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Abstract
Several methods for overcoming wild cherry seed dormancy have been studied. Wild cherry 

(Prunus avium L.) seeds have shown to be affected by combined dormancy: weak morphological 
and deep physiological dormancy. Fresh stones responded differently to the various methods for 
dormancy breaking. The study showed that the dormancy of fresh seeds is successfully over-
come by sowing the seeds immediately after their harvest or in autumn. Stored seeds, however, 
did not have a positive response to these specific sowing periods. Acceptable germination rates 
were achieved after application of seed ����������������������������������������������������������stratificatio���������������������������������������������n��������������������������������������������.������������������������������������������� Findings showed that accelerated stratifi-
cations did not give positive results for successful dormancy break in the conditions of Bulgaria. 
Stored seeds should be sown in spring after application of combined warm and cold stratifications 
with the following durations: 6 weeks of warm period and 5 months of cold period.
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Introduction

Seeds of wild cherry (Prunus avium L.) of-
ten do not possess satisfactory germina-
tion. It depends on the conditions during 
the year, the individual genetic differences 
and the embryo dormancy. This requires 
selecting a suitable sowing period and ap-
propriate stratification (Michev 1953; Dirr 
and Heuser 1987; Suszka et al. 1996; 
Eşen et al. 2006, 2009).

Previous and some recent studies ac-
cepted that the stone endocarp caused 
the mechanical dormancy of seeds (Tukey 
1924, Hartmann and Kester 1983, 2002; 

Çetinbaş and Koyuncu 2006). Different 
methods for its removal have been applied 
most often without positive results (Zielinski 
1958). Later, Suszka et al. (1996) rejected 
the possibility of its role in germination delay.

It has been thought for many years that 
dormancy breaking requires cold stratifi-
cation at temperatures from 1.7 °С to 6 °С 
(Crocker 1931, Giersbach and Crocker 
1932, Coe and Gerber 1934, Haut 1938, 
Zielinski 1958, Huntzinger 1968, Seeley 
and Damavandy 1985).

Suszka (1967) proved that germination 
is significantly improved by alternating warm 
and cold stratifications: 14 days at tempera-
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ture of 20 °С followed by 189 days at 3 °С. 
Similar approach was adopted by Dirr and 
Heuser (1987): 3–6 weeks of stratification 
at temperature of 15–21 °С followed by cold 
stratification at 4–5 °С for 12–21 weeks.

Suszka (1967) proposed a new method 
of stratification involving alternating treat-
ments: initial period at temperature 25  °С 
followed by a cold period for two weeks at 
3 ����������������������������������������°С�������������������������������������� and a subsequent period again at tem-
perature of 25 °С (Table 1, test variant 1).

Later, some researchers also used 
pre-sowing preparatory treatments of al-
ternating warm and cold phases. Muller et 
al. (1990) proposed 3 cycles of warm and 
cold stratification. Table 1 shows few more 
recommended approaches: Michalska 
and Suszka (1980a, 1980b) – test variant 
2; Seeley and Damavandy (1985), Eşen 
et al. (2009) – test variant 3; Suszka et al. 
(1996) – test variants 4, 5, 6.

When the cold period is not long 
enough and is interrupted by a warm one, 
secondary dormancy is induced (John et 
al. 2003). This results in the epicotyl los-
ing its ability to grow, the formation of a 
shortened shoot and leaf rosette, and a 
delay in the growth of rootlets (Suszka 
1967, Huntzinger 1971, Michalska 1982).

Seeds may be sown immediately after 
harvest in July or August (Dirr and Heuser 
1987, Suszka et al. 1996), or earlier in 
autumn, from the beginning of Septem-
ber to mid-October at the latest (Swingle 
1925, Huntzinger 1971, Grisez 1974, 
Grzeskowiak et al. 1983). If the stones 
are stratified in a controlled environment, 
sowing may take place immediately be-
fore winter (Suszka et al. 1996).

Although the technology for seedling 
production is considered to be well-estab-
lished, there are still unclear points concern-
ing the organic dormancy and the ways for 
overcoming, which was proved by numer-
ous varied recommendations for different 
pre-sowing treatments and periods of sow-
ing. The reason is the regional nature of the 
studied biological traits. Presented issues 
outline the need for studies aiming to clarify 
the specificity of dormancy of native popula-
tions and the ways for overcoming it.

