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Abstract: Seeds of Dalbergia fusca, an endangered tree species endemic to Yunnan province of Chinawere used to study
the inhibitory effects of ascisic acid (ABA) and the antagonism of IAA, GA;, 6-BA and ethephon to ABA in the seed
germination . The optimum temperature for the seed germination was aout 30 . There was no different effects of dternat-
ing photoperiod (14 h light and 10 h dark) and darkness on the seed germination . After treated by 0.01-0.1 mmol/L ABA,
the seed germination percentage was not affected, but the time course of germination was decreased, while those levels were
dramaticaly inhibited by 1mmol/L and 2.5 mmol/L ABA. The seed germnation percentage was not afected by 0.0001 -

Immol/Lindole-3-acetic acid (I1AA), gibberdlic acid (GA;) , 0.0001 - 0.1 mmol/L 6-benzyladenine (6-BA) , and 0.001
-10 mmol/L ethephon (the ethylene donor) , but wasinhibited by 1 mmol/L 6-BA. The inhibition effect of 1mmol/L ABA
on seed germination was antagonized by 0.01-1 mmol/L IAA, 0.01-1 mmol/L GA;, 0.001- 0.1mmol/L 6-BAland 0.1
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-10 mmol/L " ethephon, which were phytohormone type- and concentration-dependent . The antagonistic actions of 0.01
mmol/L 6-BA and 0.1 mmol/L ethephon to1mmol/L ABA inhibition could not be increased by addition of 0.001mmol/L
IAA or 0.001mmol/L GA; . The antagonidic action of 0.1mmol/L ethephon ta 1 mmol/L ABA inhibition, howvever, could

be increased by addition of 0.01 mmol/L 6-BA or 0.1 mmol/L 6-BA, which resulting in higher germination percentage and

enhancing seeding gronth .

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

The process of germination begins with the uptake
of water by the dry seed, fdlowed by the expansive em-
bryo groanth . This usually culminates in rupture of the
covering layers and the emergence of the radicle, which
IS generally cond dered to be the completion of the germ-
ination . It has been reported that phytohormones regu-
late germination and dormancy of seeds . GAs, a high
concentration, can break the dormancy d pogtive pho-
toblastic seeds such as Lactuca sariola, negative photo-
blagtic seeds such as Phacelia tanacdifolia, and non-
photoblagic seeds which require stratification, uch as
Avera fatua (Berie, 1984) . Kinetin can induce germi-
nation in photosendtive lettuce seeds, and like GA, but
a high concentration is needed (Berrie, 1984) .

ABA is knomn a a positive regulator of seed
dormancy and a negative regulator of seed germination
(Hilhorst and Downie, 1995; Bewley, 1997; Kooen-
neef et al., 2002) . ABA treatment of non-endosper-
mic, non-dormant Brassca napus seeds has no effect
on the kinetics of testa rupture, but inhibits the pos-
germination extension growth of the radicle ( Schopfer
and Pachy, 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
inhibits the transition to the seedling gronth phase (wa
ter upteke phase 3) after radicle emergence (Lopez-
Molina et al., 2001) .

In many species, ethylene stimulates germination
of seeds that may or may not be dormant . Ethylene is
effective in breaking the primary dormancy imposed by
seed coat in cocklebur, subterranean clover and Rumex
crigous seeds, and the embryo dormancy of apple and
sunflover seeds . It can aso overcome the thermo-
dormancy in lettuce seeds and the secondary dormancy
in cocklebur seeds (Corbineau and Come, 1995) .

Dalbeagia fuxa Rerre ex Prain (family Fabaceae)
Is a valuable timber tree endemic to Yunnan Province d

China . It is congdered to be an endangered species and
has been given protection by the Chinese government
(State Environmental Praection Adminigration o China
and Institute of Botany of Chinese Academy of Sdences,
1987) .To our knonmedge, the fadtors affecting the ger-
mination d D. fusca seed, including temperature, light
and phytohornmones, have na been reported . In this
study, the inhibitory effects of ABA on the germination
of D. fuxa seed and the antagonism of IAA, GA;, 6-
BA and ethephon to ABA were investigated .

