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ABSTRACT 
 
This study was conducted to improve the seed germination of Korean mountain 
garlic (Allium victorialis var. platyphyllum). The seeds for this study were 
harvested from three localities of Ulleung-do, Mt. Odae, and Mt. Jiri in 2005 and 
2006. After physico-chemical treatments, their shape, weight, and seed 
germination characteristics were investigated. In seed shape and color, there 
was no difference; the seeds remain circle and black. In seed size, the seeds from 
Ulleung-do were the biggest and the heaviest (14.1g) in thousand seed weight. 
The seeds harvested in 2006 showed much higher seed vigor than the ones in 
2005 and Ulleung-do locality showed relatively higher vigor than the others. 
Meanwhile, seed germination percentage showed statistically significant 
differences by seed treatment (P≤0.001) and by locality (P≤0.001). The 
germination rate did not increased when seeds were treated with thiourea 
(0.2%), KNO3 (0.2%), NaOCl (1 %), and H2SO4 (1%). The germination rate, 
however, was increased to 95.5-98.1% by physically scarring and Ulleung-do 
locality among three localities was the highest. Also the scarred seeds 
germinated in 1.0-1.3 day while the seeds with non-treatment and chemical 
treatments were germinated in 48.7-58.2 days. In conclusion, physically scarring 
treatment of seed was found to be highly effective to improve seed germination 
rate and also to shorten seed germination time of A. victorialis var. platyphyllum. 
However, much labour might be needed for physically scarring; therefore, more 
research would be needed to reduce the labour. 
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INTRODUCTION 
 
Allium victorialis var. platyphyllum is a typical polycarpic 
perennial (Alliaceae) that is indigenous in the sub-alpine 
or alpine forests of Korea, Japan, and China (Shoichi and 
Yukio, 2005; Suh et al., 1996). A. victorialis var. 
platyphyllum, popularly called ‘Mountain Garlic 
(Sanmanul)’ in Korea, is known to be widely distributed in 
Mt. Odae, Mt. Jiri, Ulleung-do, etc. (Yoo et al., 1981). As a 
traditional oriental medicine for a long time in Korea, A. 
victorialis var. platyphyllum has been used fresh or cooked 
for anti-inflammation of the stomach, vitamin supply, and 
cardiotherapy. It was recently revealed that extracts of A. 
victorialis var. platyphyllum inhibited arteriosclerosis, 

known as a severe adult disease (Kim et al., 2000), and had 
anti-tumor activities (Lee et al., 2001) and anti-mutagenic 
effects (Ham et al., 2004). Meanwhile, with growing 
interest as a promising functional herb, A. victorialis var. 
platyphyllum has been recklessly harvested from 
mountains and there is considerable concern about its 
habitat destruction or extinction. Therefore, to conserve 
the plant and maintain the profit by artificial cultivation, 
researches on germination and propagation have been 
increased (Suh et al., 1996; Kang et al., 2000). A. victorialis 
var. platyphyllum can be propagated by bulb separation, 
but seed propagation could be more efficient method for 
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Figure 1. Length (A), width (B), and thickness (C) in 
seed of A. victorialis var. platyphyllum. 

 
 
mass propagation only if the seed germination rate is 
highly achieved. Seed germination rate and reproductive 
efficiencies of A. victorialis var. platyphyllum is very low, 
also germination period is long under the condition of 
nature. Thus, for the artificial cultivation of A. victorialis 
var. platyphyllum, it is urgently needed to improve its 
germination rate and reproductive efficiency. A. victorialis 
var. platyphyllum undergo seed dormancy, so they have to 
be pretreated for dormancy breaking before sowing (Suh 
et al., 1996). To promote the seed germination, in many 
wild herbs, several methods have been used such as 
temperature treatment (Kwon et al., 1993) and 
applications of growth regulators such as KNO3, KOH, etc. 
(Cho, 1984; Kim et al., 1996). Seeds of A. victorialis var. 
platyphyllum have a hard coat, which is known to cause 
slow and poor germination because of its low water 
permeability (Hill et al., 1986; Park et al., 1998). Generally, 
the seeds with hard coat are treated by chemical agents 
such as sulfate and nitrate or by mechanical treatment 
such as scarring to improve the seeds’ water penetration 
and to promote the dormancy breaking (ISTA, 2006). Suh 
et al. (1996) reported that the seeds of A. victorialis var. 
platyphyllum collected from Mt. Odae showed a negatively 
photoblastic characteristic when they were sown after wet 
storage at 5°C for 40 days. Also, they it was discovered that 
the optimum temperature for their germination was 20°C. 
Kang et al. (2000) suggested that the germination 
characteristics of A. victorialis var. platyphyllum differed 

depending on their pretreatment conditions. In their 
study, the seeds from Ulleung-do showed no germination 
without any pretreatment such as light control or cold wet 
storage or the alternating temperatures and the highest 
germination rate was shown under the dark condition.  
These results suggest that the seed germination 
characteristics of A. victorialis var. platyphyllum could vary 
according to seed shapes or seed source or storage 
conditions.  
Here, the effects of physically scarring and chemical 
application on improvement of seed germination and 
shortening of seed germination period of A. victorialis var. 
platyphyllum was examined based on seed source locality 
and year of seeds harvested. 
 
