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(25 mm × 150 mm) 10 mL

200–250
 (25 ± 1) 38 �mol·m-2·s-1

14  

1 ( ) 2 ( ) 3 (
) 4 (

0.5 cm) 5 ( 0.5 cm) 5
1 50

 ( ) 

 
4 SAS 9.1.3

 (SAS Institute Inc. 2002) 
 (ANOVA) 
least significant difference (LSD) 

 

 

 
120

8
20

100%
50

5 1/2 MS

4 5 39.1%  

 

1 A) 1 (B) 2 (C) 3
(D) 4 0.5 cm (E) 5 0.5 cm 

(Bar = 5 mm)
Fig. 1. Stages of seedling developmental of Bletilla formosana in in vitro culture.  (A) Stage 1, protocorm; (B) Stage 
2, protocorm with 1st leaf; (C) Stage 3, formation of 2nd leaf < 0.5 cm in length; (D) Stage 4, formation of 2nd leaf > 
0.5 cm in length; (E) Stage 5, formation of 3rd leaf > 0.5 cm in length. (Bar = 5 mm) 
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( 1) VW

MS 4 5
12.2 mg 20.2 mg

1/2 MS 10.7 mg 12.7 mg  

0.1%
 

0.1%
50

100%
1/2 MS

4 5
46.2% MS

38.6% ( 2) 1/2 MS
MS 5

20.0 mg 20.8 mg
VW 7.4 mg

 ( 1)  

1. 
Table 1. Effect of different basal salt media on in vitro seed germination and seedling development of Bletilla 
formosana 

 
Basal salt 
formula z 

Seed 
germination 

% of seedling at various 
developmental stages x 

Fresh weight of seedling at various developmental stages 
(mg/seedling) 

(%) y 1 + 2 3 4 + 5 2 3 4 5 

HYPONeX  100 a w 66.5 ± 2.21 b 16.3 ± 1.87 b 17.2 ± 0.63 b 3.3 ± 0.14 bc 5.5 ± 0.32 b 7.8 ± 0.43 cd 10.5 ± 0.56 c
Kundson   98 a 67.4 ± 2.70 b 9.2 ± 0.96 c 21.4 ± 1.85 b 2.7 ± 0.13 cd 4.3 ± 0.28 c 8.5 ± 0.42 c 10.2 ± 0.83 c
VW  99 a 90.4 ± 0.72 a 1.8 ± 0.10 d 6.8 ± 0.69 c 4.3 ± 0.30 a  4.8 ± 0.40 bc 7.0 ± 0.48 d 10.2 ± 0.45 c
1/2 MS 100 a 38.1 ± 1.57 c 22.9 ± 2.51 a 39.1 ± 3.60 a 3.7 ± 0.24 ab 7.7 ± 0.42 a 10.7 ± 0.51 b 12.7 ± 0.46 b
MS 100 a 72.0 ± 4.84 b 12.5 ± 2.67 bc15.5 ± 2.24 b 2.4 ± 0.17 d 7.0 ± 0.30 a 12.2 ± 0.28 a 20.2 ± 0.38 a
z Bacto agar (0.8%) and sucrose (3%) were used to prepare basal salt media, using the formula of HYPONeX 7-6-19 (HYPONEX, 

USA), Kundson (Duchefa, Netherlands), VW (Duchefa, Netherlands), 1/2 MS (Duchefa, Netherlands), or MS (Duchefa, 
Netherlands). 

y Seed germination was recorded at 50 days after sowing. 
x Refer to Figure 1 for development stages of plants. 
w Means ± standard error (n = 5).  Means within each column followed by with the same letter are not significantly different at 5% 

level by LSD test. 

