GERMINATION STUDIES ON Tabebuia impetiginosa M art. SEEDS

Edvaldo Aparecido Amaral da Silva'; Anténio Claudio Davide™; José Mércio Rocha Faria®;
Danidl Ledo Bandeira de Meo?; Guilherme Barbosa de Abreu?

(Recehido: 5 dezembro de 2003; aceito: 19 de maio de 2004)

ABSTRACT: Seed germination and seedling production of native forest tree speciesare an
important step in ex situ conservation programs and in the reforestation with ecological

purposes. Therefore, under standing seed ger mination and its regul ationismandatory for the
complete success of the conservation programs and revegetation techniques. Thus,
mor phological studies, temperature requirements for seed germination and its control by
gibberellins (GAs) were studied in Tabebuia impetiginosa (“ipé-roxo”) seeds. The best

temperature for germination under constant light was 30°C. Theimbibition of T. impetiginosa
seeds followed the common triphasic pattern, with most of the seeds attaining phase Il at 24
hours and phase |11 at 72 hours of imbibition. Visible germination, as radicle elongation,
started at 30 hours in water-imbibed seeds and at 24 hours in GA-imbibed seeds. Seeds
imbibed in Paclobutrazol, an inhibitor of GA biosynthesis, failed to germinate. However,
application of exogenous gibberellins overcame inhibition and allowed germination,

suggesting that GAs are regulators of Tabebuia impetiginosa seed germination. The results
suggested that germination in Tabebuia impetiginosa seedsis controlled by elongation of the
radicle and gibberellins may play an important role in regulating it. The possible role of
gibberellinsis discussed.

Keywords: Tabebuia impetiginosa, “ipé-roxo”, seed, germination, gibberellins, ex situ
conservation, ecological reforestation.

ESTUDOS DE GERMINACAO EM SEMENTESDE Tabebuia impetiginosa M art.

RESUMO: A germinacéo de sementes e a producéo de mudas de espécies nativas sdo etapas
importantes da conservagdo ex situ e dos reflorestamentos com finalidade ambiental.
Conseguentemente, o entendimento do processo germinativo e da sua regulacéo é imperativo
para 0 sucesso de programas de recuperagd0 e conservacdo ambientais. Assim, foram
estudados, em sementes de Tabebuia impetiginosa (“ipé-roxo”), aspectos morfologicos e a
fisologia da germinagdo, com énfase na temperatura e o controle de giberelinas (GA). A
maxima germinagdo ocorreu na temperatura de 30°C na presenca de luz. A embebicdo das
sementes seguiu um padrdo trifésico comum para a maioria das espécies, tendo a fase |l da
curva de embebicdo sido alcangada com 24 horas e a fase |1l com 72 horas. A germinagéo
visivel, consderada como eongacdo da radicula, iniciou-se apds 30 horas para sementes
embebidas em &gua e 24 horas para sementes embebidas em giberelina. Sementes embebidas
em Paclobutrazol, um inibidor da biosintese endégena de giberdlina, ndo apresentaram
germinacdo. Todavia, a aplicacdo de giberelina exdgena diviou a inibicdo e permitiu que as
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sementes germinassem, sugerindo que giberelinas enddgenas regulam a germinacdo em
sementes de Tabebuia impetiginosa. Os resultados mostraram ainda que a germinagdo ocorre
apenas por melo da elongacdo da radicula e que giberelinas endégenas podem controlar este
crescimento. A possivel fungdo de giberelinas é discutida.

Palavras chave: Tabebuia impetiginosa,

ipé-roxo, semente, germinagcdo, giberelinas,

conservacao ex situ e reflorestamentos ambientais.

1INTRODUCTION

Tabebuia impetiginosa Mat (“ipé&
roxo’), belonging to Bignoniacese family is a
native tree species found in the Atlantic Forest,
“Cerrado” and “Cadtingd’ biomes of Brazil
(Lorenzi, 1992). Its doem bak has
pharmaceutica interests because of its anti-
inflammatory and  antimicrobid  properties
(Koyama et d., 2000; Anesini & Perez, 1993).
The species is dso a very important timber
producer (Carvalho, 1994) and is largdy used
in landscape gardening and in reclamation of
disturbed lands (Lorenzi, 1992).