Material and Methods

Seeds from 6 sources were used in this 
study (Fig. 1):

Table 1. Test variants of pre-sowing treatments of wild cherry seeds.

Variant
Sequence/duration of stratification phases (weeks)

warm cold warm cold warm Cold

1 2 w 25 °С 2 w 3 °С 2 w 25 °С 12–16 w 3 °С – –

2 2 w 20 °С 8 w 3 °С 2 w 25 °С 3 °С to the end – –

3 2 w 20 °С 6 w 3 °С 2 w 25 °С 4 w 3 °С 2 w 25 °С 11 w 3 °С

4 – 6 w 3 °С 2 w 25 °С 2 w 3 °С 2 w 25 °С 12–16 w 3 °С

5 2 w 20 °С 6 w 3 °С 2 w 25 °С 2 w 3 °С 2 w 20–25 °С 8–12 w 3 °С

6 2 w 20–25 °С 2 w 3 °С 2 w 20–25 °С 12–16 w 3 °С – –



Seed Dormancy Breaking of Wild... 30

Forest Service Targovishte – seed lots 
No 1, 2 (plot 13 и 187);

Forest Service Smyadovo – seed lots 
No 3, 4 (plot 156);

Forest Service Sofia – seed lot No 5 
(plot 382);

Forest Service Gabrovo – seed lot No 
6 (plot 257);

Forest Service Belovo – seed lot No 7 
(plot 610);

Forest Service Cherni Lom – seed lot 
No 8 (plot 67).

The seeds were collected in 2006.
The seed viability has been assessed 

according to ISTA 1996.
The effect of sowing periods and 

various pre-sowing treatments on fresh 
and stored-for-one-year seeds has been 
studied to evaluate their germination in 

soil on the basis of the following test 
variants:

Variant 1 – Control: viability testing;
Variant 2 – Summer sowing in the field;
Variant 3 – Autumn sowing of stored 

seeds in the field;
Variant 4 – 4 months of cold stratifica-

tion (according to ISTA 1996);
Variant 5 – Stratification: 3-months 

warm phase + 4-months cold phase;
Variant 6 – Stratification: 6-weeks 

warm phase + 5-months cold phase;
Variant 7 – Accelerated stratifica-

tion: 6-weeks cold phase, 2-weeks warm 
phase, 2-weeks cold phase, 2-weeks 
warm phase, 12 to 16-weeks cold phase;

Variant 8 – Accelerated stratifica-
tion: 2-weeks warm phase; 2-weeks cold 
phase, 2-weeks warm phase, 2-weeks 

Fig. 1. Map of Bulgaria with the sources of seeds used in the experimental work.
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cold phase, 2-weeks warm phase, 
8-weeks cold phase.

The medium used for the pre-sowing 
treatments was perlite. Sowing took place in 
a greenhouse at temperature of 20–25 °С.

Results were statistically analyzed us-
ing SPSS software, ANOVA and Post Hoc 
Test and a confidence level at 95  %. To 
show the statistical differences of the re-
sults, the test variants without statistically 
significant differences were indicated with 
the same capital letter, while those with 
statistically significant differences – with a 
different letter.

Results and Discussion

The seed viability (Table 2) varied from 
80 % (Sofia) to 98 % (Smyadovo). After one 
year of storage it decreased by between 1 
and 5 % depending on the seed lot. 

The seed germination is shown in 
Table 2. Fresh seeds had the highest 
germination in the summer and autumn 
sowing test variants (62 % on average). 
Values for each seed lot vary from 51 % 
(Sofia) to 73 % (Targovishte) for the sum-
mer sowing test variant, and from 42 % 
(Belovo) to 78 % (Targovishte) for the au-
tumn sowing one.

Note: Used symbols have following meaning:
1. letter “s” is used to indicate stored seeds of various seed lots.
2. “M” – mean values; “SE” – Standard error; “V, %” – coefficient of variation.

Table 2. Seed viability.

