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abstract 

The present study was conducted in order to investigate the effects of various dor-
mancy breaking treatments, including sulphuric acid scarification, cold stratification and gib-
berellic acid (GA3), on germination of Cotinus coggygria seeds. The combinations of sulphu-
ric acid scarification and cold stratification treatments improved germination significantly. 

In non-stratified seeds, treatment with GA3 of acid-scarified seeds improved germina-
tion significantly, whereas in stratified seeds, no significant differences were observed in the 
germination percentages of GA3 treated and untreated seeds. Furthermore, the concentration 
of GA3 was not found to affect germination. The results of the present study revealed that 
the seeds of C. coggygria displayed a combination of physical and physiological dormancy. 
Therefore, the combination of scarification and cold stratification treatments is necessary to 
break dormancy in C. coggygria seeds. Finally, in acid-scarified seeds, GA3 application did 
not replace the cold stratification period required to break seed dormancy.

key words: Cotinus coggygria, cold stratification, dormancy, germination, gibberel-
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introduction

The species Cotinus coggygria Scop. belongs to Anacardiaceae family. It is a 
deciduous shrub or small tree (up to 5 m), which is widely distributed in areas from 
Southern Europe to Central China (Boratynski et al., 1992). In Greece, it is a frequent 
species in the northern continental part of the country and it is mainly found at eleva-
tion from 200 to 800 m a.s.l. (Boratynski et al., 1992). The ability to survive in dry and 
degraded sites makes it suitable for restoration of disturbed areas (Olmez et al., 2009). 
In addition, the specific species is commonly used as an ornamental plant. Several cul-
tivars have been selected for foliage and inflorescence colour (Dirr, 1998). 

C. coggygria can be propagated with seeds in nurseries; however, this method 
is cost-effective (Macdonald, 2006) and rather difficult due to seed dormancy. Re-
markably, there are several references in the relevant literature stating that C. cog-
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gygria seeds display a combination of physical and physiological dormancy (Heit, 
1967; 1968 cited in Baskin, Baskin, 1998; Stilinovic, Grbic, 1988; Pijut, 2008; Olmez 
et al., 2009). Various treatments, such as scarification (mechanical and acidic), cold 
moist stratification and a combination of both, were used to overcome dormancy of 
C. coggygria seeds (Stilinovic, Grbic, 1988; Takos, Efthimiou, 2003; Olmez et al., 
2008; Guner, Tilki, 2009; Olmez et al., 2009). Scarification treatment is used to soften 
the seed coat making seed permeable to water (Baskin, Baskin, 1998), whereas cold 
moist stratification is widely used for breaking embryo dormancy and enhancing the 
germination of seeds in numerous species (Macdonald, 2006). In case of C. coggygria, 
a single scarification (mechanical or acidic) treatment for breaking seed coat dormancy 
resulted in very low germination percentages (Stilinovic, Grbic, 1988; Guner, Tilki, 
2009; Olmez et al., 2009). As far as the cold stratification is concerned, there are con-
tradictory results regarding the effectiveness of the treatment in dormancy-breaking 
and germination of C. coggygria intact seeds. Olmez et al. (2008) and Guner, Tilki 
(2009) stated that cold stratification overcame dormancy and significantly improved 
the germination of C. coggygria seeds. However, the treatment of seeds with sulphuric 
acid prior to cold stratification yielded better results as regards germination and also 
reduced the duration of cold stratification (Olmez et al., 2008; Guner, Tilki, 2009). In 
contrast, Stilinovic, Grbic (1988) stated that the germination of C. coggygria seeds 
was not induced by cold stratification and breaking dormancy and germination was 
achieved when seeds were treated with sulphuric acid prior to cold stratification. Thus, 
the assumption that cold stratification treatment overcomes dormancy and enhances 
the germination of C. coggygria seeds incurs the risk of poor germination. 

