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Development of Pot Production System and Year Round Production for Local Floricultural

Resources

1. Development of a year-round production system for Peony

Paeonia lactiflora ‘Taebaek’ flowered at the end of February when transferred to a heated

greenhouse after December 31 (in 2009) on which the natural cumulative chill hour under 10°C

was 1,224 hours. Also, P. lactiflora grown in the open field in early November flowered in mid

February after chilling treatment at 0°C for 6 weeks or at 5°C 9 weeks. To induce flowering

earlier than those period, pre-cooling at 10°C for 2 weeks during September or October followed by

low temperature treatment at 0°C for 6 weeks is recommended. Pre-cooled P. lactiflora flowered

during January normally without any bud abortion. GA 100 ppm can be used as a forcing method.

However, GA can not alternate low temperature treatment completely for normal flowering without

bud abortion. It should be treated during December after the plants are exposed to natural low

temperature. Because bud abortion is related to ABA synthesis, GA treatment with low

concentration of fluridone, an inhibitor of ABA synthesis, can induce flowering while inhibiting bud

abortion. P. lactiflora can be stored at 0°C for a long period to induce flowering from July to

October.

2. Development of a year-round cut foliage production system of variegated Solomon’s seal

Cut foliage of Variegated Solomon’s seal can be harvested from early March when the plants

were exposed sufficiently to natural low temperature and transferred after January 7 (in 2010). To

harvest in January and February, artificial chilling treatment at 0°C for more than 4 weeks is

recommended . After forcing culture, the dormant plants with chilling treatment at 0°C for more

than 4 weeks can produce cut foliage in September and October. During early February, variegated

Solomon’s seal also can be harvested in September and October when stored at 0°C for 3-6

months. As GA can not be infiltrated to the dormant buds, which are wrapped with waxed layers,

GA can be used for artificial dormancy breaking after the outer wax layers are removed by

physical scars with an injector or a razor blade or by chemical treatment with NaOCl. Variegated

Solomon’s seal grows well under the temperature over 15/6°C and with any commercial substrate

containing a 7:3 ratio of peat moss and perlite.
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3. Development of cultivation period shortening system of Jeffersonia dubia

J. dubia seeds cannot immediately germinate after dispersal in May. It takes more than 270 days

for seeds of J. dubia to germinate under field conditions. J. dubia seeds have an underdeveloped

embryo at seed maturity (dispersal), and this embryo has to grow inside the seed before the seeds

can germinate. In the laboratory experiments, incubation at high temperatures (25/15°C) for at least

8 weeks was required to initiate embryo growth, while a transfer to moderate temperatures

(20/10°C; 15/6°C) was needed for the completion of embryo growth. At least 8 weeks at 5°C was

effective in overcoming the physiological dormancy and germination in seeds after the embryos

were fully elongated. Thus, both high and low temperatures were essential to break dormancy. GA3

treatment was used as a substitute for the high temperature requirement, but not for the low

temperature requirement. Although seeds require 9-10 months from seed dispersal to germination in

nature, under controlled conditions they required only 3 months after treatment with 1,000 mg·L
-1

GA3 followed by incubation at 15/6°C. Moderate light (50% shading) and 0.5 to 1.0 ×

concentrations of nutrient solution (EC 1.2 to 1.9 dS·m
-1
) is recommended for cultivating J. dubia

without physiological defects.
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제 장 연구개발과제의 개요1
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제 장 국내외 기술개발 현황2

(Barzilay et al.,

2002)
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(Hutchinson, 1920).

(Huang,

1995).
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(Bae, 2000).

(NIER, 2004)



- 13 -

제 장 연구개발 수행내용 및 결과3

(Fulton et al., 2001)
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맹아 이후 블라인드 현상으로 인한 식물체 고사

Transferring date Chill unit
Sprouting

date

Flowering

date

Sprouting

percentage

(%)

Flowering

percentage

(%)

Sep. 10 0 0 0

Sep. 24 0 0 0

Oct. 15 0 0 0

Oct. 29 45 0 0

Nov. 12 185 Jan. 28 -* 50 0

Nov. 26 429 Jan. 26 Mar. 1 100 37.5

Dec. 17 876 Jan. 26 Mar. 12 100 50

Dec. 31 1,224 Jan. 13 Feb. 24 100 100

Jan. 14 1,558 Feb. 3 Mar. 10 100 87.5

Jan. 28 1,893 Feb. 17 Mar. 23 100 100

Feb. 11 2,229 Feb. 1 Apr. 2 100 100
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z
Mean separation within-cultivars by Duncan’s test at P < 0.05.

yTerminal flower buds aborted before reaching flowering.

˚

˚ ˚

˚ ˚ ˚

Duration

(weeks)

‘Taebaek’ (chilling temperature (℃)) ‘Mulsurae’ (chilling temperature (℃))

0 5 10 0 5 10

Proportion of plants which sprouted

3 0.25 bz 0.29 b 0.13 b 0.38 bc 0.25 b 0.25 c

6 1.00 a 1.00 a 0.75 a 1.00 a 0.88 a 0.25 c

9 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 0.63 ab

12 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a

Mean number of shoots per plant

3 2.00 ab 1.00 b 1.00 b 1.00 ab 1.00 ab 0.00 b

6 3.75 a 2.38 ab 1.40 b 2.38 a 2.25 a 0.00 b

9 3.25 a 3.50 a 2.50 ab 3.00 a 2.86 a 1.00 b

12 3.75 a 2.75 ab 2.50 ab 2.83 a 2.86 a 1.33 ab

Mean number of flowers per plant

3 2.50 abc 1.00 c 1.00 c 1.00 ns 1.00 ns -y

6 3.00 ab 2.25 abc 1.50 bc 1.50 ns 1.00 ns -

9 3.13 ab 3.63 a 3.83 a - - 1.00 ns

12 3.50 a 3.63 a 3.50 a - 1.50 ns 1.50 ns

Height at flowering (cm)

3 57.5 bcd 55.5 cd 50.0 d 42.0 ns 56.0 ns -

6 65.2 abc 61.7 abcd 68.7 abc 54.0 ns 54.5 ns -

9 73.2 a 73.4 a 73.2 a - - 56.5 ns

12 69.7 abc 67.9 abc 71.3 ab - 52.0 ns 54.0 ns
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표 태백 물수레작약의 맹아 줄기수 개화수의 저온요구시간

˚

˚

˚ ˚

˚

Chill units required to reach

95% of potential
‘Taebaek’ ‘Mulsurae’

Proportion sprouting 763 913

Shoots per plant 1,078 1,323

Flowers per plant 771 -
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˚

˚

zThe number of days from the date of transfer to the glasshouse.
yMean separation within columns by Duncan’s multiple range test at P = 0.05.
*,**Significant at P = 0.05 or 0.01, respectively.

˚

Treatment date
Days toz

Average flowering
date

Flowering
percentagesprouting flowering

Aug. 13 24.3 ay 88.0 a Dec. 23 16 b

Sep. 10 23.1 a 83.3 a Jan. 14 27 b

Oct. 15 21.8 a 77.8 ab Feb. 13 25 b

Nov. 12 14.6 b 71.6 b Mar. 5 83 a

Significance ** * **
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Foley

at el., 2009)

Pre-cooling treatments Chilling
Forcing in
glasshouse

C0 0 C˚ (2 weeks)

0 C˚

(6 weeks)

30/15 C˚

(day/night)

NT field condition (2 weeks)

P15 15 C˚ (2 weeks)

P15 10
15 C˚ (1 week)

10 C˚ (1 week)

P10 10 C˚ (2 weeks)
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zThe number of days from the date of transfer to the greenhouse.
yMean separation within columns by Duncan’s multiple range test at P = 0.05
ns,*,**,***Non-significant or significant at P = 0.05, 0.01 or 0.001, respectively.

Treatment date Treatment
Days toz

sprouting bursting harvest flowering

Sep. 16. C0 19.6 ay 27.0 a 69.2 a 74.3 a

NT 16.2 ab 25.1 ab 68.0 a 71.7 ab

P15 14.3 b 24.0 ab 67.6 a 65.1 ab

P15 10 14.5 b 22.8 bc 61.8 a 63.5 bc

P10 12.5 b 20.0 cd 55.1 ab 61.1 bc

Oct. 14. C0 15.5 b 19.5 d 64.6 a 66.8 ab

NT 15.2 b 19.3 d 57.8 ab 61.8 bc

P15 14.5 b 19.1 d 47.5 b 51.8 cd

P15 10 12.8 b 19.0 d 46.6 b 51.0 cd

P10 12.8 b 18.1 d 44.3 b 48.8 d

Significance

Transferring date (A) ns *** *** ***

Treatment (B) ** * ** *

A×B ns ns ns ns
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zThe number of days from the date of transfer to the greenhouse.
yMean separation within columns by Duncan’s multiple range test at P = 0.05
**,***Significant at P = 0.01 or 0.001, respectively.
xNot detected (not flowering by abortion).

Pre-cooling treatments Chilling
Forcing in
glasshouse

C0 0 C˚ (2 weeks)

0 C˚

(6 weeks)

30/15 C˚

(day/night)
NT

field condition

(2 weeks)

P10 10 C˚ (2 weeks)

Transferring date Treatment
Days to

z

sprouting bursting harvest flowering

July. 7. C0 19.7 ay 23.7 a -x -

NT 18.8 a 22.7 a - -

P10 12.4 b 15.7 b 55.5 a 67.7 a

Significance ** *** *** ***
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표 입실시기와 처리 유무에 따른 작약의 개화소요일수 개화율에 미치는 영향

zNot detected (remained dormant until the end of the experiment).
y
Mean separation within columns by Duncan’s multiple range test at P = 0.05 level.

