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Abstract

Sexual propagation of Prunus mahaleb is difficult due to seed dormancy. To overcome dormancy and maximize germination, 
various pretreatments have been applied, including stratification (warm and cold), gibberellic acid (GA3), sulfuric acid scarification 
(AS), and endocarp removal. The results show that warm stratification (WS) prior to cold stratification (CS) does not improve seed 
germination and a long period of WS (3 months) is disastrous for germination. CS alone (up to 4 months) has been found to hasten 
and increase seed germination. Pretreatment of the seeds with exogenous GA3, during the CS period, has been observed to result in 
significantly higher seed germination. AS of seeds for 45 minutes prior to GA3 (1000 ppm for 24 hours) plus CS (up to 1 month) 
pretreatment has been considered to reduce the mechanical resistance of endocarp and improve germination. However, extended 
time of AS (180 minutes) prior to GA3 plus CS pretreatment has been found to harm the seeds. The removal of endocarp has been 
noted to significantly improve germination. Seeds without endocarp, which were pretreated with GA3 (1000 or 2000 ppm for 24 
hours) and then cold stratified for 1 month, have been noted to exhibit the highest germination percentages.
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Introduction

Prunus mahaleb L., commonly known as the mahaleb 
cherry, is a member of the Rosaceae family. The species 
mainly occurs in the submediterranean zone of southern 
and central Europe, south-western Asia, and northwest 
Africa ( Jordano and Schupp, 2000; Kollmann and Pflug-
shaupt, 2005). It is a small tree, usually 2-10 m, which oc-
curs scattered as single individuals or in small groups in a 
great altitudinal range and grows in sunny places as well as 
in dry and stony soils (Browicz, 1982). P. mahaleb is cul-
tivated for ornamental use because of its attractive flowers 
(Browicz, 1982), and is also used in reforestation of areas 
because this species is useful for wood production and to 
wildlife (Grisez et al., 2008). However, it is widely used as 
a rootstock because of its ability to grow well on dry and 
rocky areas, as well as its high resistance to pests (Al-Absi, 
2010; Patton et al., 1997). 

P. mahaleb could be propagated in nurseries using seeds 
because this method is cost-effective (Macdonald, 2006). 
However, this propagation technique exhibits difficulty 
due to seed dormancy. Many Prunus species, including the 
seeds of P. mahaleb, have two different types of dormancy: 
internal or embryo dormancy and external or endocarp 
dormancy (Ghayyad et al., 2010; Martinez-Gomez and 
Dicenta, 2001; Mehanna and Martin, 1985).

Various pretreatments have been used by scientists to 
overcome seed dormancy of Prunus seeds, with stratifica-
tion being the most common. Prolonged cold or warm 
plus cold stratification is needed to overcome the seed 
dormancy of most Prunus species (Dirr and Heuser, 1987; 
Grisez et al., 2008). The effect of warm plus cold stratifica-
tion pretreatment on germination varies among the spe-
cies of Prunus (Piotto et al., 2003). According to Iliev et 
al. (2012), a 6-week warm stratification (WS) period prior 
to a 5-month cold stratification (CS) period is effective in 
increasing seed germination of P. avium stored seeds. Sim-
ilarly, the effective pretreatment that maximizes germina-
tion of P. campanulata seeds is 4-6 weeks of WS, followed 
by 8 weeks of CS (Chen et al., 2007). According to Grisez 
et al. (2008), seed germination in seven species of Prunus 
(P. armeniaca, P. avium, P. domestica, P. mahaleb, P. padus, 
P. pensylvanica, and P. serotina) has been noted to be much 
higher after WS plus CS than after CS only. Ghayyad et al. 
(2010) suggested that alternate stratification (cold-warm-
cold) is more effective than 10 weeks of continuous CS 
in germination of P. mahaleb seeds. In contrast, Lockley 
(1980) achieved the best results in germination of P. vir-
giniana after 16 weeks of CS only. International Seed Test-
ing Association (1999) suggests 3 to 4 months of CS (3-
5°C) for the seeds of P. avium, P. padus, and P. serotina.