However, Tabebuia impetiginosa has
been under severe threat because of the
increesng human adtivities in the biomes
where the species grows, including agricultura
practices and grazing. This has led Siqueira &
Nogueira (1992) to include Tabebuia
Impetiginosa in the list of species under threst,
cdling atention for the importance of this
species and the need of its conservation. Thus,
during the lagt years the demand for seeds and
seedlings with high qudity has incressed to
asd  conservation  programs  aming  to
diminish imminent risks of extinction.

Therefore, studying morphology and
physiological aspects during seed germindion,
as wel as its regulation, is mandatory for the
complete success of conservation program and
for further use in revegetation techniques. This
knowledge is a prerequisite in order to develop
satisfactory protocols for regeneration of the
goecies a intervals during long term storage
for maintenance of genetic variaion and to
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accommodate seedling supply for reforestation
programs.

Gemingtion and its regulaion have
never been sudied in Tabebuia impetiginosa
seeds. Vaious phydsologicd and biochemica
dudies conducted in a numerous Species
showed that seed germination initites with
water uptake by the seed and ends with the
dat of dongaion of the embryonic axis
(Bewley & Black, 1994). Radicle protruson
occurs when the expansve force of the
embryo exceeds the mechanica restraint of the
endosperm and seed coat. In  endospermic
seeds, weskening of the endosperm dlows
radicle protruson (Groot & Karssen, 1987,
Hilhors & Toorop, 1997), while in non
endospermic  seeds  the  mechanism  is
unknown.

Gibberdlins (GAs) play an important
role in promoting seed germination, as shown
by Koornneef and van der Veen (1980) and
Groot & Karssen (1987) in GA-deficient
mutants of Arabidopsis thaliana and tomato
seeds. The use of Paclobutrazol, an inhibitor of
GAs biosynthess, showed that GAs ae
gyntheszed de novo during geminaion in
Arabidopsis seeds (Debeaujon & Koornnesf,
2000).

During gemination of  endospermic
seeds, gibberdlins act promoting weskening of
the endosperm cap that surrounds the radicle
tip and aso promotes embryo growth (Karssen
et a., 1989). Cowling et d. (1999) showed that
GA regulates hypocotyl growth by dtering the
extent of hypocotyl cdl dongdion in
Arabidopsis thaliana. GA trestment induces
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the mMRNA levds of CsSAGP1, a gibberdlin-
regpondve gene in  cucumber  hypocotyls
related to stem eongation (Park et al., 2003).
Albet the importance of GA has been shown
in modd plants, it is gill scant the information
about the role of GA during germination on

forex tree seeds such as Tabebuia
Impetiginosa.
Thus, this work sudied the seed

morphology, temperature requirement for seed
germination and germination sensu stricto and
its control by endogenous gibberdlins in
Tabebuia impetiginosa seeds.

2MATERIALSAND METHODS

Seed source.  Fruits  of  Tabebuia
Impetiginosa were collected in Lavras, MG,
Brazil in 2002 during seed disperson. Fruits
were let to dry until complete dehiscence,
seeds were extracted and dried to 7% of
moisture content. Afterwards, the seed coat
(wing) was manudly removed and seeds
were stored at 5° C until the dtat of the
experiment.

Germination conditions. Seeds without
coat (Figure 1D and E), were surface
derilized by washing with 1% sodium
hypochlorite for 10 minutes, rinsed in water
and placed in 85 cm Petri dishes on 2 filter
papers imbibed with 10 ml of deminerdized
water. Seeds were incubated a temperatures
of 5, 10, 15, 20, 25, 30, 35 and 40° C at
continuous light. Seeds were aso incubated
in GAs+7 solution (100mM) or Paclobutrazol
solution (100mM). GA4z 10° M stock
solutions were prepared in 1 N KOH,
followed by adjugting the pH to 7.0 with 1 N
HCl. Paclobutrazol 103 M stock solutions
were prepared by disolving in acetone
01% vi) and dirring overnight. The
gamination (radicle dongaion >2 mm)
(Figure 1E) was recorded daly until the

percentage  of were

constant.

Imbibition curve. Intact seeds were
imbibed in water as described above and the
fresh weight was measured every six hours.

Radicle length. The length of twenty
radicles from water-, GA- and Paclobutrazol-
imbibed seeds was measured daly using
caipers.

Morphological  studies. To  better
characterize  ther  morphology, Tabebuia
impetiginosa seeds were photographed with
a digitd camera (Canon, Power Shot 540)
and a binocular (Leica MZ75). Images were
aso recorded usng a scaning dectron
microscope (Nijsse et d., 1998).

