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Abstract 
The most critical phase in plant life is the germination period, which is influenced by both intrinsic and 

environmental factors. Assessment of cold stratification on several endogenous hormone, IAA, abscisic acid 
(ABA), gibberellin GA1/3 (GA1/3), zeatin-riboside (ZRs) and isopen-tenyl adenine (iPAs), and germination of 
Cornus walteri Wanger. seeds was done. Relationship between endogenous hormone and seed germination 
and mechanism of seed dormancy of C. walteri were also analysed. The results showed that the significant 
fluctuatation of both IAA and iPAs content was fond during cold stratification period, while the variation of 
ZRs was little, that of both ABA and GAs content increased with old stratification days. Effects of cold 
stratification on both GR and GP were significant (p < 0.05), which play an important role in releaving of 
seed germination and improving seed germination. The GR and GP were significantly negatively correlated 
with the contents of ABA and GA1/3, and positively correlated with the following iPAs, ZRs/ABA, 
iPAs/ABA.  
 

Introduction 
Cornus walteri Wanger. (Cornaceae) is a deciduous tree which mainly grows in the valley 

areas and hills of Korea and China (Lee et al. 2017). In Chinese traditional medicine, fruits and 
leaves of C. walteri have been widely utilized for the alleviation of skin inflammatory symptoms 
and the treatment of glycosuria (Kim et al. 2011, Kim et al. 2013, Park et al. 2016). Moreover, C. 
walteri is a woody oil tree, with very high oil contents in fruits (Paul and Don 2005), so the 
application and cultivation of this species has a rapid expansion in China recently. Tradditionly the 
breeding method of C. walteri is sowing, but the germination rate is very low without treatment 
before hand, which is usually a serious hurdle for production of the desired quantity of seedlings 
in nurseries (Kang et al. 2012). An understanding of seed dormancy mechanisms can be helpful in 
optimizing the distribution of seed germination in time or space (Nasreen et al. 2002). According 
to research there are some factors controlling seed germination and dormancy, including plant 
hormones, which are produced by both plant and soil bacteria, and interactions between plant 
hormones and plant genes affect seed germination (Miransari and Smith 2014). Research showed 
that hormones are the primary factors to cause seed dormancy, and ABA is the endogenous 
inhibitor of seed dormancy, and both GA and IAA are the corresponding germinating promoters 
(Carr 2009). Some scholars have also suggested that seed dormancy and germination depend on 
the balance between endogenous growth inhibitors and growth hormone agents (Wang et al. 2007). 
The studies regarding seed dormancy on C. walteri previously have been reported (Paul and Don 
2005, Svendsen et al. 2007, Karen, et al. 2014), but relative mechanism has not yet been 
determined. Hence, further investigations on understanding possible responses, adaptations and 
physiological mechanisms of C. walteri to limit seeds germination is required.  
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Materials and Methods 
Fruits of Cornus walteri, were collected from Zijinshan National Forestry Park in Nanjing, 

China (lat 32°03’53” N, long 118°49’29” E), in November, 2016. The fruits were rubbed, freed 
from area sarcocarp, decorticated, fetched the kernel, washed in advance, and thus pure stone 
fruits (including endocarp, seed coat, endosperm, cotyledon, etc. were obtained. The shape of 
seeds was spherical, flesh pink, diameter 4.31 - 5.18 mm, the 100-grains weight was 4.33 - 4.43 g. 
The experiment was carried out in a laboratory belonging to Forestry Academy of Jiangsu (JAF), 
Nanjing China, lat 31°51’41” N, long 118°46’41” E). The seeds were conducted the cold 
stratification (wet sands culturing, temperature 0 - 5℃) treatment from December, 2016, the ratio 
of seeds and sands was 1 : 3, water content was 45%. The sands were fresh river sands which were 
treated with high temperature sterilization. From beginning, November, 2016, the experiments 
were performed in a completely randomized sampling in the middle of each month, with three 
replications. The whole sampling times were 7, experiment period lasted for 180 days. In every 
sampling, seeds were sieved, washed in cold water and dried on absorbent paper, for acquiring 
pure samples. One part of seeds used was for germination test, the other part for hormone 
determination. 

