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ABSTRACT 

The aim of the study was to shorten the period of breaking dormancy in apple seeds and to improve 

the growth of the seedlings of ‘Gold Milenium’, ‘Ligol’ and ‘Szampion’. The whole seeds were removed 

from fruits directly after the harvest and were subjected to stratification (3 °C for 90 days in darkness) in 

distilled water or an aqueous solutions of 500 mM salicylic acid (SA), 10-3 M jasmonic acid (JA), gibber-

ellin A3 (GA3) and 6-benzylaminopurine (BAP) at 250 mg·dm-3 and 100 mg·dm-3, respectively. Growth 

regulators were applied separately or in a mixture containing SA, JA, GA3 and BAP. The germinability and 

seed germination rate, seedlings growth, chlorophyll content index and the maximum quantum efficiency 

of Photosystem II (Fv/Fm) were investigated. The obtained results revealed that stratification in water pos-

itively affected the dormancy removal in ‘Gold Milenium’, ‘Ligol’ and ‘Szampion’ seeds. Application of 

SA, GA3, BAP, JA during seed stratification additionally stimulated the seeds’ germination rate as well as 

the growth of seedlings, index of chlorophyll content and maximum PSII efficiency (Fv/Fm). The most 

pronounced results were obtained after the seed stratification in GA3 alone or in a mixture containing SA, 

GA3, BAP and JA. Due to such a treatment, the germination of ‘Ligol’ seeds increased by 40% and they 

germinated faster in comparison to the control seeds. Such treatments also promoted the growth of seed-

lings, chlorophyll content and maximum quantum efficiency of Photosystem II (Fv/Fm). The present study 

indicates that the application of GA3 or the mixture of SA, GA3, BAP and JA during the stratification of seeds 

is an effective method to increase and accelerate the germination of seeds and juvenile seedlings’ growth in 

order to shorten the apple breeding cycle. Further studies are needed to optimize the appropriate concentration 

of growth regulators applied simultaneously during seeds stratification. 
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INTRODUCTION 

 

Apple breeding programs are focused on the in-

troduction of more valuable cultivars than those al-

ready existing (Sansavini et al. 2005). There is a great 

interest to shorten the breeding cycle. It can be re-

duced by forcing seedling growth, grafting on dwarf-

ing rootstocks, and by selection of a short juvenile 

period (Røen 1994). It also concerns the germination 

of seeds that should be fast with high percentage, uni-

formity, health status and further fast growth of seed-

lings. To assure rapid and uniform germination and 

development of fully normal seedlings, the dormancy 

of the seeds must be sufficiently removed (Røen 

1994). However, the mature apple seeds are in a state 

of deep dormancy (Wyzińska 1978; Ranjan & Lewak 

1994). They are able to germinate after a period or 

after-ripening process under moist–cold conditions 

of so-called cold stratification (Żarska-Maciejewska 

& Lewak 1976). The optimum temperature range for 

the removal of dormancy in apple seeds is 2–6 °C, 

and 75–90 days at such temperatures are normally 
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required when the seeds are treated outside the fruit 

(Seeley & Damavandy 1985; Røen 1994). 

Some plant growth regulators, like gibberel-

lins, cytokinin (6-benzylaminopurine), jasmonic or 

salicylic acid, also take part in removing apple seed 

dormancy (Ranjan & Lewak 1994). Gibberellins are 

known as growth-promoting hormones that are in-

volved in several processes during the development 

of plants, such as shoot growth, flower develop-

ment, dormancy release and seed germination (Hil-

horst & Karssen 1992; Sińska 1989; Linkies & 

Leubner-Metzger 2012). Jasmonic acid also stimu-

lates germination of dormant apple seeds (Yildiz et 

al. 2007). Similarly, the role of cytokinins in the re-

moval of embryonic dormancy in apple seeds is ev-

idenced by not only the changes in the activity of 

endogenous hormones but also by their effects on 

germination of isolated embryos (Zhang & Lespi-

nasse 1991). Salicylic acid (SA) can be associated 

with the regulation of seed dormancy and enhancing 

seed germination by reducing oxidative damages 

(Chitnis et al. 2014). However, the effect of exoge-

nous SA on seed germination largely depends on the 

concentration. It is assumed that the proposed 

methods allow for the development of universal 

breaking dormancy of apple seeds for breeding pro-

gram, which can help reduce the production costs of 

genetic materials and shorten the breeding cycle. 

