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Abstract: Seeds of numerous trees and shrubs require specific environmental conditions to initiate ger-
mination. In the genus Cotoneaster, seeds often remain dormant in the ground for 1–2 years. Therefore, 
knowledge of the method of breaking seed dormancy under controlled conditions is needed. Various tem-
peratures of stratification and chemical scarification were tested in this work to break deep double seed 
dormancy under controlled conditions in C. divaricatus, C. horizontalis and C. hupehensis. Fruits were collected 
in October, when they were fully ripe. The seeds extracted from the fruits were air-dried at room temper-
ature to a moisture content of approximately 10%. Fresh and air-dried seeds were subjected to different 
variants of cold stratification or warm-cold stratification with different alternating temperatures. The hard 
seeds of C. hupehensis were also scarified in concentrated sulfuric acid, followed by warm stratification. A 
seed was counted as germinated when a 1–3 mm long radicle appeared. After stratification (ca. 5% seed ger-
mination), seeds were tested for germination and emergence. The dormancy of air-dried C. divaricatus and 
C. horizontalis seeds was broken most effectively by stratification for 12–16 weeks at 20°/30°C (16/8 hours), 
followed by 15–18 weeks at 3°C. Scarification in concentrated sulfuric acid for 3 hours followed by warm-
cold stratification at 20°/30°C (4 weeks) and 3°C (18 weeks) resulted in the highest germination (48%) of 
C. hupehensis seeds at 3°/20°C (16/8 hours). In our experiment, we demonstrated that the physiological and 
physical dormancy of Cotoneaster species can be broken under controlled conditions with stratification or 
stratification combined with scarification methods.
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Introduction

Cotoneasters (Cotoneaster spp., family Rosaceae) 
belong to a major group of ornamental shrubs. They 
have colorful fruits and leaves, which turn red, orange 
or yellow in autumn. The shrubs vary in height from 
very low prostrate plants to tall erect ones. They are 
native to Asia (Himalayas, China). The genus includes 

50–400 species, depending on classification (because 
of the similarity and hybridization of many species). 
There are four wild species in Poland that are not used 
in urban green areas or in gardens (Mirek et al., 2002; 
Seneta & Dolatowski, 2011). This study focused on 
three introduced ornamental species, namely, C. hori-
zontalis, C. divaricatus and C. hupehensis. C. horizonta-
lis Decne., also known as rockspray cotoneaster, is a 
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low shrub (50–60 cm) with prostrate twigs. Native to 
western China but commonly cultivated in Europe, it 
is one of the most valued shrubs for rock gardens, low 
slopes, and flower beds. C. divaricatus Rehder & E. H. 
Wilson, also known as spreading cotoneaster, is one 
of the most widely grown ornamental species, with 
beautiful leaf colors in autumn and abundant fruits. It 
is a shrub, growing 1.5–2 m tall, with prostrate twigs 
and fruits that persist until November. The species is 
suitable for group planting and hedgerows (Bugała, 
2000). C. hupehensis Rehder & E. H. Wilson (syn. C. 
silvestrii Pamp.), also known as Hupeh cotoneaster, 
is a shrub from China reaching up to 2 m in height 
with yellow inflorescences composed of many flow-
ers, brown fruits (with two seeds each) and slightly 
tomentose leaves (Mirek et al., 2002).

Cotoneaster fruits contain one to five seeds (Reh-
der, 1951; Slabaugh, 1974; Slabaugh & Shaw, 2008; 
Seneta & Dolatowski, 2011). Seeds of the Rosaceae 
family are characterized by deep double dormancy, 
i.e., physical dormancy (caused by the hard endocarp 
and seed coat) and physiological dormancy of the 
embryo (Tyszkiewicz & Dąbrowska, 1953; Nikolae-
va, 1967; Lang et al., 1987; Hartmann et al., 1997; 
Baskin & Baskin, 2004). Published data indicate that 
cotoneasters are propagated from seeds, which need 
a period of cold stratification from three months to 
two years (Bärtels, 1982; Terpiński, 1984; Hrynkie-
wicz-Sudnik et al., 1987). Germination may be ac-
celerated by warm-cold stratification for 2–3 months 
or scarification (before cold stratification) in concen-
trated sulfuric acid (Kamiński, 1985; Meyer, 1988; 
Bugała, 2000). After such pretreatment, seeds sown 
in spring germinate quickly, but their germination 
capacity is often low. The objective of this study was 
to determine the optimum stratification conditions 
for these three ornamental Cotoneaster species. Three 
questions were investigated. First, do the temper-
ature and duration of seed stratification affect dor-
mancy breaking? Second, how does scarification in-
fluence germination? Third, does air-drying of seeds 
after collection influence their germination?

