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Abstract: Seeds of Dalbergia fusca, an endangered tree species endemic to Yunnan province of China were used to study
the inhibitory effects of abscisic acid (ABA) and the antagonism of IAA, GA;, 6-BA and ethephon to ABA in the seed
gemination. The optimum temperature for the seed germination was about 30 ‘C. There was no different effects of alternar—
ing photoperid ( 14 h light and 10 h daik) and darkness onthe seed germination. Afier treated by 0. 01- 0. 1 mol/ L. ABA,

the seed gemination percentage was not affected, but the time course of gemination was decreased, while those levels were
dramatically inhibied by 1 mmo} L and 2 5 mmof L. ABA. The seed germination percentage was not affected by 0. 0001-

1 mmo] L indole-3-acetic acid ( TAA) , gibberellic acid (GA;), 0.0001- 0 1mmol/L 6 benzyladenine (6-BA) , and 0. 001
— 10 mmol/ L. ethephon (the ethylene donor) , but was inhibied by 1 nmof L. 6 BA. The inhibition effect of 1 mmo} I. ABA
on seed germination was artagonized by 0 01- 1 mmo} L TAA, 0 Ol- 1 mmol/L. GA;, 0.001- 0. I mmof L. 6 BA, and O. 1
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— 10 mmol/ L. ethephon, which were phytohomone type- and concentratior dependent. The antagonistic actions of 0. 01
mmo)/ L. 6 BA and 0. I mmo} L ethephon to 1 mmof L. ABA inhbition could not be increased by addiion of 0. 001 mmo} L
TAA or 0. 001 mmol/I. GA;. The antagonigic action of 0. 1 mmoJ L ethephon to 1 mmo} I. ABA inhibiton, however, could
be increased by addiion of 0. 01 mmo} L 6-BA or 0. 1 mmo} L 6 BA, which resulting in higher gemmation percentage and

enhancing seedling growth.

Key words: Abscisic acid; Dalbergia fusca; Ethephon; Phytohommone interaction; Seed germination

The process of germination begins with the uptake
of water by the dry seed, followed by the expansive em
bryo growth. This usually culminates in rupture of the
vering layers and the emergence of the radicle, which
is generally considered to be the completion of the germ
ination. It has been reported that phytohormones rega
late germination and dormancy of seeds. GAj;, at high

wncentraion, can break the dormancy of positive phe-
toblastic seeds sudh as Laduca scariola, negative phote-
blastic seeds such as Phacelia tanacef olia, and nom
photoblastic seeds which require stratificaion, such as
Avena fatua (Berrie, 1984) . Kindin can induce germt
nation in photosensitive lettuce seeds, and like GA, but
a high concentration is needed ( Berrie, 1984).

ABA is known as a positive regulator of seed
domancy and a negaive regulator of seed germination
(Hilhorst and Downie, 1995; Bewley, 1997; Kooer
neef et al., 2002). ABA treament of nor endosper
mic, nor-dormant Brassica napus seeds has no effect
on the kinetics of testa rupture, but inhibits the post
germination extension growth of the radicle ( Schopfer
and Plachy, 1985). ABA does not inhibit the initial
imbibition of water (water uptake phase 1 and 2) need-
ed for the initial extension growth of the embryo, but
mhibits the transition to the seedling growth phase (wa
ter uptake phase 3) afier radicle emergence ( Lopez
Molina e a., 2001).

In many species, ethylene stimulates germination
of seeds that may or may mot be dormant. Fthylene is
effective in breaking the primary domancy imposed by
seed coa in cocklebur, subterranean clover and Rumex
cripus seeds, and the embryo dormancy of apple and
sunflower seeds.
domancy in lettuce seeds and the secondary dormancy
in cocklebur seeds ( Corbineau and (G, 1995) .