The presence of a stony endocarp in Prunus fruits, 
which is water permeable (Dirr and Heuser, 1987), may 
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Seed pretreatment
Germination experiments were started the following 

October and conducted in the laboratory of Silviculture, 
Faculty of Forestry and Natural Environment, Aristotle 
University of Thessaloniki.

Effect of WS and CS on germination
The seeds were mixed with moist sterilized river sand in 

plastic containers and warm stratified for 1, 2, or 3 months 
at 20-25°C (there were three plastic containers). At the 
end of each WS period (1, 2, and 3 months), the plastic 
containers were placed in the refrigerator (3-5°C) for the 
seeds to be subjected to CS for 0, 1, 2, 3, or 4 months. In 
total, 15 pretreatments (combinations between WS and 
CS) were applied.

Effect of GA3 and CS on germination
The seeds were mixed with sterilized river sand and 

placed in three plastic containers. The sand of each plas-
tic container was moistened with 500, 1000, or 2000 ppm 
GA3. Then, the three plastic containers were subjected to 
CS (3-5°C) for 1, 2, 3, or 4 months. Nonstratified seeds 
(0 month of CS) were treated with GA3 solutions (500, 
1000, and 2000 ppm) for 48 hours and then placed to 
germinate in growth chamber. In total, 15 pretreatments 
(combinations between GA3 and CS) were applied. Dur-
ing CS, sand moisture was checked periodically and GA3 
solution was added whenever necessary to keep it moist.

Moreover, in the frame of the above-mentioned experi-
ments, seeds that were not warm stratified (0 month WS) 
or not treated with GA3 (0 ppm) were placed with moist, 
sterilized river sand in a plastic container and subjected to 
CS only for 0, 1, 2, 3, or 4 months.

Effect of GA3 and CS on germination of acid scarified 
seeds
The seeds were immersed in concentrated (95-97%) 

sulfuric acid for 45, 90, and 180 minutes. Acid-scarified 
seeds were treated with 1000 ppm of GA3 for 48 hours 
and then mixed with moist, sterilized river sand in plastic 
containers and cold stratified for 0, 1, 2, 3, or 4 months 
at 3-5°C. There were three plastic containers that corre-
sponded to the three durations of AS. In total, 15 pretreat-
ments (combinations between AS plus 1000 ppm GA3 
and CS) were applied.

Effect of GA3 and CS on germination of seeds without 
endocarp
Seeds with their endocarp removed manually were 

treated with 0 (distilled water), 500, 1000, and 2000 ppm 
GA3 for 24 hours. Subsequently, the true seeds were mixed 
with moist, sterilized river sand in plastic containers and 
cold stratified for 0, 1, 2, 3, or 4 months at 3-5°C. There 
were four plastic containers that corresponded to the four 
concentrations of GA3. In total, 20 pretreatments (combi-
nations between GA3 and CS) were applied.

restrict seed germination (Young and Young, 1992). How-
ever, Nikolaeva (1969, 1977 as referenced in Baskin and 
Baskin, 1998), after her research on stony endocarps fruits, 
concluded that the endocarp does not mechanically re-
strict germination. When the embryo dormancy is broken 
by CS pretreatment, then the embryo has enough growth 
potential to break the endocarp. The removal of endocarp 
was found to hasten or increase the germination in P. avi-
um (Cetinbas and Koyuncu, 2006), P. dulcis (Garcia - Gu-
sano et al., 2004), and P. mahaleb (Ghayyad et al., 2010).

Gibberellin’s applications have been reported to be ef-
fective in partially substituting for the CS requirement in 
Prunus seeds in which the endocarp had been removed 
(Grisez et al., 2008). Cetinbas and Koyuncu (2006) sug-
gested the endocarp removal of cold-stratified seeds and 
subsequent gibberellic acid (GA3) application to break 
the dormancy and increase germination of P. avium seeds. 
Ghayyad et al. (2010) obtained the best results in germi-
nation of P. mahaleb seeds by removing the endocarp and 
then applying GA3. Also, exogenous applications of GA3 
and H2O2 prior to CS have been reported to improve ger-
mination in Prunus species seeds without endocarp (Imani 
et al., 2011; Zeinalabedini et al., 2009).

In the published literature, there is no description con-
cerning the effect of WS prior to CS on the germination 
of P. mahaleb seeds. Also, the effect of exogenous GA3 in 
seed germination when it is applied during the CS of seeds 
has not been studied.