Material and methods
Seed collection

Ripe fruits of Cotoneaster divaricatus and C. horizon-
talis were collected in October 2005 and/or October 
2006 from two sites in western Poland: the Kórnik 
Arboretum (52°24'23"N; 17°07'55"E) and an urban 
park in Osiedle Oświecenia in Poznań (52°23'22"N; 
16°57'39"E) (Table 1). Seeds of C.  hupehensis were 
also collected in October 2006 in Kórnik.

After removal of the pericarp, some seeds were air-
dried for 10 days at room temperature to a moisture 

content (mc) of approximately 10,0%. Seed mc was 
determined on a dry weight basis after 24 hours at 
105°C. The filled seed percentage was assessed by a 
cut test.

Stratification, scarification, germination, 
and seedling emergence

All seeds were stratified in moist medium (quartz 
sand and acidic peat, 1:1). The seeds were mixed with 
the medium at a volume ratio of 1:3 and placed in 0.2 
l plastic bottles. Plastic lids with three holes (each 50 
mm in diameter) were fitted to protect against exces-
sive drying while allowing gas exchange. At the end 
of stratification, germination tests (three replicates 
of 50 seeds (sand and acidic peat, volume ratio of 
1:1; pH of 3.5–4.5) were conducted at 3°/20°C (16/8 
hours) or at 3°C. Germination was checked every 
week, and water was added as required. Seeds with 
radicles >3 mm long were regarded as germinated.

Soon after collection, an experiment was estab-
lished with fresh (24–28% mc) and dried (8.8–11.5%) 
seeds of C. horizontalis, C. divaricatus and C. hupehensis 
(seed lots 1, 4, 5, and 7) and with air-dried seeds only 
of C. horizontalis and C. divaricatus (seed lots 2, 3, and 
6). Seeds were stratified for 12, 16 or 20 weeks at 
three constant temperatures (15°, 20°, 25°C) or three 
cyclically alternating temperatures (15°/20°, 15°/25° 
and 20°/30°C (16/8 hours)), followed by 15–18 
weeks at 3°C, i.e., to the time when the first radicles 
started to appear (2–4%). Afterwards, the seeds were 
kept at 3°/20°C (16/8 hours) and subjected to sepa-
rate germination or seedling emergence tests in the 
same medium as that used for stratification, which 
lasted 10 weeks.

Because fresh and dried seeds of C. hupehensis 
(seed lot 7) did not germinate after warm-followed-
by-cold stratification later in the experiment, such 
seeds were scarified before stratification (Fig. 1). 
Dried seeds of C. hupehensis were scarified in concen-
trated sulfuric acid for 1, 2 or 3 hours, followed by 
soaking in water for 24 hours and cold stratification 
alone (3°C for 22 weeks) or warm-cold stratification 
(20°/30°C for four weeks, then 3°C for 18 weeks). 
Due to a limited number of seeds, only two stratifi-
cation methods (one with a warm phase) were used 
for C. hupehensis. Finally, seed germination was tested 
at 3°/20°C (16/8 hours) (Fig. 1).

Seedling emergence tests were performed only for 
C. horizontalis and C. divaricatus seeds after stratifica-
tion (Fig. 1). Germinating seeds were transferred to 
plastic growing trays (HIKO V-50; 352×216×87 mm 
with 67 cells each) and sown at a depth of 20 mm. 
The trays were placed in a greenhouse (plastic tun-
nel) and filled with a mixture of acidic peat (pH of 
3.5–4.5) and perlite at a ratio of 3:1. The trays were 
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sprinkled with tap water every day. After germina-
tion and seedling emergence tests, cut tests of un-
germinated seeds were repeated if germination and 
seedling emergence were low. Most of the seeds ap-
peared to be healthy.

