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Abstract, The specific inhibitor of gibberellin biosynthesis, (2RS,3RS)-
1-(4-chlorophenyl)~4,4-dimethyl—2-(1 ,2,4-triazol-1-yl)pentan-3-ol (pacl9l;u~
trazol), inhibited germination of Amaranthus caudatus L. seeds. Addition
Of gibberellic acid (GA,), 2-chloroethylphosphonic acid (ethephon), or 1-
Minocyclopropane-1-carboxylic acid (ACC) effectively antagonized inhi-

ltion. Ethephon was found to be the most efficient antagonist. The
ransfer of seeds after 1 day’s incubation in paclobutra}zo] to .solun_ons 'of

A; or ethephon reversed the inhibition, the effect increasing with in-
Creasing concentration of GA, or ethephon. Seeds incubated in paclobu-
trazol for § days decreased sensitivity to GA; and ethephon.

Glbberellins (GAs) are known to stimulate germination of dormant as well as
o dormant seeds of several plant species (Bewley and Black 1982). The re-
tlr: 0S¢ of seeds to exogenous gibberellin may be regarded as an indicator of
1ioe Tole of GA in germination. One possible way to examine the role and func-
b " of gibberellins in germination is to observe the effect of inhibitors of GA
mosynthesis on germination. Growth inhibitors such as (2-chloroethyl) tri-
niﬁ‘hyl ammonium chloride (CCC) and 2'-isopropyl-4’-(trimethylammo-
hibmchloride)-S'-methylphenyl—piperidine~l-carboxylate (AMO-1618) also in-
o L the germination of seeds (Knypl 1967, Black 1969). These inhibitors block
formation of ent-kaurene (Graebe and Ropers 1978, Sembdner et al. 1980).
digre Specific inhibitors such as a-cyclopropyl-a-(4-methoxyphenyl)-5-pyrimi-

Methanol (ancymidof), 5-(4-chlorophenyl)-3,4,5,9,10-pentaaza-tetracyclo-
‘4’102"",03,’1-dodeca-3,9-diene (tetcyclacis), and paclobutrazol, which inhibit
®Mation of kaurenoic acid, are now known (Coolbaugh et al. 1978, Hilde-
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brandt et al. 1982, Hedden and Graebe 1985). It was found that tetcyclfv‘c‘s
inhibited germination of Arabidopsis thaliana (L.) Heynh. (Karssen et &'
1985) and A. caudatus 1.. seeds (Kepczynski 1986). The present research €¥&
uates the interaction of paclobutrazol and gibberellic acid (GA;), 2-chlor0¢t,‘i
ylphosphonic acid (ethephon), and 1-aminocyclopropane-1-carboxylic a¢
(ACCQ) in the germination of A. caudatus L. seeds.

Materials and Methods

Commercially available nondormant seeds of A. caudatus 1., harvested ¥
1982, were used for the experiments. Seeds were placed in 5-cm Petri diShe'
lined with filter paper moistened with 1.5 ml of distilled water or aqueous S0 v
tions of paclobutrazol alone or in combination with GA,, ethephon, or ACC- o
some experiments, seeds were incubated in solutions of paclobutrazol for 1 of
5 days, then transferred to the fresh medium: water or solutions of GAj 0{
ethephon. The experiments were conducted in the dark at 24°C. All maniP"lla
tions during dark incubation were performed under physiologically safe gfeej
light. Five replications with 50 seeds each were used, and each experimeﬂt ]
variant was repeated. Seeds with radicles approximately 2 mm long were ¢
sidered germinated. The number of germinated seeds was determined aft¢
time intervals specified for each experiment. .

ACC was obtained from Sigma Chemical Company, ethephon from Unio®
Carbide Agricultural Products Company, GA, from Polfa (Poland), and Paclo’
butrazol (Cultar) from Imperial Chemical Industries.

Results

Paclobutrazol markedly affected the germination of A. caudatus seeds (Fig“I)
At 10~%or 3 x 10~*M, paclobutrazol almost completely inhibited germinii“‘?n
after 3 days’ incubation. To examine the interaction between gibberellic &
and paclobutrazol, seeds were incubated simultaneously in mixtures of the tw
compounds (Fig. 2A,B). At 10~* M paclobutrazol, inhibition was completel}i
reversed by 1074 M GA,, but at 3 x 104 M paclobutrazol, inhibition of germ:i
nation was only slightly counteracted by 3 x 10~* M GA,. Inhibition caus?
by paclobutrazol could also be antagonized by the addition of ethephon (F‘lg'
2C,D). Ethephon at concentrations as low as 7 x 10-7 M almost complet®
counteracted the inhibition of germination by 10-4 M paclobutrazol. Cf’,‘“
pared to GA,, ethephon was very efficient in reversing germination inhibitio”
due to the presence of 3 x 104 M paclobutrazol. To determine if natur
produced ethylene is able to antagonize paclobutrazol-inhibited germinatio® ’
ACC (a precursor of ethylene biosynthesis) was added. ACC effectively ant?
gonized paclobutrazol-inhibited germination (Fig. 3). The inhibition du€ f
10-4 M paclobutrazol was completely antagonized by all concentrations a(i)“
ACC evaluated, whereas inhibition by 3 x 10~4 M paclobutrazol was U
fected. 1
Preincubation of A. caudatus seeds in 10~4or 3 x 10°* M paclobllffazo
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Fig. 1. The effect of paclobutrazol on
germination of A. caudatus seeds in the
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Lven fOF 1 day retarded seed germination (Fig. 4). Transfer of seeds that had
dﬁiﬂ incubated for 1 day in paclobutrazol to solutions of GA; markedly re-
" gd Inhibition, the effect depending on the concentration of GA; (Fig.
tion )- The transfer of seeds after 1 day’s incubation in paclobutrazol to solu-
CTEaS Of ethephon also antagonized inhibition, the effect increasing with in-
ethesmg concentration of ethephon (Fig. 4C,D). However, the influence of
(Fj Bhon on paclobutrazol inhibited germination was greater than 'th.a} of GA,
Dargz: 4). Prolonged incubation in paclobutrazol (5 days) made inhibition only
mw’a"}' reversible by GA, or ethephon (Fig. SA,B). Again, ethephon was
€ effective than GA in this respect (Fig. 5).

