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Paeonia decomposita is a perennial deciduous shrub with great ornamental and medicinal values. 
Unfortunately, the distribution region, population size and individual numbers of P. decomposita rapidly 
decrease in the wild. It is a particularly rare, highly endangered, protective plant endemic to Southwest 
China. To understand the causes of seed dormancy of P. decomposita, the effects of aqueous extracts of 
the seed coat, endosperm of P. decomposita on germination, seedling growth and amylases activities of 
wheat seeds were examined in this paper. The results showed that the seed, especially the endosperm 
tissue of P. decomposita contained substances that strongly suppressed seed germination. The crude 
extract of endosperm of P. decomposita, which significantly reduced the activities of α and β-amylase, 
showed a more significant inhibition than that of seed coat at the same dose. It was concluded that the 
presence of inhibitory substances in seed, especially in endosperm tissue, seem to be responsible for  
P. decomposita seed dormancy.
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INTRODUCTION

Peonies belong to the genus Paeonia and have been cultivated for probably two thou-
sand years for their ornamental and medicinal value. P. decomposita, a wild species 
of tree peonies is a member of the family Paeoniaceae that is native to Southwest 
China. It is a perennial deciduous shrub with great ornamental and medicinal values. 
It also is of genetic importance to the plant breeding and study of peony evolution. 
Therefore, P. decomposita exhibits economic potential for both floriculture and 
herbal exploitation.

In nature, P. decomposita is found mainly in the region of dry valleys of Minjiang 
River. Because of the degradation of natural vegetation and human activities, its natu-
ral habitat has been naturally and/or artificially altered and degraded, resulting in rapid 
decrease in species population. Now the numbers and sizes of P. decomposita popula-
tions are very small, it has been listed as rare and endangered species in the world but 
studies on its endangering mechanisms and ornamental potential are not well docu-
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mented [15]. In a study on the characteristics in seed germination and dormancy of 
wild tree peonies including P. decomposita, the germination percentage of P. decom-
posita was found low, and its hypocotyls growth took at least six months [10]. 

There are two general types of known seed dormancy: The first is endodormancy 
occurring due to internal factors such as morphological characteristics, covering 
structures or the physiological inhibiting mechanism of the embryo. The second is 
exogenous dormancy due to the enclosing structures surrounding the embryo [2, 6, 
12, 17]. Physical characteristics such as a seed coat impermeable to water or gases, 
inhibitors located in enclosing tissues of the embryo or mechanical resistance of seed 
covers to the embryo growth may cause exogenous dormancy [2, 4, 11, 12]. Dormancy 
might also be due to interactions between the embryo and covering structures of the 
seed [2, 11, 12]. If dormancy is imposed by the embryo enclosing tissues, inhibitors 
would be located in enclosing tissues of the embryo. Therefore, the present study was 
conducted to investigate the effects of aqueous extracts of P. decomposita seeds on 
germination and some metabolic activities associated with growth of wheat seedlings, 
which might contribute to understanding the seed dormancy mechanism P. decom-
posita.

MATERIALS AND METHODS

Plump seeds of P. decomposita were collected from Danba country of Sichuan prov-
ince in October of 2010, where is the natural range of P. decomposita, and the seeds 
collected were air dried and then stored at –4 °C.

Preparation of aqueous extracts

To obtain aqueous extracts, 50 g seed coat and endosperm of P. decomposita was 
pulverized, respectively, and soaked in 500 ml of distilled water with stirring for 24 
h. The collected leachate was filtered through cheese cloth to remove debris and 
finally filtered using Whatman No. 1 filter paper to have 0.1 g · ml–1 concentration. 
The leachates of 0.025, 0.050 and 0.075 concentrations were made by diluting the 
parent leachate with distilled water.