 
MATERIAL AND METHODS 
 
Bulbs of A. victorialis var. platyphyllum were collected from 
Ulleung-do, Mt. Odae, and Mt. Jiri in 2004. The bulbs from 
these three localities were cultivated in the experimental 
field of the Highland Agriculture Research Institute (HARI) 
located in Daegwallyeong (asl 750 m). The seeds used in 
this experiment were harvested from these bulbs grown in 
the experimental field of HARI in 2005 and 2006. Seed 
shape was investigated by measuring the length, width, 
and thickness of the seeds with a vernier caliper (Figure 
1). Seed vigor was determined by the tetrazolium reaction, 
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Figure 2. Color of the embryo and endosperm of A. 
victorialis var. platyphyllum after treating with 
tetrazolium solution (vigorous seed (A), partially 
decayed seed (B), and totally decayed non-
vigorous seed (C)). The arrows indicate remains 
attached to the hilum of a seed. 

 
 
according to the method of Lee et al. (1997), with a slight 
modification. Fifty seeds per experimental unit were 
randomly selected in three replicates. The seeds were 
soaked in a Petri dish (90 mm in diameter) with distilled 
water and placed at 25°C for 16 h in a temperature-
controlled chamber (DI-3154, Dong Yang Sci. Co., Korea). 
The seeds were cut into two and soaked in the solution 
with 1% 2,3,5-tryphenyl tetrazolium chloride and placed 
in a dark chamber at 35℃ for 1 h. Then the seeds were 
washed in running water and the color of the cut surface 
was noted (Figure 2). The seed vigor was expressed as the 
percentage of the number of vigorous seeds to the total 
number of seeds.  

For physical scarring and chemicals application, carefully 
selected seeds were used (deform or immature or 
discolored or decayed seeds were removed). The chemical 
treatments were conducted with thiourea (0.2 %), KNO3 
(0.2 %), NaOCl (1 %), and H2SO4 (1 %). First, seeds were 

soaked in the solutions of thiourea, KNO3, and NaOCl for 6 
h, and in H2SO4 for 2 h, and then they were thoroughly 
rinsed in running tap water. Later, they were dried for 12 h 
at room temperature and germinated on wet filter paper 
(Whatman No. 6) with distilled water in a Petri dish (90 
mm in diameter). Method of physical scarring is shown in 
Figure 3. The scarring part was determined by checking 
the position of the radical inside the seed (Figure 3 (A); 
Haim and James, 1990). The seed coat was cut partly along 
the arrow line with a keen scalpel (Figure 3 (B)) and then 
the seeds were immediately placed on wet filter paper in a 
Petri dish. To investigate the germination rate, three 
replications of fifty seeds were the basic unit for all the 
treatments throughout the experiment, in a completely 
randomized design. Germination was considered as the 
time when the radical emerged more than 1 mm out of the 
seed coat. Germination was investigated up to 70 days 
after the treatments until no further germination took 
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Figure 3. A longitudinal cross section of seed of A. victorialis var. 
platyphyllum and the part of seed coat for physically scarring. The 
arrows indicate the radical part (A)(C). Physically scarring was done 
along the dotted line (B) and the radical was shown after physically 
scarring (C). 
 
 
 

place. It was expressed as the percentage of the seeds that 
germinated out of all the tested seeds. Germination time 
(GT) was calculated using the equation  
 
‘GT = ∑(nd/N)’ (Ellis and Roberts 1980).  
Where ‘n’ is the number of newly germinated seeds 
between inspection intervals 
‘d’ is the incubation days and 
‘N’ is the total number of germinated seeds. 
 