Various chemical solutions are used to stimulate seed germination. Gibberel-
lic acid (GA) is one of the growth regulators which can be used to partially or fully 
replace the required period of cold moist stratification in a number of plant species 
(Baskin, Baskin, 1998). According to Deng et al. (2010), the germination of C. cog-
gygria var. cinerea manually-scarified seeds improved significantly when GA3 was 
applied. The relevant literature, however, does not include any description of GA3 
treatment effect on germination of sulphuric acid-scarified seeds of C. coggygria.

The present research aimed at i) examining the effectiveness of sulphuric acid 
scarification, cold moist stratification and gibberellic acid (GA3) treatments on the C. 
coggygria seed germination, ii) describing the effects of sulphuric acid scarification 
and cold stratification treatment combinations on germination, iii) describing the ef-
fects of gibberellic acid (GA3) and cold stratification treatment combinations on the 
germination of sulphuric acid-scarified seeds, and iv) proposing treatments which 
maximize the germination of C. coggygria seeds.

materialS and metHodS 

Mature fruits of C. coggygria were collected by hand in the middle of July 
2008 from many shrubs growing in their natural habitat, in NW Greece (39º32΄33΄΄Ν, 
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20º42΄04΄΄Ε, 375 m a.s.l.). After collection, the seeds were extracted manually and 
were subsequently cleaned with the use of sieves and running water. Apart from 
debris, flotation also removed non-filled seeds. The filled seeds were dried under 
laboratory conditions and were stored in glass containers in the refrigerator at 3 to 
5ºC until used for the experiments.

treatments
Germination experiments started in December 2008. Two experiments were 

conducted in order to determine the effects of sulphuric acid scarification (SAS), 
cold stratification (CS) and gibberellic acid (GA3) treatments on the germination of 
C. coggygria seeds. The first experiment investigated the combined effect of SAS 
and CS on breaking dormancy and germination of seeds. The seeds were subjected 
to SAS for 20, 40 and 60 min and were subsequently washed thoroughly under run-
ning water before they were stratified. Then they were mixed with wet sterilized 
river sand in separate plastic containers and underwent CS at 3 to 5ºC for 0, 1, 2 and 
3 months. In total, 12 treatments (combinations between SAS and CS) were applied. 
The second experiment investigated the combined effect of GA3 and CS on breaking 
dormancy and germination in sulphuric acid-scarified seeds. The seeds, which had 
been immersed in sulphuric acid for 60 min, were soaked in 500, 1000 and 2000 ppm 
of GA3 for 24 h and then they were placed in separate plastic containers with moist 
sterilized river sand and were subjected to CS at 3 to 5ºC for 0, 1, 2 or 3 months. In 
total, 12 treatments (combinations between GA3 and CS) were applied. 

In addition, non-scarified seeds (0 min) were subjected only to CS at 3 to 5ºC 
for 0, 1, 2 and 3 months.

germination test
At the end of each CS period (in both experiments) a random sample of 120 

seeds was removed from each plastic container and was randomly placed in 4 plastic 
Petri dishes (30 seeds per Petri dish). For each treatment, there were 4 replications 
of 30 seeds. The seeds were placed on moist sterilized river sand in 9 cm plastic 
Petri dishes. Prior to the arrangement of seeds in Petri dishes, the seeds were dusted 
with fungicide (Captan) to avoid fungi development. The Petri dishes were randomly 
arranged on the shelves of the growth chamber and the sand was moistened -as re-
quired- with distilled water.

The temperature in the growth chamber was set at 20ºC for a 16 h dark period 
and 25ºC for an 8 h light period. Germinated seeds were recorded each week for a 
period of 6 weeks. The seeds were considered germinated when a radicle, at least 
2 mm long, emerged (I.S.T.A., 1999). Finally, for each treatment the germination 
percentage (GP) and the mean germination time (MGT) were calculated as the aver-
age of the 4 replications. The MGT was calculated for each replication per treatment 
according to the following equation:
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MGT = Σ(Dn)/Σn

where n is the number of seeds which germinated on day D and D is the num-
ber of days counted from the beginning of the test (Ellis, Roberts, 1981). 