The objectives of the present study were to: i) examine 
the effectiveness of WS, CS, GA3, sulfuric acid scarifica-
tion (AS), and endocarp removal pretreatments on germi-
nation; ii) describe the effects of WS and CS pretreatment 
combinations on germination; iii) describe the effects of 
GA3 and CS pretreatment combinations on germination; 
iv) describe the effects of AS, GA3, and CS pretreatment 
combinations on germination; v) describe the effects of 
GA3 and CS pretreatment combinations on germina-
tion of seeds without endocarp; and vi) propose effective 
pretreatments that maximize germination of P. mahaleb 
seeds.

Materials and methods

Mature fruits of P. mahaleb were collected on 18 July 
2009 from a number of trees (more than 10) growing in 
their natural habitat (40°21΄20΄΄ Ν, 21°55΄58΄΄ Ε, 690 m 
elevation) in northern Greece. After collection, the fruits 
were pulped by hand and the pulp (exocarp and mesocarp) 
was removed with water. Then, the clean seeds (with endo-
carp) that sunk to the bottom of the container were spread 
out on filter papers in laboratory conditions and left to 
dry. After drying, the seeds were stored in glass contain-
ers in refrigerator (3-5°C) until used in the experiments. 
In this study, the term “seed” refers to the true seed plus 
endocarp.
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During stratification, sand moisture was checked pe-
riodically and distilled water (in experiments where GA3 
was not applied during the CS period) was added when-
ever necessary to keep it moist.

Germination test
In each of the above-mentioned experiments, at the end 

of the CS period, a random sample of 100 seeds was taken 
out from each plastic container and randomly placed in 
four plastic Petri dishes (25 seeds per Petri dish). For each 
pretreatment, there were four replications of 25 seeds. 
The seeds were placed on sterilized river sand, moistened 
with distilled water, in 9-cm plastic Petri dishes. Prior to 
the arrangement of seeds in Petri dishes, they were dust-
ed with fungicide (Captan) to avoid fungi development. 
The Petri dishes were randomly arranged on the shelves of 
the growth chamber and watered as needed with distilled 
water. The temperature in the growth chamber was set at 
20°C for a 16-hour dark period and 25°C for an 8-hour 
light period. Germinated seeds were counted each week 
for 9 weeks. A seed with at least 2-mm-long radicle was 
considered to be germinated (I.S.T.A., 1999). Finally, for 
each treatment, the germination percentage (GP) and the 
mean germination time (MGT) were calculated as the av-
erage of the four replications. The MGT was calculated for 
each replication per treatment according to the following 
equation:

MGT = Σ(Dn)/Σn
where n is the number of seeds that germinated on day 

D and D is the number of days counted from the begin-
ning of the test (Ellis and Roberts, 1981).

Statistical analysis
In all the experiments, a completely randomized exper-

imental design was used. In each experiment, pretreatment 
combinations in which none of the seeds germinated were 
not included in the statistical analysis. The GP data were 
arc-sine square root transformed before analysis (Snedecor 
and Cochran, 1980). The transformed data were checked 
for normality and homogeneity of variances and then ana-
lyzed by one-way ANOVA, and comparisons of the means 
were made using the Duncan test (Klockars and Sax, 
1986). All statistical analyses were carried out using SPSS 
12.0 (SPSS, Inc., USA).

Results and discussion 

Effect of WS and CS on germination
There were significant differences in GPs (α = 0.05) 

among the combinations of WS and CS periods (F12,39 = 
15.83, p = 0.000).

None of the P. mahaleb seeds subjected to only WS for 
1, 2, or 3 months germinated (Tab. 1). On the other hand, 
in seeds subjected to 0 or 1 month of WS, a significant 
increase (p<0.05) in GP was observed with the increase 
in CS duration, except for one case. An increase in the CS 

period from 2 to 3 months in seeds that had been warm 
stratified for 1 month did not induce significant increase in 
GP (p>0.05). According to the results of this experiment, 
a rather high GP (33%) was observed after only a 4-month 
CS period that did not differ significantly (p>0.05) with 
the GP (24%) of 1-month WS plus 4-month CS pretreat-
ment. Ghayyad et al. (2010) found that seed germination 
of P. mahaleb was 3.33% after a 10-week stratification pe-
riod at 2-4°C and 5.33% after alternate stratification (4 
weeks of cold plus 2 weeks of warm plus 4 weeks of cold).