Satistical analyses. The datidicd
andysss were peformed by usng the
datistica program SISVAR (UFLA).

germinated  seeds

3 RESULTSAND DISCUSSION

Seeds of the Bignoniacese family such
as Tabebuia impetiginosa, have a dructure
cdled wing tha asSds thar wind-
disperson (anemochory) from the mother
plant. The wings ae a flatened extenson of
the layers of the seed coat with a reativey
large surface area (Werker, 1997) (Figure
1A and B). A cross section of the wings
(Figures A and B) reveds the presence of
empty spaces which heps the seeds to be
wind-transported. At the dry dsage of the
seed the external surface of the cotyledons
resembles a“root system” (Figure 1F).

Seeds of Tabebuia impetiginosa are
named endospermic or exdbuminous sSnce
in this species, the endosperm is consumed
during embryogeness and is dbsent a the
mature stage (Figure 1C). In exdbuminous
seeds, resarves such as  carbohydrates,
proteins, oils ae locaed in the embryo
(Werker, 1997) and are used during seed
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gamination until the seedling becomes
photosynthetically active.

To dudy the requirements of
temperature on germination of Tabebuia
impetiginosa seeds, they were incubated at
condant light and different temperatures (5,
10, 15, 20, 25, 30, 35 and 40°C). The results
showed that the temperature that alowed
fastest germination was 30°C (Figure 2).
Under such temperature radicle eongation
dated a 30 hours of imbibition. After 36
hours of imbibition, 50% of the seeds
geminated and a 72 hours of imbibition,
100% of the seeds had shown radicle
eongation (Figure 2). Water uptake during
imbibition followed a triphasc paitern, with
most of the seeds achieving phase 1l of
imbibiton a 24 hours (Figure 3). Thus
phase | of germination corresponded to a
rgpid imbibiton aming to begin the
resumption of metabolism blocked when
seeds ae dried a the maturation drying
phase of the seed development. Phase Il of
gemingion was only achieved when the
fresh weight increased about 40% (Figure
3). After that, the hydration level remaned
congant for 48 hours. Many cdlular and
metabolic events are triggered by water
upteke  during  gemingtion  such  as
activation of  respiraion, synthess  of
proteins and RNA, and amino-acid
metabolism. (Bewley, 1997; Bove & 4.,
2001). In average the phase IIl  of
germination was atained after 72 hours of
imbibitton when the radide dated to
edongae (Figure 3). In Brassica napus
seeds, which are dso non-endospermic, cdll
wdl loosening and dedine in turgor in the
embryo cdls control germination (Schopfer
& Plachy, 1985). In Tabebuia impetiginosa
seeds, germination is probably controlled by
extenghility of the embryo cdls indicating
tha a dmilar mechanism as in Brassca
napus is controlling germination, snce both
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species do not have endosperm that needs to
wesken dlowing radicle protrusion.

Gibberdlins ae a cdass of phyto-
hormones that regulate various aspects of
plant devdopment including seed germi-
nation (Bewley & Black, 1994). Our results
showed that exogenous gibberdlins
enhanced radicle elongeation during
gemindion of Tabebuia impetiginosa seeds
(Figure 5. In  water-imbibed  seeds
germination sarted a 30 hours whereas in
GA-imbibed seeds, the firs seed showed
radicle éongation (> 2mm) a 24 hours of
imbibition (Figures 4 and 5). Germination
was inhibited completdy when the seeds
were imbibed in Paclobutrazol, an inhibitor
of GA biosynthess (Figure 4). Exogenous
gibberdlins  overcame the inhibition  of
germination  imposed by  Paclobutrazol
(Figures 4 and 5), showing tha gibberdlins
ae syntheszed de novo during germingtion.
The reaults indicated that gibberdlins ae

important  regulator of  germingtion  in
Tabebuia impetiginosa seeds, as dready
shown in  Arabidopss and tomato

(Koornneef & van der Veen, 1980; Karssen
et a., 1989).