Variant 1 Variant 2 Variant 3 Variant 4 Variant 5 Variant 6 Variant 7 Variant 8 
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1 Targovishte 1 88 56±3 32.9 61±4 57.7 6±0.3 0.3 5±1 1.7 16±2 13.3 1±0.3 0.3 10±2 17.7 

2 Targovishte 1s 93 – – 7±1 8.7 5±3 25.7 19±6 126.2 82±3 30.2 2±1 8.2 5±3 27 

3 Targovishte 2 97 73±3 44.7 78±4 76 9±2 24.9 10±3 24.9 47±6 165.7 1±0.5 0.9 31±4 65.6 

4 Targovishte 2s 97 – – 2±2 14.9 21±2 22.9 79±2 10.9 49±10 375.6 0 0 0 0 

5 Smyadovo 1 98 59±7 208.2 71±2 12.2 13±3 41 11±3 30.3 16±2 10.9 2±1 8 36±3 32.9 

6 Smyadovo 1s 31 – – 0 0 0 0 0 0 10±0.5 0.9 0 0 0 0 

7 Smyadovo 2 98 58±8 235 68±3 30.9 12±4 49.3 13±2 14.9 16±2 9.6 2±1 4.7 20±6 127 

8 Smyadovo 2s 96 – – 1±1 2 34±3 25.6 77±1 6.7 82±5 117.6 1±1 1 0 0 

9 Belovo 95 67±6 157.3 42±1 4.9 5±1 6.7 4±0.4 0.7 8±1 5.7 1±05 0.9 11±3 30 

10 Belovo – s 93 – – 22±2 13.3 16±2 21.6 72±5 88.7 73±5 86.7 4±2 12.3 6±2 18.9 

11 Sofia 80 51±5 106.9 49±0.5 0.9 9±0.3 0.3 2±0.4 0.7 12±3 34.7 2±1 1.7 12±1 5.67 

12 Sofia – s 75 – – 14±3 37.6 24±3 34.9 66±7 199 71±6 140.7 2±1 6.9 4±2 18.9 

13 Gabrovo 97 63±3 39.6 61±1 4.3 18±1 2.7 5±2 13.3 15±3 43.3 3±1 3.3 21±1 4.3 

14 Gabrovo – s 96 – – 1±0.3 0.3 3±1 1.7 84±2 14 82±6 155.3 3±1 5.7 0 0 

15 Cherni Lom 98 72±4 55.3 63±2 24.9 17±2 13.3 18±1 7 10±5 87 2±1 1.7 11±2 12.2 

16 Cherni Lom – s 97 – – 1±1 2 29±3 48.2 32±7 211.6 72±5 116.3 1±1 2.2 0 0 
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The autumn sowing test variant showed 
the same or higher germination percent-
age compared to that of the summer sow-
ing. This indicates that the morphological 
dormancy was not too pronounced, and 
the period of seed dormancy was taking 
place at the higher temperatures in au-
tumn before the winter cold was enough 
for the dormancy break.

The cold stratification for 4 months re-
sulted in low germination: 11 % on aver-
age, from 5 % (Belovo) to 18 % (Gabro-
vo). This is an indicator of morphological 
dormancy, which requires a warm phase.

The test variants of warm and cold 
stratification, however, did not have the ex-
pected high germination percentage of the 
fresh seeds. Test variant 5 had an aver-
age value of 8 %: from 2 % (Sofia) to 18 % 
(Cherni Lom). Test variant 6 resulted in an 
average germination of 17 %, varying from 
8 % (Belovo) to 47 % (Targovishte). These 
results indicate that wild cherry seeds do 
possess combined morpho-physiological 
dormancy. It can be accepted that a warm 
phase for 6 weeks is a long enough period. 
At the same time, a 4-month-long cold pe-
riod was not long enough to overcome the 
physiological dormancy and better results 
were obtained when the cold phase lasts 
for at least 5 months.

The alternation of short, warm and cold 
phases (test variant 7) probably led to the 
induction of secondary seed dormancy. 
The low germination indicates that when 
there is morphological dormancy, it is not 
justified to begin the pre-sowing treatment 
with a cold phase.

Having a warm phase for a period of 
2 weeks at the start and increasing the 
number of treatments (test variant 8) re-
sulted in increase in germination from 2 % 
to 19% (from 11 % for Belovo and Cherni 
Lom to 36 % for Smyadovo 1).

Stored seeds showed different ten-
dencies in comparison with fresh seeds. 
Seeds from all seed lots did not germinate 
in the summer sowing test (Table 2). The 
autumn sowing also showed very low val-
ues: an average of 6 %, from 1 % (Smy-
adovo 2, Gabrovo and Cherni Lom) to 
22 % (Belovo).