JMP software (version 7.0.2; SAS Institute, Cary, 
NC) was used for statistical analyses of the data. 
Analysis of variance (ANOVA), using a mixed model 
with “seed lot” as a random effect, was used to assess 
the influence of moisture content, stratification tem-
perature and duration and scarification duration on 
the level of seed germination and seedling emergence. 
This method of analysis allowed us to investigate the 
general germinability of cotoneaster seeds without 
distinction among individual seed lots. All percentage 
data were arc sin transformed prior to statistical anal-
yses. Tukey’s test was used to determine significant 
differences between sample means at P=0.05.

Results
Seed germination and seedling 
emergence in C. horizontalis and C. 
divaricatus

Fresh seeds of both species, in all the applied 
stratification systems, had a lower germination ca-
pacity than air-dried seeds. For fresh seeds of C. 
horizontalis, the average germination value was 21%, 
while for fresh seeds of C. divaricatus, it was 45% 
(Fig. 2, Table 2).

In our analyses, seed lot was treated as a random 
factor; however, the reactions of C. horizontalis seeds 
from different places of harvest to the stratification 
treatments were different. In this case, analysis of 
variance components showed that seed lot explained 
up to 74% of the variability.

Cotoneaster horizontalis, C. divaricatus and C. hupehensis (seed lot 1–7)

Stratification Tests
warm phase cold phase

15°, 20°, 25°C
15°/20°, 15°/25°, 20°/30°C

(16/8 hours)
3°/20°C G, S

(12, 16 or 20 weeks) 3°C germ.
(15–18 weeks)

Cotoneaster hupehensis (seed lot 7)

Scarification Stratification Tests
cold phase

H2SO4 3°, 3°/20°C G
(1, 2, 3 hours) 3°C germ.

(22 weeks)

warm phase cold phase
20°/30°C

(16/8 hours) 3°, 3°/20°C G 

H2SO4 (4 or 16 weeks) 3°C germ.
(1, 2, 3 hours) (18–40 weeks)

Table 1. Characteristics of seed lots

Cotoneaster species Seed lot Collection site Collection date Moisture content of 
fresh seeds (%)

Moisture content of 
dried seeds (%)

Filled seeds in cut-test 
(%)

C. horizontalis 1 Kórnik 06 Oct. 2005 24.2 9.5 90.0
2 Poznań 27 Oct. 2005 n.d. 9.5 83.6
3 Poznań 26 Oct. 2006 n.d. 9.3 91.3

C. divaricatus 4 Kórnik 06 Oct. 2005 25.5 9.7 87.5
5 Poznań 27 Oct. 2005 28.0 8.8 90.2
6 Kórnik 26 Oct. 2006 n.d. 9.2 98.0

C. hupehensis 7 Kórnik 19 Oct. 2006 24.4 11.5 88.3

n.d. = no data.

Fig. 1. Scheme of experiments on dormancy breaking of Cotoneaster horizontalis, C. divaricatus and C. hupehensis seeds
germ. – initiation of germination (2–4%); G – germination test; S – seedling emergence test.
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For air-dried seeds of C. horizontalis, the best treat-
ment was warm-cold stratification at 20°C or 15/20°C 
followed by 3°C for 16 weeks, when germination 
reached an average of 61 and 59%, respectively. Seeds 

stratified in the warm phase in other conditions ger-
minated significantly less, but the differences were 
not large (Fig. 3A). The duration of the warm stratifi-
cation phase (between 12 and 20 weeks) had no sig-
nificant effect on seed germination (Fig. 4A).

Table 2. Statistical analysis of the effect of drying seeds 
(moisture content: 25% and 9%) and stratification con-
ditions in the warm phase (15°C, 20°C, 25°C, 15/20°C, 
15/25°C and 20/30°C) on Cotoneaster horizontalis and 
Cotoneaster divaricatus seed germination. ANOVA mixed 
model with “seed lot” as a random effect

C. horizontalis C. divaricatus
Source variance DF F P DF F P
Moisture content 
(MC) 1 135.4 0.0001 1 36.8 0.0001

Stratification condi-
tions (SC) 5 7.2 0.0003 5 17.9 0.0001

MC*SC 5 7.2 0.0001 5 2.9 0.0217

DF – degrees of freedom, F – ratio , P – probability.