Dadlbergia fusca Pierre ex Prain (family Fabaceae)

is a valuable timber tree endemic to Yunnan Province of

It can also overcome the thermo-

China. It is considered to be an endangered species and
has been given protection by the Chinese government
(State Environmental Protection Administration of China
and Institute of Botany of Chinese Academy of Sciences,
1987) . To our knowledge, the factors affecting the ger-
mination of D.fusca seed, including temperaure, light
and phytohormones, have not been reported. In this
study, the inhibitory effects of ABA on the germination
of D .fusca seed and the antagonism of 1AA, GA;, 6

BA and ethephon to ABA were investigated.

Materials and methods

Plant material Fruis of Dalbergiafusca were collected at
maturity in December, 2004 from trees growing in Xishuangbanna
Tropical Botanical Garden (10T 23 E, 21° af N; altitude 600-
700 m), Menglun, Mengla, Yunnan, China. After removal from
fluis, the seeds were dried for 14 days at 151 1C in 50% rela-
tive humidity (RH) to a moisture content of 0 092E 0. 004 g
H,0 g™ ' dry weight (DW) and then kept at 15 C before the di-
ferent experimental treatments.

Moisture content determinations The mosture content
of the seeds is expressed on a dry weight basis (g H,0 ¢~ ' DW,
g g ') and was determned by weighing 5 replicates of 100 seeds
each after the seeds were dried for 48 h at 80°C.

Germination testing Four replicates of 50 seeds each were
geminated on two pieces of filter paper moistened with 7 ml of
digilled water or of a water solution of phytohormone of indicated
concentration in closed 9-cm diameter Petri dishes subjecting to
different light and temperatwre regimes. Seeds showing 2 mm radi
cle emergence were counted as geminated. The gemination rate
is expressed on a time course of germination and or the number of
days taken to reach the 50% gemination stage (T'so)

Statistical analysis The effects of temperature, light and
phytohommones on seed germination were analyzed using a one-
way ANOVA model from the SPSS 11. 5 package for Windows
(SPSS Inc.) .

Results
Effects of temperature and light on seed germination
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The weight of 1000 seeds of D.fusca was 46. 05
0. 73 . When the seeds were germinated in dark-
ness at 15, 20, 25, 30, 35 and 40 C respectively, the
germination percentage and germination rate of seeds
were markedly affected by temperature, the time
required for 50% germination of seeds (Ts0) was about
80h at 15C, 40h at 20°C, 29 h at 25°C, 25 h at
30C, 27h at 35°C and 62 h a 40C ( Fig. 1: a).
The optimum temperature for final germination percent
age and Tsowas about 30 C, and for seedling growth,
about 35C (Fig. 1: b).

The alternating photoperiod [ 14 h light (12 Hmol
: 1) and 10 h dark] and darkness had no effect
on the final germination percentage and Ty at 30C
(Fig. 1: ¢). The fresh weight of seedlings produced

by germinating seeds in the alternating photoperiod was

-2
m s

a little lower than in darkness (Fig. 1: d).
Inhibitory efects of abscisic acid on seed germination
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0.001- 0.1 mmolJL ABA did not affect the seed
germination percentage, but decreased the time course
of germination; 1 and 2.5 mmol/L. ABA dramatically
inhibited seed germination and decreased the time
course of germination ( Fig. 2: a). Except that 0. 0001
mmo)/ T. ABA slightly stimulated seedling growth (data
not shown), 0. 001- 1 mmol/L. ABA inhibited seedling
growth (Fig. 2: b).

Effects of IAA, GA;, 6 BA and ethephon on seed
germination

At 30C, the germination percentage of seeds was
not affeded by 0.0001- 1 mmol/ L TAA, 0.0001- 1
mmo)/ L. GA;, 0.0001- 0. 1 mmol/L. 6 BA, and 0. 001
— 10 mmol/L. ethephon (the ethylene donor) , but was
inhibited by 1 mmol/L. 6 BA (Table 1).