Seed germination and seedling growth

Wheat seeds (Triticum durum) were sterilized with 2% sodium hypochlorite for 15 
min and then washed with doubled distilled water 3 times. Thirty uniform seeds of 
wheat were germinated in sterilized Petri dishes lined with two layers of Whatman 
No. 1 filter paper and moistened with 5 ml of respective seed coat or endosperm lea-
chate concentration in treatment and distilled water in control. Each treatment had 
five replicates and each experiment was repeated 3 times. The Petri dishes were incu-
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bated at 25 ± 2 °C in growth chamber. After three days of culture, germination per-
centages were recorded and, the radicle and coleoptile length were measured. A seed 
was regarded as germinated when its radicle was ~2 mm in length.

Measurements of α- and β-amylase activities

For determination of the α- and β-amylase activities, fresh weight of whole seed cul-
tured for 3 d was determined before enzyme extraction.
α-Amylase activity was measured according to Black et al. [5]. Seeds cultured for 

3 d were homogenized in an Eppendorf tube with 4 ml ice-cold 20 mM TRIS-maleate 
buffer (pH 6.2) containing 1 mM CaCl2. The homogenate was centrifuged (12,000 
rpm) for 5 min. The clear supernatant was removed and used for assaying α-amylase 
activity. A 1.2 ml buffer with 1.2 ml enzyme extract was incubated for 2 min at  
37 °C. To 2.4 ml diluted enzyme extract, 0.6 ml suspension (25 mg · ml–1) of Phadebas 
blue starch (Pharmacia, Uppsala, Sweden) was added, vortexed and incubated with 
shaking for 30 min at 37 °C. Adding 0.6 ml 0.5 M NaOH stopped the reaction. The 
reaction mixture was centrifuged at 8000 g for 5 min and the absorbance of the super-
natant was measured at 620 nm. A calibration curve using barley malt α-amylase was 
prepared, from which units of extracted enzyme were calculated. Enzyme activity 
was expressed in units g–1 FW; one unit is equivalent to the amount of enzyme liber-
ating 1 mg maltose from starch at 37 °C and pH 6.2.
β-Amylase was measured by the method of Bernfeld [3]. Seeds were homogenized 

with 4 ml ice-cold 16 mM sodium acetate buffer, pH 4.8. The homogenate was cen-
trifuged at 12,000 g for 15 min, and the supernatant was used for determining 
β-amylase activity. To 0.5 ml 1% potato starch in 16 mM sodium acetate buffer 
equilibrated at 37 °C for 2 min, 0.5 ml enzyme extract was added, vortexed and incu-
bated with shaking for 5 min at 37 °C. To the reaction mixture, 0.5 ml 3,5-dinitrosal-
icylic acid (DNSA) reagent was added and then boiled for 5 min. Absorbance at 540 
nm was read after adding 4.5 ml distilled water. DNSA reagent consisted of 1% 3,5-
dinitrosalicylic acid, 0.4 M NaOH and 1 M potassium sodium tartrate. A standard 
curve using maltose solution was prepared. β-Amylase activity was expressed in units 
g–1 FW; one unit is defined as the amount of enzyme liberating 1 mg maltose from 
starch in 5 min at 37 °C and pH 4.8.

Data analysis

Germination percentage, the radicle and coleoptile length data and amylase activity data 
are expressed as means (±SD) of five replicates. One-way ANOVA was used to com-
pare the effects of different concentration aqueous extracts. Differences between means 
were considered to be significant at p ≤ 0.05 by the least significant difference (LSD) 
test. The effects of different aqueous extracts at same concentration were subjected to 
paired-samples t-test. Statistical analyses were done with SPSS13.0 for Windows.
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RESULTS

Effect of aqueous extracts of  P. decomposita on germination

Wheat seeds germinated almost completely after 48 h incubation in distilled water. 
The germination percentage over control decreased with increasing concentration of 
aqueous extracts of P. decomposita (Fig. 1). Aqueous extracts of endosperm had more 
restrictive to wheat seed germination than that of seed coat. Germination decreased 
by 2.33%, 20.93%, 25.58% and 30.23% at 0.025, 0.05, 0.075 and 0.1 g · ml–1, respec-
tively, for leachate of seed coat, while the decrease was by 4.77%, 32.56%, 83.72% 
and 100% at 0.025, 0.05, 0.075 and 0.1 g · ml–1 for extracts of endosperm.