Dlscussion

glu; SXperiments with paclobutrazol suggest a role for endogenous gibberellins
ﬂline germination of A. caudatus seeds. Paclobutrazol, an inhibitor of gibber-
offe biosynthesis in seed tissues (Hedden and Graebe 1985), was found to be
“Uve as an inhibitor of A. caudatus seed germination. The inhibition of
by thgermi_nation due to the presence of paclobutrazol was markedly relieved
fop 0 ad(_iltion of GA,. Moreover, inhibition caused by the incubation of seeds
tOgeqfay in paclobutrazol could also be overcome by GA;. These facts, taken
b € with the inhibition of germination by tetE:yC_laCIS (an inhibitor of GA
bere¥qth65ls) and its reversal by GA,., (Kgpezyriski 1986), suggest that gib-
h,ﬂ§ have an important role in the germination of A. caudatus seeds.
b Mhibition of seed germination caused by paclobutrazol was also antagonized
Cthephon. it is worth noting that ethephon was more effective than GA
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Fig. 2. The effect of GA, (A,B) or ethephon (C,D) on the inhibition of germination of A. fﬂ”da_ﬁl‘,,
seeds caused by paclobutrazol at 10-4 M (A,C) and 3 x 10-¢ M (B,D). a—GA; or ethepho“’l%
c—paclobutrazol + GA; or ethephon. 2d, 3d = days of germination. SD does not exceed *
(A), = 6% (B), £ 14% (C), and = 10% (D).
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Fig. 3. The effect of ACC on the
germination of A. caudatus seeds
|\ caused by paclobutrazol. a—
0 — c ACC; b—ACC + 1074 M
_J__u_ L J | paclobutrazol; c—ACC + 3 x
H 10-4 M paclobutrazol.
0 310° 1074 3104 Germination was recorded after
3 days. SD does not exceed *
ACC, M 6%.
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foUig ?Pplled simultaneously with paclobutrazol. Likewise, ethephon was

19g¢, © be more efficient in reversing inhibition of A. caudatus (Kgpczynski
and A. paniculatus (Kepczyniski and Kepczyfiska 1988) seed germination
the presence of tetcyclacis or paclobutrazol, respectively. Paclobu-
Clhyle ependent inhibition can also be counteracted by ACC, a precursor of
paCIobne in A. caudatus seeds (Kepczynski and Karssen 1985). Reyersal of
Bibbe Utrazol inhibition by ethephon or ACC appears to support the idea that
(KQp relh’ns can be replaced by ethylene produced from ethephon or ACC
R CZytiski 1986).
Quba?-ckmg the biosynthesis of endogenous gibberellins with prolonged prein-
ex 101 (5 days) in paclobutrazol reduced the sensitivity of A. caudatus seed
try 0°$6"0L}Sly applied GA, or ethephon. Possibly, long exposure to paclobu-
Yiene 1{"Palrs also sterol biosynthesis that cannot be overcome by GA, or eth-
®nang; t was found that sterol biosynthesis in wheat is inhibited by the 2R,3R
10mer of paclobutrazol (Lenton 1987). o
See de reS}llts reported here suggest that paclobutraqu lnhlblltS A caudatus
at 3fefm1nation as a result of its inhibitory effect on gibberellin biosynthesis.
ire fom the present paper and from Kgpczyriski (1986) support (1) the re-
DOSS.E?e_Ht of gibberellins for the germination of A. cqudatus seeds and (2) the
Bility of substituting endogenous gibberellins with exogenous GA or eth-

¢ released from ethepon or synthesized from exogenously applied ACC.
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Fig. 4. The effect of GA; (A,B) or ethephon (C,D) on the germination of A. caudatus se€d§ Pr? 1
cubated 1 day in 104 M (A,C) or 3 x 10~4 M (B,D) paclobutrazol. 1d, 3d = days of germif?

after transfer. SD does not exceed + 11%.
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* 5. The effect of GA (A) or ethephon (B) on the germination of A. caudatus seeds preincu
2:&.(1 S days in 3 x 10-?‘ M paclobutrazol. Germination was recorded 4 days after transfer. SD

% 0t exceed + 179,
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