilated place until treatment at the end
of October, while chilled bulbs were dry-cooled at 5°C in darkness at humidity 80%,
from the beginning of September until the beginning of January (16 weeks).

All the root primordia in both unchilled (October 22) and chilled (January 6) bulbs
were removed, and the bulbs were kept in water (control), and aqueous solutions of
GA (50 and 100 mg/L), BA (25 and 50 mg/L), a mixture of GA+BA (50+25 mg/L),
and ABA (10 mg/L), at a temperature of 18-20°C in natural light conditions. Dur-
ing the experiment, the length of leaves was measured on the basis of morphological
observations of leaf growth. Every 2 days, the newly appeared roots were excised. In
every treatment, 20 bulbs were used, and the experiment was repeated twice.

Experiment B

The effect of plant growth regulators (IAA 0.5%, 2,4-D 0.2%, and GA 1.0%) was tested
on the growth of the inflorescence stalk and leaves when applied in the place of the
removed inflorescence stalk and under the inflorescence bud in chilled Muscari bulbs.
Muscari bulbs were dry-cooled at 5°C from the middle of October until the end of
February (18 weeks). In the middle of February (18 weeks), the bulbs were planted
individually in pots and cultivated in a greenhouse at a temperature of 17-20°C in
natural light conditions. When the length of the inflorescence stalk was about 4.0
cm (23 days after planting), the inflorescence bud was removed and the place of the
removed inflorescence bud was treated with lanolin only (control), IAA 0.5%, 2,4-D,
and GA 1.0% in a lanolin paste, and then in one part of the treated plants the leaves
were left intact, while in another part the leaves were removed at the beginning of the
experiment; newly-appeared leaves were excised every 2 days.
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In another version of this experiment, the only difference was that IAA, 2,4-D, and
GA were applied under the inflorescence bud 15 days after the planting of bulbs.

During the experiment, morphological observations were made and the length of
the leaves and inflorescence stalk was measured. In every treatment, 10 bulbs were
used, and the experiment was repeated twice.

The data were subjected to analysis of variance and Duncan’s test was used to esti-
mate the difference between means at p < 0.05.

Results

In the present experiment, it was shown that in unchilled derooted Muscari bulbs the
growth of leaves, but no growth of the inflorescence stalk, was observed when bulbs
were stored in water (Fig. 1a,b). GA and the mixture of GA+BA, applied in the same
way, slightly inhibited the growth of leaves until 27 days after treatment, but at the end
of the experiment it was not affected by these regulators (Fig. 1a,b). BA substantially
stimulated the growth of leaves after 27 days of treatment, but at the end of the experi-
ment it was similar to that of the control plants (Fig. 1a,b). By contrast, ABA greatly
inhibited the growth of leaves in the experiment
(Fig. 1a,b). None of the applied plant growth regu-
lators induced inflorescence stalk growth.

In the chilled derooted Muscari bulbs, the
growth of leaves and inflorescence stalk was
observed when the bulbs were stored in water
(Fig. 2a-c), while GA partially inhibited the
growth of leaves without having an effect on the
growth of the inflorescence stalk. By contrast,
treatment of derooted bulbs with BA and the mix-
ture of BA+GA totally inhibited the growth of the
inflorescence stalk without affecting the growth of
leaves (Fig. 2a—c). ABA totally inhibited the growth
of leaves and inflorescence stalk (Fig. 2a-c).

Control (water) ~ GAS0  GA 100 It was shown that after the excision of the in-
florescence bud in cultivated chilled Muscari

b O Control BGA 50 mg/L bulbs, in intact plants or with the leaves removed,
o GA 100 mg/L mBA 25 mg/L the inflorescence stalk died, but the application

2.0 -, BBAS0mg/L BBA 25 mg/L + GA 50 mg/L of TAA in the place of the removed inflorescence

o | BABA 10 mgL bud induced the growth of the inflorescence stalk
~10.0 - (Fig. 3a-d). 2,4-D, applied in the same way as IAA,
£ e bebe N slightly stimulated growth but increased the thick-
g 80 ' ening of the inflorescence stalk (Fig. 3a-d). GA
3 slightly stimulated the growth of the inflorescence
E 6.0 . stalk when applied in the place of the removed in-
B o4 - florescence bud, but the stalk was thin (Fig. 3a-d).
3 . - It should be mentioned that treatment of the in-
2.0 :: ::: florescence stalk with TAA, 2,4-D, and GA, after

0 :E E:i the removal of the inflorescence bud, had no effect

on the growth of leaves and their length was about
18.0 cm in all the treatments at the end of the ex-
periment (Fig. 3a).