2. 0.1%  
Table 2. Effect of basal salt media amended with 0.1% charcoal on in vitro seed germination and seedling 
development of Bletilla formosana  

 
Basal salt 

Seed 
germination 

% of seedling at various 
developmental stages x 

Fresh weight of seedling at various developmental stages 
(mg/seedling) 

formula z (%) y 1 + 2 3 4 + 5 2 3 4 5 

HYPONeX  100 a w 69.7 ± 3.65 b 0.7 ± 0.27 b 29.6 ± 3.69 c 1.8 ± 0.14 c 3.6 ± 0.26 c 7.4 ± 0.43 c 14.7 ± 0.45 b
Kundson  100 a 61.2 ± 3.04 b 20.3 ± 1.95 a 18.5 ± 1.31 d 3.4 ± 0.17 b 7.1 ± 0.27 b 11.4 ± 0.43 a 13.8 ± 0.52 b
VW 100 a 79.7 ± 2.08 a 4.1 ± 0.60 b 16.2 ± 1.64 d 2.8 ± 0.14 b 3.4 ± 0.19 c 3.8 ± 0.26 d 7.4 ± 0.20 c
1/2 MS 100 a 29.9 ± 3.98 c 23.9 ± 1.67 a 46.2 ± 2.33 a 5.9 ± 0.46 a 6.8 ± 0.35 b 9.9 ± 0.31 b 20.0 ± 0.72 a
MS 100 a 38.9 ± 1.25 c 22.3 ± 2.10 a 38.6 ± 1.23 b 5.8 ± 0.33 a 9.2 ± 0.51 a 10.5 ± 0.56ab 20.8 ± 0.51 a
z Bacto agar (0.8%) and sucrose (3%) were used to prepare basal salt media, using the formula of HYPONeX 7-6-19 (HYPONEX, 

USA), Kundson (Duchefa, Netherlands), VW (Duchefa, Netherlands), 1/2 MS (Duchefa, Netherlands), or MS (Duchefa, 
Netherlands). 

y Seed germination was recorded at 50 days after sowing. 
x Refer to Figure 1 for development stages of plants. 
w Means ± standard error (n = 5).  Means within each column followed by with the same letter are not significantly different at 5% 

level by LSD test. 
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4 5
5 VW MS

0.1%

0.1%  
1/2 MS

 ( 1)
1/2 MS

2.5–10% 4
0.1%

3
100%

2.5% 4 5
 (28.3%) ( 3)

1/2 MS  ( 1 2)
 ( 3)

10% 0.1%
1 2

 ( 3)
 ( 2)

3

2.5%

 ( 3)  

0.1%  

100%
 

3 1/2 MS 0.1%

Table 3. Effect of charcoal and banana homogenates in 1/2 MS medium on in vitro seed germination and seedling 
development of Bletilla formosana  

 
Charcoal 

Banana 
homogenate 

Seed 
germination 

% of seedling at various 
developmental stages x 

Fresh weight of seedling at various developmental stages
(mg/seedling) 

(%) z  (%) z (%) y 1 + 2 3 4 + 5 2 3 4 5 
0.0 2.5 100 a 36.9 ± 1.93 d  37.7 ± 1.69 b 25.4 ±1.05 a 6.2 ± 0.40 a 7.3 ± 0.45 b 11.7 ± 0.22 cd 25.0 ± 0.25 c 
0.1 2.5 100 a 40.7 ± 1.17 d 31.0 ± 2.60 c 28.3 ± 1.98 a 5.9 ± 0.47 a 9.2 ± 0.36 a 10.8 ± 0.56 d 21.1 ± 0.45 d
0.0 5.0 100 a 35.0 ± 1.64 d 45.7 ± 1.41 a 19.3 ± 1.66 b 2.7 ± 0.17 de 3.3 ± 0.18 e 7.8 ± 0.30 e 14.5 ± 0.36 e
0.1 5.0 100 a 58.6 ± 3.09 c 23.7 ± 1.73 d 17.7 ± 1.72 b 4.7 ± 0.23 b 7.6 ± 0.38 b 12.8 ± 0.40 c 24.9 ± 0.41 c
0.0 7.5 100 a 70.4 ± 2.87 b 14.7 ± 1.48 e 14.9 ± 1.65 b 2.4 ± 0.17 e 4.3 ± 0.23 d 6.2 ± 0.30 f 13.6 ± 0.26 e
0.1 7.5 100 a 74.5 ± 0.95 b 6.4 ± 0.56 f 19.1 ± 1.42 b 3.4 ± 0.22 cd 9.1 ± 0.32 a 17.3 ± 0.50 a 26.0 ± 0.31 b
0.0 10.0  98 a 92.1 ± 0.94 a 5.9 ± 0.74 f 0.0 ± 0.00 c 4.6 ± 0.21 b 5.5 ± 0.29 c  w  
0.1 10.0 100 a 74.2 ± 1.83 b 11.2 ± 0.81 e 14.6 ± 1.12 b 4.2 ± 0.17 bc 8.9 ± 0.37 a 15.4 ± 0.44 b 28.6 ± 0.53 a

