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In this study, changes in endogenous hormone contents of pear stock seeds during cold stratification 
were investigated. Abscisic acid (ABA) content decreased with increase in the periods of stratification 
of pear stock seeds. However, gibberellic acid (GA) and indole-3-acetic acid (IAA) contents of Pyrus 
betulaefolia and Pyrus calleryana gradually increased and then decreased, and the GA and IAA 
contents of P. betulaefolia and P. calleryana seeds reached maximum level at 40 and 50 days, 
respectively. The results suggest that ABA and GA had regulatory roles in dormancy release, but IAA 
seems to be involved in the germination process. 
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INTRODUCTION 
 
It is well known that plant hormones have impacts on 
seed dormancy and germination. Abscisic acid (ABA) is 
involved in the regulation of numerous physiological 
processes during the seed development, including 
embryo maturation, storage product deposition, inhibition 
of precocious germination, desiccation tolerance and 
dormancy (Nambara and Marion-Poll, 2005). In 
developing seeds, ABA is necessary for inducing the 
synthesis of reserved proteins and lipids as well as for 
the onset of seed dormancy. Control of seed 
physiological processes by ABA depends on active 
hormone levels, endogenous ABA levels during seed 
maturation and the onset of primary dormancy. ABA 
levels in the seeds decreases and hence the seeds 
exhibit enhanced ability to germinate due to the weaker 
dormancy (Finkelstein et al., 2002; Koornneef et al., 
2002), whereas gibberellic acid (GA) played an  essential  
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role in promoting the germination of seeds. The level of 
GA was a critical determinant for seed germination (Groot 
and Karssen, 1987).  

The mature seeds of Pyrus betulaefolia Bge. and Pyrus 
calleryana Dcne. are in deep dormancy, for the removal 
of which a cold stratification for long duration is 
necessary. There has been very little research on the 
changes of endogenous hormone contents in pear stock 
seeds during cold stratification. The objective of the 
present study was to investigate the effects of cold 
stratification on the endogenous ABA, GA and IAA of pear 
stock seeds. 
 
 
MATERIALS AND METHODS 

 
Seed collection, sorting and storage methods were carried out as 
described by Bao and Zhang (2010). Stock seeds of species were 
stratified and chilled in plastic bags containing wet river sand at 4 ± 
1°C in a refrigerator for 0, 10, 20, 30, 40, 50 and 60 days. At the 
completion of the treatments, the seeds were removed from the 
plastic bags and extracted for ABA, GA and IAA. Endogenous 
hormone contents were determined by HPLC and measured 
according to Kelen et al. (2004) with some modifications.  

The data were statistically evaluated by ANOVA and correlation 
analyses   were    conducted    using    SPSS   13.0    for    windows  
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Figure 1. Changes in hormone contents of P. betulaefolia during cold stratification. Each 
point represents the mean of three observations, and error bars are ±SE of the mean. 

 
 
 

 
 
Figure 2. Changes in hormone contents of P. calleryana during cold stratification. Each point represents 

the mean of three observations, and error bars are ±SE of the mean. 
 
 
 
(reference). The means were compared by using Tukey’s test at the 
p < 0.05 level. 

 
 
RESULTS AND DISCUSSION  

 
Hormone contents of pear stock seeds are shown in 
Figures 1  and  2. ABA   content  continuously decreased, 

ABA content had a rapid decrease between 0 and 40 
days, and reached the minimum value at 60 days during 
the cold stratification. Both GA and IAA contents of P. 
betulaefolia first increased and then decreased, and 
reached the highest level at 40 days. In P. calleryana, GA 
and IAA contents had a gradual increase from 0 to 10 
days, a dramatic increase in GA and IAA contents was 
noted between 20  and 50 days of cold  stratification, and  
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then decreased. Our previous investigations (Bao and 
Zhang, 2011) revealed that the optimal chilling time for P. 
betulaefolia and P. calleryana was about 40 and 50 days, 
respectively. These results, taken in conjunction with 
reduced ABA content and increased GA and IAA 
contents, showed that endogenous ABA inhibited release 
of dormancy and that endogenous gibberellins were 
involved in germination. 

In this study, ABA content of pear stock seeds 
decreased during stratification, whereas GA and IAA 
contents increased. Similar results were obtained with 
other species such as Arabidopsis thaliana (Ali-Rachedi 
et al., 2004), Fraxinus excelsior, Pseudotsuga menziesii 
and apple seeds (Rudnicki et al., 1972; Subbaiah and 
Powell, 1992; Blake et al., 2002; Corbineau et al., 2002; 
Ali-Rachedi et al., 2004).  
 
 
REFERENCES 
 
Ali-Rachedi S, Bouinot D, Wagner MH (2004). Changes in endogenous 

abscisic acid levels during dormancy release and maintenance of 
mature seeds: studies with the Cape Verde Islands ecotype, the 
dormant model of Arabidopsis thaliana. Planta, 219:479-488.  

Bao JP, Zhang SL (2010). Effects of seed coat, chemicals and 
hormones on breaking dormancy in pear rootstock seeds (Pyrus 
betulaefolia Bge. and Pyrus calleryana Dcne.). Seed Sci. Tech. 38: 
348-357. 

Bao JP, Zhang SL (2011). Changes in germinability, storage materials 
and antioxidant enzyme activities in pear (Pyrus betulaefolia Bge. 
and Pyrus calleryana Dcne.) stock seeds during cold stratification. 

Seed Sci. Tech. 39: 655-659. 
 
 
 
 

 

 
 
 
 
Blake PS, Taylor JM, Finch-Savage WE (2002). Identification of abscisic 

acid, indol-3-acetic acid, jasmonic acid, indole-3-acetonitrile, methyl 
jasmonate and gibberellins in developing, dormant and stratified 
seeds of ash (Fraxinus excelsior). Plant Growth Regul. 37:119-125. 

Corbineau F, Bianco J, Garello G (2002). Breakage of Pseudotsuga 
menziesii seed dormancy by cold treatment as related to changes in 
seed ABA sensitivity and ABA levels. Physiol Plant. 114: 313-319.  

Finkelstein RR, Gampala SSL, Rock CD (2002). Abscisic acid signaling 
in seeds and seedlings. Plant Cell, 14: S15-S45. 

Groot SPC, Karssen CM (1987). Gibberellins regulate seed germination 
in tomato by endosperm weakening: A study with gibberellin-deficient 
mutants. Planta, 171: 525-531. 

Kelen M, Çubuk Demìralay E, Şen S,özkan G (2004). Separation of 
Abscisic Acid, Indole-3-Acetic Acid, Gibberellic Acid in 99 R (Vitis 
berlandieri x Vitis rupestris) and Rose Oil (Rosa damascena Mill.) by 

Reversed Phase Liquid Chromatography. Turk. J. Chem. 28: 603-
610. 

Koornneef M, Bentsink L, Hilhorst H (2002). Seed dormancy and 
germination. Curr. Opin. Plant Biol. 5: 33-36. 

Nambara E, Marion-Poll A (2005). Abscisic acid biosynthesis and 
catabolism. Annu. Rev. Plant Biol. 56: 165-185. 

Rudnicki R, Sińska I, Lewak S (1972). The influence of abscisic acid on 
the gibberellin content in apple seeds during stratification. Biol. Plant, 
14:325-329. 

Subbaiah TK, Powell LE (1992). Abscisic acid relationships in the chill-
related dormancy mechanism in apple seeds. Plant Growth Regul. 
11: 115-123. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 


