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ABSTRACT 

 
Reversal of the inhibitory effect of abscisic acid (ABA) on seed germination and seedling growth 

by kinetin (KIN), benzyladenine (BA) and gibberellic acid (GA3) was examined. Seeds of six wheat 
cultivars and two members of Liliaceae as monocotyl and six dicotyl species were germinated in Petri 
dishes containing ABA with BA and/or GA3 at 20 ºC in continuous darkness for 7 days. Cytokinins 
and cytokinin+GA3 combinations were successful in overcoming the inhibition on germination in di-
cots. Particularly, BA alone and BA+GA3 combinations were more successfull than KIN. GA3 alone 
was ineffective in dicots. In monocots, ABA inhibition of germination was reversed by cytokinin+ 
GA3 combinations. GA3 was more successful than others for overcoming of ABA inhibition on the 
root elongation in monocot and dicot seeds. ABA inhibition on the hypocotyl elongation in dicot seeds 
reversed by cytokinin +GA3 combinations and BA alone, whereas, in monocot seeds, only cytokinin + 
GA3 combinations were successful in overcoming the ABA inhibition on the coleoptile elongation. 
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BAZI MONOKOTIL VE DIKOTIL TOHUMLARINDA ABSISIK ASIT 
İNHIBISYONUNUN STIMÜLATÖR BITKI BÜYÜME MADDELERI İLE 

YENILMESI 
 

ÖZ 
 

Absisik asit (ABA)’in tohum çimlenmesi ve fide gelişimi üzerindeki engelleyici etkisinin Kinetin 
(KIN), Benziadenin (BA) ve Gibberellik asit (GA3) tarafından yenilmesi araştırıldı. 2 Liliaceae üyesi 
ve 6 buğday çeşidi olmak üzere 8 monokotil ve 6 dikotil türün tohumları kullanıldı. Tohumlar, Petri 
kaplarında ABA ve BA, KIN ve/veya GA3 varlığında 20 ºC’de karanlıkta 7 gün çimlendirildi. Dikotil-
lerde çimlenme üzerindeki ABA engellemesini yenmede sitokininler ve sitokinin + GA3 kombinas-
yonları başarılıydı. Genellikle, dikotillerde BA ve BA + GA3 kombinasyonları daha başarılıydı. 
Monokotillerde, çimlenme üzerindeki ABA engellemesi, sitokinin + GA3 kombinasyonları tarafından 
yenildi. Monokotil ve dikotil tohumlarında ABA’nın kök uzamasını engelleyici etkisini yenmede GA3 
daha başarılıydı. Dikotil tohumlarında ise ABA’nın hipokotil uzamasını engellemesinin yenilmesinde 
sitokinin + GA3 kombinasyonları başarılıydı.  
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1.INTRODUCTION 
 
Abscisic acid (ABA) plays regulatory roles 

in a host of physiological processes throughout 
plant growth and development. Seed germina-
tion, early seedling development, stomatal guard 
cell functions, and acclimation to adverse envi-
ronmental conditions are key processes regu-
lated by ABA (Leung and Giraudat, 1998). ABA 
is an inhibitor hormone existing in mature seeds, 
and plays an important role on the control of 
germination (Bewley and Black, 1983; Amen, 
1968). ABA is a gibberellin antagonist and in-
hibits α-amylase synthesis which is stimulated 
by gibberellic acid in barley endosperm (Kramer 
and Kozlowski, 1979). Germination is inhibited 
by exogenous ABA in most nondormant seeds 
(Simpson and Naylor, 1962; Khan, 1971; Mayer 
and Poljakoff-Mayber, 1989, Lopez-Molina et 
al., 2001). The activity of ABA in seeds, is the 
regulation of gene expression particularly the 
induction of several different kinds of polypep-
tides and the inhibition of genes for certain re-
serve mobilizing enzymes and inhibition of pro-
tein and RNA synthesis for the elongation of 
radicle (Bewley and Black, 1982; Skriver and 
Mundy, 1990; Jacobsen and Chandler, 1987). 
ABA synthesis is required for the maintenance 
of dormancy. Control of dormancy in Arabidop-
sis is thought to result from the antagonistic ef-
fect of ABA and GAs on germination (Debeau-
jon and Koorneef, 2000). 