Significance   
Charcoal (C) NS v  ** ** NS NS ** ** ** 
Banana (B) NS ** ** ** ** ** NS NS 
C × B NS ** ** ** ** NS ** * 

z Charcoal and banana homogenates were added to the medium containing 0.8% bacto agar, 3% sucrose and 1/2 MS (Duchefa, 
Netherlands). 

y Seed germination was recorded at 50 days after sowing. 
x Refer to Figure 1 for development stages of plants.  
w No seedling. 
v NS = Non-significant; *, **=significant at 0.05 and 0.01 levels, respectively. 
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2. 1/2 MS (A) (B) 0.1% 50
0% 2.5% 5.0% 7.5% 10.0%  (B) 

 (A) 0.1%
Fig. 2. Seedlings of Bletilla formosana in 1/2 MS basal salt medium containing banana homogenates without (A) or 
with (B) 0.1% charcoal for 50 days.  Left to right: Concentrations of banana homogenates in the medium, 0% (left 
tube), 2.5%, 5.0%, 7.5% and 10% (right tube).  Note differences in color of seedlings between the treatments of 
0.1% charcoal (B) and the treatments without charcoal (A). 

 
 ( 4)

7.5% 0.1%
4 5

67.2% 5
26 mg 5.0%

0.1% 30.7 mg

 ( 1)  

(7.5% 10%) 
 ( 3)  

 

 (globular embryo stage)

 (
)  (Arditti 1967; 
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Lee 1990)

110 10

 (Tu & Lee 
1987)  (Mathews & Rao 1980)

 Cypripedium (Harvais 1980)  
(Lin et al. 1994) 

 (Nagashima 1982) Lin et 
al. (1994) 

120

100%
 (

) Nagashima (1982) 
Lin et al. (1994) 

Lin et al. (1994) 

8 20
100% Lin et al. 
(1994) Yeh et al. (1995) 

120

2
 

( )

 

4 1/2 MS 0.1%  
Table 4. Effect of charcoal and potato homogenates in 1/2 MS medium on in vitro seed germination and seedling 
development of Bletilla formosana  

 
Charcoal 

Potato 
homogenate 

Seed 
germination 

% of seedling at various 
developmental stages x 

Fresh weight of seedling at various developmental stages
(mg/seedling) 

(%) z (%) z (%) y 1 + 2 3 4 + 5 2 3 4 5 
0.0 2.5 100 a 22.2 ± 1.18 c 35.6 ± 1.59 ab 42.2 ± 1.21 e 5.1 ± 0.23 b 4.2 ± 0.33 d 6.2 ± 0.31 e 11.0 ± 0.30 e
0.1 2.5 100 a 26.0 ± 1.36 c 20.4 ± 0.77 d 53.7 ± 2.01 c 5.8 ± 0.17 a 11.5 ± 0.25 a 12.8 ± 0.36 c 24.7 ± 0.85 b
0.0 5.0 100 a 13.8 ± 1.00 d 26.0 ± 1.44 d 60.2 ± 2.40 b 6.3 ± 0.23 a 6.6 ± 0.43 c 10.1 ± 0.51 d 15.1 ± 0.29 d
0.1 5.0 100 a 10.1 ± 1.11 d 39.6 ± 2.47 a 50.3 ± 2.39 cd 4.1 ± 0.34 c 7.1 ± 0.45 c 15.1 ± 0.67 b 30.7 ± 0.56 a
0.0 7.5 100 a 61.1 ± 0.54 a 11.4 ± 0.59 e 27.5 ± 0.70 f 2.7 ± 0.09 d 4.3 ± 0.33 d 6.9 ± 0.37 e 14.9 ± 0.36 d
0.1 7.5 100 a 0.0 ± 0.00 e 32.8 ± 2.13 c 67.2 ± 2.13 a - w 10.3 ± 0.52 b 16.3 ± 0.33 a 26.1 ± 0.63 b
0.0 10.0 100 a 57.6 ± 2.82 a 18.9 ± 1.19 d 23.5 ± 2.76 f 2.5 ± 0.17 d 4.5 ± 0.21 d 9.5 ± 0.29 d 17.5 ± 0.24 c
0.1 10.0 100 a 44.1 ± 1.87 b 12.0 ± 0.71 e 43.9 ± 2.44 de 4.0 ± 0.34 c 6.7 ± 0.41 c 13.1 ± 0.42 c 25.5 ± 0.34 b
Significance         