The reducing of some samples was performed by quartering, then acquiring white test 
material (0.5 - 1.0 g), which contains embryo, endosperm and seeds skin, by scraping pericarp. 
After liquid nitrogen freezing, they were grinded by adding 4 ml 80% chilled methanol distillation, 
then shifted to 10 ml test tube, left for 4 hrs at 4℃ before 15 min centrifuge separates of 3500 
r/min and the resulting supernatant liquid was directly injected to test tube after centrifuge. The 1 
ml extract was added to sediment, mixed them, re-extracting 1 hr at 4℃, merging supernatant and 
recorded volume after centrifuging. Endogenous hormone was measured experimentally by ELSA 
(Du et al. 2012, Park et al. 2016). 

Seed germination test was completed in an artificial climate box (LRH-250-GS I, Guangzhou, 
China). Seeds were sown in vessel with wet sand incubator, 100-grain every vessel, covering 
sands for 2 - 3 cm, water was sprinkled even to ensure sand bed level and wet. Each treatment was 
replicated three times. Temperature was set in box at 25 - 30℃. Seeds were observed every day, 
germination potentiality (GP) and germination rate (GR) were recorded (USDA Forester Bureau, 
1984). 

The average of three measures was taken as a single value, the average value of all three 
replications for each treatment was compared for statistical analysis (One-Way ANOVA). The 
ANOVA was conducted using SAS 9.4 software (SAS Institute inc.), treatment means were 
compared by using LSD test at 99 and 95%, confidence interval to estimate their significance under 
different treatment time. The results were represented by their means ± standard deviation (SD). 
 
Results and Discussion 

Variation traits of five endogenous hormone content in seeds were studied (Fig. 1). The cold 
stratification significantly affected IAA, ABA, GAs and iPAs content in seeds (p < 0.05), while 
non-significant effect was observed on ZRs (p > 0.05). IAA content in untreated seeds was the 
highest (81.861 ng/g), but after cold stratification that declined despite some flutuation. The 
maximum IAA content (65.751 ng/g) was achieved at the 120th day after treatment while the 
minimum (31.141 ng/g) was attained at the 150th day. So, the IAA content contributing traits 
responded to the time of the cold stratification.  

Different with the former, variation of ABA and GA1/3 content was very significant (p < 0.05), 
which showed a gradual decline with the increase of cold stratification days (Fig. 1B, C), specially 
variation of ABA. Before the cold stratification, ABA content in seeds was 329.406 ng/g, but it 
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reached minimum 235.933 (ng/g) at the 150th day, which was about 0.716-fold compared with the 
value before cold stratification. GA1/3 increased slowly during initial experiment stage (Fig. 1C) 
and showed a peak value (5.734 ng/g) at the 30th day, but the variation began to reverse since then, 
this tendency continued to end.  

Cytokinins (CTK) are a class of plant-specific hormones that play a central role during the 
cell cycle and influence numerous developmental programs (Brault et al. 1999, Werner et al. 2001, 
Lovatt et al. 2006). Variation of ZRs in seeds was very little (Fig. 1D), which closed to one 
straight line, the cold stratification posed non-significant effect on ZRs, however slight reduction 
observed with the increasing treatment (p > 0.05). So, the effects of the cold stratification on ZRs 
was limited. On the contrary, the change of iPAs was significant with the cold stratification (p < 
0.05；Fig. 1E), but the curve showed M-shaped curve, namely underwent two rises and two drops, 
which were recorded at the 30, 90, 120 and 180th day, respectively. Two peak values were 5.937 