 
Many dormant seeds can be stimulated to 

germinate with applied GA3 (Amen 1968; Dhir 
and Sharma, 1991; Bradbeer, 1968; Jansen, 
1980). Skoog and Armstrong (1970), noticed 
that in barley endosperm, the inhibition effect of 
ABA on α-amylase synthesis is affected by GA3 
more than KIN. The envelope in muskmelon 
and Cucurbirtaceous seeds serves a semiperme-
able layer and  act as primary barrier to radicle 
emergence (Wellboum et al., 1995). According 
to a mechanism proposed for activities of kinetin 
(KIN), endosperm and integument limitings are 
decreased, while it stimulates proteinase and 
cellulase activities (Ikuma and Thimann, 1963a). 
In lettuce seed, KIN stimulates cell division 
which result in rupture of testa, while GA3 sti-
mulates the primary development signal, KIN 
overcomes the ABA inhibition, GA3 overcomes 
the inhibition on shoot growth, while IAA is not 
effective (Houssa et al., 1990; Roy et al., 1973). 
In rice seeds, inhibition of exogenously applied 
ABA on germination and α-amylase synthesis, 
was reversed by both GA3 and KIN individually, 
as well as  in combinations ( Rao et al., 1975). 
 

The inhibition effects of ABA on germina-
tion has been studied for a long time (Addicott 

and Lyon, 1968; Khan, 1971; Debaene-Gill et 
al., 1994; Chrispeels and Varner, 1966; Fountain 
and Bewley, 1976).There is a general inclination 
in the literature that ABA inhibition could be 
overcomed by cytokinins, gibberellins were not 
successfull (Khan, 1971; Murthy et al., 1988; 
Kabar, 1989; Khan and Downing, 1968; De-
baene-Gill et al., 1994). 

 
Some other investigations showed that, un-

der the exogenous ABA inhibition, salt and 
temperature stress conditions, gibberellins are 
more effective in monocots, cytokinins are more 
effective in dicots (Garello and Page-Degivry, 
1995; Sankhla and Sankhla, 1968; Rao et al., 
1975; Hathway, 1990).  
 

In order to test this opinions, the inhibition 
of germination and growth by exogenously ap-
plied ABA, in monocotyl and dicotyl seeds, in-
vestigated whether stimulator plant hormones 
GA3, KIN and BA can reverse. 

 
2.MATERIALS AND METHODS 

 
2.1.Plant Material 

 
In this work, eight monocots (of which six 

genera belonging to Graminae and two genera 
belonging to Liliaceae) and six dicot species 
were used. Graminae used in this work were 
Triticum aestivum L. var. aestivum (wheat), cul-
tivars; Saraybosna, Atilla 12, MV20, Seri 82 and 
Flamura. Liliaceae seeds were Allium cepa L. 
(onion) cv. Early grand, Allium porrum 
Don.(leek) cv. İnegöl. Dicotyledonnous taxa 
were Medicago sativa L. (clover) cv. Mesa sirsa, 
Brassica oleracea L. var oleracea (cauliflower) 
cv. White cloud, Brassica oleracea L. var ol-
eracea (cabbage) cv. Yalova,  Lycopersicum 
esculentum Miller (tomato) cv. Rio grande, Rap-
hanus sativus L. (radish) cv. White radish, Lac-
tuca sativa L. (lettuce) cv. Texas. 

 
In these experiments, concentrations of 

ABA -which inhibit germination- were ap-
proximately 100, 75 and 50 per cent, as deter-
mined by pretreatments for each plant. The 
stimulatory hormone concentrations for reversal 
of ABA inhibition, were also determined by pre-
treatments. Those were:300 µM for GA3, 50 µM 
for BA and KIN. 

 
2.2.Seed Germination  

 
Seed germination was carried out in accor-

dance with the methods proposed by Kabar 
(1990). Seeds were incubated for 7 days under 
20ºC continuous darkness. Seeds were surface 
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sterilized with 1% NaOCl for 15 min. And 
soaked in Petri dishes containig two layers of 
sterilized filter paper.25 seeds were placed in 
each Petri dish with test solutions; all treatments 
were repeated three times. ABA, BA, IAA were 
purchased from Merck, GA3 and KIN were pur-
chased from Sigma. All the chemicals were dis-
solved in an appropriate solvent. Wheat seeds 
were soaked with 8 ml. The others were soaked 
with 6 ml of ABA and combinations of ABA 
and BA, KİN and GA3 and also ABA+BA+ GA3 
and ABA+KIN+ GA3 combinations. Germina-
tion was indicated as achieved when radicle 
length was to be at least 0.5 cm for Graminae, 
and 1mm radicle length of the Liliaceae and di-
cots. The percentage of germination and radi-
cle/coleoptile/hypocotyl lengths were recorded 
everyday. LSD test was used to determine the 
statistical significance of differences among 
groups (Turan, 1995). 

