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Introduction

In relation to the variable responses given by an-
giospermous seeds to various growth regulator ap-
plications, Khan (1) has proposed a model whereby
gibberellins, cytokinins, and ABA play primary, per-
missive, and preventive roles, respectively, in germina-
tion. Thus, it appears that germination will occur in
the presence of ABA only if both cytokinin and gib-
berellin are present, but in the presence of gibberellin
alone if ABA is absent. On the basis of this model,
primary agent is gibberellins, and cytokinins act in the
presence of ABA to remove its blockage, and gib-
berellin-mediated germinative processes cannot occur
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in the presence of ABA unless there is sufficient cy-
tokinin present to overcome its inhibitory effects. This
model has been accepted by most of workers (e.g. 2-
4). However, evidence that this model may also apply
to conifers, as far as we know, is lacking. In the stud-
ies with conifers, it has been mostly utilized either
gibberellin or cytokinin alone and these two growth
regulators have not been compared in general. Pharis
and Kuo (5) cited numerous studies in which ex-
ogenously applied gibberellins were found to stimulate
germination in a variety of conifer species. Le Page-
Degivry (6) also found good evidence for an inter-
action between gibberellin and ABA in regulation of
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Abstract: The effects of kinetin, benzyladenine (BA), and gibberellic acid (GA
3
) on abscisic acid (ABA) inhibition of seed germination

and seedling growth of red pine (Pinus brutia  Ten.) and arbor vitae (Thuja orientalis L.) were studied. For this purpose, the seeds
of these two species were germinated in Petri dishes containing ABA and the mixtures of its with kinetin, BA, and GA

3
 alone or in

combination at 20ºC for 12 or 15 days for arbor vitae and red pine, respectively. The inhibitory effect of ABA on percentages of the
seed germination and hypocotyl emergence, the time course of the germination, and the radicle and hypocotyl elongation of the
seedlings was overcome very successfully by GA

3
 alone in comparison with kinetin, BA, and the combinations of these two cy-

tokinins alne with GA
3
. Kinetin or BA alone did not mostly fail to overcome ABA inhibition on the mentioned parameters. There

were the cases that also the combinations of these cytokinins with GA
3
 were successful or not. GA

3
 alone was the most successful

hormone at all the cases in general.
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Kızılçam ve Mazı Tohumlarının Çimlenme ve Fide Büyümesindeki Absisik Asit Engellemesine
Kinetin, Benziladenin ve Gibberellik Asitin Mukayeseli Etkileri

Özet: Bu araştırmada kızılçam (Pinus brutia  Ten.) ve mazı (Thuja orientalis  L.) tohumlarının çimlenmesi ve fide büyümesindeki ab-
sisik asit (ABA) engellemesi üzerine kinetin, benziladenin (BA) ve gibberellik asitin (GA

3
) etkileri incelendi. Bu amaçla bu iki türün to-

humları, ABA ve bu hormonun kinetin, BA ve GA
3
 ile ayrı ayrı ve kombinasyon halindeki karışımlarını içeren petrilerde 20ºC’de 12

(mazı) veya 15 gün (çam) boyunca çimlendirildi. Tohum çimlenmesi ve hipokotil çıkış yüzdeleri, zamana bağlı çimlenme ile fidelerin
radikula ve hipokotil uzaması üzerindeki ABA’nın engelleyici etkisi kinetin, BA ve bu iki sitokininin GA

3
 ile ayrı ayrı yaptıkları kom-

binasyonlara nazaran tek başına GA
3
 ile çok başarılı bir şekilde yenildi. Tek başına kinetin veya BA, adı geçen parametreler üze-

rindeki ABA engellemesini yenmeyi çoğunlukla başaramadı. Bu sitokininlerin GA
3
 ile kombinasyonlarının ise başarılı veya başarısız ol-

duğu durumlar vardı. Tek başına GA
3
, genellikle her durumda en başarılı hormondu.

Anahtar Sözcükler: Çimlenme, absisik asit, gibberellik asit, kinetin, benziladenin, Pinus brutia Ten., Thuja orientalis L.
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seed germination in Taxus baccata L. Cytokinins have
been less widely tested in conifers than gibberellins,
and it has been mostly used BA, but not kinetin and
with even more variable results, BA being promotive
of germination in Pinus taeda L. (7) but not in P.
ponderosa Dogl. (8) or Taxodium distichum (L.) Rich.
(7).

