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TÓM TẮT 
Hạt của cây đương qui Nhật Bản (Anglelica acutiloba Kitagawa) thường được gieo tháng 9 – 10, 

thu hoạch rễ vào tháng 9 năm sau ở các tỉnh miền núi phía Bắc Việt Nam. Cây con phải trải qua một mùa 
đông dài và lạnh. Do đó để nâng cao tỷ lệ nảy mầm và sức sống của cây con dưới điều kiện nhiệt độ 
thấp đồng thời xác định nhiệt độ thích hợp để cây con sinh trưởng là cần thiết. Thí nghiệm nghiên cứu 
ảnh hưởng của xử lý GA3 (100 ppm và 500 ppm) và Kinetin (100 ppm và 200 ppm) đến khả năng nảy 
mầm của hạt đương qui được thực hiện ở 10 và 15 oC, sinh trưởng của cây con được trồng ở 15 và 
25 oC trong điều kiện buồng sinh trưởng khép kín. Xử lý hạt với nước lã làm đối chứng. Kết quả nghiên 
cứu đã chỉ ra, ở nhiệt độ 15 oC,  xử lý hạt bằng GA3 500 ppm tốc độ nảy mầm là nhanh nhất. Sức nảy 
mầm kém (tốc độ nảy mầm chậm và tỷ lệ nảy mầm thấp) khi gieo hạt ở 10oC. Xử lý hạt với Kinentin 100 
ppm và 200 ppm đã làm tăng tỷ lệ nảy mầm và thời gian nảy mầm nhanh hơn các công thức khác. Khả 
năng sinh trưởng (diện tích lá, đường kính rễ, khỗi lượng rễ khô và tổng lượng chất khô) của cây con 
đương qui Nhật Bản ở nhiệt độ 25oC cao hơn sinh trưởng ở nhiệt độ 15 oC. Xử lý hạt bằng GA3 (100 ppm 
và 500 ppm), kinetin (100 ppm và 200 ppm) đã không ảnh hưởng đến khả năng sinh trưởng của cây con 
ở 15 oC trong suốt thời gian thí nghiệm.Gieo hạt trong điều kiện nhiệt độ thấp dưới 15oC, xử lý hạt bằng 
Kinetin 100 ppm có tác dụng tăng sức nảy mầm của hạt đương qui Nhật Bản.  

Từ khoá: Cây đương qui Nhật Bản, GA3, kinetin, sinh trưởng cây con, tỷ lệ nảy mầm.   

SUMMARY 
Seeds of Anglelica acutiloba Kitagawa, ‘Touki’, are usually sown in October and the roots are 

harvested in September of the following year in north Viet Nam. The seedlings have to stay under a 
cold winter condition. Therefore, improving the germination and seedling growth under low 
temperature is essential to produce seedlings with high quality. In the present study, the effects of 
GA3 and kinetin on germination of Touki seeds under low temperatures (10oC and 15 oC) were 
examined. The seedling growth at 25oC and at 15 oC in closed system was also examined. Experiment 
was conducted with 5 treatments for each temperature (i.e., 500 ppm GA3, 100 ppm GA3, 100 ppm 
kinetin, 200 ppm kinetin and distilled water). The results showed that among the five pre-treatments, 
the fastest germination rate belongs to seeds pretreated by GA3 500 ppm at 15 oC. Seeds germinated 
slowly and poorly at 10oC. Kinetin 100 & 200 ppm improved the germination percentage; mean 
germination time in seeds pretreated by kinetin 100 ppm was faster than those in the other treatment. 
Seedling quality (including leaf area, root diameter, root dry weight and total dry weight) was 
significantly better at 25oC than at 15 oC. Pre-treating the seeds by GA3 (100 ppm and 500 ppm) and 
kinetin (100 ppm and 200 ppm) did not affect the seedling growth of Touki seeds at 15 oC during the 
period of experiment. To sow the seeds at 10 oC, it is necessary to pretreat the seeds by kinetin 100 
ppm to improve the seed germination.  

Key words: Anglelica acutiloba Kitagawa, GA3, germination, kinetin, seedling growth. 
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1. INTRODUCTION  

In 1990, Angelica acutiloba Kitagawa, 
‘Touki’, was introduced in northern Viet Nam from 
Japan for medicinal purposes and was cultivated in 
the highland of north part of Viet Nam, said to be 
as a subtropical region (Pham, 2000). Recently, 
Touki cultivation has extended from the highland to 
the Red River Delta areas. 