Fig. 3. Effect of temperature of the stratification warm 
phase on mean (± SE)  seed germination at 3°/20°C 
(16/8 h): (A) Cotoneaster horizontalis, seed lots 1 and 2; 
(B) C. divaricatus, seed lots 4 and 5. Air-dried seeds (mc 
of 9%). Bars marked with different letters differ signifi-
cantly (Tukey’s test, P ≤ 0.05)

Fig. 3. Effect of temperature of the stratification warm phase on mean (± SE)  seed germination at 3°/20°C (16/8 h): (A) 
Cotoneaster horizontalis, seed lots 1 and 2; (B) C. divaricatus, seed lots 4 and 5. Air-dried seeds (mc of 9%). Bars marked 
with different letters differ significantly (Tukey’s test, P ≤ 0.05)

Fig. 4. Effect of duration of the stratification warm phase on mean (± SE) seed germination at 3°/20°C (16/8 h): (A) 
Cotoneaster horizontalis, seed lots 1 and 2; (B) C. divaricatus, seed lots 4 and 5. Air-dried seeds (mc of 9%). Bars marked 
with different letters differ significantly (Tukey’s test, P ≤ 0.05)
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For air-dried seeds of C. divaricatus, the highest 
germination (79%) was observed after warm-cold 
stratification with a warm phase at cyclically variable 
temperatures of 20°/30°C followed by 3°C (Fig. 3B).

In the case of C. divaricatus, seeds displayed the 
highest percentage of germination when the strati-
fication warm phase lasted 16 or 20 weeks (60% or 
64%, respectively), which was significantly more ger-
mination than that observed after 12 weeks (Fig. 4B).

 There was a significant interaction between the 
conditions (temperature) and duration of seed strat-
ification for C. divaricatus (Table 3). Generally, the 
number of germinating seeds increased with increas-
ing temperature and duration of the warm stratifica-
tion phase; however, the extension of this phase to 
20 weeks at 15 °C and especially at 25 °C resulted in 
a radical decrease in germination (Fig. 5).

The highest average seedling emergence (63% in 
C. horizontalis and 55% in C. divaricatus) was recorded 

after warm-cold stratification at 20°/30°C (Fig. 6). 
The duration of warm phase stratification had a sig-
nificant effect on seedling emergence. Extending the 

Fig. 5. Effect (interaction) of temperature and duration of 
the warm phase of stratification on seed germination at 
3°/20°C (16/8 h): C. divaricatus, seed lots 4 and 5. Air-
dried seeds (mc of 9%)

Fig. 6. The effect of various regimes of warm-cold stratification on mean (± SE) seedling emergence at 3°/20°C (16/8 h) 
with the warm phase lasting 12 or 16 weeks: (A) Cotoneaster horizontalis, seed lot 3; (B) C. divaricatus, seed lot 6. Bars 
marked with different letters differ significantly (Tukey’s test, P ≤ 0.05)

Table 3. Statistical analysis of the effect of stratification conditions in the warm phase (15°C, 20°C, 25°C, 15/20°C, 
15/25°C and 20/30°C) and duration of the warm phase (12, 16 and 20 weeks) on Cotoneaster horizontalis and Cotoneaster 
divaricatus seed germination. ANOVA mixed model with “seed lot” as a random effect

C. horizontalis C. divaricatus
Source variance DF F P DF F P
Stratification conditions (SC) 5 4.6 0.0009 5 140.1 0.0001
Stratification time (ST) 2 0.6 0.5417 2 59.7 0.0001
MC*ST 10 0.7 0.6855 10 14.7 0.0001

DF – degrees of freedom, F – ratio , P – probability.

Table 4. Statistical analysis of the effect of stratification conditions in the warm phase (20°C, 15/20°C, 15/25°C and 
20/30°C) and duration of the warm phase (12 and 16) on Cotoneaster horizontalis and Cotoneaster divaricatus seedling 
emergence. ANOVA mixed model with “seed lot” as a random effect

C. horizontalis C. divaricatus
Source variance DF F P DF F P
Stratification conditions (SC) 3 131.7 0.0001 3 88.1 0.0001
Stratification time (ST) 1 46.5 0.0001 1 93.6 0.0001
SC*ST 3 1.5 0.261 3 6.7 0.004

DF – degrees of freedom, F – ratio , P – probability.
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stratification time from 12 to 16 weeks resulted in a 
significant increase in emergence, especially in the 
case of C. divaricatus after stratification at 20/30°C 
(73%) (significant interaction, Table 4).