The aim of the present study was to shorten the 

period of breaking dormancy in apple seeds and to 

accelerate the juvenile growth of plants of the three 

cultivars: ‘Gold Milenium’, ‘Szampion’ and ‘Ligol’. 

For the purpose to improve apple seeds germination, 

stratification in distilled water or aqueous solutions 

of salicylic acid (SA), jasmonic acid (JA), gibberellin 

A3 (GA3) and 6-benzylaminopurine (BAP) applied 

separately or simultaneously in a mixture was inves-

tigated. The effect of above treatments was charac-

terized by seeds germinability and germination rate 

as well as seedling growth, the index of chlorophyll 

content and maximum PSII efficiency (Fv/Fm). 

 

MATERIALS AND METHODS 

 

Plant material 

The research was conducted on apple (Malus do-

mestica) seeds and seedlings of early-maturing 

‘Gold Milenium’, medium early maturing ‘Szam-

pion’ and late-maturing ‘Ligol’. Apple seeds were 

collected in autumn from fruit harvested in the Ex-

perimental Orchard of the Research Institute of Hor-

ticulture in Skierniewice. The received seeds were 

dormant. The experiments were conducted in the 

three successive years of 2013–2015. Each year 

constitutes one repetition of the experiment. 

Stratification and germination of apple seeds 

Controlled stratification was performed in a growth 

chamber, at a constant temperature (3 °C) for 90 

days, in the darkness. The whole seeds (with seed 

coats) were placed in 9 cm diameter Petri dishes (50 

seeds per dish in three replicates), on two layers of 

filter paper (Alfa Chem Labolatoria) of a diameter 

of 85 mm (with a pH 7.0 and a weight 250 g·m-2) 

moistened with 7 ml of distilled water or an aqueous 

solutions of 500 mM SA, 10-3 M JA, GA3 and BAP 

at 250 and 100 mg·dm-3, respectively. The above 

concentrations were chosen as the optimal in the pre-

viously conducted experiments. The solutions of 

growth regulators were not replenished or exchanged 

during stratification. After harvesting, the seeds 

were stored in paper bags at 3 °C until use. A seed 

was regarded as germinated when the radicle 

emerged from the pericarp. Germinated seeds were 

counted every day to estimate the percentage of ger-

minability and germination rate during the 90 days 

of stratification. 

Dynamics of seedlings’ growth 

After stratification, the germinating seeds were 

sown individually in the cells of plastic multi-pots 

containing mixture of peat and sand (1:1, v/v). The 

multi-pots were transferred to the growth chamber 

set at 20 °C in 100 µmol·m-2·sec-1 white light emit-

ted by SON-T AGRO 400 W lamps. All plants were 

grown in long-day conditions (16 hours light, 

8 hours dark) and with 60% air relative humidity. 

Plant height was measured from the soil surface to 

the top of the plant, at 4-week intervals. At each 

measurement, 10 individuals in the middle rows 

were measured in three replicates. The measure-

ments were conducted till the end of August. 

Chlorophyll content index 

Chlorophyll content index (CCI) measured at the 

stage of 6 fully developed leaves was evaluated non-

destructively using portable Minolta SPAD-502 
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chlorophyll meter (Konica Minolta, Japan) and ex-

pressed in SPAD units (Grzesik & Romanowska-

Duda 2014). Five readings were obtained from in-

dividual leaves. 