Materials and methods

Fruits of Dalbergia fusca were col lected at
meaturity in December, 2004 from trees growing in Xishuangbama
Tropical Botanica Garden (101°25 E, 21°41 N; dtitude 600 -
700 m) , Menglun, Mengla, Yuman, China . After remova fran
fruits, the seedsweredried for 14 daysa 15+ 1  in50% rea-
tive humidity (RH) to a moisture content of 0.092+ 0.004 g
H,Og ' dryweight (DW) and then kept a 15  before the dif-
ferent experimental treatments .

Plant material

Moisture content determinations  The moisture content
of the seeds is expressed on a dry weight bass (g H,O g * DW,
gg ') andwas determined by weighing 5 replicates of 100 seeds
each after the seeds were dried for 48 h a 80

Germination testing Four replicates of 50 seeds each were
germinated on two pieces of filter paper moistened with 7 ml of
distilled water or of a water solution of phytcharmone of indicated
concentration in closed 9-an diameter Petri dishes subjecting to
different light and tamperature regimes . Seeds showing 2-mm radi -
cle emergence were counted as germinated . The germination rate
is expressed on a time coure of germination and/or the number of
days taken to reach the 50% germination stage (Tso ) .

Statistical analysis The effects of temperature, light and
phytchamones on seed germination were anayzed using a one
way ANOVA madd from the SPSS 11.5 package for Windows
(SPSSinc ) .

Results

Effects of temperature and light on seed germination
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30

The weight of 1000 seeds of D. fusca wes 46.05
+ 0.73 g . When the seeds were germinated in dark-
ness at 15, 20, 25, 30, 35 and 40  respectively, the
germination percentage and germination rate of seeds
were makedly affected by temperature, the time
required for 50% germination of seeds (Tso ) was about
80hals ,40ha20 ,29ha25 ,25ha
30 ,27ha35 ad62ha40 (Fg.1l: a).
The optimum temperature for final germination percent-
age and Ts, was about 30 , and for seedling gronth,
about 35 (Fig .1: b) .

The alternating photoperiod [14 h light (12 nol
m s ') and 10 h dark] and darkness had no effect
on the final germination percentage and Ts, at 30
(Fig.1: c¢) . The fresh weight of seedlings produced
by germinating seeds in the aternating photoperiod was
a little lower than in darkness (Fig .1: d) .

Inhibitory effects of abscisic acid on seed germination
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0.001 - 0.1mmol/L ABA did not affect the seed
germination percentage, but decreased the time course
of germination; 1 and 2.5 mmol/L ABA drametically
inhibited seed germination and decreased the time
course of germination (Fig .2: a) . Except that 0.0001
mmol/L ABA dightly stimulated seedling gronth (data
not shown), 0.001 - Immol/L ABA inhibited seedling
gronth (Hg .2: b) .

Effects of TAA, GAs;, 6-BA and ethephon on seed
germination

At 30 , the germination percentage of seeds was
not affected by 0.0001 - 1 mmol/L IAA, 0.0001 - 1
mmol/LGA; , 0.0001 - 0.1mmol/L 6-BA, and 0.001

- 10 mmol/L ethephon (the ethylene donor), but was
inhibited by 1mmol/L 6-BA (Table 1) .

The fresh waght of the seedlings produced by ger-
minating seeds was increased by 0.0001 mmol/L and
0.001mmol/L IAA, 0.0001 - 0.1mmol/L GA;, 0.0001
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Fig .1 FEffects of temperaure and light on germination percentage and rate of D. fusa seeds

a . seeds were germinated at 15, 20, 25, 30, 35 and 40

germinating seads (exduding cotyledons) ; ¢ . seeds were germinated at 30
5d; d . Fresh weight o seedlings produced by germinating seeds ( excluding cotyledons) at 30

, respectively, and in darkness for 5d; b . Fresh weight of seedlings produced by

and alternating photoperiod (14 h light/10 h dark) or darkness for
with alternating photoperiod or darkness .