Statistical analysis
In each experiment conducted, a completely randomised experimental design 

was used. In both experiments, the treatments, in which none of the seeds germinated 
or GP was lower than 10%, were not included in the statistical analysis. The arc-sine 
square root transformation was applied to GP data prior to analysis (Snedecor, Co-
chran, 1980). The transformed data were checked for normality and homogeneity of 
variances and then analysed by one-way ANOVA, while comparisons of the means 
were made using the Duncan test (Klockars, Sax, 1986). All statistical analyses were 
carried out using SPSS 20.0 (SPSS, Inc., USA).

reSultS and diScuSSion

experiment 1
There were significant differences in GPs (α=0.05) among the combinations 

of SAS durations and CS periods (F10.33 = 93.70, p = 0.000).
The un-scarified seeds, which were cold stratified (up to 3 months), exhibited 

very low germination percentages (0 – 15.83%, Table 1). These results corroborate 
that the seed coat of C. coggygria seeds is hard and impermeable to water, and a 
single CS treatment did not overcome seed dormancy. Our result differed from those 
of Olmez et al. (2008), and Guner, Tilki (2009). Olmez et al. (2008) stated that C. 
coggygria seeds stratified at 5±1ºC for 60 days exhibited germination percentages 
equal to 62.36% under greenhouse conditions, whereas Guner, Tilki (2009), study-
ing the seed dormancy of three C. coggygria provenances, found that the maximum 
germination percentage for all provenances (66–80%) was achieved after 120 days 
of CS at 4±1ºC. In addition, Deng et al. (2010) found that CS effectively broke 
combinational (physical and physiological) dormancy in C. coggygria var. cinerea 
seeds. On the other hand, Stilinovic, Grbic (1988) stated that only CS treatment did 
not break dormancy in C. coggygria seeds. Furthermore, Pipinis et al. (2011) found 
that only CS treatment (up to 12 weeks) did not break physical dormancy in Paliurus 
spina-christi seeds, which displayed a combination of physical and physiological 
dormancy. In terms of Deng et al. (2010), C. coggygria var. cinerea seeds they used 
(from China) and C. coggygria seeds used by Olmez et al. (2008) and Guner, Tilki 
(2009) (from Turkey) may have lower physical dormancy than C. coggygria seeds 
used by Stilinovic, Grbic (1988) (from Serbia). It is likely that the seed coat of C. 
coggygria seeds in the present study (from Greece) was as hard and impermeable to 
water as the seed coat of seeds used by Stilinovic, Grbic (1988). 

Similarly, scarified seeds with sulfuric acid for 20, 40 or 60 min, which were 
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not cold stratified, exhibited very low germination percentages (0–5.00%). The spe-
cific results provide sound evidence that C. coggygria seeds have a combination of 
physical and physiological dormancy. While SAS eroded seed coat, the seeds did 
not germinate due to embryo dormancy. The same evidence was also provided by 
Stilinovic, Grbic (1988), Olmez et al. (2009) and Guner, Tilki (2009), who found that 
a single SAS treatment (up to 60, 50 and 80 min respectively) did not enhance the 
germination of C. coggygria seeds. 