NS,*,**,***nonsignificant or significant at P < 0.05, 0.01, or 0.001% level, respectively.

GA3

Transferringd

ate

Natural

cumulative

chilling unit

Days to

harvest

Days to

flowering

Percent

flowering

− Sep. 10 0 − z − 0

Sep. 24 0 − − 0

Oct. 15 0 − − 0

Oct. 29 45 − − 0

Nov. 12 185 − − 0

Nov. 26 429 67.81 cy 73.45 b 37.5

Dec. 17 876 54.63 d 85.25 a 50

Dec. 31 1,222 52.88 de 67.51 bc 100

Jan. 14 1,558 41.63 g 56.57 d 87.5

Jan. 28 1,893 48.52 e 56.71 d 100

Feb. 11 2,229 45.38 f 48.63 e 100

+ Sep. 10 0 − − 0

Sep. 24 0 − − 0

Oct. 15 0 − − 0

Oct. 29 45 − − 0

Nov. 12 185 − − 0

Nov. 26 429 91.21 a 82.14 a 62.5

Dec. 17 876 71.83 b 73.75 b 100

Dec. 31 1,222 51.88 de 63.01 c 100

Jan. 14 1,558 54.25 d 55.75 cd 100

Jan. 28 1,893 43.63 f 53.75 cd 100

Feb. 11 2,229 45.24 f 55.02 cd 100

GA3(A) ** ns

Transferringd

ate (B)
*** ***

AⅹB *** ns
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zStem diameter below the flower bud was measured with Vernier calipers when flower buds reached about 25
mm.
yThe time when the diameter of flower buds reached about 25 mm.
XNot detected (remained dormant until the end of the experiment).
wMean separation within columns by Duncan’s multiple range test at P = 0.05 level.
NS,*,**,***nonsignificant or significant at P = 0.05, 0.01, or 0.001% level, respectively.

GA3

Transferring

date

Natural

cumulative

chilling unit

Plant height

(cm)

Stem

diameterz(cm)
Flower diameter

(cm)
(At harvesty)

− Sep. 10 0 − x − −

Sep. 24 0 − − −

Oct. 15 0 − − −

Oct. 29 45 − − −

Nov. 12 185 − − −

Nov. 26 429 47.84 cdw 0.78 a 7.08 c

Dec. 17 876 68.33 a 0.25 b 7.96 c

Dec. 31 1,222 69.32 a 0.29 b 12.14 ab

Jan. 14 1,558 65.56 ab 0.36 b 12.04 ab

Jan. 28 1,893 71.50 a 0.42 b 13.36 a

Feb. 11 2,229 69.23 a 0.36 b 13.41 a

+ Sep. 10 0 − 　 − 　 − 　

Sep. 24 0 − − −

Oct. 15 0 − − −

Oct. 29 45 − − −

Nov. 12 185 − − −

Nov. 26 429 51.84 cd 0.45 b 13.09 a

Dec. 17 876 72.48 a 0.33 b 12.41 ab

Dec. 31 1,222 71.19 a 0.32 b 10.44 bc

Jan. 14 1,558 66.05 ab 0.39 b 12.38 ab

Jan. 28 1,893 62.45 a-c 0.42 b 13.76 a

Feb. 11 2,229 67.26 ab 0.39 b 14.02 a

GA3(A) ns ns ns

Transferring

date (B)
*** ns ns

AⅹB 　 　 ns ns **
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Treatments

1 GA3 0 ppm (control)

2 GA3 100 ppm

3 GA3 500 ppm

4 GA3 100 ppm + Fluridone 50 ppm

5 GA3 100 ppm + [GA3 100 ppm, 2-week interval, 5 times]
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제 2 절 무늬둥굴레의 연중생산 기술

1. 무늬둥굴혜 근경의 휴면타화를 위한 저온 요구도 구명

가. 연구목적

무늬퉁굴레는 백합과에 속하는 다년생 숙근초로써 한국， 일본， 중국에 자생한다(Jet잔ey，

1980). 경엽을 절지하여 꽃꽂이 소재로 사용하고 있는 무늬퉁굴레는 최근 일본에서 근경올 수

입하여 일부 농가에서 재배 되고 있다(Ann itage ， 1989). 그 수요가 증가하고 있는 실정이나， 출

하시기가 5-6월로 한정되어 있다. 무늬둥굴레는 겨울철에 저온을 어느 정도 받아야지만 휴면이

타파되어 신초가 올라와 생육하게 되는데， 농가에서 재배할 때， 정확한 저온 요구도를 몰라 수

확기가 한정되어 있다. 본 실험은 무늬둥굴레의 휴면타파를 위한 정확한 저온 요구도를 알기

위해 수행되었다.

냐. 채료 및 빵법

2009년 10월 7일을 경남 진주시 사봉연에 위치한 무늬둥굴레 농장에서 무늬둥굴레 근경

(7-10cm) 을 한 달에 2번， 즉 10월 7일， 22일， 11월 7일， 22일 I 12월 7일， 22일 I 2010년 1월 7일，

22일 총 8번 굴취 하였다. 소독을 위해 베노밀수화제에 30초 1분간 처리한 후， 구근상자에 20
개체씩 3박스(60반복) 정식하였다. 생육조사항목은 출현소요일수， 출현율， 잎전개소요일수， 개화

소요일수， 개화율， 낙화소요일수였다. 실험 처리 기간 동안 지온을 측정하였고 자연 저온 시간

(chill unit)을 계산하였다(그림 2-1-1).

30 1600

25 -0-- Daily average temperature
-- Accumu’alive chilling hours

e
s
g
g

‘=
-
-
s
9
훌
풍

-
3
-
툴

U
Q〈

뼈
때
뼈
뻐
뼈
뼈
때

m

%

m

5

-
u。
)g
훌
훌
륭

웅
”

o o

200용10-1 2009-11-1 2009-12-1 201 0-1-1 2010-2-1

그림 2-1-1. 토양 옹도와 자연 저온 시간(chill unit).

다. 컬과 몇 고활

2009년 10월 7일부터 11월 22일 굴취한 것까지는 출현된 모습이 관찰되지 않았다. 하지만

12월 7일 온실로 입실 및 정식 된 처리구에서 83.3%의 출현율를 보였고， 12월 22일 이후는

100%의 출현율올 보였다(그립 2-1-1). 출현소요일수는 12월 7일에 온실입실 시킨 실험구에서
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자료출처 : 토속화훼자원의 상품화 및 수출확대를 위한 대량증식과 고품질 생산 기술 개발 / 농림축산식품부
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Cold storage duration (weeks)

0 2 4 6 8 10 12

D
a
y

s
 t

o
 s

p
ro

u
ti

n
g

0

10

20

30

40

50

60

P
e
rc

e
n

t 
s

p
ro

u
ti

n
g

0

20

40

60

80

100

Cumulative chill unit

0 336 672 1008 1344 1680 2016

0oC

5oC 

0oC

5oC

Cold storage duration (weeks)

2 4 6 8 10 12

lo
g

E
U

4.8

5.0

5.2

5.4

5.6

5.8

6.0

0oC

5oC



- 46 -

Cold storage duration (weeks)
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yMean separation within columns by Duncan’s multiple range test at P = 0.05 level.
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y
Mean separation within columns by Duncan’s multiple range test at P = 0.05 level.
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yMean separation within columns by Duncan’s multiple range test at P = 0.05
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Mean separation within columns by Duncan’s multiple range test at P = 0.05.

y*,***Significant at P = 0.05 or 0.001, respectively.

Treatments Plant height (cm) No. of leaves / plant

Control 30.0 bz 5.0 c

Drench 55.5 a 6.0 bc

Scratch_drench 42.7 ab 8.0a abc

Injection 57.4 a 10.6 a

NaOCl 6hr_drench 44.2 ab 9.3 ab

NaOCl 24hr_drench 48.3 ab 10.6 a

Significance *
y
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b b

b b

일 준비

수조 ℃

의 에 을 녹인

후 에서 시간 녹임℃

상온에서 시간 함

일 만들고 접종

원심분리 함℃

분리된 상층액에 을 녹임 전자레인지 이용

를 에 넣고 시간 이상 식힘

의 사용될 은 를 에 넣음

의 으로 을 빨아드려 구멍을 만듦

은 종자를 반으로 자르고 자른면이 에 닿게 하고 상온 배양함

구멍에 시료를 각각 넣음 인 도 함께 측정함

파라필름으로 두른 이후에 의 에서 시간 암조건 배양함℃

일 염색

의 를 넣고 분 하고 액을 따라 버림

염색액 의 에 와 를 녹임 을 넣고 분

동안 하고 액을 따라 버림

의 에탄올을 넣고 분간 하고 액을 따라 버림
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(Long et al., 1994)
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○ Macroelements

○ Microelements

NO3 NH4 P K Ca Mg S

mmol/L 10.60 1.10 1.50 5.50 3.00 0.75 1.00

Ca(NO3)2 3.00 6.00 3.00

KNO3 3.50 3.50 3.50

NH4NO3 1.10 1.10 1.10

KH2PO4 1.50 1.50 1.50

MgSO4 0.75 0.75 0.75

K2SO4 0.25 0.50 0.25

Fe Mn Zn B Cu Mo

mol/Lμ 20 10 3 20 0.5 0.5

Chemical Fe-EDTA MnSO4 ZnSO4 H3BO3 CuSO4 Na2MoO4

4H․ 2O 7H․ 2O 5H․ 2O 2H․ 2O

M.W. 382.1 233.1 287.6 61.8 249.7 242.0

g/Lμ 7642 2331 862.8 1236 124.85 121

Chemical mmol/L M.W. mg/L Chemical M.W. mg/L

Ca(NO3)2 3.00 164.1 492.300 Ca(NO3)2 4H․ 2O 236.1 708.3

KNO3 3.50 101.1 353.850

NH4NO3 1.10 80.1 88.110

KH2PO4 1.50 136.1 204.150

MgSO4 0.75 246.5 184.875

K2SO4 0.25 174.3 43.575
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m

Dormancy induction temperature (oC) 32/27 27/22 22/17 17/12

Chilling treatment 5oC, 8 weeks

Sprouting after chilling treatment(%) 0 20 80 80
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제 장 목표달성도 및 관련분야에의 기여도4
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부록( )

작약과 무늬둥굴레의 연중생산 매뉴얼
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연구개발 내용 및 범위.Ⅲ
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SUMMARY

1. Collection and characteristic investigation of Orostachys native in Korea.

Total 19 Orostachys plants including O. malacophyllus, O. iwarenge, O. iwarenge for. magna, O.

margaritifolius, O. latiellipticus, and O. margaritifolius were collected and their morphological

characteristics were investigated. Leaf size and leaf color, and morphological characteristics were

evaluated, and flowering date were investigated. Flower size, flower color, number of petal and

sepal and morphological characteristics were investigated. Orostachys plants with high ornamental

value, including O. iwarenge for. magna,, O. margaritifolius, and O. margaritifolius were selected.

