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Seeds of Prunus species do not germinate immediately when 
planted, either in the field or in the laboratory, as a result of 
different mechanisms of dormancy such as physiological 
(embryo), physical (endocarp), chemical (inhibitors) ones or 
the combinations of mentioned mechanisms; dormancy in 
these species may last for several months.

The germination inhibitors exist at different 
concentrations in various parts of seed, including pericarp, 
seedcoat, cotyledons, and embryo. The proportion of 
inhibitors could be decreased by removing either one or 
several parts of the seeds and thus germination percentage 
could be increased (San and Yildirim, 2009). On the other 
hand, cold stratification of seeds for several months could 
overcome dormancy. Also, some growth regulators such as 
GA3 were used to induce the germination of the seeds of 
some species, for example P. mahaleb (Ghayyad et al., 2010; 
Gercekcioğlu and Cekic, 1999; Pipinis et al., 2012).

Overcoming seed dormancy in vitro germination was 
also successfully used in strawberry (Miller et al., 1992), 
citrus fruits (Hassanein and Azooz, 2003), walnut (Kaur et al., 
2006), and almond (San and Yildirim, 2009). Germination of 
immature embryos has been successfully accomplished in 
some stone fruits including cherry (Hormaza, 1999), apricot 
(Ning et al., 2007), peach, almond, and peach×almond 
hybrids (Ledbetter et al., 1998).

A few studies have been carried out about in vitro 
germination of embryos isolated from cotyledons 
(Arbeloa et al., 2009; San and Yildirim, 2009), but all of the 
studies are based on MS medium and combinations of 

benzylaminopurine (BAP) and gibberellic acid (GA3) and 
/or Indol butyric acid (IBA). San et al. (2014) reported that 
for successful in vitro embryo germination, the MS medium 
should be fortified with 0.5 mg·L-1 BAP + 3.0 mg·L-1 GA3 
in apricot, peach, and wild cherry. Payghamzadeh and 
Kazemitabar (2010a) reported that the best performing 
medium for immature embryos germination walnut was 
DKW basal medium supplemented with 1 mg L-1 alone and 
1.5 mg L-1 BAP in conjunction with 0.01, 0.05 and 0.1 mg L-1 
IBA (germination ratios vary between 49.32% and 67.76%). 
Kaur et al. (2006) reported that the best performing medium 
was MS with 0.5 mg.L-1 kinetin, 0.5 mg.L-1 BAP and 2 mg.L-1 
GA3 yielding 66.6% germination in Netar Akhrot cultivar 
of walnut after 12 days of culturing and the percent 
germination of immature embryos was higher when BAP 
and IBA were simultaneously applied as compared to those 
when applied separately (Kaur et al., 2006).

In addition, Kaur et al. (2006) used cold treatment in in 
vitro germination of immature walnut embryos, and the 
per cent germination of excised embryos was higher when 
GA3 and cold treatments were simultaneously applied as 
compared to those when applied separately.

The object of this study is to determine the effects of 
Gibberellic acid (GA3) and low temperature on germination 
of isolated embryos from cotyledons of almond, apricot, 
plum, peach, mahaleb and sweet cherry on top of paper 
under laboratory conditions without the need for nutritious 
medium and the easy and rapid assessment of embryos 
growth under simple conditions.
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This study was carried out in 2017 during Summer and 
Autumn in Damascus Countryside – Beit Tima Seed Scientific 
Research Laboratory.

Seeds of six Prunus species were collected: almond 
(Prunus amygdalus L.), apricot (Prunus armeniaca L.), plum 
(Prunus domestica L.), peach (Prunus persica L.), Mahaleb 
(Prunus mahaleb L.), and sweet cherry (Prunus avium L.). 
Fruits were collected in the same year of the study, then 
the seeds were isolated from mature fruits and dried at 
laboratory temperature (20–25 °C) for a month before they 
were used in the tests.

 At first, hard endocarps were removed using a small 
hammer, then seeds were soaked in sterilized water for 
48 hours for easy removal of testa and embryos, water being 
replaced every 12 hours.