Effect of aqueous extracts of  P. decomposita on seedling growth

Significant inhibitory effects on seedling growth were found in medium containing 
0.025 g · ml–1 extract or above as compared to the control. At 0.025 g · ml–1 leachate 
of seed coat, the radicle and coleoptile length were reduced to nearly 56.6% and 
67.7%, respectively (Figs 2, 3). Length of radicle and coleoptile was inhibiting at 0.10 
g · ml–1, where radicle and coleoptile length dropped to reach 10.07 mm and 6.00 mm, 
respectively. 

Leachate of endosperm in P. decomposita also showed inhibitory effects on seed-
ling growth of wheat grown in Petri dishes. At 0.025 g · ml–1, length of radicle and 
coleoptile were reduced to nearly 11.00% and 21.75% of the control, respectively 
(Figs 2, 3). They decreased with increasing concentration of extracts, and at 0.10 
g · ml–1, dropped to the minimum of 0 mm.

Fig. 1. Effects of crude extracts of Paeonia decomposita seeds on germination of wheat. Note: 
Mean±standard deviation, different letters on the bar indicates significant difference (p < 0.05). The same 

below
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There were differences in seedling growth with increasing concentrations of aque-
ous extracts of seed coat and endosperm. At the same concentration, aqueous extracts 
of endosperm showed stronger inhibitory effects on seedling growth than that of seed 
coat (Figs 2, 3).

Fig. 2. Effects of crude extracts of Paeonia decomposita seeds on length of radicle in wheat

Fig. 3. Effects of crude extracts of Paeonia decomposita seeds on length of coleoptile in wheat
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Effect of aqueous extracts of  P. decomposita on amylase activities

Effects of aqueous extracts of seed coat and endosperm on α-, β-amylase activities 
were presented in Figs 4 and 5. Analysis of variance indicates that extract species and 
extract concentration had significant effect (p < 0.05) on α and β-amylase activities. 
α-amylase activities in wheat seeds decreased significantly with the increase in con-
centration of aqueous extracts of seed coat and endosperm (Fig. 4). Such reduction 
was more prominent with extracts of endosperm than seed coat. α-Amylase activities 
reduced by 18.18%, 45.44%, 54.89%, and 79.73% at 0.025, 0.05, 0.075 and 0.1 

Fig. 4. Effects of crude extracts of Paeonia decomposita seeds on activity of α-amylase

Fig. 5. Effects of crude extracts of Paeonia decomposita seeds on activity of β-amylase
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g · ml–1, respectively, for leachate of seed coat, while the decrease was by 47.54%, 
77.91%, 86.11% and 95.76% at 0.025, 0.05, 0.075 and 0.1 g · ml–1, respectively, for 
extracts of endosperm. 

Aqueous extracts of P. decomposita seed also significantly decreased β-amylase 
activity versus the control. At the same concentration, extracts of endosperm showed 
stronger inhibitory effects on β-amylase activity than that of seed coat (Fig. 5).

Correlation analysis of germination, seedling growth  
and amylase activity

A positive correlation existed between germination percentage or seedling growth 
and α-, β-amylase activities when wheat seeds were exposed to different concentra-
tions of aqueous extracts of P. decomposita seed (Table 1), showed that the reduction 
of germination or seedling growth strongly depended on the reduction of α- and 
β-amylase activities.

DISCUSSION

Although there is a wealth of literature on the endangering mechanisms of wild spe-
cies in genus Paeonia [18–21, 23], the knowledge about their endangering reasons 
are still scarce. Based on the investigation of natural propagation characteristics,  
P. decomposita was found to specialize in sexual reproduction and it reproduces itself 
only by seeds. The germination percentage of seeds in nature was low, its hypocotyls 
growth took more than six months. Understanding seed dormancy mechanisms of  
P. decomposita, endemic to China, is very crucial to protect and utilize this valuable 
germplasm. 