According to the results of the present study, combination of SAS and CS 
treatments was necessary to break dormancy and maximize the germination of C. 
coggygria seeds. In 1- and 2-month stratified seeds, a 60-min SAS treatment prior to 
CS yielded the highest GPs (p<0.05), whereas after 3 months of CS, no significant 
differences were observed in GPs among the seeds which had been scarified for 60 
and 40 min (p>0.05). In contrast, Olmez et al. (2008) found that after a 2-month 
period of CS, C. coggygria seeds which had been subjected to SAS for 20 min ger-
minated under greenhouse conditions (82.77%) similarly to seeds which had been 
subjected to SAS for 50 and 80 min (77.10%). In addition, in seeds of two C. coggy-
gria provenances, Guner, Tilki (2009) found that after 30 days of CS, no significant 
differences were observed in germination percentages (>90%) among seeds that had 
been subjected to SAS for 10, 20 or 40 min. In SAS treatment for 20 and 40 min, 
the seeds stratified (after scarification) for 3 months yielded higher germination per-
centages than those stratified for 1 and 2 months (p<0.05). In 60-min acid-scarified 
seeds, no significant differences were observed in GPs between the three periods 
of CS (p>0.05). This result implies that a 60-min SAS duration of seeds overcame 
physical dormancy and an 1-month period of CS was enough to break embryo dor-
mancy. Potentially, in lower-duration SAS treatments (20 and 40 min), the embryo 
dormancy was broken after an 1-month period of CS, but the seed coat was still hard 
to be broken. The optimal treatment combinations were a 40-min duration of SAS 
followed by a 3-month period of CS (75.83%) and a 60-min duration of SAS fol-
lowed by a 1-, 2- or 3- month period of CS (69.17 - 70.83%). Thus, by increasing 
the duration of sulphuric acid treatment (from 40 to 60 min) a shorter period of CS 
was required to maximize seed germination. Therefore, a 60-min SAS followed by 
a 1-month CS period was enough to break dormancy and to maximize germination 
of C. coggygria seeds. Stilinovic, Grbic (1988) found that for seeds scarified with 
sulphuric acid for 30 and 60 min, a 2-month period of CS gave higher GPs (84 and 
79%) than an 1-month period of CS (50.75 and 60.25%) for C. coggygria. Takos, 
Efthimiou (2003) stated that C. coggygria seeds, which were scarified with sulphuric 
acid for 60 min and then were subjected to a 2-month CS period at 4ºC, exhibited 
high GP (73%). Olmez et al. (2009) claimed that the treatment of C. coggygria seeds 
with sulphuric acid for 50 min and then CS for 15 days yielded the best germination 
percentage (88.1%). In contrast, they found that increasing the duration of CS, when 
it was used with SAS, resulted in a decrease in GPs. 

The MGT of sulphuric acid scarified seeds for 20, 40 and 60 min, which were 
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subsequently stratified for 1, 2 or 3 months, ranged from 7.50 to 9.58 days (Table 1). 
Olmez et al. (2009) found that the MGT of seeds, which were scarified with sulphu-
ric acid for 10, 20, 30, 40 and 50 min and then stratified at 5±1ºC for 15, 30 or 45 
days, ranged from 9 to 15 days.

table 1. Germination percentages and mean germination times of C. coggygria seeds of SAS 
and CS treatment combinations

SAS (min) CS (months) Germinated seeds % (± S.D.), MGT in days 
(± S.D.)

0

0 0
1 6.67 (± 2.72),   10.21 (± 2.92)
2 11.67 e (± 3.33),   10.94 (± 0.88)
3 15.83 e (± 3.19),   8.08 (± 0.76)

20

0 1.67 (± 1.92),   *
1 42.50 d (± 4.19),   9.58 (± 1.80)
2 50.00 c (± 4.71),   7.92 (± 0.31)
3 59.17 b (± 4.19),   8.13 (± 0.78)

40

0 0.83 (± 1.67),   *
1 50.83 c (± 5.69),   8.45 (± 1.21)
2 55.83 bc (± 6.31),   8.05 (± 0.52)
3 75.83 a (± 1.67),   8.00 (± 0.52)

60

0 5.00 (± 3.33),   11.08 (± 3.50)
1 69.17 a (± 6.31),   8.57 (± 1.74)
2 70.00 a (± 4.71),   8.41 (± 0.59)
3 70.83 a (± 1.67),   7.50 (± 0.58)

notes: 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.

experiment 2
There were significant differences in GPs of acid-scarified seeds (α=0.05) 

among the combinations of GA3 concentrations and CS periods (F14.45 = 31.92, p = 
0.000).