Seeds showing radide emergence for 2 mm were socored as germiated . All values are means+ SD of faur replicates of 50 seeds each .
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Table 1 Effects of phytohormones on germination of Dalbe gia fusca
seeds . Seeds were germinated at i ndicated concentrations of
) . Sealds showing radicle

emergence for 2 mm were scored as germinated . All values

phytohormones for 5d (dark, 30

are meanst SD of faur replicates of 50 seeds each

Concentration Phytohormone
(mmol/L) IAA GA 6-BA Ethephon
0 100.0+ 0.0 99.5+ 0.5 100.0+£ 0.0 99.5+ 0.5
0.0001 99.5+ 0.5 100.0+ 0.0 99.0+ 1.0 —
0.001 99.0+ 1.0 99.5+ 0.5 99.0+ 0.5 100.0+ 0.0
0.01 98.5+ 1.0 100.0+ 0.0 99.0+ 0.5 100.0%x 0.0
0.1 98.5+ 1.0 99.0+ 1.0 99.0+ 0.5 100.0+ 0.0
1 99+ 1.0 99.5+ 0.5 71.3x 6.4 100.0+ 0.0
10 — — — 100.0+ 0.0

- 0.01 mmol/L 6-BA, and 0.001 mmol/L and 0.01

mmol/L ethephon, but was inhibited by 0.1 mmol/L’

and I mmol/L IAA, 1 mmol/L GAs , 0.1 mmol/L and 1
mmol/L 6-BA, and 1 mmol/L and 10mmol/L ethephon
(Table 2) .
Antagonism of IAA, GAs, 6-BA and ethephon to
ABA during seed germination

The germination percentage, the time course of
germination and the seedling gromth were sgnificantly in-
hibited by 1 mmol/L ABA (Fig. 2 and 3a ), which could
be antagonized by 0.01-1 mmol/L IAA, 0.01-1 mmol/L
GA: (Hg.3: a), 0.001-0.1 mmol/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 IAA, the smalles . The opti-
mum antagonistic concentration to 1 mmol/L ABA was
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Table 2 Effects of phytohormones on fresh weaght (mg pfant) of seedlings
praduced by germinaing Dalbergia fusca seeds . Seeds were germinated
at indicated concentraions o phytohormones for 5d (dark, 30 ) .
Fresh weght of seedling does not include cotyledons . All values

are meansz SD of four replicates of 50 seeds each

Cancentration Phytohormone

(mmol/L) IAA GA 6-BA Ethephon
0 42.78+ 4.20 43.%+ 3.01 42.93+ 2.12 44.62+ 1.03
0.0001 44,83+ 2.13 44.21+ 6.01 43.13+ 2.77 44.10t 3.16
0.001 45.16+ 3.33 48.06+ 3.18 46.00+ 3.15 45.85+ 3.20
0.01 42,53+ 4.72 53.88+ 4.9 48.73+ 1.41 51.16t+ 3.36
0.1 39.55+ 5.26 51.21+ 3.51 40.33+ 1.45 44.74+ 1.93
1 26.73t 2.88 43.74+ 4.13 4.84+ 0.13 42.70+ 1.08

10 — — — 26.30+ 0.79

0.01mmol/Lfor IAA and GA; , 0.1mmol/L for 6-BA,
and 10mmol/L for ethephon (Fig.3: aand b) .

It was noted that 0.01 - 0.1 mmol/L IAA, 0.01
- 0.1mmol/L GA;, and 0.001 - 0.1mmol/L 6-BA in-
creased, and 0.01 - 1 mmol/L ethephon markedly in-
creaxed, the fresh weight of seedlings in antagonism to
ABA (data not showvn) .
Interaction among phytohormones during seed ger-
mination

ABA inhibition for seed germination (Fig. 4),
the time course of germination and seedling growth (da
ta not shown) was notably antagonized by 0.01mmol/L
6-BA and 0.1 mmol/L ethephon, which could not be
increased by addition of 0.001 mmol/L IAA o GA;,
but could be increased by addition of 6-BA (0.01 or
0.1 mmol/L) or ethephon (0.1 mmol/L) (FHg .4) .
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Fig.2 Effectsd ABA on germination percentage (a) and fresh weight of seedling (b) of D. fusca seeds . Seeds were germinaed

at indicated concentrations of ABA for 5d (dark, 30

) . Seeds showing radicle emergence for 2 mm were scored as germinated .