Charcoal (C) NS v ** ** ** ** ** ** ** 
Potato (P) NS ** ** ** ** ** ** ** 
C × P NS ** ** ** ** ** ** ** 

z Charcoal and potato homogenates were added to the medium containing 0.8% bacto agar, 3% sucrose and 1/2 MS (Duchefa, 
Netherlands). 

y Seed germination was recorded at 50 days after sowing. 
x Refer to Figure 1 for development stages of plants.  
w No seedling. 
v NS = Non-significant; *, ** = significant at 0.05 and 0.01 levels, respectively. 
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3. 1/2 MS  (A) (B) 0.1% 50
2.5% 5.0% 7.5% 10.0%  (B) 

 (A) 0.1%
Fig. 3. Seedlings of Bletilla formosana in 1/2 MS basal salt medium containing potato homogenates without (A) or 
with (B) 0.1% charcoal for 50 days.  Left to right: Concentrations of potato homogenates in the medium, 0% (left 
tube), 2.5%, 5.0%, 7.5% and 10% (right tube).  Note differences in color of seedlings between the treatments of 
0.1% charcoal (B) and the treatments without charcoal (A). 
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Effect of Basal Salts, Active Charcoal, and Vegetable/Fruit 

Homogenates on Seed Germination and Seedling Development 

Bletilla formosana (Hayata) Schltr in In Vitro Culture1 

Chin-Yi Tsao2, Uei-Chern Chen2, and Chi-Ni Hsia2,3 

Abstract 

Tsao, C. Y., U. C. Chen, and C. N. Hsia. 2010. Effect of basal salts, active charcoal, and vegetable/fruit homogenates 
on seed germination and seedling development Bletilla formosana (Hayata) Schltr in in vitro culture. J. Taiwan Agric. 
Res. 60:77–88. 

 This study was conduced to determine effect to basal salts, active charcoal and vegetable/fruit 
homogenates on seed germination and seedling development of Bletilla formosana (Hayata) Schltr in in 
vitro culture.  Bacto agar (0.8%) and sucrose (3%) were used to prepare the five culture media, using 
reported basal formulations of Knudson (Knudson 1946), VW (Vacin & Went 1949), MS (Murashige & 
Skoog 1962), 1/2 MS, or HYPONeX 7-6-19.  Results showed that seeds of B. formosana were all 
germinated on these basal salt media after incubation at (25 ± 1 ) for 8 days.  Among the five basal salt 
media tested, the medium containing 1/2 MS was the best treatment for development and growth of 
seedling of B. formosana. Adding 0.1% active charcoal to each of the five basal salt media had no 
significant (P > 0.05) effects on seed germination as all the seeds germinated on each medium after 
incubation at (25 ± 1 ) for 50 days.  Fresh weight of 50-day-old seedling was 20.0 mg/plant for the 
treatment of 1/2 MS + active carbon and 20.8 mg/plant for MS + active charcoal but it was only 7.4 
mg/plant for the treatment of VW + active charcoal.  Adding banana or potato homogenates (at 2.5, 5.0, 
7.5, 10%) to the medium containing 1/2 MS, with or without 0.1% active charcoal, had no negative effect 
on seed germination.  Although both banana and potato substrates in the medium caused an increase in 
fresh weight of seedlings, the potato substrate was superior to the banana substrate for seedling 
development.  This study suggests that the medium containing 1/2 MS salts, 0.1% active charcoal and 
7.5% potato substrate is the best for seed germination and seedling development of B. formosana under 
aseptic conditions. 

Key words: Bletilla formosana, Seed germination, Seedling development, In vitro culture.   
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