In general, common warm and cold 
stratifications have shown considerably 
better results in comparison with the ac-
celerated pre-sowing treatments.

The stored seeds’ germination was 
most intensive with the warm and cold 
stratification (test variant 6) – on aver-
age 61 %, from 49 % (Targovishte 2) to 
82 % (Gabrovo, Smyadovo 2 and Targo-
vishte 1). An exception with a low ger-
mination percentage is the seed lot of 
Smyadovo 1.

Test variant 5 ha���������������������d�������������������� an average germina-
tion percentage of 54 %. The germination 
percentage of the seed lots ranged from 
19 % (Targovishte) to 84 % (Gabrovo).

Accelerated stratifications had a seed 
germination of less than 10 %. Consider-
ing the fact that the 4-months-long cold 
stratification led to an average germina-
tion of 16 % (from 3 % for Gabrovo to 34 % 
for Smyadovo 2), it can be concluded that 
these accelerated stratifications induced 
secondary physiological dormancy in the 
stored seeds as well.

Table 3 shows the significance of vari-
ous factors on seed germination. Of the 
three tested factors, type of stratification/
sowing period and seed lot quality signifi-
cantly affected the seed germination.

Of the two factors, a stronger effect on 
seed germination had the type of stratifi-
cation (92 % in the fresh seeds, and 77 % 
in the stored seeds). The seed lot quality 
had a considerably less profound effect: 
7 % in the fresh seeds and 22 % in the 
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stored seeds, re-
spectively. A factor 
without statistical 
significance was the 
type of seeds. This 
means that regard-
less of whether the 
seeds are fresh or 
stored, selecting the 
right approach for 
dormancy breaking, 
i.e. type of stratifica-
tion or sowing pe-
riod, ensures high 
soil germination.

Tables 4 and 5 show the significance 
of the different factors affecting seed ger-
mination.

Considering the method applied for 
overcoming the organic dormancy in the 
process of seed germination, it has been 
found out that summer and autumn sowing 
of the fresh seeds led to statistically insignifi-
cant results: 62 %.

Statistically insignificant results were 
also obtained for the 
stored seeds from the 
stratification test variants 
4 and 5: from 11 % to 8 %. 
These results show that 
the period of 4 months 
is not long enough cold 
phase.

Statistically, test vari-
ants 6 and 7 can be re-
garded as insignificant: 
their germinated seeds 
were 17 % and 19 %, re-
spectively.

Test variant 7 had the 
lowest germination of 2 % 
which is statistically signif-
icant in comparison to all 
other test variants. There-

fore, in order to overcome the morpho-
physiological dormancy, it is not appropri-
ate to begin the pre-sowing treatment with 
a cold phase.

For the stored seeds, only the two test 
variants of accelerated stratification had 
statistically insignificant results: germination 
of 2 %. All other test variants show values 
which have statistically significant differ-
ences.

The highest germination of 61% was 
obtained with the warm and cold stratifica-
tion of test variant 6.

Fresh seeds Stored seeds Type of 
stratification 

M±SE V, % M±SE V, % 

Seed viability 94±1 a 38.6 85 ±4 a 47.4 

Summer sowing 62±2 b 140.8 – – 

Autumn sowing 62±2 b 140.2 6±1 b 65.4 

Variant 4 11±1 c 34.9 16±2 c 165.9 

Variant 5 8±1 c 34.2 54±6 d 986.6 

Variant 6 17±2 d 171.2 61±5 e 738.8 

Variant 7 2±0 e 2.7 1±0 f 5.2 

Variant 8 19±2 d 119.3 2±0 f 12.1 

Table 4. Effect of type of stratification on seed germination, %.

Table 3. Effect of various factors on seed germination (ANOVA test).

Factor
Degrees 

of 
freedom 

Level of  
significance 

(p-value)
Type of stratification 7 0.000

Seed lot 7 0.000

Type of seeds (stored/fresh) 1 0.395
Type of stratification * seed lot 49 0.000
Type of stratification * Type of seeds 7 0.000

Seed lot * Type of seeds 7 0.000

Type of stratification * Type of seeds * Seed lot 42 0.000
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The summer and autumn sowing of 
fresh seeds (Table 4) led to the same re-
sults with regard to germination as did the 
application of the warm and cold stratifica-
tion for the stored seeds: germination of 
62 % and 61 %, respectively.