and 7.124 ng/g, respectively, while two valley values were 3.553 and 4.557 ng/g. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Variation of endogenous hormone content in seeds: A, IAA content; B, ABA content; 
       C, GA1/3 content; D, ZRs content and E, iPAs content. 
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From Fig. 2 it is apparent that the ratio of IAA/ABA was mainly similar to IAA (Fig. 2A). 
That of IAA/ABA was the biggest (0.248) at the beginning of cold stratification, then descended 
and showed a low value (0.141). The IAA/ABA usually was raised from 30th to 120th day, but it 
dropped to a low dot at 150th day (0.132). Relatively, the GA1/3 /ABA was 0.015 initially, that 
rapidly increased with the time extention, but the ratio was steady at later period (Fig. 2B). The 
variation of ZRs/ABA was smooth and steady in earlier stage, but it raised slightly in later stage 
(Fig. 2C). The change of iPAs/ABA was similar to the iPA (Fig. 2D). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Variation of IAA/ABA, GA1/3/ABA, ZRs/ABA, iPAs/ABA in seeds during cold stratification. 
 

Leubner and Nambara (2003) reported that ABA involved the abduction and maintained 
seeds dormancy to more species. ABA, which is a main factor to control seeds dormancy, played 
an important role in embryo development, the synthesis of protein and RNA (Han et al. 2002, 
Nambara and Marion-Poll 2003, Kermode 2005). Fu et al. (2009) reported that ABA can reduce 
the water absorbing capacity and osmotic potential of embryo, hinder extending of radicle, control 
the seeds germination. Above mentioned results indicated that ABA in C. walteri Wanger. seeds 
always reduced with the cold stratification, which was quite similar to the findings on Cistanche 
deserticola (Chen et al. 2009), Davidia involucrate (Lei et al. 2009) and Cyclocarya paliurus 
(Yang and Fang 2008). So, the variation of ABA in seeds might be the activating signal anterior to 
seeds germination, which is a regular physiological response to keep seeds inclusion, and plays a 
key role to relieve seeds dormancy. 

About the function of IAA to control seeds dormancy, different scientists have different 
opinions. Khan (1975) thought that the effect on seeds dormancy of IAA was obvious, GA3 could 
receive seeds dormancy by inhibiting ABA, increasing IAA; Kochankov (1998) reported that IAA 
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involved in the regulation of dormancy. Yang and Fang (2008) suggested that the IAA content in 
seeds of Cyclocarya paliurus increased during cold stratification, which was thought to be 
beneficial to seeds germination. On the other hand, some research showed that IAA is 
disadvantage to seeds germination; Gao et al. (1998) reported that the increase of IAA in seeds 
resulted from the growth of embryo, and it was not highly correlated to seeds dormancy and 
germination. The present study indicated that the effects of IAA on seeds dormancy of C. walteri 
Wanger. were beyond doubt, but the effects were not significant (p < 0.05), and further 
investigation is needed.  

Plant hormones play central roles in the ability of plants to adapt to changing environments, 
by mediating growth, development, nutrient allocation, and source/sink transitions (Zvi and 
Eduardo 2011). The effect of hormone on plant physiological activity was not isolate, was restrict 
and promoted each other (Khan 1975, Horibe et al. 2010). Recent evidence indicated that plant 
hormones are involved in multiple processes, crosstalk between the different plant hormones 
results in synergetic or antagonic interactions that play crucial roles in response of plants to abiotic 
stress (Zvi and Eduardo 2011). 

Wareing and Saunders (2003) suggested that GA1/3 affected positively the receiving of seeds 
dormancy and germination by ABA and environment factors. This view has also been confirmed 
in the studies of Lactuca sativa (Gonai et al. 2004), Styrax japonicus (Wang et al. 2010), Fraxinus 
mandshurica (Ling 1986) , Ilex purpurea (Wang et al. 2010, Zhang et al. 2010) and so on. Bewley 
(1997) reported that GA1/3 did not involve the adjustment and control of the seeds dormancy but 
promoted and maintained seeds germination by antagonising ABA. In the study, there was 
negatively correlation between GA1/3 and ABA contents in seeds (Table 2), in spite of correlation 
was not significant (p > 0.05), such results manifested that there was certain antagonism function 
between ABA and GA1/3. 
 