Seed germination in C. hupehensis

In preliminary experiments with fresh and air-
dried seeds of C. hupehensis, the seeds did not germi-
nate in any of the tested thermal regimes (data not 
shown), despite the high percentage (88%) of filled 
seeds in the cutting test. Air-dried seeds of C.  hu-
pehensis germinated when their stratification was 
preceded by scarification. Germination capacity at 
3°/20°C was the highest (48%) after chemical scar-
ification for 3 hours and warm-cold stratification at 
20°/30°C for 4 weeks followed by 3°C for 22 weeks. 
Seeds stratified only at 3°C germinated significant-
ly less. Additionally, a shorter period of scarification 
(1–2 hours) was less effective (Fig. 7).

Discussion

The first successful experiments on breaking deep 
seed dormancy using scarification in sulfuric acid and 
different types of stratification of both fresh and air-
dried seeds of Cotoneaster spp. were described in this 
work. Various warm-cold stratification systems and 
methods of chemical scarification of seeds have previ-
ously been recommended (Macdonald, 1993; Nikolae-
va et al., 1985; Dirr & Heuser, 1987, 2006; Bird, 1990; 
Tylkowski, 2016). In this study, new thermal regimes 
of warm-cold stratification were tested, with varying 
durations of the warm stage of stratification. Our re-
sults show that chemical scarification, recommended 
by the cited authors, is unnecessary in C. divaricatus 

and C. horizontalis since high seed germination and 
seedling emergence can be obtained by warm-cold 
stratification in a peat-sand mixture under thermal 
conditions suitable for germination and growth.

Air-drying of cotoneaster seeds resulted in higher 
levels of germination. The results of some previous 
studies confirm our observations. Freshly collected, 
mature seeds are characterized by deep embryo dor-
mancy, which is gradually broken during drying. The 
moisture content limit of the seed depends on the 
species. Cotoneaster seeds are classified as orthodox, 
so they can be dried to low levels of moisture. This 
method is commonly used to break seed dormancy. 
Under the influence of warmth, the physiological 
immaturity of the embryo is removed. Additionally, 
abscisic acid activity declines, and cytokinin activity 
slightly increases (Finch-Savage & Leubner-Metzger, 
2006).

Physical seed dormancy (also observed in cotone-
asters) is caused by the waterproof layer of palisade 
cells in the seed coat, which controls water circula-
tion. This type of dormancy can be effectively bro-
ken by mechanical or chemical scarification and by 
stratification. During stratification, hard seed coats 
are slowly decomposed by soil microorganisms, giv-
ing the embryo access to oxygen-rich air as well as 
water, which is necessary for the restoration of life 
processes (Baskin, 2003). In this study, the seed coat 
was thinnest in C. horizontalis, intermediate in C. di-
varicatus, and thickest in C. hupehensis. This difference 
is why seeds of C. horizontalis require a shorter warm 
stratification (12–16 weeks) than seeds of C. divari-
catus (16–20 weeks) for germination, while the dor-
mancy of seeds of C. hupehensis is broken only after 
scarification in sulfuric acid.

Environmental conditions affect seed dormancy 
breaking and germination capacity. The most prom-
ising way to understand this phenomenon is to study 
not only the morphological characters but also the 
physiological diversity of seeds in combination with 
plant taxonomy, ecology and geographical factors 
(Nikolaeva, 2004). Important factors also include 
earlier conditions of seed maturation (photoperiod, 
temperature, and light intensity). In combination 
with environmental factors, these factors may be cru-
cial for understanding seed dormancy mechanisms. 
We observed this phenomenon in the case of C. hori-
zontalis, where seed lot (seeds were collected at vari-
ous locations) contributed significant variability.

 Laboratory experiments eliminate environmental 
variation and should be linked with field research, 
which can provide specific insight into environ-
mental protection for seeds of the selected species 
(Donohue, 2005). In our study, germination and 
seedling emergence tests were conducted in both the 
laboratory and the greenhouse; thus, environmental 
effects were also included.