The present work was carried out to test Khan’s
hypothesis (1) in two species of conifers, red pine (Pi-
nus brutia Ten.) and arbor vitae (Thuja orientalis L.),
and to contribute to studies with conifers on this sub-
ject. Moreover, it has been also aimed to participate
to very few studies with cytokinins in conifers by us-
ing two different cytokinins, BA and kinetin, and to
compare these two gowth regulators. For this pur-
pose, the seeds of the mentioned species were ger-
minated by adding kinetin, BA, and GA

3
 to the media

of ABA preventing their germinations to a great ex-
tent, and the effects of these promoter hormones on
ABA inhibition on the seed germination, hypocotyl
emergence and the elongations of the radicle and hy-
pocotyl of the seedlings were compared.

Materials and Methods

The Seeds and Hormones

In this work, seeds of red pine (Pinus brutia) and
arbor vitae (Thuja orientalis) were used. The seeds
were surface sterilized with 1.0 % sodium hypo-
chloride.

As test solutions 50 µM kinetin and benzyladenine
(BA), and 300 µM gibberellic acid (GA

3
) were used for

both species. Concentrations of abscisic acid (ABA)
were 15 and 30 µM for red pine, and also 80 and
100 µM for arbor vitae. Hormone concentrations were
determined in a preliminary investigation.

Germination of Seed

25 seeds were placed in 10 cm Petri dishes lined
by two sheets of Whatman No. 1 filter paper and
containing sufficient amount of solutions of ABA at the
two different concentrations preventing importantly
the germination of the seeds, and of the mixtures of
its with kinetin, BA, and GA

3
 alone or in combination.

The seeds were left in an incubator to germinate at
20ºC, in dark for 12 or 15d (days) for arbor vitae
and red pine, respectively. Reaching of the radicle a
visible length, 1-2 mm, was accepted as a criterion of
germination. The germination percentages were re-
corded on the 8th, 10th, and 12th d for arbor vitae,

and 11th, 13th, and 15th d for red pine. After re-
cording the final percentages of germination at the
end of the experiment, hypocotyl emergence per-
centages were also determined and the radicle and hy-
pocotyl lengths of the seedlings were measured in
mm. In a preliminary experiment the seeds of both
species was observed to germinate about 100 % in
distilled water and not to be light-sensitive. 

The experiments were repeated 4 times.

Data obtained were evaluated with analysis of var-
iance (9).

Results 

Effects of Kinetin, BA, and GA
3
 on ABA In-

hibition of Seed Germination

The retardative and preventive effect of ABA on
the germination of red pine (Table 1) and arbor vitae
(Table 2) seeds was enormously overcome by GA

3
alone. Neither BA nor kinetin were able to show a
success at all the cases, except relative success of BA
on 15 µM ABA inhibition of the final germination of
red pine. BA, although it could not overcome ABA in-
hibition, was mostly statistically superior to kinetin in
arbor vitae. However, while the combinations of BA
and kinetin with GA

3
, even though they were not so

successful as GA
3
 alone, exhibited success to varying

Table 1. Percentages of seed germination and final emergence of
hypocotyl, and radicle and hypocotyl lengths of the
seedlings of Pinus brutia in the media of various
hormones. KIN: kinetin, 50 µM, BA: 50 µM, GA

3
: 300

µM, ABA: µMs are shown in the Table. Values in each
column followed by the same letter are not significantly
different at the 1 % level.