The early establishment of uniform and 
vigorous seedlings is essential for high yields. 
Pham (2000) showed that Touki seeds should be 
better sown in the beginning of October. He also 
indicated that sowing the seeds in the late season 
(i.e. November or February), strongly decreased the 
germination percentage and root weight of Touki 
because of rapidly decreasing temperatures. After 
germination, seedlings stay under a cold winter 
condition without growing. One of the main 
challenges for Touki cultivation is improving the 
germination and seedling quality during low 
temperature conditions (winter season). 

The plant hormone gibberellin acid (GA3) 
plays an essential role in the control of various 
physiological processes in plant growth and 
development. It includies seed germination, shoot 
growth and cell division, and internodes elongation 
(Dong et al., 2005). To improve the germination 
of Echinacea angustifolia seeds, Duan et al. (2004) 
reported that GA3 and cytokinin affect the 
physiological and metabolic activities of seeds 
resulting in early germination. At a low temperature 
(e.g., 4oC), 1000 ppm GA3 increased the 
germination percentage of sambucus caerulea Raf 
seeds (Norton, 1986). At 15oC , soaking in 100 and 
500 mg L-1 GA3 increased the germination of 
sesame seed by 6-12% over control seed (Kyauk et 
al.,1995). 

Several studies showed that exogenous 
application of cytokinins stimulated the 
germination of seeds, growth, cell division and 
increases dry weight of a wide range of plant 
species (Vince et al., 2004; Thomas, 1997 and 
Miyoshi & Mii, 1995). Under cold condition (8 oC), 
GA3 alone or combination of GA3 with kinetin and 
ethephon applied via acetone reduced time to 
germination of Tomato (Rumpel and Szudyga, 
1978). For medicinal plant, pre-treating seeds by 
GA3 100 ppm for 24 hours improved the 
germination of Panax ginseng in Thai Land 
(Pittaya Sruamsiri et al., 1995). Seeds pretreated by 
GA3 also increased germination of India ginseng 

(Withania somnifera Dunal) (Kattimani and Reddy, 
1999) and improved germination and seedling vigor 
of Angelica gigas (Butola and Badola, 2004). 

The main objectives of this study were (i) to 
examine the effects of gibberellins (GA3) and 
kinetin and temperatures (10oC and 15 oC) on 
germination of Touki seeds in the laboratory. (ii) 
To examine the seedling growth under a low 
temperature (15 oC), and under a high temperature 
(25oC) in the closed system). 

2. MATERIALS AND METHODS  
 Seed collection 

Dry seeds of A. acutiloba Kitagawa `Touki` 
(Toyama Medicinal Plant Center in Toyama 
province, Japan) were packed in silver bag and 
stored at –20ºC from August 2002 to November 
2005.  

Germination tests 
To avoid fungal contamination, seeds were 

surface sterilized with sodium hypochlorite 
(NaOCl) containing 1% active chlorine for 20 
minutes and washed thoroughly with distilled water 
prior to sowing.  

Preliminary studies (e.g. Miyoshi & Sato, 
1997 and Duan et al., 2004) indicated that 
pretreatment by 0.001 M L-1 GA3 or cytokinin was 
more effective to stimulate the seeds germination of 
several species. Therefore, in this study, Touki 
seeds were pretreated with the following solutions 
individually: 

100 ppm GA3; (2) 500 ppm GA3 ;( 3) 100 ppm 
kinetin; (4) 200 ppm kinetin and (5) distilled water 
(control treatment). 

Fifty seeds for three replications were placed 
in Petri dishes (6 cm × 1.5 cm), 10 ml of solution 
was added to each dish. The dishes were kept at 
room temperature for 12 hours. Then, the pretreated 
seeds were transferred to Petri dishes lined with 
filter papers (No2, Advantec, Toyo Roshi Kaisha, 
Ltd, Japan) and 7 ml distilled water was added to 
each dish. These seeds were incubated at 10 ºC and 
15 ºC in the dark. Seeds were considered to be 
germinated when radicles appeared. Germination 
was recorded daily until no more radicles formed 
for three consecutive days. Seeds that did not 
germinate at 10ºC, were incubated at 20ºC (i.e., the 
optimal germination temperature for Touki seeds, 
Ninh et al., 2006) to examine the recovery of 
germination ability. 