2. Collection and characteristic investigation of Hepatica plants native in Korea.

Hepatica asiatica Nakai, H. maxima, and H. insularis were collected and investigated in their

characteristics. Hepatica asiatica Nakai are located at all areas in Korea, H. maxima located at

Ulleung island of Gyeongbuk province, and H. insularis located at south area including Jeju island

in Korea. Size of the plants and their flowers were in order of Hepatica asiatica Nakai, H.

maxima, and H. insularis. Flower has a single valve and 6-9 sepals, and their color are from white

to soft purple.

3. Selection of Orostachys with high ornamental value among collected Orostachys plants

Consumer preference survey about potted Orostachys plants were conducted for visitors in 'Flower

festival' of Gyeongnam national university. Preference about Orostachys plants varied between the

generation of visitors. The 20s' preferred in order of Sempervivum arachnoideum and O.

malacophyllus from Taebak. The 30s' preferred in order of O. malacophyllus from Taebak and

preferred O. iwarenge and O. minutus, in order. The 40s' preferred in order of O. iwarenge, O.

minutus and O. malacophyllus from Taebak. The 20s' preferred a single plant, and the 30s' and

40s' preferred mixed plants.

4. Development of promoting technology for seed germination of Orostachys plants.

The seeds of Orostachys plants were very small size (0.3~0.8mm) and classified as minute seeds.

All seeds have wrinkled surface and oblong shape. Seed size ranged 0.77-1.00/0.25-0.37 mm

(length/width). Most of Orostachys seeds ripen during October and November and then enter

dormancy. Low temperature is needed to break the dormancy of seeds. When 'Samchuck Bawisol'

seeds were dipped in GA 200~400mg·L-1 for 24h, germination speed and germination ratio

improved dramastically. Proper temperature for seed germination was 15 and showed seed℃

germination above 90%. At 10 and 20 the seeds showed below 50% in germination.℃ ℃ O.

malacophyllus from Taebak showed 40% in seed germination when dipped in GA 200~400mg·L-1

for 24h, and below 20% at 10 and 15 .℃ ℃

5. Germination physiology of seed germination and mass propagation in Hepatica seeds
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Hepatica asiatica and H. maxima plants bear seeds at May~Jun after flowering, and have

immature embryo. It was clarified that warm temperature is needed for immature embryo to

maturate, and matured embryo develop as a radicle at autumn (Oct. ~ Nov.) The radicles entered

into dormancy during winter and needed low temperature to break seed dormancy.

When H. seeds were treated with various temperature conditions (constant temp. or alternating

temp.). High temperature (30~40°C) during 15~45 days inhibited seed germination of H. asiatica,

showing 0~3% germination in 15°C chamber. Non treatment showed 33% germination although seed

germination started at 70 days after seeding. GA3 of 200 or 500mg·L
-1

did not improve final

germination rate, but shortened its T50. The temperature of seeding chamber affected dramatically

the seed germination. The highest germination rate (32~43%) were obtained at 15°C, but less than

5% were at 10 or 20°C, suggesting that 15°C is the most proper temperature for germination of H.

asiatica seeds.

6. Root cutting for mass propagation of Hepatica plants

To clarify the possibility of mass propagation using root, root cutting was conducted. Root length,

BA concentration (50~500mg·L-1), and cutting soil were tested. There was no rooting or shooting at

any treatments. It was thought that root cutting is not available in H. plant.

7. Study trip to Japanese farm and market for wild flowers

We visited several Japanese farms located in Nigata of Japan in which Hepatica plants had been

cultured and bred during 25~30 years. Sasanuma garden center and Chuechu botanical garden are

the most famous farms culturing and breeding Hepatica plants. We studied new technology for high

quality production, management, environmental control for Hepatica plants, and also we studied

breeding technology for Hepatica plants.

We also visited Home center in Kyoto and garden center in Osaka and Kyoto, and flower shops

in Nagoya and Tokyo, and investigated market situation of wild flowers. Various wild flower plants

were displayed in the markets. Production system of wild flower plants were built in Japan.

8. Proper light intensity for potted Orostachys plants

'Neungru Bawisol' and Orostachys iwarenge, and O. malacophyllus were cultured under different

light condition intensity (52, 82, 90, and 97% shading). The best growth in 3 Orostachys plants

was shown under 52% shading condition. Under 82% shading condition, the plants showed over

90% of survival rate indicating that Orostachys plants are shade tolerance.

9. Proper pot soil and fertilization level for Orostachys plants

'Neungru Bawisol' and Orostachys iwarenge, and O. malacophyllus were cultured in different pot

soil and fertilization level. 'Neungru Bawisol' and Orostachys iwarenge showed the best growth in

decomposed granite (DG) : fertilizer-amended media (FAM) : river sand (RS) (60:20:20, v/v/v).

There is no significant difference among the media, indicating that O. malacophyllus from Taebaek

has a very high adaptability to the kinds of media. At the experiment for selection of proper
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fertilization level, the plants were grown under 5 levels of fertilization; control(tap water), once

drenching at 1 week or 2 weeks intervals with Hyponex solution diluted by 1,000 or 2,000 times.

Once drenching per 1 week with 1,000 folds solution brought the highest results in fresh weight,

plant height and plant width. However, other fertilization levels showed no difference from control.

10. Proper environmental conditions for production of potted Hepatica plants with high quality

Hepatica asiatica and H. maxima were grown under various light intensities (shading rate, 52, 82,

90, 97%). Plants grown under a high light intensity (52%) showed low survival rate (65%). But,

survival rate increased as shading rate increased, resulting in over 80% at above 90% shading.

Growth indexes such as fresh weight and leaf number did not show any significant difference

among different shading rate.

Plants grown in a soil mixture of decomposed granite : fertilizer-amended media : kanumatsuchi

(60:10:30, v/v/v) or river sand : fertilizer-amended media : bark (50:20:30) showed over 85% in

survival rate. However, plants grown in a soil mixture of river sand : fertilizer-amended media :

kanumatsuchi (50:30:20) or upland : river sand (40:60) showed very low survival rate below 60%.

To select a proper fertilization level for H. asiatica, hyponex solution diluted at 1,000 or 2,000

times were applied weekly or biweekly. The survival rate was lowest at weekly application with

1,000 fold solution, and no significant difference was observed between other treatments. In

conclusion, H. asiatica is a plant which has very strong resistance to very low light intensity and

prefer to soil with air permeability, and is adaptable to broad range of fertilization level.

11. Low temperature treatment for forced culture of Hepatica asiatica and H. maxima

Hepatica asiatica and H. maxima in field were entered in a plastic house at 15 days intervals

from November. Sprouting speed and degree were investigated. The plants started sprouting 36days

after entering in a plastic house (the lowest temperature is 10 ) and resulting in 70% sprouting℃

rate. Sprouting date was shortened as entering date was delayed, H. asiatica entered in a plastic

house at 30th Dec. sprouted at 12 days after transplanting. H. maxima showed similar results with

H. asiatica.

12. Control of flowering and breaking dormancy of Orostachys using day length

Response to day length of O. malacophyllus from Taeback

Orostachys malacophyllus from Taeback were exposed to various daylengths (8, 10, 12, 14, 15,

16h) and with various numbers of photoinductive cycles when the plants attained maturity with

flower priomordia. Flowering occurred in day length of 8, 10 and 12h. Plants were bolting form in

14h photoperiod and vegetative form with no spike in 15 and 16h photoperiods. There was no

significant difference in length of inflorescence between 8 and 12h daylengths. A 12h daylength

significantly increased the number of flowers per flowering stem compared to those of 8 and 10 h

daylengths. O. malacophyllus from Taeback is an absolute short day plant (SDP), since it did not

flower in the daylengths longer than critical daylength (12h). Plant formed bolting and flowered in

photoperiod of 8-12h but not with 14h or longer. The critical daylength is 14h for bolting and 12h
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for flowering.