 
RESULTS AND DISCUSSION 
 
The seeds from the three local sources had the same seed 
shape (circle) and seed coat color (black) (Table 1). 
Kanazawa and Yakuwa (1989) reported that the seed coat 
color of A. victorialis L. turned from white to brown 28 
days after pollination. As the seeds matured, their coat 
color became fully black about 50 days after their 
pollination. Yoo et al. (1998) said the seeds of the native 

Korean A. victorialis L. mature with a black color and with 
an irregular curvature. In this study, it was thought that 
there will be no difference in seed coat color because the 
fully matured seeds were thoroughly selected for this 
study. Meanwhile, Kang et al. (2000) reported that the 
seed coat of the Ulleung-do native was glossy, unlike the 
one from Mt. Odae. In this study, however, even the seeds 
harvested from the same native varied and we were not 
able to observe any regular tendency. Other crops with 
hard seed coat like soybean and seed coat’s lightness were 
known to have a correlation with unsaturated fats, 
arabinose and xylose, which were contained in the seed 
coat (Kim, 2005). Differences of seed coat’s glossiness in A. 
victorialis L. might be caused by differences of components 
contained in seed coat. More detailed research is needed to 
understand the sources of differences.  

As for the length, width, and thickness of the seeds, those 
from the Ulleung-do were 3.2, 2.9 and 2.9 mm, 
respectively, which means they were bigger than the seeds 
from Mt. Odae and Mt. Jiri. The seeds from Ulleung-do 
were also heavier than the seeds from the other sources by 
1,000 grams, whereas those from Mt. Odae and Mt. Jiri had 
no differences. This result is similar to that of the study of 
Kang et al. (2000), in which the length, width, and 
thickness of the seeds from Ulleung-do were 3.4, 3.0 and 
2.7 mm, respectively. And the plant was bigger and heavier 
than the seeds from Mt. Odae. The seed vigor through a 
tetrazolium test was shown in Figure 4. The seeds 
harvested in 2005 showed much lower level (48.4%) than 
the seeds (92.9%) in 2006. The one from Ulleung-do was 
relatively higher than those from the other locals and there 
was no difference between Mt. Odae native and Mt. Jiri 
native. From this result, it was discovered that the seeds 
recently harvested were more favorable than old seeds; 
therefore seed source is an important factor for stable 
germination as well as improvement of germination 
percentage. Similar result was obtained by Kang et al. 
(2000), who reported that seedlings sown immediately 
after seed collection germinated, whereas the seedlings at 
30 or 60 days after seed collection did not show any sign of 
budding. 

They assumed that it might have been caused by the 
seedling’s dormancy as affected by drying. However in this 
study, the high percentage in non-vigorous seeds collected 
in 2005 was common because of seed decay (Figure 2 (C)). 
The seed decay was thought to be related to pathogen 
contamination of remains (See an arrow on Fig. 2 (B)) 
attached to the hilum of seed. In Figure 2 (B), a symptom of 
the decay was shown from the hilum into the center. Some 
pathogenes were found in the remains on the hilum at the 
harvesting time of the seeds. The activity of pathogens was 
likely to have progressed inside the seed throughout the 
hilum during seed storage. Therefore, it was considered 
that diseases, seed transmission as well as seed dormancy 
should be taken into account to improve the germination 
rate. However, there are very few researches associated 
with the disease of A. victorialis var. platyphyllum, thus, 
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Table 1. Characteristics of seed shapes, seed coat’s colors, and thousand seed weights in three A. victorialis var. platyphyllum from 
three localities. 

 

Locality Shape Color 
Length 
(mm) 

Width 
(mm) 

Thickness 
(mm) 

Weight 
(g-1 ·1,000grains) 

Ulleung-do Circle Black 3.2±0.19z a y 2.9±0.33 a 2.9±0.28 a 14.1±0.34 a 
Mt. Odae Circle Black 2.4±0.08 b 2.4±0.07 b 2.3±0.13 b 6.5±0.14 c 
Mt. Jiri  Circle Black 2.5±0.07 b 2.4±0.06 b 2.2±0.11 b 7.1±0.12 b 

 

zEach value represents the mean±standard deviation of three replicates. 
y Means followed by the same letters within columns are not significantly different at 5% level by DMRT. 

 
 
 

 
 

Figure 4. Rate of vigorous seeds by tetrazolium test among three A. victorialis var. 
platyphyllum localities. *The year of seed harvesting. Vertical bars indicate mean±standard 
deviations of three replicates. The same letters within columns are not significantly 
different at 5% level by DMRT. 

 
 
more researches are necessary.  