Fig. 7. Cotoneaster hupehensis. The effect of different scar-
ification durations in sulfuric acid and stratification 
conditions on the final mean (± SE) seed germination 
capacity. (A) Seeds stratified at 3°C for 22 weeks after 
1,2 or 3 hours of scarification. (B) Seeds stratified after 
scarification either at 3°C only or subjected to  warm 
phase 20°/30°C (16/8 hours) for 4 weeks followed by a 
cold phase at 3°C for 18 weeks. Bars marked with dif-
ferent letters differ significantly (ANOVA, Tukey’s test, 
P ≤ 0.05)
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For seed dormancy breaking in the Rosaceae fam-
ily, including the genus Cotoneaster, some authors 
have suggested the application of warm-cold stratifi-
cation at constant temperatures. According to Bärtels 
(1982), Terpiński (1984) and Hrynkiewicz-Sudnik et 
al. (1987), a constant temperature of 20°C can be 
used. In our study, in the case of C. horizontalis, warm-
cold stratification with the warm stage at 20°C or cy-
clical temperatures of 15°/20°, 15°/25° and 20°/30°C 
(16/8 hours) broke seed dormancy, with similar ef-
fects. In the case of C. divaricatus seeds, stratification 
at cyclically alternating temperatures, especially at 
20/30°C, was a significantly better method.

Warm-cold seed stratification in C. hupehensis was 
unsuccessful, although 88% of seeds were filled in 
the cutting test. Kamiński (1985) and Meyer (1988) 
recommended cotoneaster seed scarification in con-
centrated sulfuric acid. Kamiński (1985) reported 
that after 30 or 45 min of C. divaricatus seed scarifi-
cation with 96% sulfuric acid and cold stratification 
at 2–5°C, 80% of seeds germinated within 180 days.

The most effective pretreatment for C. hupehensis 
seeds in our research was scarification in concen-
trated sulfuric acid for 3 hours followed by warm-
cold stratification at 20°/30°C (4 weeks) and 3°C 
(22 weeks, i.e., until the first seedlings appeared); 
48% germination was then observed at 3°/20°C 
(16/8 hours). A shorter scarification period and cold 
stratification alone also broke seed dormancy, but 
germination was lower than after stratification un-
der the optimal thermal regime. This system has pre-
viously been recommended for other species of the 
family Rosaceae (Bujarska-Borkowska, 2008). We can 
assume that extending the duration of scarification 
of seeds to more than three hours would improve 
germination. However, we do not know the maxi-
mum time that does not cause damage to the seeds.

No seed germination was observed in our study 
after stratification at 3°C in C.  divaricatus, while in 
C. horizontalis, both germination and seedling emer-
gence reached 35%. A similar effect has been ob-
served in other species: 2.5% emergence in C. num-
mularia after cold stratification (Olmez et al., 2006, 
2007; Tilki, 2013). In the next stage of our research, 
we plan to use seed scarification and gibberellin 
treatment.

Conclusions

Seeds of Cotoneaster horizontalis are most effec-
tively pretreated for germination by drying to ap-
proximately 10%. The best method was warm-cold 
stratification in peat-sand medium at 20° or 15/20°C 
(20/30°C in the case of emergence) for 12 to 20 
weeks followed by 3°C for 16 weeks and, in the case 
of C. divaricatus, at 20°/30°C for 16 to 20 weeks, also 

followed by 3°C for 16 weeks. Mean seed germination 
and seedling emergence were 74% (C.  horizontalis) 
and 61% (C. divaricatus). During the warm phase of 
stratification, a cycling thermal regime should be ap-
plied (16/8 hours). Warm-cold stratification with the 
warm phase at 20°C, 25°C or 15°/25°C (16/8 hours) 
also breaks seed dormancy, but germination and 
seedling emergence values are then lower than those 
after stratification under the optimal thermal regime. 
After warm-cold stratification, germination and seed-
ling emergence are nearly equally high at 3°C and at 
3°/20°C (16/8 hours). Seeds of C. hupehensis are most 
effectively pretreated by scarification in concentrated 
sulfuric acid for 3 hours and under warm-cold strat-
ification at 20°/30°C for 4 weeks followed by 3°C for 
22 weeks. After such pretreatment, 48% of seeds ger-
minate at 3°/20°C (16/8 hours).
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