The fresh weight of the seedlings produced by ger-
minating seeds was increased by 0. 0001 mmol/L. and
0. 001 mmo)/ LL IAA, 0.0001- 0. 1 mmol/L. GAs, 0.0001
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Fig. 1 Effects of temperature and light on germination percentage and rate of D.fusca seeds
a. seeds were germinated at 15, 20, 25, 30, 35 and 40°C, respediely, and in datkness for 5 d; b. Fresh weight of seedlings produced by

geminating seeds ( excluding cotyledons) ; c. seedsw ere germinated at 30 C and altemating photoperiod ( 14 h lighy/ 10h dark) or dakness for

5d; d. Fresh weight of seedlings produced by gemating seeds ( excluding cotyledons) at 30°C with altemating photoperiod or darkness.

Seeds, showing radicle-emergence for 2 mm were scored-as_germiated. All vialues are means £ SD of four replicates of 30 sceds each.
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Table 1  Effects of phytchormones on germination of Dl bergia fusca

seeds. Seeds were germinated at indicated ©ncentrations of
phytohommones for 5 d (dark, 30°C). Seeds showing radicle
emergence for 2mm were scored as germmated. All values

are means SD of four replicates of 50 seeds each

Table 2 Effects of phytohormones on fresh weight (mg plant) of seedlings
produced by geminating Dalbergiafusca seeds. Seeds were germinat ed
at indicated concentrations of phytohormones for Sd (dark, 30C).
Fresh weight of seedling does not include cotyledons. All values

are means £SD of four replicates of 50 seeds each

Concentration Phy tohormone Concentration Phy tohommone
(mmol/ L) 1AA GA 6 BA Ethephon (mmol/ T) TAA GA 6 BA Fthephon

0 100. 0£0.0 9.5£0.5 1000*X00 99.5%05 0 42781420 43.95E301 42 BE2. 12 4t 03
0.0001 99 510.5 100.0X00 9.0x10 — 0.0001 448X213 #4.21£601 43 13X2.77 4103 16

0 001 99 0X1.0 9.5%£0.5 9.0%05 1000=%0.0 0 001 4516%333 48.05£318 46 00£3.15 4583 20
001 98 5%1.0 100.0£00 9.0%£05 1000=0.0 001 42531472 53.88%t400 48 73*1.41 511613 36
0.1 98 5%X1L0 9.0x1.0 90x05 100000 0.1 3955+526 51211351 4033%1.45 4 74EL 9B

1 ¥EL0  9.5%0.5 71.3F64 1000%0.0 1 26731288 B.Uut413 4ut013 L70FL®

10 — — — 100 0F0. 0 10 — — — 26300 79

— 0.01 mmoJL 6-BA, and 0. 001 mmolJL and 0. 01
mmol/ L ethephon, but was inhibited by 0. 1 mmol/ L
and 1 mmo)/ L JAA, 1mmol/L GA3, 0.1 mmolJL and 1
mmo)/ L. 6-BA, and 1 mmol/ L. and 10 mmol/L ethephon
(Table 2).
Antagonism of TAA, GAs, 6-BA and ethephon to
ABA during seed germination

The germination percentage, the time course of
gemination and the seedling growth were significantly is
hibited by 1 mmo)/ L ABA (Fig. 2 and 3a), which culd
be antagonized by 0 01 1 mmol/ L. TAA, 0.0I- 1 mmol L
GAs (Fig. 3: a), 0.001- 0. Immo)L 6 BA and 0. 1- 10
mmol/ L. ethephon (Fig. 3: b). In these antagonisms to
ABA, the effect of ethephon was the largest, GA; and
6-BA, the medium, and TAA, the smallest. The opt+

mum antagonistic concentration to 1 mmo)/I. ABA was
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0.01 mmol L for IAA and GAs, 0. Immo)/ L for 6-BA,
and 10 mmol/ L. for ethephon (Fig. 3: a and b).