When TAA was applied under the inflorescence

8 17 27 48
Days after treatments

Fig.1 The effect of plant growth regulators on leaf growth in un-

chilled Muscari bulbs; derooted bulbs were kept in water and solu- bud of Muscari plants with intact leaves, the in-
tions of GA 50 and 100 mg/L, BA 25 and 50 mg/L, GA 50+BA 25 florescence bud died, but induction of the growth
mg/L, and ABA 10 mg/L - treatments performed on October 22 (ex- of the inflorescence stalk was observed (Fig. 4a,b).
periment A). Values are calculated separately for each day of the treat- 2,4-D treatment around the inflorescence bud of
ment. Means followed by the same letter are not significantly different Muscari also caused malformations in the inflo-

at p < 0.05 according to Duncan’s test. a Picture of the experiment
taken on November 29 (5 weeks after treatment). b The growth of
leaves after treatments.

rescence bud and thickening of the inflorescence
stalk (Fig. 4a,b). GA applied around the inflores-
cence bud of Muscari did not affect the growth
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Fig.2 The effect of plant growth regulators on leaf and inflorescence
stalk growth in chilled Muscari bulbs; derooted bulbs were kept in
water and solutions of GA, BA, GA+BA, and ABA - treatments were
performed on January 6 (experiment A). Values are calculated sepa-
rately for each day of the treatment. Means followed by the same let-
ter are not significantly different at p < 0.05 according to Duncan’s
test. a Picture of the experiment taken on January 24 (2.5 weeks after
treatment). b The growth of leaves after hormone application. ¢ The
growth of the inflorescence stalk after treatments.

of the inflorescence bud or the stalk (Fig. 4a,b).
The growth of leaves after treating Muscari bulbs
with IAA, 2,4-D, and GA around the inflorescence
bud was similar (Fig. 4a); their length was about
14.0 cm in all the treatments at the end of the
experiment.

Discussion

In unchilled Muscari bulbs planted in a green-
house at high temperature, strong growth of leaves
took place without the growth of the inflorescence
stalk [1]. None of the applied plant regulators
induced inflorescence stalk growth in unchilled
tulip bulbs.

It is interesting that benzyladenine almost
totally inhibited the inflorescence stalk growth
in chilled derooted Muscari bulbs. These results
show that the growth of leaves and the growth
of the inflorescence stalk in Muscari are con-
trolled by plant growth regulators in different
ways, but the mechanism of this phenomenon is
unknown.

Benzyladenine applied in a lanolin paste
around the basal plate of Muscari comosum and
Muscari armeniacum greatly stimulated the for-
mation of new bulblets around the basal plate
[5], whereas gibberellic acid and auxins inhibited
bulblet differentiation in intact bulbs of Muscari
[6].

Cytokinins have an inhibitory effect on auxin-
and gibberellin-promoted elongation of the stem
in many plants ([7] and references therein). Van-
derhoef et al. [7] and Victor and Vanderhoef [8]
have shown that the cytokinins — isopentyladenine,
kinetin, zeatin, and benzyladenine, inhibited hy-
pocotyl elongation induced by auxin in hypocotyl
segments excised from 3-day-old soybean seed-
lings and promoted radial enlargement. Shibaoka
[9] documented the fact that IAA-induced elon-
gation of light-grown epicotyl segments of azuki
bean (Azukia angularis) was inhibited by kinetin,
but stem thickening increased.

ABA almost totally inhibited the growth of
leaves in unchilled Muscari bulbs, and the growth
of leaves and inflorescence stalk in chilled bulbs.
The inhibitory effect of ABA on the growth of
leaf and stem explants in tulips in vitro was docu-
mented by Gabryszewska and Saniewski [10] and
Saniewski and Gabryszewska [11].