The dte of GA action has been
suggested by Karssen et d. (1989) as being
in the endosperm and in the embryo. In the
endosperm  of tomao seed, gibberdlins
regulate endosperm degradation by inducing
enzymes activity such  endo-3-mannanase
(Groot et d., 1988). Our results showed that
in Tabebuia impetiginosa seeds,
gibberdlins  induced radide  dongation.
Probably, GAs induce the increase of the
embryo pressure potentid during imbibition
as showed in coffee seeds by Silva (2002).
As observed in others species, the increase
in the pressure potentid leads to radicle cell
wall extendon  causng radide  cdl
expangon, embryo growth and germination
(Bewley & Black, 1994).
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Figure 1. Dry and germinated seeds of T. impetiginosa. (A) Dry seed with the seed coat, showing the
presence of the wings and cotyledons; (B) Internal vision of the seed caat (wing); (C) Dry seed with part of
the seed coat removed; (D) Seed without seed coat. Observe the locdization of the cotyledons and
embryonic axis. Arrow indicates where the radicle will elongate; (E) Germinated seed without seed coat
after 72 hours d imbibition; (F) External surface of the embryo from dry seed. Bars indicate 500umin (A)
and (D) ; 100 pymin(B) and (F) and 5mmin (C) and (E).

Figural. Sementes secas e germinadasde T. impetiginosa. (A) semente seca com o tegumento. Observea
presenca das asas e cotilédones; (B) visdo interna do tegumento (asas); (C) semente seca com parte do
tegumento removido; (D) visdo aproximada da semente sem tegumento. Observe a localizacdo dos
cotilédones e eixo embrionério. A setaindica o local onde haveré elongacéo da radicula; (E) semente
germinada sem tegumento apos 72 horas de embebicao; (F) superficie externa do embrido de semente
seca. Barras indicam 500umem (A) e (D); 100 pmem (B) e (F) e 5mm em(C) e (E).
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Figure 2. Germination of T. impetiginosa seeds in water at different temperatures. Data points are the
average of 4 replications of 25 seeds.

Figura 2. Germinacado de sementes de T. Impetiginosa em &gua em diferentes temperaturas. Pontos
representam a média de 4 repeticdes de 25 sementes.
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Figure 3. Imbibition curve during T. impetiginosa seed germination. Error bars indicate standard
deviations.

Figura 3. Curva de embebic&o de sementes de T. impetiginosa. Barras indicam desvio padr&o.
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Figure 4. Germination of T. impetiginosa seeds in 100 nm GA,.-(-), water (0), 100mm of Paclobutrazol

(? ) and 100mm of Paclobutrazol followed by 100mm GA..;(N). Data points are the average of 4
replications of 25 seeds.

Figura 4 Germinacdo de sementes de T. impetiginosa em 100 nm GA..; (-), agua (0), 100mm de

Paclobutrazol (? ) e 100 mmde Paclobutrazol seguido de 100nmGAy,- (N). Pontosrepresentammédia de
4 repeticdes de 25 sementes.
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Figure 5. Radicle length (mm) of T. impetiginosa seeds during imbibition in water (-),200 nm GA .- (0)
and 100 mm Paclobutrazol followed by 100 nm GA 4., (? ). Data points are the average of 20 radicles.

Figura 5. Comprimento da radicula (mm) de T. impetiginosa durante embebicdo em éagua (),

100 nmGA.~ (0) e 100 mmPaclobutrazol seguido de 100 mnmGAy.- (? ). Pontosrepresentam a média de
20 radiculas.
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4 CONCLUSION

The reaults reved that the ided
temperature under condant light to germinate
Tabebuia impetiginosa seeds is 30° C, with
germination occuring through radicle
gongation. Gibberdlins are syntheszed de
novo during imbibition and are involved in the
regulation of germingion by contralling
radicle dongation.

5BIBLIOGRAPHIC REFERENCES

ANESINI, C.; PEREZ C. Screening of plants used
in Argentine folk medicine for antimicrobid
activity. Journal of Ethnopharmacology, Clare,
v. 39, n. 2, p. 119-128, June 1993.

BEWLEY, J. D. Seed germination and dormancy.
The Plant Cell, Rockvele, v. 9, n. 7, p. 1055
1066, July 1997.

BEWLEY, J. D.; BLACK, M. Seeds: Physiology
of development and germination. New York:
Plenum Press, 1994. 445 p.

BOVE, J; JULLIEN, M.; GRAPPIN, P.
Functiond genomics in the study of seed
germination. Genome Biology, Ottawa, v. 3, p.
1002-1005, 2001

CARVALHO, P. E. R. Espécies Florestais
brasileras: recomendactes silviculturais,
potenciaidades e uso da madeira Colombo:
EMBRAPA/CNPF, 1994. 640 p.