Response to day length of O. ramosus and O. iwarenge

Orostachys iwarenge and Orostachys ramosus plants were grown under various daylengths (8,

10, 12, 14, 15, 16h) to investigate growth response of the plants to daylength. The younger plants

exposed to photoperiods of 8, 10, 12, 14, 15 or 16h did not emerge flowers at all even after 50∼

60 photoinductive cycles, but showed increase in the number of branches per plant with increasing

daylength. In O. iwarenge, plant width and the number and length of runner increased to their

maximum at the photoperiods of 12h daylength or more. Hence the critical daylength promoting

vegetative growth must be photoperiod of 12h light. Leaf color was significantly different between

various photoperiods in O. iwarenge but not in O. ramosus. For leaf of O. ramosus plant, yellow

and green decreased significantly with increasing photoperiod. Vegetative growth in younger plants

of O. iwarenge and O. ramosus can be controlled by adjusting photoperiod, but flower emergence

and development cannot. The acquired knowledge on significant effect of photoperiod in vegetative

growth may be used to produce potted plants with marketable quality

13. Development of tissue culture for mass propagation of Hepatica asiatica and H. maxima.

A. Sterilization of explant (leaf) for tissue culture

Sterilization of Hepatica plants leaf is very difficult because the plants have a lot of trichomes in

their leaves. Various methods for sterilization including NaOCl concentration, ethylene, and

decompression sterilization were tested. As sterilization condition becomes strong, survival rate

decreased although effectiveness of sterilization increased. Lots of experiments showed that the most

important fact is the condition of leaf. Young and strong leaves brought a high sterilization rate and

a good result, but old and weak leaves died easily.

B. Proper medium for regeneration of Hepatica asiatica and H. maxima

Several kinds of medium (MS, B5, SH, and WP) were tested for regeneration from leaf of H.

asiatica. The best result was obtained from MS medium adjusted with pH 6. To clarify proper

concentration of plant hormones for regeneration from leaf tissue, NAA (0.1 1mg·L∼ -1 ), BA (1∼

5mg·L-1), and Kinetin (1 2mg·L∼ -1) were added into culture medium. Callus and shooting occurred

at MS medium supplemented with 1mg·L-1 BA and 1mg·L-1 NAA. Shoot organ could be observed

after 3-4months after leaf transplanting and leaf occurrence after 6 months.

14. Development of decoration chamber controllable day length and light color

Orostachys plants are monocarpic and short day plant. Long day length above 13h inhibit

flowering, and keep vegetative growth in Orostachys plants. A decoration chamber which can be

controlled in day length, light intensity, and light color was developed. Orostachys plants

transplanted into the decoration chamber could be kept in vegetative growth without changing

reproductive growth for several years. The decoration chamber can be used for indoor lighting

because they can be controlled in light color and light intensity.
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15. Test export of Orostachys plant to Japan

'Jejuyeonhwa bawisol' (Orostachys iwarenge), 'Gazi bawisol' (O. ramosus), 'Pocheon bawisol' (O.

latiellipticus) were exported to Japan as a test. Under ground part of the plants were washed clearly

with tap water, remaining 5cm main root in length. After the plants were quarantined at Incheon

International Airport, transported to Japan and planted into a plastic house in Japan. Japan buyer

had a big interesting and asked if Korean farm could supply continuously those plants.
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(Fig. 4-6).
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Fig. 4. Hepatica with white flower Fig. 5. Hepatica with blue flower Fig. 6. Hepatica with pink flower
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.
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, Son and Chae(2003)

, .
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o (Martin,

1946)
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H. americana (Martin, 1946), H. acutiloba (Baskin and Baskin, 1985), and H. nobilis
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3

1

1.

.

(Orostachs) 13~18 , , ,

, , . (2005 )

7 , (Orostachys japonicus),

(O. minutes), (O. malacophyllus.), (O. iwarenge) 4

. Table.1-1-1

. 14

1,500 .

Name Scientific name Different name Possession

O. japonicus A. BERGER
, ,

( )
Yes

O. malacophyllus Yes

Meterostachys sikokiana - Yes

O. iwarenge Yes

O. iwarenge for. magna - Yes

O. minutus Yes

O. minutus - Yes

O. malacophyllus from Woolsan - Yes

O. latiellipticus - Yes

O. filifera - Yes

O. kanboensis - No

O. saxatilis - No

Table 1-1-1. Korean name and Scientific name of various Orostachys species native to Korea
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(Fig.

1-1-1). , , , ,

.

.

.

.

( )

O. ramosus - Yes

O. chongsunensis - Yes

O. margaritifolius - Yes

O. fimbriatus - Yes

O. japonica for. polycephala

(Makino)
No

O. spinosus No
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Fig 1-1-1. Morphology of various Orostachys species native to Korea

.

(1)

.

. ,

, . , ,

. 3cm 10cm

, ,

(Table 1-1-2).

Species Leaf color Shape Size Characteristics

Table 1-1-2. Morphological characteristics of leaf in various Orostachys species
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(2)

2 8 , 9 6 15cm

10

. ,

. (Fig.

1-1-2, Table 1-1-3)

Fig. 1-1-2. Inflorescence of various Orostachys species native to Korea.
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Table 1-1-3. Morphological characteristics of flowers in various Orostachys species native to Korea.

(3)

.

.

.

,

.

.

. 0.3 0.8mm (Table 1-1-4.).

Species Flower color Inflorescence
Length of

Inflorescence

No. of

petal

No. of

sepal

No. of

anther

6 18cm 5 5 10

5 20cm 5 5 10

3 5cm 5 5 10

- - 5 20cm - - 10

- - 5 20cm - - -

3 5cm 5 - 10

3 5cm 5 - 10

- 5 5 5

,
- 5 10cm 5 - -

- - - - - -

, - 3 20 5 5 10

- 5 20cm - 5 10

- 5 20cm - - -

- 5 20cm 5 5 10

- 6 15cm 5 5 -

- 5 5 10
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Plant name Seed shape
Color

(gloss)

Size

(Width/Length)

Orostachys japonicus

brown

(no-shiny)
0.4/0.8mm

Orosthachys malacophyllus

black-brown

(no-shiny)
0.3/0.7mm

Orostachys iwarenge

black-brown

(no-shiny)
0.4/1.0mm

Orostachys japonicus

yellow-brown

(shiny)
0.3/0.8mm

Orostachys ramosus Y.N.Lee

yellow-brown

(shiny)
0.2/0.8mm

Orostachys spinosus

black-brown

(no-shiny)
0.2/0.6mm

Orostachys magaritifolius Y.N.Lee

brown

(shiny)
0.4/1.0mm

Table 1-1-4. Morphological characteristics and size of seeds in Orostachys species native to

Korea.

.

.

.

. ,

.

.

. 9 10 ,

11 12 (Table 1-1-5).
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Species
Plant

height(cm)
Habitat Years

Flowering

time(month)

Fruiting

time(month)

Table 1-1-5. Ecological and physiological characteristics according to various Orostachys species

native to Korea.

(1)

2

. .

(Fig. 1-1-3).

.

.

13 , 1
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.

Fig. 1-1-3. Morphology of One-year plant of some Orostachys species during winter. Leaves shapes

rolled into inside of the plant.

.

.

, Table 1-1-6

.

.

,

(Table 1-1-7).

Table 1-1-6. Invasive species of Orostachys in the domestic area of Korea.

Name Scientific name Possession

Sempervivum arachnoideum Yes

Sulcorebutia rauschii Yes

Sempervivum arachnoideum ssp. tomentosum Yes

Sempervivum tectorum Yes

- Yes

Rosularia chrysantha Yes

- Yes

- Yes

- Yes

Lycopodium Chinese L No

Rosularia sedoides Yes
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Table 1-1-7. Morphological characteristics of invasive species of Orostachys.

Species Charateristics Species Charateristics

.

2 1

,

.

.

,

.

,

.

.

,

.

5

.

,

.

.

.

1-2

.

,

.
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.

,

(Fig. 1-1-4).

A B C

Fig. 1-1-4. A;Orosthachys malacophyllus, B;Orostachys iwarenge, C;Orostachys magaritifolius

2.

.

Hepatica 3 (Table

1-2-1). , 10 30cm

(Table 1-2-2). ‘ ’ .

Table 1-2-1. Hepatica species native to Korea.

Table 1-2-2. Ecological characteristics of Hepatica species native to Korea.

Name Plant height Habitat Years Charateristics

노루귀 8~20cm 전국 다년생초본 -

섬노루귀 10~30cm 경상북도 울릉도 다년생초본
노루귀 중에서 강하며,

재배하기 쉬움

새끼노루귀 5~15cm 남해안 섬제주도, 다년생초본
다른 노루귀에 비해

크기가 작음

Name Scientific name Different name Possession

Hepatica asiatica Nakai - Yes

Hepatica maxima Nakai , Yes

Hepatica insularis Nakai Yes
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.

.

(1)

,

.

.

. ‘ ’

, ‘ ’ .

(Fig. 1-2-1).

지상부

지하부

수술

암술

총포

꽃잎

Fig 1-2-1. Shoot, root (left) and flower structure (right) of Hepatica asiatica plant.

(2)

3 2 3cm

4 6cm 5 9cm . 3 6

, .

(Table 1-2-3).
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(3)

1.5cm , 1cm

. 1.5cm .

, .

. 3 , 6 8

.

.

(Table 1-2-4).

Species

Flower size

Flower color

Flower stem

Bract

Sepal

Fruit

Characteristics

Table 1-2-4. Morphological characteristics of flower and seed in Hepatica species native to Korea.
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(4)

.

. .

.

,

. (H. nobilis)

. ,

2 . Table 1-2-5, 6

(Fig 1-2-2).

Species

Plant height

(cm)
4 6 5 8 2 3

Leaf shape 3 3 3

No. of leaf 3 6 3 6 3 6

Petiole

length(cm)
8 20cm 14 30cm 5 15cm

Leaf color

Charateristics
.