IAA is the main factor responsible for the in-
florescence stalk elongation in Muscari, and the
auxin is produced in flower buds. The leaves and
gynoecium provide auxins which control the elon-
gation of the stem in tulip [12-15]. Excision of the
flower bud and all leaves in the early stages of tulip
growth results in almost total inhibition of stem
growth, and this inhibition is almost completely
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Fig. 3 The effect of plant growth regulators on the growth of the inflorescence stalk and leaves in chilled Muscari bulbs planted in
pots and cultured in a greenhouse; plant growth regulators in a lanolin paste were applied in the place of the removed inflorescence
bud - treatments performed on March 10 (experiment B). Values are calculated separately for each day of the treatment. Means
followed by the same letter are not significantly different at p < 0.05 according to Duncan’s test. a Picture of the experiment taken on
March 25 (2 weeks after treatments); all leaves remained intact over the duration of the experiment. b The growth of the inflorescence
stalk; all leaves intact over the duration of the experiment (see Fig. 3a). ¢ Picture of the experiment taken on March 25 (2 weeks after
treatments); all leaves were removed continuously over the duration of the experiment. d The growth of the inflorescence stalk; all
leaves were removed continuously during the experiment (see Fig. 3c).
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Fig. 4 The effect of plant growth regulators on inflorescence stalk and leaf growth in chilled Muscari bulbs planted in pots and cul-
tivated in greenhouses; plant growth regulators as a lanolin paste were applied around the inflorescence bud - treatments performed
on March 2 (experiment B). Values are calculated separately for each day of the treatment. Means followed by the same letter are not
significantly different p < 0.05 according to Duncan’s test. a Picture of the experiment taken on March 17 (2 weeks after treatments);
all leaves remained intact over the duration of the experiment. b The growth of the inflorescence stalk (see Fig. 4a).

recovered by the exogenous application of auxin to the place where the flower bud has
been removed [14,15]. It has also been found that auxin induced the growth of stem
segments excised from the growing shoot of cooled tulip bulbs and in stem segments
excised from cooled and uncooled tulip bulbs [16-18]. Also the growth of the stem in
Narcissus [13], the inflorescence stalk in Hyacinthus orientalis [19], and the scape in
Hippeastrum [20] are hormonally controlled by auxin.

Ethylene or sources of ethylene (2-chloroethylphosphonic acid - ethephon) applied
to intact tulip plants cause many disorders, including flower bud blasting [21-26].
Consequently, auxin production by and transportation from the gynoecium will be
decreased and ultimately stop. Also, application of IAA or NAA below the flower bud
causes blasting in tulips but stimulates the growth of the stem below the treatment site
[27]. Tt is well documented that IAA stimulates ethylene production in many plant
organs by inducing the synthesis of 1-aminocyclopropane-1-carboxylic acid (ACC)
[28]. In case of Muscari flower bud blasting caused by exogenously applied IAA is
connected with ethylene induced by the auxin.

Conclusions

= In unchilled and chilled derooted Muscari armeniacum bulbs, the growth of leaves
was observed when bulbs were stored in water, GA, BA, and their mixture. ABA
greatly inhibited the growth of leaves. All these treatments did not break dormancy
of the inflorescence stalk in unchilled derooted Muscari bulbs.

= In chilled derooted Muscari bulbs, the inflorescence stalk growth and flowering
were observed if bulbs were stored in water and GA, but treatments with BA,
GA+BA, and ABA totally inhibited inflorescence stalk growth.

© The Author(s) 2016 Published by Polish Botanical Society Acta Agrobot 69(1):1654 6 of 8



= Application of IAA in the place of the removed inflorescence bud induced the
growth of the inflorescence stalk in naturally growing plants.

= The mechanism of hormonal control of the growth of leaves and inflorescence stalk
in Muscari differs.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

© The Author(s) 2016

Saniewski M. The effect of gibberellic acid on the flowering and growth of Muscari como-
sum Mill. Bulletin of the Polish Academy of Sciences. Biological Sciences. 1978;25:795-797.

. Saniewski M, Tymoszuk J, Rudnicki M. Hormonal control of flowering and growth of the

inflorescence stalk and leaves of Muscari armeniacum Leitchl. Prace Instytutu Sadownic-
twa i Kwiaciarstwa, Ser. B. 1978;57-67.

. Hanks GR, Jones SK. The cold requirement for forcing Muscari and related plants. Sci

Hortic (Amsterdam). 1987;32:287-296. http://dx.doi.org/10.1016/0304-4238(87)90094-X

. Saniewski M, Nowak J, Mynett K, Rudnicki R. Studies on the physiology of hyacinth bulbs

(Hyacinthus orientalis L.). III. The breaking of hyacinth bulb dormancy by gibberellic
acid. Proceedings of the Research Institute of Pomology, Skierniewice, Poland, Series E.
1973;3:533-538.

. Saniewski M. Induction of bulblet formation by benzyladenine in Muscari bulbs. Bulletin

of the Polish Academy of Sciences. Biological Sciences. 1979;27:303-308.