After the testa (seedcoat) was removed, seeds with 
and without testa were incubated on top of filter paper 
under laboratory conditions in petri dishes without 
any pre-treatments as controls to compare with other 
treatments.

The embryos were carefully excised from the cotyledons 
under sterile conditions and were cultured on top of filter 
paper under laboratory conditions (temperature 20–25 °C, 
16 hours a day and 8 hours a night) in petri dishes and 
submitted to the following treatments for three (3) weeks. 
Each treatment consisted of three (3) replications and each 
one contained tow (2) petri dishes with 10 embryos in each 
petri dish.

Gibberellic acid (GA3)
Embryos were moistened with three (3) different 
concentrations (1,3, and 5 mg.L-1) of GA3 solutions during 
the three weeks test (when needed).

Cold treatment (low temperature)
Embryos were kept in the refrigerator for three (3) weeks at 
5 °C and moistened with distilled water when needed, after 
that embryos were tested under laboratory conditions.

GA3 + cold treatment
Embryos were moistened with the three (3) concentrations 
(1,3, and 5 mg.L-1) of GA3 solutions, then kept in the 
refrigerator for 3 weeks at 5 °C and moistened with GA3 
when needed, then tested in laboratory conditions.

At the end of the tests, the results of the germinated 
embryos were recorded in table (1) as percentages. Also, the 
final length of the germinated embryos (root and shoots) 
was measured in order to examine how different species of 
embryo growth are affected by the different treatments. The 
results were recorded in table (2).

Statistical analysis
Embryo germination percentages were transformed using 
ArcSin (Square root (X)). Since transformed data must 
meet the assumption of normality, data normality was 
determined by Kolmogorov-Smirnov test of variances, 
factorial ANOVA was performed to test the main effects and 
interactions between the studied factors (species 6 levels 
× GA3 concentrations 4 levels × cold treatment/without 
cold treatment 2 levels × 3 replications). For comparing the 
germination of the isolated embryos with seed germination, 

Table 1	 Effects of GA3 and cold treartments on embryos with and without cotyledons germination on top of filter paper 
under laboratory conditions

Seed germination percentage with cotyledons (%)

Treatments 
species

average
almond apricot plum peach mahaleb cherry

Seed with testa 0 0 0 0 0 0 0

Seed without testa 81.67 60 70 66.67 35 28.33 56.94

Embryo germination percentage without cotyledons (%)

Treatments species
average

GA3 (mg.L-1) cold treatment 5 °C almond apricot plum peach mahaleb cherry

0 0 week 76.66bL 48.33bM 13.33cN 16.67bN 15.00bN 10.00bN 30.00

1 0 week 96.67aL 91.67aL 71.16aM 68.83aM 25.00aN 30.00aN 63.88

3 0 week 95.00aL 90.00aL 61.67aM 65.00aM 20.00aN 31.67aN 60.55

5 0 week 91.67aL 81.16aLM 73.33aLM 66.67aLM 21.67aN 20.00aN 59.08

0 3 week 40.00cL 40.00dL 36.67bL 35.00bL 13.33bM 11.67bM 29.44

1 3 week 83.33aL 80.00aL 80.00aL 76.67aL 31.16aM 33.33aM 64.08

3 3 week 96.67aL 51.67bcdN 80.00aL 70.00aM 15.00bO 11.67bO 54.17

5 3 week 90.00aL 60.00cbM 73.33aLM 71.67aLM 13.33bN 10.00bN 53.05

Average 83.52 66.98 62.16 59.68 21.05 20.74

Means with the same letters of a, b, c, d in the same column are not significantly different at α = 0.05. Means with the same letters 
of L, M, N, O in the same row are not significantly different at α = 0.05

Material and methods
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factorial ANOVA (species 6 levels × treatments 9 levels × 3 
replications) was also performed. The Tukey HSD test at 
(α  = 0.05) was used as a multiple comparison procedure 
after ANOVA analysis. Data analysis was performed by using 
Microsoft Excel 2007 and Statistical.8 StatSoft, Inc Program. 
The results were presented after back-transform data by 
using (Sin (x))2.