Ninh Thi Phip, Hiroshi Nojima and Toru Tashiro 

219 

Seedling growth 
   After 17 to 21 days of incubation, the 

germinated seeds, at 15 oC were transplanted in 2-
cm diameter cell trays. The trays were filled with 
sterized field soil mixed with 10% Perlite, 10% 
vemiculite and 10% manure. The trays were placed 
under a conventional growth chamber adjusted at 
15oC with a light period of 12 hours using 
fluorescents lamps. Two weeks after transplanting, 
healthy seedlings were selected from each 
treatment and divided into two groups. One was 
grown in a closed system - Taiyou kougyou, Japan) 
provided with high carbon dioxide condition (1000 
ppm), 75% relative humidity, constant temperature 
(25oC /18oC day/night) and a light period of 12 
hours using fluorescent lamps. The other was 
grown in a normal growth chamber adjusted at 75% 
relative humidity, constant temperature (15oC) and 
a light period of 12 hours using flourescent lamps. 

Plant sampling 
Eight seedlings for each pretreated treatment 

were selected at 15oC (in a conventional growth 
chamber) and 5 seedlings were selected at 25oC (in 
a closed system) and harvested at 8 weeks after 
transplanting. The foliar area per seedling was 
measured with an automatic area meter, and the 
root diameter was measured with digital calibers. 
The seedlings were divided into three parts: leaf, 
stem including of petiole and root), dried at 70oC 
for 48 hours in a convectional oven and weighed.   

Data analysis 
 Seed germination and seedling emergence 

percentages were arcsine-transformed to meet the 
assumptions of ANOVA. Germination and 
emergence percentages, mean germination time 
(MGT) and mean emergence time (MET) were 
calculated with standard errors. MGT and MET 
were computed according to the formula (Bewley 
and Black, 1994):  

      MGT =Σ (t × ni)/ Σ ni and 
      MET =Σ (t × nj)/ Σ nj,  
where t is the time (in days) starting from day 

0 (the day of sowing); ni is the number of seeds that 
completed germination on day t; and nj is the 
number of seeds with complete emergence of the 
seedlings on day t.  

Tukey test was used to compare the significant 
differences of the treatment means. 

3. RESULTS 
3.1. Effects of pretreatment by GA3 and kinetin 
        on germination percentage and time 

(i) Germination percentage 
The results in Fig.1 showed that at 15oC, high 

germination percentage was obtained from all 
treatments and varied from 74.0% to 86.7%. A 
significant difference was found between the 
germination percentages of seeds pretreated by 500 
ppm GA3 comparing with those pretreated by 100 
ppm and 200 ppm kinetin. However, the germination 
percentage of seeds pretreated by 100 ppm and 500 
ppm GA3 did not differ significantly from those 
pretreated by distilled water (control treatment). 
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Fig. 1. Effect of pretreatments on germination percentage in Angelica acutiloba Kitagawa seeds, 

SE = error bar 
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At 10oC, the germination percentages of all 
pretreated seeds by GA3 and kinetin were quite low 
(varied from 21.4% to 46.7%). The germination 
percentage were significantly higher in the seeds 
pretreated by kinetin 100 and 200 ppm than those in 
the seeds pretreatment with GA3 100, 200 ppm and 
control treatment. The germination percentages of 
incubated seeds at 15oC was significantly (P<0.05) 
higher than those incubated at 10 oC. The average 
value of germination percentage was 79.1% at 15 oC 
and 29.5% at 10oC. Accordingly, the germination 
percentage was strongly affected by temperatures. At 
10oC, the germination percentages obtained from 
control seeds for 60 days incubation was only 8%. 
However, a high recovery of germination percentage 
(86.4%) was recorded after transferring seeds to 
20oC incubation.  

(ii) Mean germination time 
At 15 oC, the mean germination time was 

decreased for seeds pretreated with 500 ppm GA3 
compared to those of distilled water (control). The 
mean germination time was 19.5 days for 500 ppm 
GA3 and 23.0 days for control treatment. The mean 
germination time was not significantly different 
(varied from 21.4 days to 24.6 days) for seeds 
pretreated by 100 ppm GA3, 100 ppm and 200 ppm 
kinetin and control (Fig.2).  

At 10 oC, the mean germination time was 
apparently higher in the seeds without treatment 
(44.7 days) than those in the other treatments. 
Seeds pre-treated by kinetin 100 ppm germinated 
faster than those pretreated by 200 ppm kinetin, 
100 ppm and 500 ppm GA3. 