,

Table 1-2-3. Morphological characteristics of leaf in Hepatica species native to Korea.
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Species Characteristics Species Characteristics

Table 1-2-5. Morphological characteristics of various Hepatica species distributed in the world.
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Name Scientific name Habitat Possession

H. nobilis var. japonica f. japonica ( ) Yes

H. nobilis var. japonica f. variegate Yes

H. nobilis var. japonica f. magna Yes

H. nobilis var. pubescens Yes

H. yamatutai No

H. henryi No

H. nobilis No

H. transsilvanica
( )

No

H. acutiloba No

H. americana No

Table 1-2-6. Hepatica species distributed in the world.

Fig 1-2-2. Morphology and colour of flowers in various Hepatica species distributed in the world.
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2

1.

.

.

2-3 , 1 3 .

.

.

, .

.

(1)

2 ,

.

.

.

(2)

2009 3 ,

2010 4 5 (Fig. 2-1-1).

, 90mm petri dish ,

. 30, 35, 40 .

. 15, 30, 45

, 70% ethnol 2 , tween 20 3% NaOCl 15 150rpm

, BENCIDE LX 150(kathon wt, Rohm and Haas) 600mg·L-1 3

. 0.9% agar

BENCIDE LX 150 600mg·L-1 , 15 .

, , , 15 .

3 . 15 3 ,

3mm .

, , .

, , TZ . TZ

, 1% TZ(2,3,5-Triphenyltetrazolium chloride, sigma-aldrich, U.S.A) 3

5 , 4 . TZ 2 3 ,

,

.
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A B

Fig. 2-1-1. Seeds harvested (A) from potted H. asiatica plant which was cultivated in non-heated

vinyl house (B).

(3)

. ,

,

.

. 70

(Fig. 2-1-2). 33%

. , 5%

(Fig. 2-1-3).

. ,

.

Fig. 2-1-2. Radicle protruded from seed of H. asiatica on plain agar plate (dormancy for root was

first released in H. asiatica seeds).



- 385 -

Fig. 2-1-3. Effect of treatment of high warm temperature followed by incubation at 15°C on germination of

H. asiatica seeds.

7 TZ (tetrazolium)

(Fig. 2-1-4).

.

(Fig. 2-1-5). .
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Fig. 2-1-4. Viability and growth level of seeds classified by tetrazolium chloride staining test and

morphology of embryo in H. asiatica.

Fig. 2-1-5. Effect of treatment of high warm temperature followed by incubation at 15°C on embryo growth

and viablity of H. asiatica seeds.
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. GA3

(1)

Gibberellin(GA), cytokinin, kinetim

. GA3 ,

.

GA3 .

(2)

2010 4 5 .

. GA3 200, 500mg·L
-1

.

10ml 15ml tube 45 , 2 24

. ,

petri dish 15 3 . 3 , TZ

.

(3)

75 150 40%

. GA3 , GA3

. GA3

(Fig. 2-1-6).

Fig 2-1-6. Cumulative germination of H. asiatica seeds treated with different concentrations of GA3 followed

by incubation at 15°C.

,

, 10 20 5% , 15 40%
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(Fig. 2-1-7). . GA3

43% 12%

.

Fig. 2-1-7. Effect of GA3 treatment on germination of H. asiatica seeds incubated at different incubation

temperature.

TZ

. , 10 20

(Fig. 2-1-8). GA3 .

, 15 , 10 20 . GA3

, GA3

.

Fig. 2-1-8. Effect of GA3 treatment on embryo growth and viability of H. asiatica seeds incubated

at 15°C.



- 389 -

. GA3

(1)

GA3 GA3 5 50mg·L-1

.

(2)

2010 4 5 .

. ,

GA3 5, 10, 20, 50mg·L
-1

13 /petri dish 3 .

15 .

.

(3)

GA3 (Fig. 2-1-10). TZ

,

.

. GA3

. .

Fig. 2-1-9. Effect of GA3 treatment on embryo growth and viability of H. asiatica seeds incubated at

15°C.

.

(1)

, .

, , ,
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.

.

(2)

,

(Fig. 2-1-10). ,

, 15 20 . 3

.

Fig. 2-1-10. Endocarp (or seed coat) degradation (left) and removed endocarp (right).

(3)

45% ,

(Fig. 2-1-11). TZ

0 ,

.

.

Fig. 2-1-11. Endocarp (seed coat) affecting germination (A), embryo growth and viability (B) of H.

asiatica seeds
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.

( ) 70 . GA3

, . (30, 35, 4

0 ) ,

.

2.

.

(1)

, Fig. 2-2-1

.

.

Fig. 2-2-1. Shoot grown from root of H. asiatica plant.

(2)

, 2, 3, 4cm ,

6-benzylaminopurine(BA) 500mg·L-1 1 , (5) : (5)

. 2010 4, 6, 8, 10 4 , 30

(Fig. 2-2-2).

Fig. 2-2-2. Experiment of root cutting of H. asiatica plant to investigate effect of root cutting

position on rooting and shooting.



- 392 -

(3)

2010 4 10 (2011) 2

. (Fig. 2-2-3B).

, (Fig. 2-2-3C).

.

(Fig. 2-2-3D)

Fig. 2-2-3. Different root cutting position used in root cutting experiment (A); no rooting and

shooting 10 months after root cutting(B and C); rotten roots(left) and viable roots(right).

. BA(6-BENZYLAMINOPURINE)

(1)

.

(2)

4cm ,

6-benzylaminopurine (BA) 50, 100. 200, 500mg·L-1 1 , (5): (5)

. 30 (Fig. 2-2-4).

(3)

BA .

BA 50 500mg·L-1 . BA

.
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Fig. 2-2-4. Effect of imbibition of cutting root in various BA solution between 50 and 500 mg·L
-1

on rooting and shooting of H. asiatica.

.

(1)

.

.

(2)

4cm BA 500mg·L-1 1 ,

(5): (3): (2), (5): (3): (2), (5): (3): (2), (5): (5)

. 30 .

(3)

, ,

. 10

(Fig. 2-2-5.).

Fig. 2-2-5. Effect of media on rooting and shooting from cutting root of H. asiatica.
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.

(1)

,

.

.

(2)

( )

, 3 4 , (2ml·L
-1
)

(4ml·L
-1
) 5 , 150rpm . , 70%

ethanol 30 . 1 2 , 1% sodium hypochlorite solution

100mL tween 20# 170rpm 15 . 4

.

( )

3% sucrose MS(Murashige and Skoog) thidiazuron(TDZ) 1, 2, 5ml·L-1

6-benzylaminopurine(BA) 0.05, 0.1, 0.5mg·L-1 , pH 5.7 5.8

0.8% agar . agar (Ø30×200mm) 12 , 121 , 1.1 f/

15 .

( )

16 / 21 , 60% . 84±13μ

mol·m-2·s-1 , (FL 40EX-D, Osram, korea) , (HD 9021, Delta

OHM, Italy) .

(3)

MS TDZ IBA

Table 2-2-1 . TDZ 2mg·L-1 BA 0.5mg·L-1

16% (Fig. 2-2-6),

. ,

.
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Table 2-2-1. Effect of plant hormones on the callus formation of Hepatica asiatica.

Growth regulators (mg·L
-1
)

Callus formation (%)
TDZ BA

1 0.05 0.00 a

0.1 0.00 a

0.5 0.00 a

2 0.05 0.00 a

0.1 0.00 a

0.5 16.67 a

5 0.05 0.00 a

0.1 0.00 a

0.5 0.00 a

Fig. 2-2-6. Callus from explant of leaf in H. asiatica plant.

.

,

. ,

.

.

3.

.

Fig. 2-3-1 Table 2-3-1 .

1

. ,

.

Fig. 19 21 , 1mm .
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.

Fig. 2-3-1. Plant materials and their seeds used for mass propagation of Orostachys species native

to Korea(observed with 30 times magnification).

Table 2-3-1. Orostachys species native to Korea selected for mass propagation of potted Orostachys.

Plant name
Korean

name

Seed collecting

time

Seed collecting

location

The number of

seeds collected

EA/3 pots

Viability

by TZ test

%

Orostachys
chongsunensis 2010. 12. 20

 
25 100

Orostachys
iwarenge 2010. 12. 20

 
33 100

Orostachys
margaritifolius 2010. 12. 20

 
85 20

Orostachys
iwarenge 2010. 12. 20

 
95 100

Orostachys
malacophyllus

2010. 12. 20
 

145 100

Orostachys spp.
2010. 12. 20

 
>1000 40
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Fig. 2-3-2. Seed size of the selected Orostachys species (green bar, seed length; orange bar, seed

width).

.

(1)

,

, ,

.

(2)

4 15

90mm petri-dish filter paper 2 ,

, .

(3)

.

. GA3

(1)

,

GA3 .

GA3 , GA3

,

(2)

400mg·L-1 GA3 24 , GA3 0,
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200, 400mg·L
-1

12 . 90mm petri-dish

filter paper 2 ,

10, 15, 20 .

(3)

( ) GA3

, GA3

. 15 90% , 10 20

60% (Fig. 2-3-3).

Days after sowing

0 10 20 30 40 50 60

C
um

ul
at
iv
e 
g
er
m
in
at
io
n 
(%
)

0

20

40

60

80

100

10 oC

15 oC
20 oC

Fig. 2-3-3. Effect of GA3 and incubation temperature on germination of seeds of Orostachys

malacophyllus from Samcheok.