Table 1 shows the germination percentages of seeds with 
cotyledons (without testa) and isolated embryos germinated 
on different concentrations of GA3 and cold treatment under 
the laboratory conditions on top of filter paper in almond, 
apricot, plum, peach, mahaleb and sweet cherry.

Seeds with testa did not germinate on filter paper 
under laboratory conditions in all studied species. The 
highest germination percentage of the seeds without testa 
was recorded for almond, then for plum, peach, apricot, 
mahaleb and sweet cherry simultaneously, but according 
to the Tukey test at (α = 0.05) there were no significant 
differences between almond and plum, apricot and peach, 
and mahaleb and cherry.

Factorial ANOVA results showed that the final 
germination of the isolated embryos was significantly 
affected by the species (F(5, 96) = 542.72, p <0.001), by the 
GA3 concentrations (F(3, 96) = 266.56, p <0.001), by the 
interaction of species and GA3 (F(15, 96) = 16.166, p <0.001), 

by the type of cold treatment (F(1, 96) = 11.888, p <0.001), 
by the interaction of species and the type of cold treatment 
(F(5, 96) = 30.238, p <0.001) and by the interaction of all of 
these factors (F(15, 96) = 6.9483, p <0.001).

Results of the Tukey test (α = 0.05) showed that 
germination percentage of almond was significantly the 
highest followed by apricot, plum and peach, and mahaleb 
and cherry. Germination percentage at 1 mg.L-1 of GA3 was 
significantly the best. For the concentrations 3 and 5 mg.L-1 
there were no significant differences, control was the 
lowest. Germination percentages of the incubated embryos 
without cold treatment were significantly higher than after 
cold treatment.

There were no significant effects of 1, 3 or 5 mg.L-1 
concentrations of GA3 for almond, plum and peach, 
meanwhile the concentration of 1 mg.L-1 was significantly 
higher than the others on apricot, mahaleb and cherry.

Germination percentages of almond and apricot 
embryos without cold treatment were significantly higher 
than those after cold treatment and in reverse for plum and 
peach, whereas there were no significant effects on mahaleb 
and cherry.

The highest germination percentage (96.67%) was at 
1 mg.L-1 GA3 without cold treatment and 3 mg.L-1 GA3 + cold 
treatment in almond. However, the differences between the 
germination percentages obtained from cold treatment 
and GA3 were not statistically significant. The highest 
germination percentage (91.67%) was 1 mg.L-1 GA3  + 
cold treatment in apricot, in plum 1 or 3 mg.L-1 GA3 + cold 

Results and discussion

Figure 1	 Embryos germination of some Prunus species without cotyledons on top of filter paper (FP) under laboratory conditions
(A) almond embryos on FP + GA3 1 mg.L-1 without cold treatment. (B) apricot embryos on FP + GA3 1 mg.L-1 without cold treatment, 
(C) plum embryos on FP + GA3 3 mg.L-1 + cold treatment, (D) peach embryos on FP + GA3 1 mg.L-1 + cold treatment, (E) mahaleb 
embryos on FP + GA3 1 mg.L-1 + cold treatment, (F) sweet cherry embryos on FP + GA3 1 mg.L-1 + cold treatment
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treatment (80%), meanwhile 1 mg.L-1 GA3 + cold treatment 
in peach, mahaleb and cherry (76.67%, 31.16%, and 33.33% 
respectively), it was noted that only the root germinated in 
plum.

The results obtained in this study showed that seeds with 
testa did not germinate. Removing the testa increased the 
final germination percentage, this agrees with the fact that 
in some species, dormancy is overcomed by removing from 
seed coats that are likely to contain substances that inhibit 
embryo growth including Malus, Prunus, and Pyrus (Johnson 
and Chirco, 2003), while San et al. (2014) reported that seeds 
with cotyledons and/or testa of apricot, peach, and wild 
cherry did not germinate on the MS medium without cold 
treatment or stratification.