COWLING, R. J; HARBERD, N. P. Gibberellins
control  Arabidopsis hypocotyl growth via
regulation of cdlular eongation. Journal of
Experimental Botany, Oxford, v. 337, 1351-1357,
Aug. 1999.

DEBEAUJON, I.; KOORNNEEF, M.
Gibberellin requirement for Arabidopsis
seed germination is determined both by
testa characteristics and embryonic abscisic

Cerne, Lavras, v. 10, n. 1, p. 1-9, jan./jun. 2004

SILVA,E.A. A. et al.

acid. Plant Physiology, Rockville, v. 122, n. 2, p.
415-424, Feb. 2000.

GROOT, S. P. C.; KARSSEN, C. M. Gibberdlins
regulate seed germination in tomato by endosperm
weskening: a sudy with gibberdlin-deficient
mutants. Planta, Berlin, v. 71, n. 4, 525-531, Aug.
1987.

GROOT, S. P. C.; KIELISZEWSKA-ROKICKA,
B.; VERMEER, E.; KARSSEN, C. M. Gibberellin-
induced hydrolyss of endosperm cell wadls in
gibberdlin-deficient tomato seeds prior to radicle
protrusion. Planta, Berlin, v. 174, n. 4, p. 500-504,
July 1988.

HILHORST, H. W. M.; TOOROP, P. E. A review
on dormancy, germinability and germination in
crop and weed seeds. Advances in Agronomy,
New York, v. 61, p. 111-166, 1997.

KARSSEN, C. M.; ZAGORSKI, S
KEPCZYNSKI, J.; GROOT, S. P. C. A key role of
endogenous gibberellins in the control of seed
germination. Annals of Botany, London, v. 63, n.
1, p. 71-80, Jan. 1989.

KOORNNEEF, M.; van DER VEEN, J H.
Induction and andyss of gibberdlin senstive
mutants in Arabidopsis thaliana (L. ) Heynh.
Theoretical and Applied Genetics, Berlin, v. 58,
n. 6, p. 257-263, 1980.

KOYAMA, J; MORITA, |.; TAGAHARA, K,;
HIRAI, K. Cyclopentene dialdehydes from
Tabebuia impetiginosa. Phytochemistry, Oxford,
v 53, n. 8, p. 869-872, Apr. 2000.

LORENZI, H. Arvores brasileiras; Manual de
identificagdo e cultivo de plantas arbdreas nativas
do Brasil. Nova Odessa: Editora Plantarum, 1992,
352 p.

NIJSSE, J; ERBE, E; BRANTJES, N. B. M.;
SCHEL, J. H. N.; WERGIN, W. P Low-
temperature  scanning  electron  microscopic
obsarvations on endosperm in  imbibed and



Cermination studies on Tabebuia impetiginosa...

germinated lettuce seeds. Canadian Journal of
Botany, Ottawa, v. 76, n. 3, p. 509-516, Mar.
1998.

PARK M. H.; SUZUKI Y.; CHONO M.; KNOX,
J. P; YAMAGUCHI I. CsAGP1, a gibberdlin-
responsve gene from cucumber hypocotyls,
encodes a classica arabinogalactan protein and is
involved in stem dongation. Plant Physiology,
Rockville, v. 131, n. 3, p. 1450-1459, Mar. 2003.

SCHOPFER, P.; PLACHY, C. Control of seed
germination by abscisic acid. 1. Effect on embryo
growth potential (minimum turgor pressure) and
growth  coefficient (cel wadl extenshility) in
Brassica napus L. Plant Physiology, Rockville, v.
77,n. 3, p. 676-686, Mar. 1985.

SILVA, E. A. A. Coffee (Coffea arabica cv.
Rubi) seed germination: mechanism and
regulation. 2002. 105 p. Thess (PhD) -
Wageningen Agricultura University, Wageningen,
The Netherlands,

SIQUEIRA, S. C. M. F.; NOGUEIRA, J. C. B.
Esséncias brasileiras e sua conservagdo genéticano
Ingtituto Florestal de Sdo Paulo. Revista do
Instituto Florestal, Sdo Paulo, v. 4, n. 4, p. 1187,
mar. 1992.

WERKER, E. Seed anatomy. Berlin, Stuttgart:
Gebruder Borntraeger,1997. 424 p.

Cerne, Lavras, v. 10, n. 1, p. 1-9, jan./jun. 2004