It was noted that 0.01- 0. 1 mmol/L. TAA, 0. 01
— 0. 1 mmol/L GA3, and 0.001- 0. 1 mmol/L 6-BA in-
creased, and 0.01- 1 mmol/ L. ethephon markedly in-
creased, the fresh weight of seedlings in antagonism to
ABA (data not shown).
Interaction among phytohormones during seed ger-
mination

ABA inhibition for seed germinaion (Fig. 4),
the time urse of germination and seedling growth ( da-
ta not shown) was notably antagonized by 0.01 mmo)/ L
6-BA and 0.1 mmol/L. ethephon, which could not be
increased by addition of 0.001 mmo)/ L TAA or GAs,
but could be increased by addition of 6 BA (0. 01 or
0. I mmol/ L)) or ethephon (0.1 mmol/L) (Fig. 4).
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Fig. 2 Effects of ABA on gemination percentage (a) and fresh weight of seedling (b) of D. fusca seeds. Seeds were germiated

at indicated concentrations of ABA for 5 d (dark, 30C). Seeds showing radicle emergence for 2mm were scored as germinated.
Fresh weight of seedling does mot include cotyledons. a, Ommol/ L. ABA; b, 0.001 mmo} L. ABA; ¢, 0.01 mmol/ L ABA;
d, 0. 1mmol/ L ABA; e, 1mmol/L ABA; All values are means £ SD of four replicates of 50 seeds each
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Fig. 3 Antagonisn of IAA, GA;, 6BA and ethephon to ABA. Seeds of D. fusca were gemminated at different treatments, respectwely,

for 5d (dak, 30°C). Seeds showing radicle emergence for 2 mm were scored as germinated. a and h, 1 mmol/L. ABA; b, 1 mmol/L. ABA
+ 0.0l mmol/ L TAA; ¢, 1mmoJL ABA+ O 1 mmol/L IAA; d, 1 mmo/L ABA+ 1 mmoJL IAA; e, 1 mmoJL ABA+ 0.0l mmol/ L

GAz; f, 1mmol/ LABA+ O I mmol/L. GA3; g, 1 mmof L. ABA+ 1mmol/ L GAs; i, 1 mmofL ABA+ 0.001 mmoJ L 6BA; j, 1mmo}
L ABA+ 0 0l mmo} L 6BA; k, 1 mmo} L ABA+ 0. I mmol/L 6BA; 1, 1 mmol L ABA+ 0. I mmol/L ehephon; m, 1 mmo)L ABA+
1 mmo) L ethephon; n, 1 mmol/ L. ABA+ 10 mmol/L. ethephon. All valies are means +SD of four replicates of 50 seeds each
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Fig. 4 Interaction among phytohormones during gemination of D. fusca
seeds. Seedsw ere gemminated at different treatments, respectively, for5 d
(dark, 30C). Seeds showing radicle emergence for 2 mm were scored as
germinated. a, 1 mmofL ABA; b, 1 mmol/L ABA+ 0.01 mmo) L 6BA;
¢, 1 mmoJL ABA + 0 01 mmo/L. 6BA + Q 001 mmol/ L TAA; d, 1
mmof L. ABA+ 0.01 mmo} L. 6-BA+ 0.001 mmol/ . GA3; e, 1 mmofL
ABA+ O 1 mmol/L. ethephon; f, 1 mmol/ L. ABA+ Q 1 mmol/ L ethephon
+ 0.001 mmol/L 1AA; g 1 mmo/L ABA + O 1 mmol/ L ethephon +

0.001 mmo} L. GA3; h, 1 mmol/L ABA+ Q 1 mmo} L ethephon+ 0.01
mmol/LL 6-BA; i, 1mmol/L ABA+ 0.1 mmol/L. ethephon+ Q 1 mmof L
6 BA. All values are means £SD of four replicates of 50 seeds each