Isolated embryos of almond, apricot, plum and peach 
germinated on top of filter paper successfully in spite of the 
facts that tests were carried out under laboratory conditions 
(Figure 1 shows the isolated embryos from cotyledons 
germination of the studied species). Isolated embryos 
of mahaleb and sweet cherry did not germinate very 
satisfactorily. Likewise, seeds without testa also germinated 
at low germination ratios, that may be related to combined 
dormancy (Embryo not fully developed when seed shed 
with physiological germination block, Geneve, 1999). Roots 
of plum germinated, but shoots did not either after cold 
treatment or without, this may indicate to the Epicotyl 
dormancy in plum since the same was noted in seeds 
without testa test.

In all species, gibberellic acid (GA3) significantly increased 
the germination percentages of the isolated embryos either 
after cold treatment or without comparing with controls; 
these results agree with Hartmann et al. (1997) in the rule of 
gibberellin in overcoming physiological dormancy in seeds 
with dormant embryos, but there was no significant effect 
of the addition of gibberellic acid on embryos germination; 
Payghamzadeh and Kazemitabar (2010a) reported that in 
the free PGR (plant growth regulators) medium embryos 
of walnut germinated, but did not induce any embryo 
development. 

The interaction of species and cold treatment from 
statistical standpoint showed that germination of plum (only 

root) and peach isolated embryos was effected positively by 
the cold treatment, which means roots germinated after 
cold treatment, shoot remained dormant, and according 
to Geneve (1999) this may also indicate the Epicotyl and 
radicle dormancy. Meanwhile, embryos of almond and 
apricot were germinated better without cold treatment, 
there was no effect of cold treatment on mahaleb and 
sweet cherry embryos, the changes in the last two species 
were only turgidity of the root, that may relate to embryo 
dormancy which did not overcome completely. In all species 
and in general, there was no significant effect of GA3 + cold 
treatment on germination embryos compared with only 
GA3; this means that the main effect on germination was for 
GA3, and for plum, peach, mahaleb and sweet cherry there 
was maximum embryo germination percentages of 80%, 
76%, 67%, 31.16% and 33.33% respectively.

Embryo length (shoots and roots)
Table 2 shows the mean length of the germinated embryos 
for almond, apricot, plum, peach, mahaleb and sweet cherry 
on filter paper under laboratory conditions at the end of the 
tests.

Factorial ANOVA results showed that there were 
significant differences betweeen the length of the 
germinated embryos of the studied species (F(5, 96) = 
1,711.4, p <0.001), GA3 concentrations (F(3, 96) = 137.01, 
p <0.001) The type of cold treatment F(15, 96) = 17.873, 
p  <0.001), the interaction of species and the type of cold 
treatment (F(5, 96) = 90.297, p <0.001), and the interaction 
of all of these factors (F(15, 96) = 22.348, p <0.001).

Results of the Tukey test (α = 0.05) showed that the 
highest length of germinated embryos was significant in 
almonds, followed by apricot and peach, plum, cherry and 
then mahaleb.

The highest length of the germinated embryos was 
shown at 1 or 3 mg.L-1 of GA3 concentration, whereas 
the control reached the lowest length. The length of the 
incubated embryos without cold treatment was significantly 
higher compared to the cold treatment, and the length of 
almond, apricot, peach and cherry embryos without cold 
treatment was significantly higher than after cold treatment, 

Table 2	 The mean final length of the germinated embryos (root and shoots mm) after 3 weeks incubation

Treatments Species
average

GA3 (mg.L-1) cold treatment 5 °C almond apricot plum peach mahaleb cherry

0 0 week 11.50bL 7.14bM 6.00bM 6.17bM 1.67abN 2.67bN 6.19

1 0 week 15.47aL 8.50aM 6.17bN 8.33aM 3.00aO 3.56aO 7.51

3 0 week 14.77aL 9.10aM 50.80bN 5.58aM 2.89aP 3.89aO 7.51

5 0 week 12.56bL 6.92bM 7.11abM 7.61aM 2.83aN 3.5aN 6.75

0 3 week 7.33dL 7.25bL 4.00cM 3.42cM 2.00nN 2.00aN 4.33

1 3 week 9.75bcL 5.87bcN 8.13aM 6.67bN 2.56aO 2.33aO 5.88

3 3 week 10.70bL 4.80cO 8.25aM 6.73bN 2.33aP 3.00aP 5.97

5 3 week 11.11bL 5.28cM 6.19bM 6.28bM 2.67aN 2.67bN 5.70

Average 11.65 6.86 6.46 6.72 2.50 2.95

Means with the same letters of a, b, c, d in the same column are not significantly different at α = 0.05; means with the same letters 
of L, M, N, O, P in the same row are not significantly different at α = 0.05
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whereas there were nt significant 
differences in plum and mahaleb.