Chlorophyll fluorescence of intact leaf 

The measurements of the maximum quantum effi-

ciency of Photosystem II were carried out on fully 

expanded leaves using a pulse-modulated Fluores-

cence Monitoring System (FMS-1; Hansatech In-

struments Ltd., Norfolk, UK) operated in the 

Fv/Fm mode, according to the manufacturer’s in-

struction. Before each measuring time, the leaves 

were dark-adapted for at least 20 min to allow all 

reaction centers to open and minimize the fluores-

cence associated with the energization of the 

thylakoid membrane. The fiber optic of the FMS-1 

was positioned using the PPF/temperature leaf clip 

at a 60° angle from the upper surface of the leaf, 

and the distance between the fiber optic and the 

leaf surface was kept constant for all measure-

ments. The parameters of chlorophyll fluores-

cence: maximum fluorescence (Fm), and variable 

fluorescence Fv(Fm−Fo), were measured in the 

dark-adapted leaves using leaf clips. Initial fluores-

cence (Fo) was measured at PPFD < 0.05 μmol·m-2·s-1, 

followed by a saturating pulse to determine the 

maximum fluorescence emission in the absence 

(Fm) of quenching was 3000 mmol·m-2·s-1. The in-

tensity of saturation pulses to determine the maxi-

mum fluorescence emission in the absence (Fm) of 

quenching was 1800 mmol·m-2·s-1. The maximum 

quantum efficiency of Photosystem II (Fv/Fm) in 

the dark-adapted state was considered as a useful 

measurement of photosynthetic performance of 

plants and as stress indicators. Maximum photo-

chemical efficiency of PSII was estimated by the 

equation: Fv/Fm = (Fm − Fo)/Fm. The fluores-

cence measurements were conducted on second or 

third apical leaf received from ten plants. The mean 

of each fluorescence parameter was obtained from 

twenty readings. 

Statistical analyses 

The experiment for the determination of the number 

and dynamics of germinated seeds, seedlings’ 

growth, chlorophyll content index and maximum 

quantum efficiency of Photosystem II (Fv/Fm) was 

repeated three times. Results concerning all the 

mentioned parameters were analyzed using analysis 

of variance. The differences between the means 

were estimated by the Duncan multiple range test at 

a significance level of p = 0.05. Additionally, stand-

ard deviation bars are presented on the graphs. Dy-

namics of seeds germination presented in the graphs 

were expressed as average ± the least significant dif-

ference (LSD). 

 

RESULTS AND DISCUSSION 

 

The presented results in Fig. 1 showed that ap-

ple seed germination depended on the cultivar and 

the manner of stratification. Among the examined 

cultivars, ‘Szampion’ seeds germinated at the high-

est percentage, in the range of 88–100%. Lower 

seed germination was observed for ‘Ligol’, whereas 

‘Gold Milenium’ seeds germinated at the lowest 

percentage (30 to 60%). The lowest germinability of 

‘Gold Milenium’ seeds could be partly caused by 

a negative influence of germination inhibitors pre-

sent in apple fruit extracts, that is, abscisic acids, 

chlorogenic acids, and so on (Rudnicki 1969; Ka-

miński 1968). 

In turn, the lower percentage of ‘Ligol’ seeds’ 

germination may probably be caused due to their in-

sufficient maturity. Obviously, the differences in 

their germinability may also depend on cultivar 

properties. Previous results (data not published) 

showed that the percentage of seed germination de-

pended not only on cultivar but also on the year of 

seed harvest (Bewley & Black 1994). 

The present study showed that stratification in 

water resulted in an increase of percentage of ger-

minated seeds in comparison to control (untreated) 

seeds. Application of growth regulators in most 

cases additionally increased seeds germinability, 

which indicated that they are involved in dormancy 

release process. The most pronounced results were 

obtained after GA3 treatment. Due to such applica-

tion germination of ‘Ligol’ seeds increased by 

100% in comparison to the control. Lewak (2011) 

also demonstrated the involvement of gibberellins 

in the cold-mediated removal of dormancy in apple 

seeds. 
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Fig. 1. Percent of germinated apple seeds on filter paper moistened with water or an aqueous solution of salicylic acid 

(SA; 500 mM), jasmonic acid (JA; 10-3 M), gibberellin A3 (GA3; 250 mg·dm-3), 6-benzylaminopurine (BAP; 

100 mg·dm-3) and in their mixture. Means with the same letter are not significantly different at p = 0.05 according to 

the Duncan multiply range test (n = 150). Standard deviation bars are also presented 

 

 