Discussion
Among the several environmental factors which af
fect germination, temperature is the single most impox

tant. factor governing both the maximum germination

percentage and the germination rate ( Heydecker,
1977; Huang et al., 2003) . Temperaure affects both
the capacity for gemination and the rate of germination
(Bewley and Black, 1994). Tso for D.fusca seed was
about 80h at 15°C, 40h at20°C, 29h at 25°C, 25h
at30C, 27hat 35Cand 2 hat40C (Fig. 1: a).
The optimum temperature for germination percentage
and Tso was about 30C, and for seedling growth,
about 35°C (Fig. 1: b). These results are in agree-
ment with the viewpoint of Heydecker (1977) and
Huang et . (2003) .

The alternating photoperiod (14 h light and 10 h
dark) or darkness had no effect on germination percent
age and Ty at 30°C (Fig. 1: ¢), and had a little ef
fect on the fresh weight of the seedlings produced by
germinating seeds (Fig. 1: d), showing that the seed
of D.fusca was now photoblastic.

0.001- 0. I mmol/ I, ABA did not affect the germ-
ination percentage of the seeds, but it affected the time
course of the germination and the seedling growth (Fig.
2). 1 and 2.5 mmo)/ L ABA dramatically inhibited the
germination percentage, the time course of germination
and the subsequent seedling growth (Fig. 2). It has
been reported that the addition of exogenous ABA to
the medium during imbibition resembles the effects of
ma ermnal ABA durine seed development, and residual
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ABA in mature seeds. It has been also reported that
the imbibition of fresh or afier-ripened tobacw seeds in
medium with 10 Hmo) L. ABA greatly delays seed germ-
ination ( Leubner-Melzger, 2003) .

The germination percentage of the seeds was not
affected by 0. 0001- 1 mmol/L. TAA, 0. 0001- 1 mmol/ L
GA;, 0.0001- 0. 1 mmolV L 6-BA, and 0. 001- 10mmol/
L ethephon (Table 1), implying that D.fusca seeds
might have sufficient endogenous IAA, GAs, cytokinins
and ethylene required for germination. The germination
percentage of the seeds was inhibited by 1 mmol/L. 6 BA
(Table 1). The seedling growth afier germination was
enhanced by 0.0001 mmol/I. and 0.001 mmol/L. TAA,
0. 0001- 0.1 mmo)/ L. GA;, 0.0001- 0.01 mmol/ L 6
BA, and 0. 001 mmol/ L. and 0. 01 mmol/ L. ethephon, but
was inhibited by 0.1 mmo)/L. and 1 mmolL. TAA, 1
mmo)/ L. GA3, 0. 1 mmol/L and 1 mmo)L 6-BA, and 1
mmo)/ I, and 10 mmol/L. ethephon (Table 2). These re-
sults also indicated that the effects of IAA, GA3 and 6-
BA on the seed germination and subsequent growth were
phytohormone type- and concentration- dependent. Seed
germination of the GA- deficient biosynthesis mutant gal
of Arabidgsis depends on the addition of GA to the me-
dium during imbibition ( Koormmeef and Karssen,
19%9). Studies with the GA-deficient gib-1 clearly
showed that GAs control the endosperm breakdown. The
mutant seed only germinated in the presence of GA or
after removal of the covering layers opposing the radicle
(detipping) (Groot & dl., 1987). The germination of
detipped gib-1 seeds in water indicated a location of GA
action in the covering layers surounding the tip of the
radicle. Measurements of the puncture force required to
break through these layers showed that the major action
of endogenous GA was directed to the weakening of the
mechanical resistance of the endosperm cells around the
radicle tip (Groot e al., 1987). In wildtype seeds the
endosperm weakening occurred in water before radicle
protrusion; in gib-I seeds it was absolutely dependent
on applied GA4+ 7. Simultaneously incubation of deem
bryonated endosperm and isolated axes showed that only
wild type embryos produce a factor that induces ende-
spem weakening, that probably is GA. GA can induce

@ amylase synthesis,, and stimulate mobilization of stored

reserves ( Bewley and Black, 19%).