Germination, % Hypocotyl

Days emergence, Radicle Hypocotyl

Hormone, µM 11 13 15 %, 15
th

 d Length, mm

ABA, 15 12
b
±2.8 20

b
±2.8 40

d
±2.8 11

c
±1.7 10.6

d
±0.6 7.0

b
±0.7

  + KIN 12
b
±2.8 26

b
±4.4 42

cd
±4.5 18

bc
±2.0 19.1

b
±2.4 3.9

b
±0.7

  + BA 13
b
±1.7 24

b
±6.3 52

b
c±2.8 20

bc
±2.8 16.6

bc
±1.4 3.9

b
±0.3

  + GA
3

30
a
±4.5 56

a
±2.8 75

a
±3.3 41

a
±5.9 27.8

a
±3.2 15.2

a
±2.4

  + KIN+GA
3

10
b
±2.0 28

b
±2.8 54

b
±4.5 25

b
±3.3 15.4

bc
±2.7 5.8

b
±0.4

  + BA+ GA
3

13
b
±1.7 26

b
±4.4 60

b
±4.5 21

b
±4.3 14.3

cd
±0.2 5.5

b
±0.4

ABA, 30 2
c
±2.0 4

c
±2.8 20

c
±2.8 8

b
±2.8 5.6

de
±0.7 4.8

bc
±0.3

  + KIN 6
bc

±2.0 8
c
±2.8 24

c
±2.8 9

b
±3.3 5.1

e
±0.2 6.6

a
±0.7

  + BA 6
bc

±4.4 10
c
±2.0 24

c
±2.8 8

b
±2.8 8.7

cd
±0.5 3.1

d
±0.3

  + GA
3

22
a
±2.0 36

a
±6.3 69

a
±7.1 25

a
±5.9 16.2

a
±1.3 5.6

ab
±0.3

  + KIN + GA
3

5
c
±3.3 29

ab
±4.3 47

b
±5.9 21

a
±5.2 11.8

bc
±2.7 3.4

d
±0.2

  + BA+GA
3

13
b
±3.3 20

b
±2.8 56

b
±2.8 20

a
±2.8 14.4

ab
±1.7 4.1

cd
±0.5
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extents at some cases, e.g. the final germination of
both species at the both levels of ABA, and the ger-
mination of red pine on the 13th d at 30 µM ABA,
they became also unsuccessful at the other cases, e.g.
red pine germination on the 11th and 13th d in the
medium of 15 µM ABA. On the other hand, BA + GA

3
combination was more successful at a few cases than
kinetin + GA

3
, e.g. red pine germination on the 11th d

in 30 µM ABA, and in arbor vitae the final germina-
tion at the both levels of ABA and the germination on
the 10th d in 100 µM ABA. Kinetin + GA

3
 never

showed a statistically superiority in comparison with
BA + GA

3
.

Effects of Kinetin, BA, and GA
3
 on ABA In-

hibition of the Hypcotyl Emergence

The inhibitory effect of ABA on the emergence of
hypocotyl was importantly overcome by GA

3
 alone in

both species (Table 1,2). Kinetin and BA were un-
successful at all the cases. The combinations of these
two promoters with GA

3
 overcame ABA inhibition on

the hypocotyl emergence of red pine seedlings at the
same degree in statistical, whereas in arbor vitae kin-
etin + GA

3
 showed no success, but BA + GA

3
 was

rather successful in this species too. However, GA
3

alone was the most effective hormone at all the cases,
except the successes of the combinations of BA and

kinetin with GA
3
 on the hypocotyl emergence of red

pine seedlings in 30 µM ABA.

Effects of Kinetin, BA, and GA
3
 on ABA In-

hibition of the Radicle and Hypocotyl Elongation

GA
3
 played a primary role in overcoming ABA in-

hibition of the radicle elongation except one case, 100
µM ABA in arbor vitae (Table 1,2). BA + GA

3
 com-

bination became more successful on the elongation of
arbor vitae radicles in 100 µM ABA than GA

3
 alone.

GA
3
, here, was secondarily important. Kinetin and BA,

separately or in combinations with GA
3
, exhibited suc-

cess to varying extents. On the other hand, they had
also failures at some cases, e.g., BA + GA

3
 and kinetin

in the cases of 15 and 30 µM ABA, respectively, in
red pine, and also in arbor vitae kinetin at the both
levels of ABA, and kinetin + GA

3
 in 100 µM ABA. BA

alone had statistically more effect in arbor vitae than
kinetin.

The circumstance in the elongation of hypocotyl
was not different from the previous findings. Here
also, ABA inhibition was primarily broken by GA

3
. Kin-

etin, except its success on the elongation of red pine
hypocotyl in 30 µM ABA, and kinetin + GA

3
 were un-

successful at all the cases. BA + GA
3
 showed an equal

success to that of GA
3
 in arbor vitae, even if it ex-

hibited no success in red pine.