Table 1. GR and GP of C. walteri seeds under different cold stratification. 
 

Days of  
treatment/d 

0 30 60 90 120 150 180 

GR /% 0 5.66±2.12e 12.85±2.89d 25.43±3.13c 34.81±5.11b 36.81±5.11b 41.34±5.28a 

GP/% 0 4.81±2.12e 10.23±3.34d 16.32±3.29c 23.23±4.32b 28.23±4.32b 36.13±4.89a 

Data were the mean ± Sd. Different normal letters indicate significant difference by multiple comparisons 
between stratification treatment (p < 0.05). 
 

Table 1 indicated that the effects of the cold stratification on both GR and GP were 
significant (p < 0.05), similar results were also reported on Vaccinium myrtilloides (Shafii et al. 
2009, Jessica et al. 2017), Pterocarya fraxinifolia (Shafii et al. 2009), rose (Sandhu and Conev 
2016) and so on. Seeds dormancy can also be controlled by environment and genetic factors 
(Syeda et al. 2002). Miransari and Smith (2014) reported that interactions between plant hormones 
and plant genes affect seed germination. Table 2 showed the correlation analysis between the 
endogenous hormone content, ratios and germination parameters of seeds after the cold 
stratification. The GR was significantly negatively correlated with GA1/3 and ABA (p < 0.05), the 
GP was so. IAA, ZRs and GA1/3/ABA were also negatively correlated with GR and GP, but not 
significant (p > 0.05). The iPAs, iPAs/ABA, ZRs/ABA and IAA/ABA were positively correlated 
with the GR and GP, despite of no significant (p > 0.05). Such results indicated common influence 
of different kinds of endogenous toseeds germination. 
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Table 2. The correlation matrix of five kinds of endogenous hormones and germination parameters of seeds. 
 

Parameters IAA ABA GA1/3 ZRs iPA IAA/ 
ABA 

GA1/3/ 
ABA 

ZRs/ 
ABA 

iPA/  
ABA 

GR GP 

IAA 1.000 0.692 0.182 0.130 -0.538 0.940 ** -0.554 -0.643 -0.661 -0.322 -0.331 

ABA  1.000 -0.746 0.290 -0.532 0.421 -0.079 -0.875 ** -0.781* -0.870 * -0.892 ** 

GA1/3   1.000 0.390 -0.092 -0.105 0.604 -0.568 0.000 -0.850 * -0.867 * 

ZRs    1.000 0.208 -0.057 0.302 0.204 0.134 -0.388 -0.440 

iPA     1.000 -0.422 0.503 0.597 0.935 ** 0.499 0.428 

IAA/ABA      1.000 -0.668 -0.466 -0.483 0.004 0.006 

GA1/3/ABA       1.000 0.229 0.420 -0.242 -0.244 

ZRs/ABA        1.000 0.832 * 0.676 0.678 

iPA/ABA         1.000 0.684 0.641 

GR          1.000 0.979 ** 

GP           1.000 

*Correlation was significant at the 0.05 level (2-tailed), **correlation was significant at the 0.01 level 
(2-tailed). 

Table 1 showed that both GP and GR of seeds cold stratified obviously rose, that of seed no 
stratification was almost zero. The difference of seeds germination which underwent the cold 
stratification for 120 and 150 days were not significant (p > 0.05), but both GR and GP increased 
obviously after 180 days of cold stratification, reaching 41.34 and 36.13%, respectively. Thus, the 
cold stratification may be an effective way to enhance seed germination. But the required time to 
relieve dormancy to different plants was different, such as Taxus chinensis var. Mairei about 1 
year to finish physiological ripening (Tan 1991, Liu et al. 2011), above 60 days for Punica 
granatum (Zafer et al. 2007), 5 weeks for Pterocarya fraxinifolia (Shafii et al. 2009). For C. 
walteri seeds more than 150 days cold stratification is essential to maximize seed germination 
percentage. The present study may help to provide reference to sowing and cultivation of C. 
walteri. 
 