The fresh weight of the seedlings produced by ger-
minating seeds was enhanced by 0.0001- 0.01 mmo}/ L
6-BA (Table 2), showing that 6-BA could stimulate
growth in an unknown manner. Cytokinins are very ef
fective promoters of germination, since early protein
synthesis is a necessary event for seed germination, and
exogenously applied cytokinin culd enhance protein
synthesis (Berrie, 19&4) .

The germination percentage, the time course of
germination and the seedling growth were significantly
inhibited by 1 mmol/l. ABA (Fig. 2 and 3a), which
were markedly antagonized by 0. 01— 1 mmol/T. TAA,
0.01- 1mmoJ/ L (Fig. 3: a), 0.001- 0.1 mmoJ/L 6
BA and 0. 1- 10 mmol/L, ethephon (Fig. 3: b). How-
ever, the antagonistic effects of IAA, GA;, 6-BA and

ethephon to ABA were unknown. In these antagonisms

to ABA, the effed of ethephon was the largest, GA;

and 6-BA, the medium, and IAA, the smallest (Fig.
3), showing that these antagonisms were also phytohor-
mone type- and concentration- dependent. Ethylene is
also known to allow dormant sunflower embryos to ger-
minate in hypoxia ( Corbineau and (Ore, 1992), over
comes the inhibition of germination imposed by osmotic
agents in Amaranthus caudatus seeds ( Kepcezynski and
Karssen, 1985; Kepczynski, 1986). B1, 3-glucanase
is implicated in the after ripening-mediated promotion
of tobacco testa and endosperm rupture. Class 1 B-1,
3-glicanase (BGlu I) is transcriptionally induced in
germinating tobacco seeds just prior to endosperm rup-
ture but after testa rupture (LeubnerMetzger et al.,
1995, 1998). BGlu I induction is highly localized in
the micropylar endosperm at the site of radicle emer-
gence. Light, GA and ethylene promote BGlu I expres-
sion and endospem rupture. ABA inhibits BGlu 1 ex
pression and endosperm rupture of wildtype seeds
(Leubnex-Metzger, 2003). The slow growth rate of the
radicles that emerge from detipped gib-l seeds indi
cdes GAs also control embryo growth as part of germi-
nation. Probably embryo growth is primarily controlled
at the extemsibility of the cell walls ( Schopfer and
Plachy, 1985). The inhibitory action of applied ABA

on, gemination has indeed been related to reducing
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cell wall extensibility ( Karssen, 1995) .

I has been shown that 0. 01 mmo)L 6BA +
0.001 mmol/L TAA or+ 0. 001 mmo)/L GA3, and 0. 1
mmol/ L. ethephon + 0.001 mmol L. TAA or+ 0. 001
mmol/I. GA; for antagonism to 1 mmol/I. ABA had no
synergic role (Fig. 4), but that 0. 1 mmol/ L ethephon
+ 0.01 mmo)JL 6BA or+ 0.1 mmol/LL 6BA had a
synergic tole on antagonism to 1 mmo)/ L. ABA, signifi
cantly increasing the germination percentage ( Fig. 4)
and the seedling growth ( data not shown).

To our knowledge, It was first reported that inh+

bition by ABA for seed germination could be antage-
nized by IAA, GA;, 6BA, dhephon, 6-BA+ TAA or

+ GAs, ethephon+ IAA or+ GAs, and ethephon+ 6
BA; and that 6 BA+ TAA or + GAs, and ethephon+
IAA or+ GA; had no synergic role, and that ethephon
+ 6 BA had a synergic role, for antagonism to ABA.
These roles were also phytohormone type- and concen-
tratiorr dependent. However, these antagonism mecha
nisms are unknown, and deserve further research. It
might be considered that effects of phytohormones on
seed germination might become a model system for

studying interactions among phytohormones.
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