Long WS period (3 months), prior to CS, was disas-
trous for seed germination. On the contrary, other Pru-
nus species germination was found to be favored by WS 
pretreatment. Suszka (1967) obtained the best GP with 
respect to the seeds of P. serotina when a 2-week warm pe-
riod prior to a 189-day cold period was employed. Simi-
larly, Chen et al. (2007) found that intact P. campanulata 
seeds require 4-6 weeks of WS, followed by 8 weeks of CS 
to obtain maximum GP. Macdonald (2006) reported that 
seeds with a hard endocarp require WS to break it down.

In treatments without WS, MGT was observed to ex-
hibit a decrease trend when the duration of CS period was 
increased. A similar trend in MGT was observed by Al-
Absi (2010), who used only CS in one of his experiments 
for germination of P. mahaleb seeds. However, the MGT 
obtained in our study, after only a 3-month CS period, 
is lower than that found in the study by Al-Absi (2010). 
This difference may be due to different germination condi-

Tab. 1. Effect of WS combined with CS on GP and MGT of P. 
mahaleb

WS 
(months)

CS 
(months)

Germinated seeds
GP (± S.D.), MGT in days (± S.D.)

0

0 0.00
1 2.00 fg (± 2.31), *
2 12.00 cd (± 3.27), 14.29 (± 2.41)
3 20.00 b (± 5.66), 10.62 (± 1.23)
4 33.00 a (± 3.83), 9.46 (± 1.00)

1

0 0.00 
1 2.00 fg (± 2.31), *
2 7.00 de (± 3.83), 15.46 (± 1.75)
3 11.00 cd (± 5.03), 7.44 (± 0.88)
4 24.00 ab (± 5.66), 7.22 (± 0.44)

2

0 0.00 
1 2.00 fg (± 2.31), *
2 7.00 de (± 3.83), 7.58 (± 1.17)
3 5.00 def (± 2.00), 9.63 (± 3.35)
4 4.00 efg (± 3.27), 8.75 (± 3.50)

3

0 0.00
1 0.00
2 0.00
3 1.00 g (± 2.00), *
4 0.00

Note: Means are statistically different at p<0.05, when they share no common 
letter. The comparisons were made using the Duncan test; * MGT was not 
calculated because in one of the four replications, no seed germinated
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tions. In Al-Absi’s (2010) research, seed germination was 
conducted under greenhouse conditions.

Effect of GA3 and CS on germination
There were significant differences in GPs (α=0.05) 

among the combinations of CS periods and GA3 concen-
trations (F18,57 = 79.57, p = 0.000).

GA3 application during seed CS not only appeared to 
shorten the required CS period, but also significantly im-
prove GP (Tab. 2) of P. mahaleb. Exogenous GA3 applica-
tions have been reported to be effective in breaking dor-
mancy and substituting for the CS requirement in seeds 
of many species (Karam and Al-Salem, 2001; Pipinis et al., 
2011a; 2012; Smiris et al., 2006).

It is obvious (Tab. 2) that the endocarp of P. mahaleb 
fruit was permeable to GA3 because there were significant 
differences (p<0.05) in germination after the five periods 
(0, 1, 2, 3, and 4 months) of CS among GA3-treated and 
untreated seeds. This finding is in agreement with that ob-
served by Dirr and Heuser (1987), who reported that the 
stony endocarp in Prunus fruits is water permeable.

Germination of GA3 (2000 ppm)-treated seeds dur-
ing 1-month of CS was equal to that of seeds subjected 
to only 4 months of CS. Pretreatments of seeds with 500 
and 1000 ppm GA3, during the 4 months of CS, gave the 
highest GPs (p<0.05) of 69 and 76%, respectively. Al-Absi 
(2010) also achieved a 65% GP for P. mahaleb by treat-
ing the seeds, which were previously cold stratified for 3 

months, with 1000 ppm GA3. The exogenous GA3 appli-
cation is considered to increase the growth potential of the 
embryo to break the resistance of the endocarp. According 
to Carpita et al. (1983) and Rascio et al. (1998), pretreat-
ment of seeds with GA3 results in an increase in the growth 
potential of the embryo.