Acknowledgement 
 The authors would like to thank Dr. Jiang Hao, Ding Jingjing, Wan Xin, et al. JAF, for their 
help to carry out the experiments. This work was jointly supported by the China National Forestry 
Bureau 948 Foundation (2011-4-30), Forestry Science and Technology Innovation Project of 
Jiangsu (LYKJ[2018]32 and LYKJ[2019]09) and the Doctor Foundation (40610108) from Jinling 
Institute of Technology (JIT), China. 
 
References 
Brault M and Maldiney R 1999. Mechanisms of cytokinin action. Plant Physiology and Biochemistry 37(5): 

403-412. 
Carr, N 2009. Plant Hormones//African Violet Magazine 62: 26. 
Chen QL,Wang HL, Wang ZF and Guo YH 2009. Effects of cold stratification and exogenous gibberellic 

acid (GA3) on seed germination and contentss of endogenous gibberellins (GAs) and abscisic acid (ABA) 
in Cistanche deserticola Y. C. Ma. Plant Physiol. Communi. 45(3): 270-272. 

 



EFFECTS OF COLD STRATIFICATION ON THE ENDOGENOUS HORMONE 513 

 

Du FY, Ruan, GH and Liu HW 2012. Analytical methods for tracing plant hormones, Analytical and 
Bioanalytical Chemistry 404(5): 55-74. 

Fu TT, Cheng HY and Song SQ 2009. Advances in studies of seed dormancy. Chinese Bull. Bot. 44(5): 
629-641. 

Han MY, Zhang MR and TianYM 2002. Effect of plant hormones on seed dormancy and seedling growth of 
stone fruits. Acta Bot. Boreal.-Occident. Sin. 22(5): 1348-1354. 

Horibe T, Ito M, Yamada K 2010. Effect of plant hormones on invertase activity and on petal growth of cut 
rose. Acta Horticulturae 870: 279-284. 

Jessica JH, Cagdas KY, Amanda LS, Jean-Marie S 2017. Effects of cold stratification on the germination of 
Vaccinium myrtilloides (common blueberry) and Vaccinium vitis-idaea (bog cranberry) seeds from 
Alberta, Canada. Native Plants Journal 18(3): 245-251. 

Kang YX, YunYJ, Zhao BX, Chen J and Kang J 2012. Seed propagation technique and seedling growth 
regularity of Cornus wateri. J. Northwest For. Univ. 27(3): 62-67. 

Karen K. Taninoa, Kirk M. Cherrya, Jillian N. Krigera, William Hrycana, Gift Marufua, Jeremy D. Thomasa, 
and Gordon R. Graya. 2014. Photosynthetic responses to temperature-mediated dormancy induction in 
contrasting ecotypes of red-osier dogwood (Cornus sericea L.), Environ.＆ Experi. Bot. 106: 221-230. 

Kermode AR 2005. Role abscisic acid in seed dormancy. J. Plant Growth Regul. 24(4): 319-344. 
Khan A. 1975. Primary, preventive and permissive role of hormones in plant systems. Bot Rev. 41(4): 391- 

420. 
Kim H and Song MJ 2011. Analysis and recordings of orally transmitted knowledge about medicinal plants in 

the southern mountainous region of Korea. J. Ethnopharmacol. 134: 676-696. 
Kim YS, Hwang JW, Kang SH, Kim HR, Je JY, Kim EH, Jeon YJ, Moon SH, Jeon BT, Park PJ 2013. 