. Saniewski M, Puchalski J. The inhibitory effect of gibberellic acid and auxins on differen-

tiation of benzyladenine-induced bulblets in Muscari bulbs. Prace Instytutu Sadownictwa
i Kwiaciarstwa, Ser. B — Roéliny Ozdobne. 1982;7:171.

. Vanderhoef LN, Stahl C, Siegel N, Zeigber R. The inhibition by cytokinin of auxin-pro-

moted elongation in excised soybean hypocotyl. Physiol Plant. 1973;29:22-27. http://
dx.doi.org/10.1111/j.1399-3054.1973.tb04804.x

. Victor TS, Vanderhoef LN. Mechanical inhibition of hypocotyl elongation induces radial

enlargement. Implications for cytokinin action. Plant Physiol. 1975;56:845-846. http://
dx.doi.org/10.1104/pp.56.6.845

. Shibaoka H. Involvement of wall microtubules in gibberellin promotion and kinetin inhi-

bition of stem elongation. Plant Cell Physiol. 1974;15:255-263.

Gabryszewska E, Saniewski M. Hormonal control of tulip leaf elongation in vitro. Acta
Physiol Plant. 1984;6(1):19-25.

Saniewski M, Gabryszewska E. Hormonal control of tulip stalk elongation in vitro. Acta
Hortic. 1983;131: 275-282. http://dx.doi.org/10.17660/ActaHortic.1983.131.32

Op den Kelder P, Benschop M, de Hertogh AA. Factor affecting floral stalk elongation of
flowering tulips. ] Am Soc Hortic Sci. 1978;96:603-605.

Hanks GR, Rees AR. Stem elongation in tulip and narcissus: the influence of flo-
ral organs and growth regulators. New Phytol. 1977;78:579-591. http://dx.doi.
org/10.1111/j.14698137.1977.tb02161.x

Saniewski M, de Munk W]J. Hormonal control of shoot elongation in tulips. Sci Hortic
(Amsterdam). 1981;5:363-372. http://dx.doi.org/lo.1016/0304—4238(81)90091—1

Banasik L, Saniewski M. The effect of different auxins on tulip stem elongation. Acta Hor-
tic. 1985;167:193-204. http://dx.doi.org/10.17660/ActaHortic.1985.167.20

Gabryszewska E, Saniewski M. Auxin control of tulip stalk elongation in vitro. Sci Hortic
(Amsterdam). 1983;19:153-159. http://dx.doi.org/10.1016/0304-4238(83)90056-0

Saniewski M, Okubo H, Miyamoto K, Ueda J. Auxin induces growth of stem excised from
growing shoot of cooled tulip bulbs. Journal of the Faculty of Agriculture, Kyushu Univer-
sity. 2005;50:481-488.

Saniewski M, Okubo H, Miyamoto K, Ueda J. Susceptibility and/or responsiveness of tulip
stem segments excised from cooled or uncooled bulbs to indole-3-acetic acid. Floriculture
and Ornamental Biotechnology. 2007;1:142-146.

Saniewski M. Studies on the physiology of hyacinths bulbs (Hyacinthus orientalis L.). XVIL
Hormonal control of inflorescence stalk growth in hyacinth. Prace Instytutu Sadownictwa
i Kwiaciarstwa, Ser. B — Roéliny Ozdobne 1981;6:95-100.

Published by Polish Botanical Society Acta Agrobot 69(1):1654 7 of 8


http://dx.doi.org/10.1016/0304-4238(87)90094-X
http://dx.doi.org/10.1111/j.1399-3054.1973.tb04804.x
http://dx.doi.org/10.1111/j.1399-3054.1973.tb04804.x
http://dx.doi.org/10.1104/pp.56.6.845
http://dx.doi.org/10.1104/pp.56.6.845
http://dx.doi.org/10.17660/ActaHortic.1983.131.32
http://dx.doi.org/10.1111/j.14698137.1977.tb02161.x
http://dx.doi.org/10.1111/j.14698137.1977.tb02161.x
http://dx.doi.org/10.1016/0304-4238(81)90091-1
http://dx.doi.org/10.17660/ActaHortic.1985.167.20
http://dx.doi.org/10.1016/0304-4238(83)90056-0

20. Saniewski M, Okubo H. Induction of Hippeastrum x hybr. hort. scape growth by auxin.
Zeszyty Problemowe Postgpéw Nauk Rolniczych. 2005;504:245-249.