Seed germination is a complex process and there seems to be general agreement 
among plant physiologists/molecular biologists that the mechanisms of seed dor-

Table 1
Pearson correlation matrix of germination, seedling growth and activity of amylase index

r Germination 
rate

Length of 
radicle

Length of 
coleoptile

Activity of 
α-amylase

Activity of 
β-amylase

Germination rate 1.000 0.711* 0.716* 0.730* 0.782*

Length of radicle 1.000 0.993* 0.910** 0.820**

Length of coleoptile 1.000 0.936** 0.830**

Activity of α-amylase 1.000 0.923**

Activity of β-amylase 1.000

 * Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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mancy and germination involve the plant growth regulators abscisic acid (ABA) and 
gibberellins (GA). In the hormone-balance model, ABA (inhibitor) and GA (pro-
moter) simultaneously and antagonistically regulate the onset, maintenance and ter-
mination of dormancy [1, 17]. For example, GA3 had a positive effect on releasing 
epicotyle and radicle dormancy and promoted seedling growth in P. ostii “Feng Dan” 
[8]. In another study in cultured peony (P. lactiflora Pall.) embryos, epicotyl dor-
mancy was also broken after topical application of agarose gels containing GA, and 
addition of 100 μM ABA to the medium resulted in complete inhibition of 
GA-stimulated promotion of dormant epicotyls [7]. In 4 wild species of tree peonies 
including P. decomposita, the contents of ABA of the seeds declined rapidly when 
hypocotyls began to grow and the contents of GA3 increased [10]. This phenomenon 
was also found in P. lutea [16]. Although the molecular details of GA signaling in 
seed germination remain remarkably poorly defined, there have been important 
advances in our understanding of GA perception and activity of amylase during seed 
germination from forward genetic analysis of GA-related mutants in both rice and 
Arabidopsis. In barley seeds, Paleg has demonstrated that there is a positive correla-
tion between the presence of GA and the activity of β-amylase [13]. The correlation 
between α-amylase activity and GA level was also confirmed in germinating rice 
seeds [9].

In this work, the results showed that germination of wheat seeds and seedling 
growth were affected considerably by aqueous extracts of seed coat or endosperm. 
Starch is quantitatively the most abundant storage material in wheat seeds, and 
degrades into simple organic matter via the amylase pathway, which is mobilized to 
the growing embryo to provide nutrition or energy during early seed germination. 
Therefore, the activities of hydrolytic enzymes can affect the seed germination and 
seedling growth. To determine whether extracts-induced germination and seedling 
growth inhibition during germination is associated with provided energy, we exam-
ined the α- and β-amylase activities in wheat seeds. In the present experiment, sig-
nificant (p < 0.05) positive correlations were found between the germination, seedling 
growth and amylase activities. At the same time, significant decrease in germination 
rate, seedling growth and amylase activities when the concentration of leachate 
increases from 0 to 0.1 g · ml–1, suggest that there are some water-soluble substances 
in P. decomposita seeds which inhibit seed germination by affecting the activity  
of amylase. In another study on characteristics of dormancy and germination of  
P. rockii, solutions extracted from seed coat and endosperm was also found to inhibit 
the growth of radicle and cytoledons to some extent [22]. 

In addition, Paeonia seeds might produce phytotoxins/allelopathic compounds that 
inhibit the germination of seeds belonging to other species. In a study based on 
Paeonia ostii autotoxins, five phenolic compounds of ferulic acid, cinnamic acid, 
vanillin, coumarin and paeonol were detected by HPLC, and ferulic acid, cinnamic 
acid, vanillin, coumarin were reported previously as allelopathic substances [14]. 
Therefore, the role of endogenous inhibitors in Paeonia seed dormancy might be 
attributed to the combined effects of endogenous hormone and other inhibitory com-
pounds such as allelopathic substances. 
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CONCLUSIONS

Water-soluble inhibitor(s) associated with seed coat and endosperm, which might 
affect the activity of amylase, seem to be responsible for P. decomposita seed dor-
mancy. At the same concentration, Water-soluble inhibitor(s) from endosperm showed 
stronger inhibitory effects on seed germination than that of seed coat. Future studies 
are needed to assess the composition, the nature of the water-soluble inhibitor(s) and 
the level of dormancy as well as the optimal pathway to break the dormancy in  
P. decomposita.
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