Meanwhile, alternating temperature with wet storage 
(20℃ for 9 h, 15℃ for 15 h after wet storage at 5℃ for 20 
days) or hot water (80℃) after drying was not helpful in 
improving the germination rate (unpublished data). 
Germination rate showed statistically significant difference 
as affected by physico-chemical treatment (P≤0.001), by 
locality (P≤0.001), and physico-chemical treatment × 
locality (P≤0.001) (Table 2). Among chemicals used in this 
study are H2SO4, it showed relatively high levels over 60% 
in all three localities, but there was no difference with the 
control. Kang et al. (2000) also reported that chemicals 
such as NAA and GA3 and KNO3 did not affect seed 
germination improvement of A. victoriallis. In other crops, 
some researchers reported that GA3 and KNO3 improved 
the germination of Bupleurum falcatum (Lee and Kim, 
1996) and that GA3 treatment improved the seed 
germination of Allium senescens and Hosta yingeri (Kim et 
al., 2005) and of Scrophularia takesimensis (Kang et al., 
2009). From these results, it was considered that the 
effects of chemicals on seed germination can be affected by 
species or cultivars.  

In this study, the physical scarrification showed the 
highest germination percentage (95.5-98.1%) and the 
shortest time (1.0-1.3 day). Among localities, the seeds 
from Ulleung-do showed the highest percentage and it 
took only one day from scarrification to seed germination. 
Many studies reported that the germination ability of 
crops with hard seed coat has improved after water 
absorption was eased and after their dormancy was 
broken through mechanical scarrification (Doo et al., 2001; 
Manning and van Staden, 1987; Bevilacqua et al., 1987). 
Also, it is suggested that the difference of germination rate 
between scarrification and non-treatment was mainly 
caused by water absorption ability or water absorption 
volume and that the water absorption speed was 
especially influenced by seed size and seed density (Quast 
and da Silva, 1977; Doo et al., 2001).  

In this research, the seeds from Ulleung-do, the biggest 
among three locals, might be more beneficial in water 
absorption than the other two natives. The embryo grew 
about 1.5-2 mm at 24 h (Figure 5 (A)) after physically 
scarring and the parts considered as a radical (R) and a 
shoot apex (SA) were observed around 6-7 days. With  
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Table 2. The seed germination rate and germination time among A. victorialis var. platyphyllum localities as affected by the 
chemicals treatment and physical scarring. 
 

Seed treatment 

 

Locality Seed germination 

(%) 

Germination time 

(days) 

Control Ulleung-do 63.0±1.3z 48.7±4.1z 
 Mt. Odae 58.3±1.1 52.1±2.6 
 Mt. Jiri 62.4±1.9 54.0±3.6 
Thiourea Ulleung-do 59.3±1.7 51.3±1.2 
 Mt. Odae 55.2±1.6 53.0±2.7 
 Mt. Jiri 63.1±1.7 51.0±4.6 
KNO3 Ulleung-do 64.4±1.3 51.3±2.9 
 Mt. Odae 50.9±2.8 50.0±4.6 
 Mt. Jiri 66.4±2.3 55.3±4.0 
NaOCl Ulleung-do 50.1±1.4 51.7±2.1 
 Mt. Odae 50.1±1.9 55.0±3.6 
 Mt. Jiri 50.7±3.0 58.2±3.8 
H2SO4 Ulleung-do 61.1±1.8 49.3±2.5 
 Mt. Odae 60.2±2.0 50.3±2.5 
 Mt. Jiri 64.4±2.0 51.0±5.3 
Scarring Ulleung-do 98.1±0.7 1.0±0.0 
 Mt. Odae 96.6±1.5 1.0±0.1 
 Mt. Jiri 95.5±1.0 1.3±0.6 
Seed treatment 
Locality 
Seed treatment× Locality 

*** 
*** 
*** 

*** 
* 

NS 
 

zEach value represents the mean±standard deviation of three replicates. 
NS,*,**,***Non-significant or significant at P≤0.05, 0.01, or 0.001, respectively. 

 
 
 
 

 
 
Figure. 5. The germination of seeds of A. victorialis var. platyphyllum (Ulleung-do locality) at 24h 
(A), 14 days (B), and 20 days (C) (D) after physical scarring. In this figure, R is an abbreviation 
for radical and SA for shoot apex and HR for hairy roots. 
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enlarging of R and SA, bending of cotyledon which was 
shown typically during a germination of Allium crops such 
as an onion was observed around 10 days after physically 
scarring (Figure 5 (B)) and then development of primary 
root around 20 days (Figure 5 (C)). During growth of the 
seed sown in the gardening soil at 20 days after physically 
scarring, we were able to observe R and SA and hairy roots 
(Figure 5 (D)). 
 
 
CONCLUSION  
 
In summary, to improve the seed germination rate and to 
shorten the seed germination time in A. victorialis var. 
platyphyllum, it is advisable to use seeds as soon as 
possible after harvest and applied physically scarring 
treatment. However, the drawback of physical scarring is 
the intense of labor. Other means of physical scaring with 
less labor can be further explored for more effective 
artificial mass cultivation. 
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