( ) GA3

GA3 (10, 15 ), 7%

(20 ). GA3 , 20 GA3

40% (Fig. 2-3-4).
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C
um

u
la
ti
v
e 
ge
rm
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at
io
n 
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)

0

20
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60

80

100

0 ppm
200 ppm
400 ppm

C
um
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at
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e 
ge
rm
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io
n 
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)

0

20
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80

100

Days after sowing

0 10 20 30 40 50 60

C
um

ul
at
iv
e 
ge
rm
in
at
io
n 
(%

)

0

20

40

60

80

100

A

B

C

Fig. 2-3-4. Effect of GA3 and incubation temperature on germination of seeds of Orostachys

malacophyllus from Taebaek.: 10 (A), 15 (B) and 20 °C (C).
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4.

.

.

(1) Sasanuma( )

o : ( ) 5-19,

o : 0250-24-0187, ( ) 090-4068-5831, Fax : 0250-24-8741

o

: 4 (Sasanuma , , < >, ) 4

(Fig. 2-4-1 4)

o : 25 30

o : (600 )

· : 300 7 (Fig.

2-4-5)

o : (40 , Fig. 2-4-6), (40 ), (600 , Fig. 2-4-4)

Fig. 2-4-1. Sasanuma president and his son. Fig. 2-4-2. Mr Sasanuma's wife and his son.
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Fig. 2-4-3. Room for useful new variety. Fig. 2-4-4. Plastic house for selection of useful

line.

Fig. 2-4-5. Hepatica with new color leaf Fig. 2-4-6. Exhibition room for new variety

( 60.000)￥ (600 varieties are exhibited at every March)

(2) Chuechu ( )

o : ( ) 502-1

o : 0250-66-7570 Fax : 0250-24-7733

o

- 4 ( ( ) , , 2 , Fig. 2-4- 7)

- 4-5

o : 30 ,

o : (Fig. 2-4-8)

o : (1000 ), (300 4 ), (500 )

30 .
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(Fig. 2-4-9,

10)

Fig. 2-4-7. Watanabe president of Chuechu garden. Fig. 2-4-8. Plastic house for Hepatica plant.

Fig. 2-4-9. Study of breeding method from Fig. 2-4-10. Lots of combination and sellection.

Watanabe president.

.

(1)

o 5-6 (Fig. 2-4-11).

o 10

o 2-3 (Fig. 2-4-12).

* ,

o (2 ) (Fig. 2-4-13).

* .

o (3 ) (Fig. 2-4-14).
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Fig. 2-4-11. Seeds sown on Kanuma soil. Fig. 2-4-12. Cotyledon opened at 1 year after

seeding.

Fig. 2-4-13. Foliage leaf opened at 2 years Fig. 2-4-14. Flower bloomed at 3 years after

after seeding. seeding.

(2)

o (80%) : (10) : (10) .

o (5-6 , Fig. 2-4-11).

· 35 - 45

o .

o .

·

o

· 5-6 .

· (10 ) .

· 2-3 (Fig. 2-4-12)
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(3)

o : . ( )

- 10 4 ( )

- 5 50% ( )

- 6 50% .

80% ( )

*

· .

· .

· 2 .

.

o ( )

- -2 -3 , 30 .

- .

- .

(Fig. 2-4-15).

o . , .

o .

, .

Fig. 2-4-15. Shading net for lateral direction (The net was cut into small pieces for ventilation)

o ( , 16L 300 ).

.

o (70-80%) (10-20%) (10%) .
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(4) ( )

o 4 3 , (GA)

. .

o ( ) . ,

2 .

o .

, .

(5)

( )

o ( )

.

o

.

- .

o .

o .

( )

o 30-40 ( , 40 )

o .

o ,

.

o

.

(6)

( ).

o . , 4 .

o . .

( )

o 10 .

.

o ( )

. .

( )

o , ( ) ,

.
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o

. (9-10 ) .

.

( ) ,

. 3

(Fig. 2-4-16).

, , , ,

(Fig. 2-4-17,18).

“ ” ,

(Fig. 2-4-18).

, , .

Fig. 2-4-16. Various wild flowers displayed on Fig. 2-4-17. Cypripedium macranthum native to

horticultural garden. Korea.

Fig. 2-4-18. Aquilegia buergariana, Adonis amurensis, and Hepatica plants native to Korea.



- 407 -

3

1. (Orostachys)

. (2 )

(1)

(Crassulaceae) (Orostachys) 7

, (Orostachys japonicus),

(Orostachys minutes), (Orostachys malacophyllus), (Orostachys iwarenge)

4 .

,

.

, ,

.

(2)

.

(3)

(O. iwarenge) 4 , (O. japonicus) 2 , (O. malacophyllus) 4 ,

(O. margaritifolius) 2 , (O. chongsunensis) 1 , (O. ramosus)

1 , (O. minutes) 1 , (O. latiellipticus) 1 1 (

, O. japonicus ) 17 .

(Table 3-1-1).

1 ,

, .

: , ,

, , , , (Fig. 3-1-1).

, , ,

,

.

(Fig. 3-1-2).

(4)

, .

.
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Table 3-1-1. Classification of 17 species collected among Orostachys species in synonymic list of

vascular plant in Korea.
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z (Orostachys) ‘ ’

. Orostachys japonicus

Fig. 3-1-1. Orostachys species showing commercial value of potted plant and landscape use of

ground covers among the collected species; (A) Orostachys japonicus, 'Nungyu bawisol' , (B) O.

iwarenge for. magnus, (C) O. malacophyllus from Taebaek , (D)O. margaritifolius from Jirisan, (E)

O. iwarenge from Kanwon Sangdong, (F)O. latiellipticus, (G) O. margaritifolius from Gyeongbuk

Bongwha, (H) O. malacophyllus from Samcheok.

Fig. 3-1-2. A;O. iwarenge from Kanwon Sangdong, B;O. margaritifolius plants obtained by seed

propagation.
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.

(1)

(Orostachys) CAM

, , ,

. ,

, ,

.

. Fig. 3-1-2

. ,

,

(monocarpic) .

. ,

. (Orostachys sp.)

(Orostachys iwarenge)

.

(2)

'S ' (Orostachys sp.

‘Nungyu bawisol’), (O. iwarenge for. magnus) , 3

. 7 ,

3 . : : (6:2:2, v/v/v) (44 ×43 )

(Fig. 3-1-3 A B). 30 ,

6-Benzylaminopurine(BA or BAP, ) 0, 500, 1000, 2000mg·L-1 1-Naphthylacetic

acid(NAA, ) 0, 500, 1000, 2000mg·L-1 . 6 24 8 13

50 ( ) , 5 , (Fig. 3-1-3C)

(Fig. 3-1-3D) .
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Fig. 3-1-3. Leaf cutting put on media of Orostachys japonicus, 'Nungyu bawisol' and O. iwarenge

for. magnus treated with different concentrations of BA and NAA(A) and shooting (C) and rooting

(D) after 2 week incubation on media in greenhouse.

(3)

50% (Fig. 3-1-4B).

20% , 80 90%

(Fig. 3-1-4A). 10%

. , 1000 2000 mg·L-1 NAA 90% . 2000

mg·L-1 . BA

(Fig. 3-1-2-3). (Table 3-1-2),

.

, , NAA (500 2000mg·L-1)

, .

,

.

(4)

, , , ,

,

.
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Fig. 3-1-4. Effect of plant growth regulators (NAA and BA) on shooting and rooting in leaf cutting

of Orostachys japonicus, 'Nungyu bawisol' (A) and O. iwarenge for. magnus(B).

Fig. 3-1-5. Effect of plant growth regulators (NAA and BA) on rooting in leaf cutting of

Orostachys japonicus, 'Nungyu bawisol'.
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Table 3-1-2. Effect of plant growth regulators (NAA and BA) on shooting and rooting in leaf

cutting of Orostachys japonicus, 'Nungyu bawisol' and O. iwarenge for. magnus.

PGR
Treatment
Concentration
(mg·L-1)

Orostachys japonicus

'Nungyu bawisol'
O. iwarenge for. magnus

NAA BA
Shooting rate

(%)
Rooting rate

(%)
Shooting rate

(%)
Rooting rate

(%)

0 0 10.00 a 16.67 h 3.33 ab 0.00 b

500 0.00 a 20.00 h 3.33 ab 0.00 b

1000 3.33 a 13.33 h 0.00 b 0.00 b

2000 6.67 a 20.00 h 0.00 b 0.00 b

500 0 3.33 a 66.67 cd 6.67 ab 0.00 b

500 3.33 a 50.00 ef 3.33 ab 0.00 b

1000 3.33 a 56.67 de 0.00 b 0.00 b

2000 3.33 a 16.67 h 3.33 ab 0.00 b

1000 0 3.33 a 86.67 a 6.67 ab 0.00 b

500 3.33 a 76.67 abc 0.00 b 0.00 b

1000 6.67 a 50.00 ef 3.33 ab 0.00 b

2000 6.67 a 36.67 g 6.67 ab 0.00 b

2000 0 0.00 a 83.33 abc 3.33 ab 10.00 a

500 3.33 a 73.33 bc 0.00 b 3.33 b

1000 3.33 a 40.00 fg 0.00 b 0.00 b

2000 6.67 a 23.33 h 10.00 a 0.00 b

F-test 0.729 0.000 0.151 0.018

2. (Orostachys sp.)

.

(1)

,

(Son Yeam, 1988). ,

,

.

,
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.

.

(2)

( )

(Orostachys ‘Nungyu bawisol’), (O. iwarenge for. magnus)

'S ' , (O.

malacophyllus from Taeback ) 2011 3

(Fig. 3-2-1).

Fig. 3-2-1. Orostachys japonicus, 'Nungyu bawisol' (A) and O. iwarenge for. magnus (B) used in

the experiment for determination of optimum cultivation condition in greenhouse and propagation by

seedling (C).