Discussion 

In this work, it was observed that GA
3
 alone, in

contrast to expected, alleviated mostly excellently ABA
inhibition on the germination and hypocotyl emer-
gence, the radicle and hypocotyl elongations of seeds
of red pine and arbor vitae, compared to kinetin, BA
and the combinations of these two with GA

3
. Kinetin

and BA alone did not generally show a success on the
inhibition of the germination and hypocotyl emergence.
However, while kinetin became unsuccessful on the in-
hibition of the radicle elongation particularly in arbor
vitae, BA was rather successful on this parameter in
both species. The response of the hypocotyl elongation
to both cytokinins was mostly negative, especially in
arbor vitae. The combinations of these two cytokinins
with GA

3
 showed performances varying from failure to

success. Though the germination and the radicle el-
ongation of arbor vitae responded better to BA + GA

3
than kinetin + GA

3
, the hypocotyl gave no response to

kinetin + GA
3
. In the case of red pine, the per-

formances of these two combinations were about at
the same degree at all the cases in general.

Table 2. Percentages of seed germination and final emergence of
hypocotyl, and radicle and hypocotyl lengths of the
seedlings of Thuja orientalis in the media of various
hormones. Symboles see Table 1.

Germination, % Hypocotyl

Days emergence, Radicle Hypocotyl

Hormone, µM 8 10 12 %, 12
th

 d Length, mm

ABA, 80 1
c
±1.7 11

cd
±1.7 22

d
±4.5 0

c
±0.0 2.9

d
±0.2 0.0

b
±0.0

  + KIN 0
c
±0.0 3

d
±3.3 7

e
±3.3 0

c
±0.0 2.5

d
±0.4 0.0

b
±0.0

  + BA 2
c
±2.0 11

cd
±1.7 23

d
±3.3 0

c
±0.0 4.1

c
±0.1 0.0

b
±0.0

  + GA
3

26
a
±4.5 59

a
±5.9 83

a
±5.9 82

a
±4.5 14.8

a
±0.2 8.6

a
±0.3

  + KIN±GA
3

6
bc

±4.4 18
bc

±4.4 36
c
±2.8 0

c
±0.0 4.0

c
±0.2 0.0

b
±0.0

  + BA + GA
3

12
b
±2.8 23

b
±3.3 54

b
±4.4 34

b
±4.5 11.9

b
±1.4 8.7

a
±0.3

ABA, 100 0
c
±0.0 9

c
±1.7 17

d
±3.3 0

c
±0.0 2.3

d
±0.2 0.0

b
±0.0

  + KIN 0
c
±0.0 1

d
±1.7 5

e
±1.7 0

c
±0.0 2.4

d
±0.2 0.0

b
±0.0

  + BA 0
c
±0.0 10

c
±2.0 19

cd
±3.3 0

c
±0.0 3.6

c
±0.1 0.0

b
±0.0

  + GA
3

11
a
±3.3 26

a
±4.5 58

a
±4.5 27

a
±3.3 6.3

b
±0.4 7.2

a
±0.2

  + KIN+GA
3

2
bc

±2.0 10
c
±2.0 26

c
±4.5 0

c
±0.0 2.9

cd
±0.1 0.0

b
±0.0

  + BA+GA
3

7
ab

±3.3 18
b
±4.5 46

b
±4.5 19

b
±1.7 8.6

a
±0.3 7.4

a
±0.3
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The findings obtained suggest that ABA and gib-
berellin interaction may have a competitive nature in
conifers, at least in red pine and arbor vitae in-
vestigated. Le Page-Degivry (6) also demonstrated, in-
deed, this interaction in germination of Taxus baccata.
Exogenously applied gibberellin counteracted the in-
hibitory effect of ABA in this species. In addition, it
was reported that dormancy-breaking treatments in
conifers usually cause a marked increase in levels of
endogenous gibberellin (5, 6, 10). Cytokinin activity
was also found to increase for seed of Pinus lam-
bertiana Dogl. (10), P. slyvestris and Picea sitchensis
(Bong.) Carr. (7), but not that of Psedotsuga men-
ziesii (Mirb.) Franco (10). On the other hand, Kabar
(11) and Kabar and Baltepe (12) reported that ex-
ogenous application of kinetin was more successful in
dicots, but GA

3
 in Gramineae in remowing secondary

dormancy imposed by enviromental stresses such as
high temperature and salinity.