Fresh weight of seedling does nat include cotyledons . a, 0 mmol/L ABA; b, 0.001 mmol/L ABA; c¢,0.01 mmol/L ABA;
d, 0.1 mmol/L ABA; e, 1 mmol/L ABA; All values are meanst SD of four replicaes o 50 seeds each


bianji
文本框
(mmol/L)


bianji
文本框
(mmol/L)


bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
0.1 mmol/L


bianji
文本框
0.1 mmol/L


bianji
文本框
1 mmol/L


bianji
文本框
1 mmol/L


bianji
文本框
1 mmol/L


bianji
文本框
mmol/L 6-BA,


bianji
文本框
mmol/L ethephon,


bianji
文本框
Antagonism  of  IAA,  GA3 ,  6-BA  and  ethephon  to



bianji
文本框
ABA during seed germination



bianji
文本框
0.01-1 mmol/L IAA,  0.01-1 mmol/L


bianji
文本框
0.001-0.1 mmol/L 6-BA

bianji
文本框
hibited by 1 mmol/L ABA (Fig. 2 and 3a ), which could



bianji
文本框
mmol/L ethephon  (Fig. 3:  b).


bianji
文本框
1 mmol/L ABA was


bianji
文本框
mmol/L

bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
Interaction among  phytohormones during seed ger-



bianji
文本框
mination




bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
mmol/L


bianji
文本框
0.1 mmol/L)  or  ethephon  (0.1 mmol/L)


bianji
文本框
a , 0 mmol/L ABA;  b , 0 . 001 mmol/L ABA;  c , 0 . 01 mmol/L


bianji
文本框
d , 0 . 1 mmol/L ABA;   e, 1 mmol/L ABA;



444 30

100 ¢ 100 r

i 1 T |:I T T
1 LA
B0 | T &0 F
T

<60k £ 60 |
E 40 F T = 40 F
K £

2 Mot

] 1 ] ] 1 1 ] ] 1 0 | N I A ] L I

i b i il P i Iy h i i k I Imi n

Treatment

Treatmeni

Fig .3 Antagonism o IAA, GAs, 6-BA and ethephon to ABA . Seeds of D. fusca were germinated at different treatments, respectivey,

for 5d (dark, 30 ) . Seals showing radide emergence for 2 mm were scored asgerminated .a and h, 1 mmol/L ABA; b, 1 mmol/L ABA

+0.01 mmol/L IAA; ¢, 1 mmol/L ABA +0.1 mmol/LIAA; d, 1 mmol/L ABA + 1 mmol/L IAA; ¢, 1 mmol/L ABA +0.01 mmol/L

GAs; f, 1 mmol/L ABA + 0.1 mmol/L GA3; g, | mmol/L ABA + 1 mmol/L GA3; i, 1 mmol/L ABA+0.001 mmol/L 6-BA; j, 1 mmol//

L ABA +0.01 mmol/L 6-BA; k, 1 mmol/L ABA + 0.1 mmol/L 6-BA; 1,1 mmol/L ABA + 0.1 mmol/L ethephon; m, 1 mmol/L ABA +

1 mmol/L ethephon; n, 1 mmol/L ABA + 10 mmol/L ethephon. All vdues are meanst SD o four replicates of 50 seeds each
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Fig .4 Interaction among phytchormones during germination of D. fusca
seeds . Seeds were germinated at different treatments, respectively, for 5d
(dark, 30 ) . Seedsshowing radicle emergence for 2 mm were socored as
germinated . a, 1 mmol/L ABA; b, 1 mmol/L ABA + 0. 01 mmol/L 6-BA,;
¢, 1 mmol/L ABA + 0.01 mmol/L 6-BA+ 0.001 mmol/L TAA; d,1
mmol/L ABA +0.01 mmol/L 6-BA +0.001 mmol/L GA3; e, 1 mmol/L’
ABA + 0.1 mmol/L ethephon; f, 1 mmol/L ABA + 0.1 mmol/L ethephon
+0.001 mmol/L TAA; g, 1 mmol/L ABA+0.1 mmol/L ethephon +
0.001 mmol/L GA3; h, 1 mmol/L ABA + 0.1 mmol/L ethephon+0.01