( )

4 9 , 7 15 : :

(6:2:2, v/v/v) ( , KG ) 0.8g 11

. 100mL, 1 .

24 , 25 50% 1

.

( 50% ) 30% 1 , 30% 2 , 90% 1

(Fig. 3-2-2). 52±8%, 30% 1

2± 5%, 30% 2 90.2±4% 90% 97.1± 3%

. 5 2 (HD 9021, Delta

OHM, Italy) ,

.
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Fig. 3-2-2. Potted Orostachys species (B) cultivated under shading net for light intensity control in

greenhouse (A).

Fig. 3-2-3. Daily mean temperature and relative humidity (R.H.) of greenhouse during the

experiment.

2 . 6 16

, , , , 8 2 , , , , 1 ,

, . 9 30

. , , , , ,

. (CR-400, Konica Minolta sensing, Inc. Japan)

. (RHT20, Extech Instruments Co., USA)

, Fig. 3-2-3

.

(3)
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( )

52~97% 5 9 ,

(Table 3-2-1). 3

, Fig.3-2-4 Table 3-2-2 .

, 52% 11.5g ,

. 82% 4g 52% 50%

.

, 52% 1.8g , 1g

(Fig. 3-2-4A). 90%

(Fig. 3-2-4B). 3 ,

82% 90% (90% 97%)

70% (Table 3-2-2). 52%

.

, 97%

.

Shading rate
Survival rate

(%)
N

Plant height
(cm)

Plant width
(cm)

Leaf color

L* a* b*

52%, controlz 92.0 23 1.2a 3.9a 13.58a -5.25a 9.10b

82% 100.0 24 0.8b 3.5ab 14.22a -6.03a 9.03b

90% 100.0 24 0.8b 2.8b 13.90a -5.56a 9.26b

97% 86.5 21 0.8b 3.4ab 14.76a -6.74a 10.65a

F-test 　 　 0.001 0.004 0.580 0.172 0.017

Table 3-2-1. Effect of shading rate on growth and leaf color of Orostachys japonicus, 'Nungyu

bawisol'(9 weeks after shading treatment).

z
Outersurface of greenhouse was covered with the existing net of 35% shading rate.

Shading rate
Survival rate

(%)
Plant height

(cm)
Plant width

(cm)

Leaf color

L* a* b*

52%, controlz 87.5 2.5a 5.2a 9.62c -6.55a 8.41b

82% 95.8 1.7b 3.8b 11.91b -6.30a 8.91b

90% 62.5 1.8b 3.6b 12.15b -6.35a 8.83b

97% 68.0 1.8b 3.7b 16.05a -7.72b 11.48a

F-test 　 0.000 0.000 0.000 0.000 0.000

Table 3-2-2. Effect of shading rate on growth and leaf color of Orostachys japonicus, 'Nungyu

bawisol'(15 weeks after shading treatment).
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zOutersurface of greenhouse was covered with the existing net of 35% shading rate.

82% 52%

.

Fig. 3-2-4. Fresh weight of shoot and root (A) of Orostachys japonicus ‘Nungyu bawisol' grown in

soil mixture of 60 : 20 : 20 (DG : FAM : RS, v/v/v) and slow-release granule fertilizer for 15

weeks after commencing shading treatment. The growth and quality of the pot plants under the

different shading rate (B).

( )

52~97% 4 , 5 15

Table 3-2-3, Fig. 3-2-5 . 5 , ,

, 82% 75% . 15 ,

, 52% 15g ,

(Fig. 3-2-5A).

, 52% 0.5g , 0.4g

(Fig. 3-2-5A). 90%

. , 97% (Table 3-2-3).

, 52% 20 , 82%, 90%

7 , 2 .

, 80% 52%
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,

.

Table 3-2-3. The effect of shading rate on the growth and quality of potted Orostachys iwarenge

for. magnus (15 weeks after shading treatment).

Shading rate
Survival rate

(%)
N

Plant height
(cm)

Plant width
(cm)

Branch No.
Leaf color

L* a* b*

52%,
control

z 65.2 15 5.9a 6.1a 20.2a 18.23a -1.58a 2.50b

82% 50.0 12 5.6a 5.3b 7.5b 12.25b -3.82b 3.79a

90% 45.8 11 5.8a 4.5b 2.5c 15.27ab -4.14b 3.63a

97% 0.0 0 - - - - - -

F-test 　 　 0.900 0.001 0.000 0.010 0.000 0.017

zOutersurface of greenhouse was covered with the existing net of 35% shading rate.

Fig. 3-2-5. Fresh weight of shoot and root (A) and pictures (B) of O. iwarenge for. magnus grown

under different shading conditions for 15 weeks. The plants were grown in pots supplemented with

mixed soils of DG:FAM:RS (60:20:20, v/v/v).

( )

52~97% 7 10 ,
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Fig. 3-2-6, Table 3-2-4 . , 52%

20g , . 82%

10g 52% 50% .

, 52% 1.5g , 0.5g

(Fig. 3-2-6A). 15

. 52%

. , 82%

52%

(Fig. 3-2-6B). 10000lux

.

Table 3-2-4. The effects of shading rate on the growth and quality of potted Orostachys

malacophyllus from Taebaek (10 weeks after shading treatment).

Shading net,
layers

Shading rate
z

(%)
Plant height

(cm)
Plant width

(cm)

Leaf color, Hunter value

L* a* b*

Control, no net 52 6.3ay 8.7a 16.80a -8.66a 19.07a

30%  net 1 82 5.7b 7.2b 17.28a -9.34a 18.19a

2 92 2.6c 5.1c 17.21a -10.29b 18.63a

90%  net 1 97 2.1d 4.3d 18.14a -10.72b 18.96a

F-test 　 0.000 0.000 0.615 　 0.000 　 0.635 　

zAfter the shading treatment for 10 weeks, survival rate was calculated from survived pots of 25 pots.
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Fig. 3-2-6. Fresh weight of shoot and root (A) and pictures (B) of O. malacophyllus from Taebaek

grown under different shading conditions for 10 weeks. The plants were grown in pots

supplemented with mixed soils of DG : FAM : RS (60:20:20, v/v/v).

. (Orostachys)

(1)

. ,

, .

(2)

( )

.

( )

30 , 25

4 . : (8:2,

v/v), : (6:4, v/v), : (2:8, v/v), : : (6:2:2,

v/v/v) ( , KG ) 0.8g 11cm

. 4 9 7 11 90 ( 12 ) ,

7 15 9 30 75 ( 10 )
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(Fig. 3-2-8). ,

(RHT20, Extech Instruments Co. USA) ,

Fig. 3-2-7 . 374±43 mol·m-2·s-1 ,μ

458±46 mol·m-2·s-1 . (HD 9021, Deltaμ

OHM, Italy) .

Fig. 3-2-7. Change of temperature and relative humidity (R.H.) in a green house during this

experiment.

5 19 7 8 . 1

, , , , 2 , , ,

, , . 9 30 1

.

Fig. 3-2-8. Orostachys japonicus, 'Nungyu bawisol' (A) and O. iwarenge for. magnus (B) used in

the experiment for determination of optimum pot medium.
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(3)

( )

, , 4

Fig. 3-2-9, Table 3-2-5, Table 3-2-6 . ,

: : (6:2:2, v/v/v) 15g , :

(8:2, v/v) : (2:8, v/v) 8g .

: : (6:2:2, v/v/v) 2.5g , 1.8g

, . : :

(6:2:2, v/v/v) .

, : : (6:2:2, v/v/v) , :

(8:2, v/v) : (2:8, v/v), : (6:4, v/v)

. : : (6:2:2, v/v/v)

. 93% .

,

: : (6:2:2, v/v/v) .

Table 3-2-5. The effect of various soil mixture on the growth and quality of potted Orostachys

'Nungyu bawisol‘ (cultivated for 5 weeks after transplantation).

Nursery potting
mixture
(DG: FAM: RSz,
v/v/v)

Ny
Survival

rate
(%)

Plant

height
(cm)

Plant

width
(cm)

Leaf color

L* a* b*

80 : 20 :   0 30 100.0 1.1a 3.7b 13.56ab -4.23a 8.59b

60 : 40 :   0 30 100.0 1.1a 3.1c 14.76a -4.25a 8.76b

0 : 20 : 80 30 100.0 1.2a 3.2c 13.91ab -4.05a 9.07b

60 : 20 : 20 29 96.7 1.2a 4.2a 11.81b -6.20b 10.11a

F-test 　 　 0.253 0.000 　 0.016 　 0.000 　 0.001 　

zDG, decomposed granite; FAM, fertilizer-amended media; RS, river sand
 ythe number of pots used for statistical analysis

, : (6:4, v/v)

,

. , 20%

20% : : (6:2:2, v/v/v)

,

.



- 423 -

Table 3-2-6. The effect of various soil mixture on the growth and quality of potted Orostachys

japonicus 'Nungyu bawisol‘ (cultivated for 12 weeks after transplantation).