Also, the results indicate that the MGT values of un-
treated and GA3-treated seeds cold stratified for 2, 3, and 
4 months were more or less the same. However, Al-Absi 
(2010) stated that CS followed by GA3 pretreatment sig-
nificantly improved the MGT of P. mahaleb seeds.

Effect of GA3 and CS on germination of acid-scarified 
seeds
There were significant differences in GPs (α=0.05) 

among the combinations of AS and CS periods (F14,45 = 
46.27, p = 0.000).

The GPs of cold-stratified seeds for up to 1 month that 
had been acid scarified for 45 minutes and pretreated with 
GA3 (1000 ppm) for 24 hours (27 and 32%, Tab. 3) were 
higher than those of previous experiment where seeds 
were cold stratified for the same period and pretreated 
with 1000 ppm GA3 (during CS) (1 and 17%, Tab. 2). 
Also, the GPs of seeds that were only cold stratified for 
up to 1 month (in the first experiment) were very low (0 
and 2%, Tab. 1). These findings indicate that AS of seeds 
for 45 minutes prior to GA3 (1000 ppm) plus CS (up to 1 
month) pretreatment was effective in germination (prob-
ably by reducing the mechanical resistance of the endo-
carp), and also that the endocarp is an obstacle in the ger-
mination of P. mahaleb seeds. Sulfuric acid has been used 
in the scarification method to break seed coat dormancy 
in many species (Pipinis et al., 2011a; 2011b; Sacheti and 
Al-Rawahy, 1998). In contrast, Grisez et al. (2008) stated 
that scarification with sulfuric acid to break or soften the 
endocarp had no effect or negative effect on seed germi-
nation of Prunus species. Also, Gercekcioglu and Cekic 
(1999) reported that chemical scarification is ineffective 
in overcoming dormancy in P. mahaleb seeds.

In each CS period, in almost all cases, the increase in AS 
duration resulted in a significant decrease (p<0.05) in seed 
germination. A similar trend was observed by Ghayyad et 
al. (2010). As the endocarp of Prunus fruits is permeable 
to water (Dirr and Heuser, 1987), the long duration of AS 
treatment of P. mahaleb seeds may cause seed damage.

According to the results of our study, the combination 
of AS (45 minutes), GA3 (1000 ppm for 24 hours), and CS 
(3 months) pretreatments gave the higher GP (48%) that 
did not differ significantly (p>0.05) from the GP (42%) of 
the combination of AS (45 minutes), GA3 (1000 ppm for 
24 hours), and a 4-month CS period pretreatments. Al-
Absi (2010), using shorter durations of AS (10, 20, and 30 
minutes) in P. mahaleb seeds that had been cold stratified 
for 2 and 3 months, achieved GPs from 40 to 48.3%. Ac-
cording to Ghayyad et al. (2010), after 10 weeks of CS, the 
P. mahaleb seeds that had been acid scarified for 10 min-

Tab. 2. Effect of GA3 combined with CS on GP and MGT of 
P. mahaleb

GA3 
(ppm)

CS 
(months)

Germinated seeds
GP (± S.D.), MGT in days (± S.D.)

0

0 0.00 
1 2.00 j (± 2.31), *
2 12.00 h (± 3.27), 14.29 (± 2.41)
3 20.00 g (± 5.66), 10.62 (± 1.23)
4 33.00 f (± 3.83), 9.46 (± 1.00)

500

0 1.00 j (± 2.00) *
1 11.00 h (± 3.83), 17.50 (± 2.86)
2 38.00 ef (± 5.16), 13.76 (± 1.33)
3 55.00 b (± 5.03), 9.99 (± 1.30)
4 69.00 a (± 6.00), 8.86 (± 1.18)

1000

0 1.00 j (± 2.00), *
1 17.00 gh (± 6.00), 18.20 (± 2.12)
2 44.00 cde (± 5.66), 14.23 (± 1.79)
3 54.00 bc (± 6.93), 9.15 (± 0.90)
4 76.00 a (± 5.66), 9.05 (± 1.16)