The quantitative and qualitative responses of plants
to different cytokinins may differ considerably. Thomas
et al. (13) and Biddington and Thomas (14) dem-
onstrated that BA is more active than any other cy-
tokinin in germination and in breaking dormancy of
celery and lettuce seeds. The seeds of red pine and ar-
bor vitae used in this work gave generally a positive
response to neither BA nor kinetin singly in over-
coming the inhibitory effect of ABA on their germina-
tion. In the germination and radicle elongation of ar-
bor vitae in the medium of ABA, however, BA,
although it was not successful on the germination,
made more its presence felt than kinetin, and also BA
+ GA

3
 combination than kinetin + GA

3
. In addition,

while arbor vitae hypocotyl gave no response to kin-
etin + GA

3
 combination, BA + GA

3
 became rather ef-

fective on this parameter. Red pine responded gener-
ally equally to these two combinations at all the cases.
The reasons for these differences in activity are not
clear. BA and kinetin singly may not probably be ef-
fective in red pine and arbor vitae. The different de-
gress of effectiveness of different cytokinins and also
different gibberellins as it will be indicated below may
be due to variations in metabolism or to active forms
or to differences in primary mechanisms of action. Al-
ternatively, responses of plants to cytokinins and gib-
berellins and their different types may also change ac-
cording to species, ecotype (e.g., halophytes, 15-17),
and even presumably location of plants in systematic.
It seems, therefore, more appropriate not to make a
generalization including all plants about roles of these

two promoters in germination and breaking dormancy
of seeds.

On the other hand, gibberellins have the unique
ability among plant hormones to promote extensibility
of intact plants of many species. But several species of
Pinaceae, e.g., Abies grandis Lindl., Pinus radiata Dor.,
Pseudotsuga menziesii, show few or no elongation re-
sponses to GA

3
 (5). However, they respond well to a

mixture of GA
4
 and GA

7
 (18), e.g., Pinus elliottii, P.

radiata. There are also conifers showing positive re-
sponse to GA

3
, e.g., Pinus pungens Lam., P. strobus

L., P. siberica L., Thuja occidentalis  L., (7). It has not
been encontered and report about the response of P.
brutia and T. orientales to GA

3
. In this investigation,

the seeds of these species responded very well to GA
3

in removing both germination and seedling growth in-
hibition of ABA.

It has been emphasized before (1, 10) that seeds
of the same or different species may contain different
levels of gibberellins, cytokinins and inhibitors leading
to various depths of dormancy, from no apparent dor-
mancy to absolute dormancy. The seeds, therefore,
should not be expected to give the same response to
application of a gibberellin or cytokinin. There is ev-
idence from plant tissues that during primary (4) or
secondary dormancy (19-20) ABA is at a supra-
optimal level and cytokinins and/or gibberellins at a
sub-optimal level. Under this situation, addition of a
favorable promoter hormone, cytokinin or gibberellin,
might be expected to release the dormancy by re-
storing the promoter/inhibitor ratio to an effective lev-
el for removal of dormancy.

The most common response of cells to ABA is, as
known, growth inhibition. Numerous studies con-
cerning the possible importance of ABA in causing
seed dormancy have been conducted (4, 21). Ex-
ogenous ABA is also a potent inhibitor of seed ger-
mination in many species. ABA can inhibit nucleic acid
(22) and protein synthesis (23). Reversal of ABA in-
hibition of germination by cytokinin (24) or gibberellin
(25, 26) may be accompanied by and increase in RNA
synthesis. Moreover, both cytokinins (27, 28) and gib-
berellins (23, 29, 30) may also remove ABA-incluced
dormancy by elevating polyribosome level and protein
synthesis. The function of ABA in controlling dormancy
and inhibition of germination may be to prevent these
basic metabolic processes which start very soon after
the beginning of imbibition. Thus, germination will be
inhibited in its early stages and dormancy will then be
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