The highest length was recorded 
in almond at 1 or 3 mg.L-1 GA3 without 
cold treatment (15.47 mm, 14.77 mm), 
the same for apricot, peach, mahaleb 
and cherry the highest length was 
at 3 mg.L-1 without cold treatment. 
However, there were no significant 
differences between 1, 3, and 5 mg.L-1 
without cold treatment for the three 
previous species, for plum the highest 
length was at 3 or 1 mg.L-1 + cold 
treatment (8.25 mm, 8.13 mm).

Gibberellin acid (GA3) without 
cold treatment had a  positive effect 
on the development of the embryos, 
except for plum embryos (only root) 
which had the best length after cold 
treatment with presence of GA3. In 
general, low temperatures seem to 
be favourable to the germination and 
embryo growth of plum because of 
the epicotyl dormancy. Payghamzadeh 
and Kazemitabar (2010b) reported that 
high frequency of plantlet of pecan 
embryos was reported in modified 
DKW basal medium supplemented 
with 1 mg L-1 BAP, 0.05 mg L-1 IBA and 
2 mg L-1 GA3 and dark culture condition.

In other study, Payghamzadeh and 
Kazemitabar (2010a) found out that the 
longest main shoot length of immature 
embryos of walnut was achieved in 
DKW medium supplemented with 
1 and 1.5 mg.L-1 BAP.

Scaltsoyiannes et al. (1997) 
reported the effects of cytokinin (BA) 
and auxin (IBA) on shoot development.

A strong positive correlation was 
found between seed germination 

without testa (with cotyledons 
x) and  embryos germination 
percentages  of the species (y) 
(R = 0.97), the simple linear correlation 
equation was (y = 1.19x – 15.53). On 
the other hand, a positive correlation 
was found between embryos 
germination (x) (means of the species) 
and the final length of the germinated 
embryos (y) (R = 0.95, y = 0.12x – 0.2). 
(Figure 2 shows the relationship 
between seed germination with 
cotyledons, without cotyledons and 
embryos length). Subsequently, 
a positive correlation was found 
between seed germination without 
testa (with cotyledons x) and the final 
length of the germinated embryos (y) 
(R = 0.92, y = 0.15x – 2.13).

In this study, the strong positive 
correlation was found between seed 
germination percentage without 
testa (with cotyledons) and isolated 
embryos germination percentage, 
and the final length of germinated 
embryos; the more germination 
without testa, the more germination 
embryos without cotyledons, 
and the more length of embryos. 
These relationships may lead to the 
conclusion that inhibitors do not 
necessarily present in the cotyledons 
since the seeds were not stored and 
the inhibitors did not move from 
testa to the cotyledons or embryos 
according to the theory of the 
inhibitors movement during storage; 
in this case, the closest probability 
is that inhibitors are present in the 
embryos. Moreover, it was concluded 
that culturing isolated embryos from 
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Figure 2	 The mean seed germination percentages of the species with cotyledons, 
the mean isolated embryos germination percentages without 
cotyledons and the mean final embryos length

cotyledons depend on the range of the 
mother seed dormancy and viability.

These relationships give a clear 
idea about the nature of the dormancy 
and the approximate prediction of the 
embryos growth.

Conclusions
In conclusion, isolated embryos from 
cotyledons of almond, apricot, peach 
and plum (only root) were germinated 
successfully on top of filter paper 
under laboratory conditions without 
the need for nutritious medium.

In all species, gibberellic acid (GA3) 
significantly increased the germination 
percentages of the isolated embryos 
either after cold treatment or without 
comparing with controls.

A strong positive correlation was 
found between seed germination 
without testa (with cotyledons), 
embryos germination and the final 
embryos length at the same time.
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