Protective effects of Cornus walteri W. extracts on t-BHP-induced cell damage through antioxidant 
activity. Biotechnol. Bioprocess Eng. 18(4): 819-826. 

Lee SR, Nam JW and Kim KH 2017. New triterpenoids from the stems of Cornus walteri. Chem. Pharm. 
Bull. 65(7): 683-686. 

Lei NF, Peng SM and Niu B 2009. Changes on the endogenous phytohormone contents of the Davidia 
involucrate seed during dormancy and germination process. Guihai 29 (1): 66-69. 

Leubner-Metzger G. 2003. Functions and regulation of ß-1,3-glucanase during seed germination, dormancy 
release and after-ripening. Seed Sci. Res. 13: 17-34. 

Liu D, Yu, HL, Li FL, Guo HH 2011. An analysis of dormancy and dormancy release in Taxus chinensis var. 
mairei seeds. Seed Science and Technology 39(1): 29-43. 

Lovatt, CJ, Daoudi H, Ferguson L 2006. Efficacy of foliar-applied cytokinins and nitrogen to increase floral 
bud retention and to reduce alternate bearing of pistachio. Acta Horticulturae 727: 353-364. 

Miransari M and Smith DL 2014. Plant hormones and seed germination. Environmental and Experimental 
Botany 99: 110-121. 

Nasreen S, Yousaf M, Akbar SM and Mailk MA 2002. Study of seed dormancy mechanisms, causes and 
control. Asian Journal of Plant Sciences 1(2): 210-212. 

Park HC, Jung TK, Kim MJ and Yoon KS 2016. Protective effect of Cornus walteri Wanger in leaf against 
UVB irradiation induced photoaging in human reconstituted skin. J. Ethnopharmacol. 193: 445-449. 

Paul C and Don S 2005. Dogwoods. Timer Press, Inc. Oregon. 
Sandhu P and Conev R 2016. Effect of various stratification regimes on seed germination in cold-hardy 

garden roses. Acta Horticulturae 1127: 231-235. 
Shafii B, Price WJ, Barney DL and Lopez OA 2009. Effects of stratification and cold storage on the seed 

germination characteristics of cascade huckleberry and oval-leaved bilberry. Acta Horticulturae 2009 
(810 pt2): 599-608. 

Svendsen E, Wilen R, Stevenson R, Liu RS and Tanino KK 2007. A molecular marker associated with 
low-temperature induction of dormancy in red osier dogwood (Cornus sericea). Tree Physiology 27(3): 
385-97. 

 



514 DONGLIN et al. 

Syeda Nasreen, M. Yousaf, SM Akar and MA Mailk 2002. Study of seed dormancy mechanisms, causes and 
control. Asia Joural of Plant Science 1,2(210): 210-212. 

Tan YF 1991. Study on afterripening of Taxus marier seed. Journal of Central South Forestry Colledge 11(2): 
200-206. 

USDA Forestry Bureau 1984. American woody plant seed manual. China Forestry Publishing House, Beijing 
China. 

Werner T, Motyka V, Strnad M and Schmulling T 2001. Regulation of plant growth by cytokinin. PNAS 
98(18): 10487-10492. 

Yang WX and Fang SZ 2008. Dynamic changes of endogenous hormones in Cyclocarya paliurus seed during 
stratification. J. Nanjing For. Univ. (Na. Sci. Edi.) 32(5): 85-88. 

Zafer O, Fatih T, Askin G and Zeki Y 2007. Effects of sulphuric acid and cold stratification pretreatments on 
germination of pomegranate (Punica granatum L.). Seeds. Asian Journal of Plant Sciences 6(2): 
427-430. 

Zvi P and Eduardo B 2011. Hormone balance and abiotic stress tolerance in crop plants. Current Opinion in 
Plant Biology 14(3): 290-295. 

 
(Manuscript received 25 March, 2019; revised on 9 July, 2019) 