The mean germination time was significantly 
affected by temperatures. At 15 oC, mean 
germination time was 22.5 days which was 
significantly faster than those at 10 oC (39.8 days).  

3.2. Effects of pretreatment by GA3 and Kinetin 
       on seedling growth 

Seeds pretreated by GA3 and kinetin and 
distilled water were grown under high temperature 
(25oC) and under low temperature (15oC) in a 
closed system. Measured parameters such as: 
leaves area, root diameters, root weight, total dry 
weight and root/shoot ratio will be shown as 
follows: 

(i)Leaves area 
At 25 oC, the leaf area per seedling was 

significantly higher for seedlings obtained from 
seeds pretreated by 500 ppm GA3 (24.64 cm2) than 
those obtained from seeds pretreated by other 
treatments (varied from15.84 cm2 to 19.24 cm2 
among the different treatments).  

At 15 oC, the leaf area of seedlings was not 
significantly different among the treatments. The 
leaves area varied from 7.66 cm2 to 12.38 cm2 at 8 
weeks after transplanting (Fig. 3). 

The leaves area of seedlings was significantly 
higher at 25 oC (18.6 cm2 on average) than that at 
15 oC (9.9 cm2 on average). About twice the leaf 
area was found at 25oC compared to 15 oC. 

(ii) Root diameter 
At 25 oC, the root diameters of seedlings were 

not significantly different amongst the treatments, 
and varied from 4.21 mm (100 ppm kinetin) to 5.82 
mm (500 ppm GA3). 

Likewise, at 15 oC, root diameters of seedlings 
were not affected by seed pretreament. 

At the high temperature (25 oC), the results 
showed a higher root diameter of seedlings 
obtained from all the treatments comparing with 
those at low temperature (15 oC) (Fig.4). 
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Fig. 2. Effect of pretreatments on mean germination time  in Angelica acutiloba Kitagawa seeds, 

SE = error bar 
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Fig. 3. Effect of pretreatment on leaf area of seedling at 8 weeks after transplanting, SE = error bar 
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Fig. 4. Effect of pretreatment on root diameter of seedling at 8 weeks after transplanting, 

SE = error bar 
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Fig. 5. Effect of pretreatment on root dry weight of seedling at 8 weeks after transplanting, 

SE = error bar 
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(iii) Root dry weight 

At eight weeks after transplanting (Fig.5), the 
highest value of root dry weights of seedlings was 
obtained from seeds pretreated by 500 ppm GA3 
(0.34 g per seedling).  

The statistical results showed a significant 
difference in root diameters of seedlings belonging 
to seeds pretreated by 500 ppm GA3 compared to 
those pretreated by other pretreatments at 25oC. 
However, at low temperature (15oC), the root 
weights of seedlings obtained from seeds of any 
pretreatment were not improved in comparison with 
those obtained from distilled water. 

The root dry weight of seedlings grown under 
a high temperature (25oC) was greater (0.19 g on 
average) than those grown under low temperature 
(15 oC) (0.09 g on average). 

(iv) Total dry weight  

Fig. 6. showed that at 25oC, the total dry 
weight seedling obtained from seeds pretreated by 
500 ppm GA3  was 0.53 g per seedling at 8 weeks 
after transplanting. This was significantly higher 
than those obtained from seeds of other treatments 

(varied from 0.25g to 0.33 g).  

Under low temperature (15oC), the total dry 
weight per seedling was not significantly affected 
by any pretreatment and varied from 0.12 g per 
seedling (from seeds pretreated by 100 ppm kinetin 
treatment) to 0.18 g per seedling (from seeds 
pretreated by 500 ppm GA3 treatment). 

By comparing the total dry weights per 
seedling under two temperatures, the total dry 
weight of seedlings grown under high temperature 
(25oC) was significantly higher than those grown 
under low temperature (15 oC). The average valued 
of total dry weight per seedling was 0.16 g at 15oC 
and 0.33 g at 25oC. 