mmol/L 6-BA; i, 1 mmol/L ABA + 0.1 mmol/L ethephon + 0 . 1 mmol/L

6-BA . All values are means+ SD of faur replicates of 50 seeds each

Discussion

Among the several environmental factors which af-
fect germination, temperature is the single most impor-
tant factor governing both the maximum germination

percentage and the germination rate ( Heydecker,
1977; Huang & al., 2003) . Temperature affects both
the capacity for germination and the rate of germination
(Bemey and Black, 1994) . Ts for D. fusca seed was
about 80hal5 ,40ha20 ,29ha25 , 25h
a3 ,27ha3b ad62ha40 (Fig.1l: a) .
The optimum temperature for germination percentage
and Ts, was about 30 , and for seedling growmth,
about 35 (Fig.1: b) . These results are in agree-
ment with the viewpoint of Heydecker (1977) and
Huang et al. (2003) .

The alternating photoperiod (14 h light and 10 h
dark) or darkness had no effect on germination percent-
ageand T, a 30 (Fig.1: ¢), and had a little &-
fect on the fresh weight of the seedlings produced by
germinating seeds (Fig . 1: d), showing that the seed
of D. fusca was non-photablastic .

0.001 - 0.1mmol/L ABA did not affect the germ-
ination percentage of the seeds, but it affected the time
course of the germination and the seedling gronth (Fig .
2) .1 and 2.5mmol/LABA dramatically inhibited the
germination percentage, the time course of germination
and the subsequent seedling growth (Hg . 2) . It has
been reported that the addition of exogenous ABA to
the medium during imbibition resembles the effects of
maternal ABA during seed develgpment and residual
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ABA in mature seeds . It has been also reported that
the imbibition of fresh or after-ripened tobacco seeds in
medium with 10pumol/L ABA greatly delays seed germ-
ination (Leubner-Metzger, 2003) .

The germination percentage d the seeds was na
affected by 0.0001-1 mmol/L"'IAA, 0.0001 - 1 mmol/L

GAs, 0.0001- 0.1 mmol/L 6-BA, and 0.001 - 10mmd/ /

L ethephon (Table 1), implying tha D. fusca seeds
might have sufficient endogenous IAA, GAs, cytokinins
and ethylene required for germination . The germination
percentage of the seeds was inhibited by 1mmol/L 6-BA
(Table 1) . The seedling gronth after germination was
enhanced by 0. 0001 mmol/L and 0. 001 mmol/L IAA,
0.0001 - 0.1 mmol/L GAs, 0.0001 - 0.01 mmol/L 6-
BA, and 0.00Immol/Land 0.01mmol/L ethephon, but
was inhibited by 0.1 mmol/L and 1 mmol/L IAA, 1
mmol/L GAs, 0.1 mmol/L and 1 mmol/L 6-BA, and 1
mmol/L and 10 mmol/L ethephon (Table 2). These re-
sults dso indicated that the effects of IAA, GA; and 6-
BA on the seed germination and subsequent groanth were
phytohormone type- and concentration-dependent . Seed
germination of the GA-deficient biogynthesis mutant gal
of Arabidopss depends on the addition d GA to the me-
dium during imbibition ( Koornnegf and Karssen,
1994) . Sudies with the GA-defident 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 gpposng the radide
(detipping) (Groot et al., 1987) . The germination o
detipped gib-1 seeds in water indicated a location of GA
action in the covering layers surrounding the tip of the
radicle . Measurements of the puncture force required to
break through these layers showed tha the maor action
of endogenous GA was directed to the weakening of the
mechanical resistance of the endasperm cells around the
radicle tip (Groa & al., 1987) . In wild-type seeds the
endosperm weakening occurred in water before radide
protruson; in gib-1 seeds it was absdutely dependent
on goplied GA,.; . Smultaneously incubation of deem-
bryonated endosperm and ilated axes shoved that only
wild-type embryos produce a factor that induces endo-
sperm weakening, that probably is GA . GA can induce
a-amylase synthes's, and simulate mobilization o sored

reserves (Bemey and Black, 1994) .