Fig. 2. Dynamics of seeds germination on filter paper moistened with H2O or an aqueous solution of salicylic acid 

(SA; 500 mM), jasmonic acid (JA; 10-3 M), gibberellin A3 (GA3; 250 mg·dm-3), 6-benzylaminopurine (BAP; 

100 mg·dm-3) and in their mixture 

 

 

Fig. 3. Growth of seedlings derived from seeds stratified on filter paper moistened with water or in an aqueous solution 

of salicylic acid (SA; 500 mM), jasmonic acid (JA; 10-3 M), gibberellin A3 (GA3; 250 mg·dm-3), 6-benzylaminopurine 

(BAP; 100 mg·dm-3) and in their mixture. Means with the same letter are not significantly different at p = 0.05 ac-

cording to the Duncan multiply range test (n = 30) 
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Application of BAP during ‘Ligol’ stratifica-

tion also greatly increased the germination of seeds. 

According to Zhang and Lespinasse (1991), treating 

non-stratified apple seeds with BAP contributed to 

embryo germination. Besides GA3 and BAP also SA 

and JA as single addition during stratification also 

increased the percentage of seeds germination. Ran-

jan and Lewak (1992) reported that jasmonic acid 

stimulated the germination of seeds, which was ac-

companied by increased alkaline lipase. In another 

study, jasmonic acid also clearly stimulated the ger-

mination of dormant apple seeds (Lewak 2011). 

However, some concentrations of this growth regu-

lator inhibited the germination of apple seeds strati-

fied for 30 and more days (Yildiz et al. 2007). In the 

present study, the mixture of growth regulators did 

not increase the germination percentage of apple 

seeds more than GA3. 

Dynamics/rates of apple seeds germination is 

a very important parameter from practical point of 

view because it indicates whether the shortening of 

dormancy period takes place during stratification. In 

the present study, seeds subjected to stratification at 

3 °C in H2O or the aqueous solutions of growth reg-

ulators germinated significantly faster than the con-

trol (untreated) seeds (Fig. 2). Stratification of seeds 

in GA3 at a concentration of 250 mg·dm-3 or in 

a mixture of SA, GA3, BAP, JA resulted in an in-

creased rate of germination. The positive effect of 

GA3 application during this process was clearly vis-

ible in all examined cultivars. Apple seeds stratified 

in the presence of jasmonic acid increased not only 

their germinability but also their rate of germination 

by 5–10 days in comparison to control seeds (Fig. 

2). Yildiz et al. (2007) also demonstrated that 

jasmonic acid not only increased the germination 

level of apple seeds, but also accelerated the germi-

nation of dormant seeds compared to control. Strat-

ification in the mixture of growth regulators’ solu-

tions did not give an additive affect in comparison 

to the GA3 treatment. Presumably, the concentration 

of each plant growth regulator in a mixture should 

be optimized. Lewak (2011) postulated that all 

growth regulators act collectively as a regulatory 

complex controlling the course of dormancy elimi-

nation. There are three distinct phases during this 

course characterized by different hormonal balance. 

Around the 30th and 40th days of stratification, 

a sharp rise in gibberellins, cytokinins, and JA lev-

els is observed, and at this period of seeds stratifica-

tion the contents of these growth regulators reached 

a maximum. It seems that the main obstacle is to 

evaluate the exact time and concentration of all 

growth regulators in breaking full dormancy and ac-

celerate this process. 

Positive effect of growth regulators applied 

during stratification was obvious not only for seeds 

germination but also after 3 months of seedlings’ 

growth in multi-pots (Fig. 3). It concerned all the 

examined cultivars. Application of GA3 or mixture 

of SA, GA3, BAP, JA were most effective. These re-

sults are consistent with other findings where gibber-

ellin treatment accelerated cotyledon greening as 

well as stimulated the growth of roots (Bulard 1985). 
 