In non-stratified seeds, the treatment with GA3 (regardless of concentration) 
for 24 h of acid-scarified seeds (60 min) improved significantly (p<0.05) the GPs 
(30.83 – 35.83%) compared to the non-stratified seeds which were not treated with 
GA3 after scarification (5.00%). In the non-scarified seeds stratified for 1, 2 and 3 
months, the GPs were low, either when the seeds were treated with GA3 or not (data 
not shown). The specific results corroborate that the seed coat of C. coggygria seeds 
is impermeable and that a 60-min SAS of seeds made seed coat permeable. Deng 
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et al. (2010) stated that germination of C. coggygria var. cinerea scarified seeds 
(pericarp and seed coat at the micropylar end were manually removed by scalpel) 
improved significantly after the application of GA3. Freshly-collected C. coggygria 
var. cinerea seeds, which were manually scarified (see above) and then treated only 
with 1 mM GA3, exhibited GP equal to 40.7% (Deng et al., 2010). Exogenous GA3 
application may increase the growth potential of embryo, but not as much as needed 
to break the resistance of the seed coat in an adequate percentage of seeds. Accord-
ing to Carpita et al. (1983) and Rascio et al. (1998), pretreatment of seeds with GA3 
results in an increase in the growth potential of the embryo. Furthermore, in acid-
scarified seeds (60 min), the GA3 application stimulated germination of seeds but did 
not replace the CS period required to break seed dormancy. In stratified seeds (1, 2 
and 3 months), no significant differences were observed in germination percentages 
of treated and untreated seeds with GA3. Furthermore, the concentration of GA3 was 
not found to affect germination.

The MGT of acid-scarified seeds (60 min), which were treated with GA3, and 
were subsequently stratified for 0, 1, 2 or 3 months, ranged from 7.31 to 11.43 days 
(Table 2).

table 2. Effect of GA3 combined with CS on germination percentages  and mean germination 
times of acid-scarified (60 min) C. coggygria seeds.

GA3 (ppm) CS (months) Germinated seeds % (± S.D.), MGT in days 
(± S.D.)

0

0 5.00 (± 3.33),   11.08 (± 3.50)
1 69.17 a (± 6.31),   8.57 (± 1.74)
2 70.00 a (± 4.71),   8.41 (± 0.59)
3 70.83 a (± 1.67),   7.50 (± 0.58)

500

0 30.83 b (± 6.87),   11.21 (± 1.94)
1 68.33 a (± 6.38),   8.27 (± 1.07)
2 65.00 a (± 6.38),   7.37 (± 0.34)
3 73.33 a (± 5.44),   7.31 (± 0.24)

1000

0 31.67 b (± 4.30),   11.43 (± 2.33)
1 65.83 a (± 5.69),   8.32 (± 1.01)
2 73.33 a (± 4.71),   8.05 (± 0.57)
3 70.00 a (± 4.71),   7.58 (± 0.41)

2000

0 35.83 b (± 5.00),   11.04 (± 1.63)
1 71.67 a (± 4.30),   8.31 (± 0.69)
2 69.17 a (± 5.00),   7.51 (± 0.19)
3 69.17 a (± 5.00),   7.34 (± 0.40)

note: Means sharing the same letters are not statistically different (p>0.05)
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concluSionS

The conclusions drawn on the basis of the results of the present study empha-
size the fact that C. coggygria seeds display a combination of physical and physi-
ological dormancy. The treatment of seeds with sulfuric acid (up to 60 min) as well 
as cold moist stratification of seeds (up to 3 months) do not improve germination. 
A combination of acid scarification and cold stratification treatments is necessary to 
overcome dormancy and to improve the germination of C. coggygria seeds. In acid-
scarified seeds, GA3 application enhances seed germination but does not replace the 
cold stratification period required to break seed dormancy. Thus, a 60-minutes acid 
scarification followed by an 1-month CS period is recommended as an effective 
treatment in nurseries with a view to enhancing seed germination of C. coggygria.
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