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Short Communication

Inhibition of Gibberellic Acid-induced Germination by
Abscisic Acid and Reversal by Cytokinins1'2
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The germinatioil of seed can be controlled by
ap)plication of exogenous hormones at physiological
concenitrations. It is therefore possible that the
n-atural control of germination involves an interplay
of hormones, both promoters and inh,,ibitors. WXe
have shown that cytokinins overcome the inhibitory-
action of several natural inhibitors in the germination
of the photosensitive Grand Rapids lettuce seed
(4,5). There are other reports of cytokinin-inhibi-
tor antagonism in germinationl and dormancy (6, 7,
10, 12, 14). Chrispeels and Varner have shown that
gibberellic acid (GA3) induced a-amylase synthesis
in the excised barley aleurone is inhibited by abscisic
acid and revrersed only partially by excess GA) (2).
In the intact barlev seed, like&% ise. GA3 fails to
reverse abscisic acid inhibited a-amylase production
and coleoptile growth (8, 9). Cytokinins, such as
kinetin and ben'zyladenine. on the otlher hand, nearly
completely reverse the abscisic acid inhiblition of
a-amylase synthesis and coleoptile grovth in the
seed (9).

This communication will show that another GA.
induced process, namely dark germination of Grand
Rapids lettuce seed, is inhibited by abscisic acid and
is reversed by the cvtokinin, kinetin but not by
excess GA3.

Lettuce seeds (Lactitca s.lizta var. Grand Rapids.
Ferry Morse Seed Company. 1967) were germinated
at 200 and 250 in total darkness in 5 cm Petri plates
on 2 layers of filter paper soaked in 2 ml of test
solut"ion (4 replicates of 50 seeds each). Germina-
tion was recorded after 48 hours. Emiiergence of the
radicle was taken as criterion of germination.

The effect of abscisic acid anid kinetin on GA:
induced dark germination was examinied at 20(
(fig 1) and 250 (fig 2). A concentration of
0.05 mM GA, was sufficient for coml)lete indutction
of germination at 200 i(fig 1, curve BP wvhile at
250 much higher concentration of GA (5 mI-M) was
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required for complete induction (fig 2, curve B).
Kinetin at 0.05 mM caused a sllight increase in
germination over water (curve A, 0 conc of GA3)
and had little effect on GA3 induced germination
(curve A). GA. induced germination wvas com-
pletely inhibited by abscisic acid at 250 and appreci-
ably a't 200 (ctrve E). This inhibition of GA,
induced germiniation was reversed to a large extent
by kinetin (curves C, D). A progressively increased
reversal of abscisic acid (0.04 mM) inhibition by
kinetlin (0.05 mm) was obtained in presence of
increas!ing concentrations of GA3. GA3 by itself,
even at higlh concenitrations, failed to reverse abscisic
acid inhibition of germination to more than 20 %
(figs 1, 2, curve E). At a fixed concentration of
GA,, kinetin at 0.05 mnii was more active (curve C)
than at 0.5 nim (curve D) in reversing abscisic acid
inhlibition of germination. Similar resulits were ob-
tained with 6N-benzvladenine (data not shown).

The results presented here show that GA3 in-
duced germination in the photosensitive Grand
Rap.ids lettuce seed in the dark is blocked by abscisic
acid. This block is removed to a large extent by
kinetin but not by excess GA3 (5 mM). These data
wrhen considered together wvith kinetin reversal of
abscisic acid inihibition of germination in light (4, 5)
would suggest that light and GA3 induced germina-
tion may be controlled by the same hormonal mecha-
nism (s). The mechanismn(s) controlliing light and
GA, induced lettuce seed germ,ination, however, is
not vet fully understood.

Data in this report and those of Ikuma and
Thimainn (3) suggest that GA3 and cytokin.ins act
at different sites. Unlike GA3, cytokinins do not
induce a-amylase synthesis in barley endosperm
( 1, 9) nor do they induce dark germination of
lettuce seed to aily mlarked extent as shown in the
data presented here and elsewhere (3, 11). Further-
more, a progressively increased reversal of abscisic
acid inhibition of germinationl by a fixed amotunt of
kine:in anid increasing concentrations of GA. would
suggest that GA; may be the primary stimuluis for
lettuce seed germinatioin in the diark and the action
of kinetin is perhlaps limited to the site(s) of inhibi-
tion. The possibility that kinetin may be acting at
otlher s,ite( s) as w\ell or that its action may be
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FIG. 1. (,right) The effect of abscisic acid and kinetin on g-ibberellic acid induced dark germination of lettuce seed
at 200. A) kinetin (0.05 m-i'); B) water; C) kinetin (0.05 mim) plus abscisic acid (0.04 mm) ; D) kinetin (0.5
mm) plus abscisic acid (0.04 mif); E) abscisic acid (0.04 mMa\).

FIG. 2. (left) The effect of abscisic acid and kinetiin on1 gibberellic acid induced dlark germination of lettuce seed
at 250 Designation of curves same as in figure 1.

indirect cannot be ruled out, lhowever. Similar con-
clusions were arrived at by Ikuma and Th,imann (3).

The participation of nmore than 1 hormone in
biological systems is not uncomnmon. An interplay
'of hormones may result in isynergistic. antagonistic.
additive, and permissive effects (13). In the present
instance the effect of kinetin may be regarded both
as antagonistic and permiiisKsive-ailtagonlistic to the
action of the inhibitor. abscisic acid and permissive
to tihe action of the hormone, GA3. The question as
to how these hormones work await fuirther investiga-
tion.
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