(v) Root/shoot ratio 

Results of root/shoot ratio after 8 weeks of 
transplanting at 15oC and 25oC showed no 
significant difference among the pretreatments for 
each temperature. The root/shoot ratio ranged from 
1.21 to 1.78 (at 15oC) and from 1.13 to 1.37 (at 
25oC). At 15 oC root/shoot ratio was significantly 
higher (P<0.05) than that at 25oC. The average 
values of root/shoot ratio were 1.24 at 25oC and 
1.57 at 15 oC (Fig.7). 
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Fig. 6. Effect of pretreatment on total dry weight of seedling at 8 weeks after transplanting, 
SE = error bar 
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Fig. 7. Effect of pretreatment on root/shoot ratio of seedling at 8 weeks after transplanting, 
SE = error bar 

4. DISCUSSION 
4.1. Effects of GA3 and kinetin on germination 
       and seedling growth 

(i) Effects of GA3 on germination and seedling 
growth 

Results of our previous studies (Ninh et al., 
2006) showed that the optimal temperature for 
germination of Touki seeds is 20oC. Also at 15oC, 
germination percentage of Touki seeds did not 
reduce significantly compared to that at 20 oC. 
However, mean germination time was significantly 
increased. Therefore, in the present study, to 
enhance germination rate at low temperature (10 
and 15 oC) the seeds were pretreated by GA3 and 
kinetin. The results showed that seed pretreated by 
500 ppm GA3 improved the mean germination time 
(Fig.2) at 15 oC, while, the germination percentage 
was not improved. The germination percentage and 
mean germination time of seeds pretreated by 500 
ppm GA3 was not improved at a lower temperature 
of 10 oC. For seedling growth obtained from seeds 
pretreated by 500 ppm GA3, the results were also 
comparable to the mean germination time. The 
effects of temperature on GA3 activity were 
explained by Aung and Rees (1974). They found 
that free GA3 activity has a positive effect on tulip 
shoots and root growth. GA3 activity increased with 
increasing temperature and decreased with 
decreasing temperature and opposite to bound GA3 
activity. Stoddart et al. (1978) also found that at 
low temperature of 9.5 oC, low GA3 activity led to a 
low growth rate of lettuce, but increasing 
temperature progressively increased hypocotyls 
elongation at 10-4M GA3. On the other hand, Kyauk 

et al. (1995) reported that germination of sesame 
seeds pretreated by 100 and 500 ppm GA3 for 2 or 
12 hours increased by 6-8% compared to distilled 
water. They also indicated that the root and shoot 
lengths of sesame seedlings were not affected by 
the pretreatment of seeds with GA3 at low 
temperature of 15 oC. However, the root/shoot ratio 
was higher under low temperature (15 oC) than 
under high temperature (25 oC). These results are 
similar to the results of the present study. Figs 3; 4; 
5 & 6 showed that the seedling parameters (i.e. leaf 
area, root diameter, root weight and total dry 
weight) were not affected by GA3 treatments at 15 

oC. In contrast to our present results, Ojala (1985) 
reported that seeds pretreated by two concentrations 
of GA3 (0.1% and 0.01%) resulted in reducing the 
germination percentage of Angelica archangelica. L.  

(ii) Effects of kinetin on germination and 
seedling growth 

100 ppm and 200 ppm Kinetin did not affect 
the germination rate of Touki seeds at 15oC (Fig.1). 
However, seeds pretreated by 100 and 200 ppm 
kinetin increased the germination percentage at low 
temperature (10 oC). The peak germination time in 
seeds pretreated by 100 ppm kinetin was faster than 
those from other treatments (Fig.1 & Fig. 2). 
Hence, pretreatment with 100 ppm kinetin 
enhanced the germination of seed under low 
temperature (10 oC). This result was in accordance 
with the results of Wang et al. (1996), who reported 
that kinetin stimulated germination of corn and 
soybean under a low temperature of 10 oC, at 
temperatures of either (15 oC or 25 oC) 100 ppm and 
200 ppm kinetin did not affect the seedling growth.  
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4.2. Effects of temperatures on germination and 
       seedling growth 

Touki seeds germinated highly at 15oC 
without any pretreatment. But, the germination 
was quite poorly at 10oC without pretreatments 
(Fig.1& 2). Therefore, a temperature less or equal 
to 10oC is not suitable for germination of Touki 
seeds. A high recovery percentage of Touki seed 
germination was recorded at 20oC indicating that 
Touki seeds may restore their germination ability 
under a temperature higher than 10oC (Ninh et al., 
2006). Seedling parameters (i.e., leaf area, root 
diameter, root weight, total dry weight) were 
significantly higher at 25oC than those at 15oC 
(Fig.3; Fig. 4; Fig. 5 & Fig. 6). The present results 
were similar to the results of Lay et al. (1992), who 
found that the growth of Touki plant was better at 
25oC than at 15oC. 
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