Table 5 shows the effect of seed lot 
quality on seed germination. Used seed 
lots were not uniform, and they showed 
different physiological response to the vari-
ous treatments. These may be grouped 
as follows: the first group with the high-
est average germination of 43 % includes 
seed lot Targovishte 2. The second group 
includes seed lot Smyadovo 1 (38 %). The 
third group consists of the following seed 
lots: Smyadovo 2, Gabrovo, Belovo and 
Popovo with an average germination rang-
ing between 29 % and 36 %. The seed lots 
of low quality seeds are Sofia and Targov-
ishte 1 with an average germination rang-
ing between 27 % and 30 %. 

After storing the seeds for one year, 
their germination decreased with statistical 

significance by 2  % on average, from 
34±2  % for fresh seeds to 32±2  % for 
stored seeds.

Conclusion

Wild cherry seeds possess combined 
dormancy�����������������������������: ���������������������������relatively����������������� ����������������weak������������ �����������morphologi-
cal and deep physiological dormancy.

The storage of seeds until maturity 
at the beginning of September following 
the rules for storing dry seeds does not 
intensify their typical organic dormancy.

Fresh and stored seeds respond 
differently to the various approaches 
for overcoming their organic dorman-
cy. Stratification of fresh seeds does 
not successfully overcome dormancy. 
The best approach for them is to be 

sown in summer, immediately after being 
harvested, or at the beginning of Sep-
tember.

Stored seeds do not have a positive 
response to specific periods of sowing, 
whether in summer or autumn. Good ger-
mination for them can be expected after 
applying a pre-sowing treatment. The ac-
celerated combined stratifications do not 
realize the seeds’ biological germination 
potential in the conditions of Bulgaria. 
Stored-for-one-year seeds should be 
sown in spring after warm and cold strati-
fication involving a 6-week-long warm 
phase and a 5-month-long cold phase.

References

Coe F., Gerber K. 1934. Preliminary studies 
of the after-ripening and germination of cherry 
seeds. Proceedings of the Utah Academy of 
Science, Arts and Letters 11: 185–187.

Table 5. Effect of seed lot quality on seed 
germination, %.

Seed lot

Fresh seeds Stored seeds Sta-
tistical 
signifi-
canceM±SE V, % M±SE V, %

Smyadovo 1 38±6 110.8 6±2 012.1 А

Smyadovo 2 36±6 111.6 37±7 152.2 B

Targovishte 1 30±6 100.4 30±7 141.7 C

Targovishte 2 43±6 122.8 35±7 148.6 D

Gabrovo 36±6 105.4 38±8 191.4 B

Belovo 29±6 115.3 41±7 125.5 B

Sofia 27±5 78.5 37±6 95.6 C

Cherni Lom 36±6 118.9 33±6 134.6 B



N. Iliev, A Petrakieva, and M. Milev35

Crocker W. 1931. After-ripening, 
germination, and storage of certain rosaceous 
seeds. Contributions of the Boyce Thompson 
Institute 3: 385–404.

Çetinbaş M., Koyuncu F. 2006. Improving 
germination of Prunus avium L. Seeds by 
gibberellic acid, potassium nitrate and thiourea, 
Horticulture Science (Prague) 33 (3): 119–123.

Dirr M., Heuser C. 1987. The reference 
manual of woody plant propagation: From 
seed to tissue culture. Varsity Press, Inc. 
Athens, Georgia, 139 p.

Eşen D., Yildiz O., Çiçek E., Kulaç Ş., Kutsal 
Ç. 2006. Effects of different pretreatments on 
the germination of different wild cherry (Prunus 
avium L.) seed sources, Pakistan Journal of 
Botany 38 (3): 735–743.

Eşen D., Güneş N., Yildiz O. 2009. Effects 
of citric acid presoaking and stratification 
on germination behavior of Prunus avium 
L. seed, Pakistan Journal of Botany 41 (5): 
2529–2535.

Giersbach J., Crocker W. 1932. Germination 
and storage of wild plum seeds. Contributions 
of the Boyce Thompson Institute 4: 39–51.