2000

0 5.00 i (± 2.00), 23.63 (± 3.35)
1 33.00 f (± 6.83), 18.44 (± 2.22)
2 42.00 def (± 5.16), 13.63 (± 0.82)
3 49.00 bcd (± 6.00), 10.81 (± 1.18)
4 58.00 b (± 5.16), 9.01 (± 0.72)

Note: Means are statistically different at p<0.05, when they share no common
letter. The comparisons were made using the Duncan test; * MGT was not 
calculated because in one of the four replications, no seed germinated
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GPs (p<0.05) of 44 and 90%, respectively. In the first ex-
periment, seeds subjected only to CS for 1 and 2 months 
exhibited GPs of 2 and 12%, respectively (Tab. 1). These 
results confirm that the endocarp plays a major role in 
P. mahaleb seeds dormancy and its removal significantly 
improves germination. It is most likely that the endocarp 
inhibits germination by imposing mechanical resistance 
to the emergence of the radicle. According to Cetinbas 
and Koyuncu (2006), removal of the endocarp after CS 
has a positive effect on the germination of P. avium seeds. 
Chen et al. (2007) reported that 25% of nonstratified P. 
campanulata seeds without endocarp germinated in 21 
days. Also, Tewari et al. (2011) found that the removal of 
seed coat in P. cerasoides seeds greatly increased germina-
tion. In contrast, Ghayyad et al. (2010) noted that only 
4.33% of nonstratified P. mahaleb seeds without endocarp 
germinated and 21% of the seeds without endocarp that 
were subjected to a 10-week alternate stratification period 
(4 weeks at 2-4ºC plus 2 weeks at 20-25ºC plus 4 weeks at 
2-4ºC) germinated.

The results of this experiment show that the GA3 appli-
cation on seeds, whose endocarp was removed prior to CS, 
resulted in further improvement in seed germination. After 
0 and 1 month of CS, the seeds that had been pretreated 
with GA3 (500, 1000, or 2000 ppm) exhibited higher GPs 
(p<0.05) than those that were not pretreated with GA3. 
A similar trend was observed by Gercekcioglu and Cekic 
(1999). Also, the germination of GA3 pretreated seeds (for 
each concentration) undergoing 1 month of CS was high-
er than that of seeds that were only pretreated with GA3. 
However, a longer than 1-month CS period of GA3 pre-
treated seeds could not be used because towards the end of 
1 month of CS, the seeds began to germinate. The combi-
nation of CS with GA3 pretreatment has been reported to 
improve germination in P. communis, P. haussknechtii, and 
P. persica seeds without endocarp (Imani et al., 2011). Cet-
inbas and Koyuncu (2006) found that GA3 pretreatment 
of endocarp-removed P. avium seeds after CS positively 
affected germination. On the other hand, Ghayyad et al. 
(2010) reported that the GA3 pretreatment alone gave 
better results with respect to germination of P. mahaleb 
seeds without endocarp, than the GA3 pretreatment fol-
lowed by a 10-week period of CS. Also, Zeinalabedini et 
al. (2009) observed that the combination of stratification 
(at 4ºC) with GA3 pretreatment (1000 ppm for 30 min-
utes) did not improve germination of seeds without en-
docarp in three wild almonds species. This difference may 
be due to the different time of GA3 pretreatment. In our 
study, P. mahaleb seeds without endocarp were pretreated 
with GA3 for 24 hours, in contrast to the method followed 
by Zeinalabedini et al. (2009), who pretreated seeds of the 
three wild almonds species without endocarp with GA3 
for 30 minutes.

In the endocarp-removed seeds, GA3 (2000 ppm) ap-
plication appeared to entirely replace the need for CS. The 
germination of nonstratified seeds that were only pretreat-

utes gave higher GP (15.33%) than nonscarified seeds or 
seeds scarified for 20 and 40 minutes.