 
3. RESULTS AND DISCUSSION 

 
Abscisic acid (ABA) plays regulatory roles 

in a host of physiological processes throughout 
plant growth and development. Seed germina-
tion, early seedling development, stomatal guard 
cell functions, and acclimation to adverse envi-
ronmental conditions are key processes regu-
lated by ABA. (Leung and Giraudat, 1998). En-
dogenous ABA levels change drastically during 
seed development, germination, and postgermi-
nation growth in response to developmental and 
environmental cues (Okamoto et al., 2006) 

 
Germination percentage results showed the 

inhibition effects of ABA were reversed by cy-
tokinins alone and cytokinin + GA3 combina-
tions (Table 1, 2). In dicot seeds, BA alone and 
combinations of BA + GA3 treatments were suc-
cessfull. GA3 alone did not show obvious effects 
(Table 1). GA3 was the most successful treat-
ment for overcoming the ABA inhibition on 
germination in monocots. Subsequent success-
full treatments were: BA + GA3 and KIN + GA3 
combinations. BA was more successfull than 
KIN (Table 2). 

 
The inhibition effects of ABA on the root 

length of dicot seeds were reversed by GA3 and 
KIN + GA3 combinations (Fig. 1). The most 
successfull treatment for dicot shoot growth was 
ABA+BA+ GA3 combinations, BA and GA3 
alone were also successfull (Fig. 2).  ABA inhi-
bition on the coleoptile length in wheat cultural 
varieties, was reversed by ABA+BA+ GA3 
combinations (Fig. 2). BA alone was more suc-
cessfull than GA3 alone for most situations on 
coleoptile growth. In leek and onion, KIN + 

GA3 and BA + GA3 combinations were gener-
ally more successfull (Fig. 2). 

 
During the germination of Ginkgo seeds, 

some plant endogenous hormones such as ABA, 
GA and Zeatin acted an important role in the 
every stage of seed dormancy and germination. 
GA1+3 had a decisive role during dormancy and 
germination of Ginkgo seeds (Hua and Ju, 
2006). 

 
ABA might inhibit protein and nucleic acid 

synthesis (Ross and Bradbeer, 1971; Chen and 
Osborne, 1970; Fosket et al., 1981; Walton, 
1980) and RNA synthesis (Chrispeels and Varn-
er, 1976). The reversal of the ABA inhibition by 
cytokinins (Amen 1968; Ananiev et al., 1987) or 
gibberellin (Akazawa et al., 1988; Evins, 1971) 
could  be associated with the  increased RNA 
synthesis. Both cytokinins (Flores and Tobin, 
1987; Fincher, 1989; Mosjidis and Zhang, 1995) 
and gibberellins (Fosket et al., 1981; Evenary 
and Mayer, 1954; Jarvis et al., 1968, Chrispeels 
and Varner, 1976) may reverse the ABA inhibi-
tion by increased polyribosome levels and pro-
tein synthesis. RNA and protein synthesis are 
essential for radicle elongation and these events 
inhibited by ABA. 

 
Abscisic acid plays a variety of roles in 

plant growth and environmental response in-
cluding a critical role in the development of 
seeds. A rise in ABA level during embryogene-
sis triggers processes that lead to the acquisition 
of desiccation tolerance and seed dormancy 
(Mohsin et al., 2006). The function of ABA may 
inhibit principle metabolic events following im-
bibition. ABA is believed to antagonize a posi-
tive GA signal that induces precocious germina-
tion and also suppresses maturation phase gene 
expression (White et al.,  2000). 

 
In typical Angiosperm seeds, such as to-

mato and Arabidopsis, germination requires 
both activation of embryo growth potential and 
weakening of a mechanical constraint such as 
testa or endosperm, both of which appear to be 
regulated by antagonistic actions of ABA and 
GA (Okamoto et al., 2006).The germination 
process and post-germination events are me-
diated by hormones, particularly GA and 
ABA. GA activation and ABA repression of 
hydrolase genes in the cereal aleurone  are 
key processes that regulate the proper supply 
of nutrients from the endosperm to the em-
bryo until the photosynhtetic capability is 
completely acquired (Miguel et al., 2007). 