Grisez T. 1974. Prunus, L., cherry, peach, 
and plum. In: Schopmeyer CS, tech coord. 
Seeds of woody plants in the United States. 
Agriculture Handbook 450. Washington, DC: 
USDA Forest Service: 658–673.

Grzeskowiak H., Miara B., Suszka B. 1983. 
Long term storage of seeds of Rosaceae 
species, used as rootstocks for cherry, plum, 
apple, and pear cultivars. Arboretum Kornickie 
28: 283–320.

Hartmann H.T., Kester D.E. 1983. Plant 
propagation: principles and practices. Fourth 
edition. Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey, 727 p.

Hartmann H.T., Kester D.E., Davies F.T., 
Geneve R.L. 2002. Hartnann and Kester’s plant 
propagation. Principles and practices. Seventh 
edition. Prentice Hall. Upper Saddle River, 
New Jersey, 880 p.

Haut I. 1938. Physiological studies on after-
ripening and germination of fruit tree seeds. 
Maryland Agricultural Experiment Station 
Bulletin 420: 1–52.

Huntzinger H. 1968. Methods for handling 
black cherry seed. Research paper NE-102. 
Upper Darby, PA: USDA Forest Service, 
Northeastern Forest Experiment Station. 22 p.

Huntzinger H. 1971. Long-term storage 
of black cherry seed – is it effective? Tree 
Planters’ Notes 22 (4): 3–4.

ISTA [International Seed Testing 
Association] 1996. International rules for seed 
testing. Seed Science and Technology 24 
(Supplement): 335.

John R., Stephen J.R., Dent K.C., Finch-
Savage W.E. 2003. Molecular responses of 
Prunus avium (Wild cherry) embryonic axes 
to temperatures affecting dormancy. New 
Phytologist 161: 401–413.

Michalska S., Suszka B. 1980a. Testing of 
the effectivness of a warm-followed-by-cold 
stratification of Prunus avium L. seeds, with 
a 3-week warm phase, when combined with 
an early induction of secondary dormancy. 
In: Secondary dormancy of seeds of Prunus 
species. Kornik: Polish Academy of Sciences, 
Institute of Dendrology: 51–56.

Michalska S, Suszka B. 1980b. Warm-
followed-by-cold stratification of Prunus 
avium L. seeds as a case of the earliest 
possible induction of secondary dormancy. 
In: Secondary dormancy of seeds of Prunus 
species. Kornik: Polish Academy of Sciences, 
Institute of Dendrology: 61–67.

Michalska S. 1982. Embryonal dormancy 
and induction of secondary dormancy in 
seeds of mazzard cherry (Prunus avium L.). 
Arboretum Kornickie 27: 311–332.

Michev B. 1953. A Handbook of Seeds 
and Fruits of Forest Tree and Shrub Species. 
Zemizdat, Sofia, 230 p. (in Bulgarian).

Muller C., Bonnet-Masimbert M., Laroppe 
E. 1990. Nouvelles voies dans le traitement 
des graines dormates de certains feuillus: 
hêtre, frene, merisier. Revue Forestiere 
Française XLII: 329–345.

Seeley S., Damavandy H. 1985. Response of 
seed of seven deciduous fruits to stratification 
temperatures and implication for modeling. 
Journal of the American Society for Horticultural 
Science 110 (5): 726–729.



Seed Dormancy Breaking of Wild... 36

Suszka B. 1967. Studia nad spoczynkiem 
i kielkowaniem nasion róznych gatunków z 
rodzaju Prunis L. [in Polish with English summary: 
Studies on dormancy and germination of seeds 
from various species of the genus Prunus L.]. 
Arboretum Kornickie 12: 221–282.

Suszka B, Muller C., Bonnet-Masimbert 
M. 1996. Seeds of forest broadleaves, from 
harvest to sowing. Paris: Institute National de 
la Recherche Agronomique: 213–233.

Swingle C. 1925. Heavy losses follow 
late stratification of plum and cherry seeds. 
National Nurserymen 33: 197–200.

Tukey H. 1924. Studies of fruit seed storage 
and germination. New York State Agricultural 
Experiment Station Bulletin 509: 1–119.

Zielinski Q. 1958. Some factors affecting 
seed germination in sweet cherries. 
Proceedings of the American Society of 
Horticultural Science 72: 123–128.