In each AS pretreatment, the increase in CS period led 
to a gradual decrease in MGT. Also, the results indicate 
that the increase in AS duration from 45 to 90 minutes 
prior to CS (0, 1, 2, 3, and 4 months) of seeds led to similar 
MGT values. Al-Absi (2010) reported that AS of P. maha-
leb seeds for various durations (10, 20, and 30 minutes), 
which had been stratified for 0, 1, and 3 months, did not 
significantly change the MGT; however, only in seeds that 
had been stratified for 2 months, the increase in AS dura-
tion from 10 to 20 and 30 minutes significantly decreased 
the MGT.

Effect of GA3 and CS on germination of seeds without 
endocarp
There were significant differences in GPs of seeds with-

out endocarp (α=0.05) among the combinations of GA3 
concentrations and CS periods (F8,27 = 48.44, p = 0.000).

Control seeds (0 ppm GA3 plus 0 month of CS) with-
out endocarp germinated at a percentage of 22% (Tab. 4). 
Similar GPs (27 and 20%, Tab. 3) were observed in the 
previous experiment in seeds that were only subjected 
to a combination of AS (for 45 or 90 minutes) and GA3 
(1000 ppm for 24 hours) pretreatments. In contrast, in 
the first and second experiments, non-cold-stratified 
seeds (with endocarp) that were subjected to WS (0, 1, 
2, and 3 months) or GA3 (0, 500, 1000, and 2000 ppm) 
pretreatments did not germinate (Tab. 1) or germinated 
at low percentages (0-5%, Tab. 2), respectively. Increase 
in the CS period of the removed endocarp seeds (0 ppm 
GA3) to 1 and 2 months resulted in significant increased 

Tab. 3. Effects of GA3 combined with CS on GP and MGT of 
acid-scarified P. mahaleb seeds 

AS 
(minutes)

GA3 
(ppm)

CS 
(months)

Germinated seeds
GP (± S.D.), MGT 

in days (± S.D.)

45 1000

0 27.00 de (± 5.03), 22.90 (± 2.51)
1 32.00 cd (± 4.62), 22.31 (± 2.57)
2 23.00 e (± 3.83), 13.46 (± 1.30)
3 48.00 a (± 5.66), 13.30 (± 1.70)
4 42.00 ab (± 5.16), 9.14 (± 1.15)

90 1000

0 20.00 e (± 5.66), 22.05 (± 2.84)
1 22.00 e (± 5.16), 22.24 (± 2.28)
2 11.00 f (± 3.83), 13.13 (± 1.75)
3 36.00 bc (± 6.53), 12.71 (± 0.97)
4 37.00 bc (± 5.03), 9.27 (± 1.14)

180 1000

0 8.00 fg (± 3.27), 24.21 (± 2.92)
1 5.00 gh (± 2.00), 16.63 (± 3.35)
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ed with 2000 ppm of GA3 was as high as the germination 
of seeds (90%) that were only subjected to 2 months of CS 
(Tab. 4). According to Ghayyad et al. (2010), P. mahaleb 
seeds without endocarp, which were pretreated only with 
1250 ppm GA3, exhibited a GP of 70%.

GA3 pretreatment of seeds hastened germination. The 
MGT of seeds subjected only to CS for 0 and 1 month was 
16.93 and 16.89 days, respectively, whereas that of seeds 
that were pretreated with GA3 and then stratified for 0 and 
1 month of CS ranged from 7.80 to 12.77 days.

Conclusions

Based on the results of this study, it can be concluded 
that WS prior to CS did not improve germination of P. 
mahaleb seeds. However, a 3-month period of WS prior to 
CS brought about a dramatic reduction in seed germina-
tion. Similarly, extended time of AS (180 minutes) prior 
to GA3 plus CS pretreatment was found to be harmful to 
the seeds. However, GA3 application during CS pretreat-
ment or AS for 45 minutes prior to GA3 plus CS pretreat-
ment of intact seeds improved seed germination than 
CS applied alone. Also, the removal of seed endocarp in 
combination with CS pretreatment significantly increased 
germination. Germination of seeds without endocarp was 
further increased when GA3 was applied. Our results indi-
cate that the endocarp plays a significant role in P. mahaleb 
seed dormancy.

For large amounts of P. mahaleb seeds, the removal of 
endocarp without damages to the embryo is practically 
difficult; hence, the application of exogenous GA3 during 
the CS of seeds (with endocarp) is proposed as an effective 
pretreatment in nurseries to enhance seed germination.
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