 
Reactions of plants to different cyto-

kinins may be different. Thomas et al.,  
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Figure 1.The average root and shoot lengths of dicot seeds (mm). Three different ABA concentrations 
for each plant are shown on the figure. Numbers, show different treatments for reversal of the 
ABA inhibition, 1: ABA (control), 2: ABA + 50 µM BA, 3: ABA + 50 µM KIN, 4: ABA + 
300 µM GA3, 5: ABA + 50 µM BA +3 00 µM GA3, 6: ABA + 50 µM KIN + 300 µM GA3 
(The values indicated as columns within each row followed by the same letter are not signifi-
cantly different, LSD= 5 %, vertical bars on the columns represent standart deviation of the 
means) 
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Figure 2. The average root and shoot lengths of monocotyl seeds (mm). Three different ABA concen-

trations for each plant are shown on the figure. Numbers, show different treatments for re-
versal of the ABA inhibition, 1: ABA (control), 2: ABA + 50 µM BA, 3: ABA + 50 µM 
KIN, 4: ABA + 300 µM GA3, 5: ABA + 50 µM BA +3 00 µM GA3, 6: ABA + 50 µM KIN 
+ 300 µM GA3 (The values indicated as columns within each row followed by the same let-
ter are not significantly different, LSD= 5 %, vertical bars on the columns represent standart 
deviation of the means)
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(1975), showed that, BA is more effective 
than other cytokinins on the breaking of 
dormancy in celery seeds. We also found that 
BA was more effective than KIN in tomato, 
lettuce and clover seeds, as well as most of 
the monocot seeds. 

 
Amen (1968), suggested gibberellin ac-

tivities are related with degradation of food 
reserves and cytokinin activities are related 
with beginning of cell proliferation. The syn-
ergistic relationship between cytokinins and 
gibberellins have also been discussed and ob-
served in data from our experiments. In dicot 
seeds, GA3 was generally less efective than 
BA + GA3 combinations on the ABA inhibi-
tion (Table 1). 

 
Kabar (1990), reported that GA3 was far 

more effective than cytokinins and KIN was 
not effective in some Graminae and Lili-
aceae seeds. Dormant or nondormant seeds 
belonging the same or different species may 
involve different levels of gibberellin, cyto-
kinin or inhibitors (Kabar, 1989;1990; Skoog 
and Armstrong, 1970). Stimulation of germi-
nation by GA3 is occured via synthesis of α-
amylase and other hydrolases. ABA inhibits 
all this enzyme synthesis (Chrispeels and 
Varner, 1976; Khan, 1971; Ikuma and Thi-
mann, 1963b; Debaene-Gill et al., 1994; 
Thomas et al., 1975). Synergistic relationship 
between stimulator hormones have previ-
ously been reported before (Khan and Down-
ing, 1968; Kabar and Baltepe, 1990). Khan 
and Downing (1968), reported that KIN + 
GA3 combinations were more succesfull than 
they were alone.  In several experiments of 
the present work, BA + GA3 combinations 
were more effective than KIN + GA3 combi-
nations. Sankhla and Sankhla (1968), re-
ported that ABA inhibition was reversed by 
KIN more than GA3, but in the condition of 
GA3 existence, ABA could not show it’s in-
hibition effect. 

Present study show that KIN was not 
successfull on the overcoming the ABA inhi-
bition, while BA was successfull in most 
conditions in dicots (Table 1, Figure 1). It 
was previously reported that, in Lemna mi-
nor, BA reversed the ABA inhibition (Mur-
thy et al., 1988). Unfortunately the studies 
leading to this opinion, are scant.  According 
to Ikuma and Thimann (1963a), although 
KIN increased germination it was not effec-
tive when existed alone, but GA3 can stimu-
late germination alone. 

 
Therefore, it seems that plant hormones 

may play permissive roles during germina-

tion and can regulate the processes involved 
in germination and growth. Most of the re-
cent literature are concerned with the effects 
of ABA on gene regulation (Okamoto et al., 
2006; Lopez- Molina et al., 2001; Cadman et 
al., 2006). ABA, as an inhibitor plant hor-
mone, inhibited germination in most situa-
tions and this inhibition could be overcome 
by cytokinin + GA3 combinations in both 
mono and dicots. It has been found that, BA 
may be far more effective than KIN at the 
same concentration levels (50 µM). 

 
Results from this research and others could 
help us to evaluate and understand the role of 
hormones on seed dormancy. 
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