21. de Munk WJ. Bud necrosis, a storage disease of tulips. III. The influence of ethylene
and mites. Netherlands Journal of Plant Pathology. 1972;78:168-178. http://dx.doi.
org/10.1007/BF01976551

22. de Munk WJ. Flower-bud blasting in tulips caused by ethylene. Netherlands Journal of
Plant Pathology. 1973;79:41-53. http://dx.doi.org/10.1007/BF02083665

23. de Munk WJ, Hoogeterp P. Flower-bud blasting in tulips. Acta Hortic. 1975;47:149-156.

24. deHertogh AA, Dilley DR, Blakely N. Response variation of tulip cultivars to exogenous eth-
ylene. Acta Hortic. 1990;109:205-210. http://dx.doi.org/10.17660/ ActaHortic.1980.109.28

25. de Munk WK, Gijzenberg J. Flower-bud blasting in tulip plants mediated by the hor-
monal status of the plant. Sci Hortic (Amsterdam). 1977;7:255-268. http://dx.doi.
org/10.1016/0304-4238(77)90022-X

26. Kamerbeek GA, de Munk WJ. A review of ethylene effects in bulbous plants. Sci Hortic
(Amsterdam). 1976;4:101-115. http://dx.doi.org/lO.lO16/50304—4238(76)80001—5

27. Saniewski M. Differential action of IAA and NAA, dependent on the transport direction,
on perianth and pistil growth in tulips. Acta Hortic. 1986;177:135-140. http://dx.doi.
org/10.17660/ActaHortic.1986.177.18

28. Yang SDF, Hoffman NE. Ethylene biosynthesis and its regulation in higher plants. Annu Rev
Plant Physiol. 1984;35:155-189. http://dx.doi.org/10.1146/annurev.pp.35.060184.001103

Hormonalna regulacja wzrostu pedu kwiatostanowego i lisci szafirka (Muscari
armeniacum Leichtl.)

Streszczenie

Wczesng jesienia cebule szafirkéw z uformowanym pakiem kwiatostanowym, li§¢émi i primor-
diami korzeni s3 wysadzane do gleby, gdzie nastgpuje ukorzenianie i wzrost lisci dugosci kilku
centymetréw nad ziemig jeszcze przed przechtodzeniem. Kwitnienie nastepuje wczesna wiosna
po przechlodzeniu. Z cebul szafirkéw bez przechlodzenia wysadzanych do ogrzewanej szklarni
wyrastajg nienaturalnie dtugie liScie, w poréwnaniu z cebulami przechtodzonymi, ale nie na-
stepuje wzrost pedu kwiatostanowego. Przechlodzenie cebul szafirkéw jest konieczne do wzro-
stu pedu kwiatostanowego, ale nie lisci. Kwas giberelinowy (GA) podany w pascie lanolinowej
wokot pietki cebul szafirkéw przys$piesza kwitnienie i wzrost lisci u cebul przechlodzonych, ale
nie przerywa spoczynku pedu kwiatostanowego u cebul nieprzechlodzonych.

Obecne badania wykazaly, ze nieprzechlodzone cebule szafirkéw trzymane w roztworze z ben-
zyloadening (BA) w stezeniu 25 i 50 mg/L, po usunieciu zaczatkéw korzeni, reagowaly stymu-
lacjg wzrostu lisci, a kwas abscysynowy (ABA) powodowal catkowite zahamowanie wzrostu
lisci, natomiast podanie GA pozostato bez wplywu na wzrost lisci. W przypadku cebul szafir-
kéw przechtodzonych w 5°C (bez ukorzeniania) i po obcieciu zaczatkéw korzeni, moczenie
cebul w roztworze BA spowodowalo catkowite zahamowanie wzrostu pedu kwiatostanowego
bez wplywu na wzrost lidci, natomiast w przypadku traktowania GA nastepowal wzrost pedu
kwiatostanowego i liSci, podobnie jak w kontroli (przetrzymywanie w wodzie). ABA hamowat
prawie catkowicie wzrost lisci i pedu.

Usuniecie pgka kwiatostanowego we wczesnym etapie wzrostu lisci i pedu u szafirkéw powodo-
walo calkowicie zahamowanie wzrostu pedu, a natozenie auksyny (IAA) w miejscu usunigtego
paka przywracato naturalny wzrost pedu. Natomiast podanie IAA pod pakiem kwiatostanowym
we wczesnym etapie wzrostu pedu powodowalo zamieranie wszystkich pakéw kwiatowych,
najprawdopodobniej na skutek stymulujgcego dzialania IAA na tworzenie si¢ etylenu.
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