The fresh weight of the seedlings produced by ger-
minating seeds was enhanced by 0.0001 - 0.01 mmol/L’
6-BA (Table 2), showing that 6-BA could stimulate
gronth in an unknovn manner . Cytokinins are very ef-
fective promoters of germination, dnce early protein
synthes s is a necessary event for seed germnation, and
exogenously gpplied cytokinin could enhance protein
synthess (Berrie, 1984) .

The germination percentage, the time course of
germination and the seedling gronth were significantly
inhibited by 1 mmol/L ABA (Hg .2 and 3a), which
were markedly antagonized by 0.01 - 1 mmol/L IAA,
0.01- 1mmol/L (Hg .3: a), 0.001 - 0.1mmol/L 6-
BA and 0.1 - 10mmol/L ethephon (Fig .3: b) . How-
ever, the antagonidic effects of IAA, GA;, 6-BA and

ethephon to ABA were unknown . In these antagoniams
to ABA, the effect of ethephon was the largest, GA;

and 6-BA, the medium, and IAA, the smallest (Fig .
3), showing that these antagonisms were a0 phytohor-
mone type- and concentration-dependent . Ethylene is
also known to allov dormant sunflower embryos to ger-
minate in hypoxia (Corbineau and Come, 1992), over-
comes the inhibition of germination imposed by asmotic
agents in Amaranthus caudatus seeds (Kepczynski and
Karsen, 1985; Kepczynski, 1986) [3-1, 3-glucanase
is implicated in the after-ripening-mediated pronotion
of tobacco testa and endosperm rupture . Class | -1,
3-glucanase (BGlu 1) is transcriptionaly induced in
germinating tobacco seeds jud prior to endosperm rup-
ture but after testa rupture (Leubner-Metzger et al.,
1995, 1998) . Glu | induction is highly localized in
the micropylar endosperm at the site of radicle emer-
gence . Light, GA and ethylene promotef3 Glu | expres-
son and endosperm rupture . ABA inhibitsBGlu | ex-
presson and endosperm rupture of wild-type seeds
(Leuoner-Metzger, 2003) . The dow growth rate of the
radicles that emerge from detipped gib-1 seeds indi-
cates GAs also control embryo groanth as part of germi-
nation . Probably embryo groath is primarily controlled
a the extensibility of the cel walls ( Schopfer and
Fachy, 1985) . The inhibitory action of applied ABA
on germination has indeed been related to reducing
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cell-wall extenshbility (Karssen, 1995) .

It has been shown that 0.01 mmol/L 6-BA +
0.001 mmol/L IAA or + 0.001 mmol/L GAs, and 0.1
mmol/L ethephon + 0.001 mmol/L IAA or + 0.001
mmol/L GA; for antagonism to 1 mmol/L ABA had no
synergic role (Hg .4), but that 0.1mmol/L ethephon
+ 0.01 mmol/L 6-BA or + 0.1 mmol/L 6-BA had a
synergic role on antagonian to 1 mmol/L ABA, signifi-
cantly increasng the germination percentage (Fig . 4)
and the seedling groamth (data not shown) .

To our knomMedge, It was first reported that inhi-
bition by ABA for seed germination could be antago-
nized by IAA, GAs, 6-BA, ethephon, 6-BA + IAA o
+ GA; , ethephon + IAA o + GA:, and ethephon + 6-
BA; and that 6-BA + IAA or + GA;, and ethephon +
IAA or + GA:s had no synergic role, and that ethephon
+6-BA had a synergic role, for antagoniam to ABA .
These roles were a0 phytohormone type- and concen-
tration-dependent . However, these antagonism mecha
niams are unknown, and deserve further research . It
might be considered that effects of phytohornones on
seed germination might become a model system for
studying interactions among phytohormones .
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