 
Fig. 4. Chlorophyll content index in leaves of apple seedlings delivered from seeds stratified on filter paper moistened with 

water or an aqueous solution of salicylic acid (SA; 500 mM), jasmonic acid (JA; 10-3 M), gibberellin A3 (GA3; 250 mg·dm-3), 

6-benzylaminopurine (BAP; 100 mg·dm-3) and in their mixture. Means with the same letter are not significantly different at 

p = 0.05 according to the Duncan multiply range test (n = 30). Standard deviation bars are also presented 
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Fig. 5. Maximum PSII efficiency (Fv/Fm) of dark-adapted leaves of apple seedlings delivered from seeds stratified 

on filter paper moistened with water or an aqueous solution of salicylic acid (SA; 500 mM), jasmonic acid (JA; 

10-3 M), gibberellin A3 (GA3; 250 mg·dm-3), 6-benzylaminopurine (BAP; 100 mg·dm-3) and in their mixture. Means 

with the same letter are not significantly different at p = 0.05 according to the Duncan multiply range test (n = 30). 

Standard deviation bars are also presented 

 

Apple seeds stratification in water or in growth 

regulators also affected the chlorophyll contents in 

leaves expressed by chlorophyll content index 

(CCI) (Fig. 4). The most pronounced results were 

obtained after stratification in GA3 or in a mixture 

of SA, GA3, BAP, JA.  

Dobránszki and Mendler-Drienyovszki (2014) 

indicated that the aromatic cytokinins applied in the 

medium affected the chlorophyll content of the 

leaves in vitro apple shoots. Lewak (2011) reported 

that single application of GA3 or cytokinin was with-

out effect in dormant apple embryos. However, the 

treatment with a mixture of both hormones increased 

the chlorophyll content up to the level observed in 

the non-dormant control embryos, which indicated 

a synergistic effect of both hormones. 

Chlorophyll fluorescence measurement is 

a useful, non-invasive and rapid tool for examining 

the photosynthetic efficiency of plants and the de-

tection of changes in PSII (Dobránszki & Mendler-

Drienyovszki 2014). One of the important chal-

lenges to research in this field is to stimulate photo-

synthetic system. In the present study, seed stratifi-

cation in distilled water did not sufficiently stimu-

late the maximum quantum efficiency of Photosys-

tem II (Fv/Fm) of dark-adapted leaves (Fig. 5). 

However, the inclusion of phytohormones during 

stratification revealed a significant enhancement of 

this parameter. The most enhanced results were ob-

served after the application of the mixture of SA, 

GA3, BAP, JA in ‘Szampion’ seeds, suggesting that 

increased photosynthetic efficiency could be at-

tributed to its stimulatory effects on enzymes of Cal-

vin cycle, chlorophyll, expression of photosynthetic 

genes as well as pigments content (Janda et al. 1998; 

Xia et al. 2009). Janda et al. (2014) concluded that 

the effects of phytohormones on the photosynthesis 

are indirect, originating from their influence on sto-

matal conductivity. Dobránszki and Mendler-

Drienyovszki (2014) also reported that the perfor-

mance of photosynthetic apparatus measured by 

chlorophyll fluorescence in the leaves in vitro apple 

shoots was modified by the cytokinin supply. 

Application of SA, GA3, BAP, JA during the 

stratification of apple seeds explicitly promoted 

dormancy removal, which indicated that they are in-

volved in this process. The present study indicates 

that the application of GA3 or a mixture of SA, GA3, 

BAP, JA can be used as an effective method to in-

crease the percentage of seed germination, shorten 

the period of their germination and juvenile growth 

of apple seedlings, as well as to improve chlorophyll 

content index and maximum PSII efficiency 

(Fv/Fm). Further studies are needed to optimize the 

appropriate concentration of growth regulators ap-

plied in a mixture during stratification. 

 

CONCLUSION 

 

1. Stratification in water positively affects dor-

mancy removal in ‘Gold Milenium’, ‘Szampion’ 

and ‘Ligol’ seeds. 
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2. Application of GA3, BAP, SA and JA during 

seed stratification additionally increases the per-

centage and dynamics of germinated seeds as 

well as seedlings growth, chlorophyll content in-

dex and maximum PSII efficiency (Fv/Fm). 

3. The most pronounced results can be expected af-

ter seed stratification in GA3 or in a mixture 

of SA, GA3, BAP, JA. 
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