Nursery potting mixture
(DG: FAM: RSz, v/v/v)

Ny
Survival
rate
(%)

Plant
height
(cm)

Plant
width
(cm)

No. of
runner

Fresh weight
(g)

　 Leaf color

Shoot Root 　 L* a* b*

80 : 20 :   0 28 93.3 1.2bc 4.0b 0.1b 8.11b 2.10a 12.12a -6.05b 9.28a

60 : 40 :   0 28 93.3 1.0c 3.0c 0.0b 3.77c 1.89a 11.60a -4.56a 7.98b

0 : 20 : 80 30 100.0 1.5ab 4.3b 0.1b 7.79b 1.73a 12.39a -6.32bc 9.77a

60 : 20 : 20 29 96.7 1.6a 5.6a 0.8a 15.93a 3.94a 11.34a -7.26c 10.08a

F-test 　 　 0.000 0.000 　0.004 0.000 0.102 0.462 0.000 0.000

zDG, decomposed granite; FAM, fertilizer-amended media; RS, river sand
 ythe number of pots used for statistical analysis

Fig. 3-2-9. Fresh weight of shoot and root (A) of Orostachys japonicus ‘Nungyu bawisol’ grown in

four different soil mixtures and their pictures (B). Plants were grown under the shading rate of

70% for 12 weeks after transplanting to pots (on 9 April 2011).
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( )

5 , ,

(Table 3-2-7). 15

(Table 3-2-8). , : : (6:2:2,

v/v/v) 15g , : (2:8, v/v), :

(8:2, v/v) 8.7g, 8.0g , : (6:4, v/v) 5.5g

(Fig. 3-2-10A). . :

(6:4, v/v) (Fig. 3-2-10A),

. 15 46 64%

. : : (6:2:2, v/v/v) (Table

3-2-8).

Table 3-2-7. The effect of various soil mixtures on the growth and quality of potted O. iwarenge

for. magnus (cultivated for 5 weeks after transplantation).

Nursery potting
mixture
(DG: FAM: RSz,
v/v/v)

Ny Survival
rate
(%)

Plant height
(cm)

Plant
width
(cm)

No. of
runner

Leaf color

L* a* b*

80 : 20 :   0 33 84.6 1.6a 2.7b 0.8b 18.07b -2.55a 2.20b

60 : 40 :   0 35 94.6 1.6a 3.1b 1.2b 19.27ab -2.72a 2.44b

0 : 20 : 80 35 92.1 1.8a 3.0b 1.0b 17.87b -2.73a 2.09b

60 : 20 : 20 35 100.0 1.8a 4.0a 3.5a 21.17a -4.02b 3.32a

F-test 　 　 0.358 0.000 0.0000 0.005 0.000 0.000

zDG, decomposed granite; FAM, fertilizer-amended media; RS, river sand

 yThe number of pots used for statistical analysis

Table 3-2-8. The effect of various soil mixtures on the growth and quality of potted O. iwarenge

for. magnus (cultivated for 15 weeks after transplantation).

Nursery potting
mixture
(DG: FAM: RSz, v/v/v)

Ny Survival
 rate
(%)

Plant
height
(cm)

Plant
width
(cm)

No. of
runner

Fresh weight (g) 　 Leaf color

Shoot Root 　 L* a* b*

80 : 20 :   0 25 64.1 3.4ab 5.2ab 8.2b 8.0b 0.4ab 20.00a -4.31b 4.80a

60 : 40 :   0 20 55.6 2.9b 4.6b 5.3b 5.5b 0.3b 18.47ab -3.68ab 3.64b

  0 : 20 : 80 18 47.4 4.0a 5.4ab 4.9b 8.7b 0.4a 15.52b -3.39a 3.21b

60 : 20 : 20 19 45.7 4.2a 5.6a 12.7a 15.1a 0.5a 17.86ab -3.56ab 3.57b

F-test 　 　 0.010 0.065 0.000 0.000 0.010 　 0.020 0.042 0.000

zDG, decomposed granite; FAM, fertilizer-amended media; RS, river sand

 yThe number of pots used for statistical analysis
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, : (6:4, v/v)

, 20% 20%

: : (6:2:2, v/v/v) . 50%

, , ,

.

Fig. 3-2-10. Fresh weight of shoot and root (A) and pictures (B) of O. iwarenge for. magnus

grown in pots supplemented with different soil mixtures for 15 weeks. DG, decomposed granite;

FAM, fertilizer-amended media; RS, river sand.

( )

,

. 20g

. , : :

(6:2:2, v/v/v) (Fig. 3-2-11).

: (6:4, v/v)

(Table 3-2-9). ,

, ,

100% .

.
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Table 3-2-9. The effect of various pot media on the growth and quality of potted Orostachys

malacophyllus from Taebaek (cultivated for 10 weeks after transplantation).

Nursery potting
mixture

Survival
rate Plant  Leaf color, Hunter value

(DG: FAM: RSz,
v/v/v) (%)

height
(cm)

width
(cm)

L* a* b*

80 : 20 : 00 100 6.8ay 8.2b 13.88b -8.27a 17.54b

60 : 40 : 00 100 6.4a 9.0a 18.50a -9.17b 21.31a

0 : 20 : 80 100 6.5a 9.0a 16.71ab -9.11ab 19.51ab

60 : 20 : 20 100 5.9ab 8.7ab 16.97ab -9.13ab 19.59ab

F-test 0.000 0.028 0.024 0.053 0.017

zDG, decomposed granite; FAM, fertilizer-amended media; RS, river sand

Fig. 3-2-11. Fresh weight of shoot and root (A) and pictures (B) of O. malacophyllus from

Taebaek grown in pots supplemented with different soil mixtures for 10 weeks.
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.

(1)

,

.

(2)

( )

.

( )

4 9 , 7 15 , 11cm

: : (6:2:2, v/v/v) .

30 , 25 5

. 70 (10 ),

75 ( 10 ) (Fig. 3-2-12). 1

, (Hyponex, Japan) 1ml·L-1(1000 ), 0.5 ml·L-1 (2000 )

1 1 , 2 1 . 4 9

5 27 , 7 15 8 18 (N:P:K,

15:30:15) , 5 28 6 16 , 8

19 9 30 (N:P:K, 20:20:20) 100mL .

374±43 mol·mμ -2·s-1 ,

458±46 mol·mμ -2·s-1 . (HD 9021, Delta OHM, Italy)

. Fig. 2-2-1 (RHT20, Extech

Instruments Co. USA) . 5

19 6 16 2 , 9 30 1 .

.

Fig. 3-2-12. Orostachys japonicus, 'Nungyu bawisol' (A) and O. iwarenge for. magnus (B) used in

the experiment for determination of optimum fertilization level.
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(3)

( )

1,000 2,000 1

2 1 . Fig. 3-2-13, Table 3-2-10(5 ), Table

3-2-11(12 ) . 2 1

1 1 (Fig. 3-2-13A). 2

1 . 17g ,

1,000 2,000 1 30g 2

. .

.

.

97% .

(Table 3-2-11).

.

Table 3-2-10. Effect of fertilization level on the growth and quality in potted Orostachys japonicus

‘Nungyu bawisol' (cultivated for 5 weeks under the different fertilization level after transplantation).

Nutrient application

Nz
Survival
rate
(%)

Plant
height
(cm)

Plant
width
(cm)

No. of
runner

Leaf color

Interval
Distilled rate,

fold
L* a* b*

No fertilization, Control 30 100.0 11.3aby 5.1a 0.1a 13.31a -8.47ab 13.10ab

1 week 1000 29 96.7  11.6a 5.7a 0.1a 11.19b -8.38a 11.74b

2000 30 100.0 11.4ab 5.6a 0.1a 13.41a -8.71ab 13.07ab

2 weeks 1000 30 100.0 11.3ab 5.4a 0.0a 13.37a -8.92ab 13.66a

2000 30 100.0 11.0b 5.1a 0.0a 13.65a -9.30b 13.97a

　 F-test 　 　 0.008 　 0.090 0.397 0.019　 0.058 　 0.014

zThe number of pots used for statistical analysis

, 50%

, .

: : (6:2:2, v/v/v) ,

1,000 1 / . 97%

, /

, .

x, y (Fig. 3-2-14).
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Table 3-2-11. Effect of fertilization level on the growth and quality in potted Orostachys japonicus

'Nungyu bawisol’ (cultivated for 12 weeks under the different fertilization level after transplantation)

Nutrient application

Nz
Survival
rate
(%)

Plant
height
(cm)

Plant
width
(cm)

No. of
runner

Fresh weight (g) Leaf color

Interval
Distilled rate,
times

Shoot Root L* a* b*

No fertilization, Control 29 96.7 11.0b
y 5.6c 5.3ab 16.1c 2.4a 12.07a -6.77a 10.28a

1 week 1000 29 96.7 11.0b 7.0a 7.0ab 29.2a 2.4a 10.48bc -7.98c 10.30a

2000 30 100.0 11.4a 6.9ab 8.0a 29.1a 2.6a 9.22c -7.24ab 8.94b

2 weeks 1000 30 100.0 11.5a 6.4ab 6.4ab 24.2ab 2.6a 10.78ab -8.14c 10.87a

2000 30 100.0 11.3a 6.3b 4.4b 21.2bc 2.1a 11.49ab -7.83bc 10.49a

F-test 　 　 0.000 0.000 　0.015 　0.000 0.319 　 0.000 　 0.000 　 0.003 　

zThe number of pots used for statistical analysis

Fig. 3-2-13. Fresh weight of shoot and root (A) of Orostachys japonicus ‘Nungyu bawisol' grown

with each different fertilization levels and their photograph (B). Plants were grown in the soil

mixture ratio 60 : 20 : 20 (DG : FAM : RS, v/v/v) under the shading rate of 70% for 12 weeks.
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Fig. 3-2-14. Changes of leaf color by shading rate, pot medium and fertilization level in Orostachys

japonicus ‘Nungyu bawisol'.

( )

Fig. 3-2-15, Table 3-2-12, Table 3-2-13

. 5 (Table

3-2-12). 9 (Table 3-2-13).

(20g) , 1000

1 1 (Fig. 3-2-15A, 35g).

. , 1000 1 1 2 1

1g 0.75g (Fig.

3-2-15). , 1000

1 1 . 1 1 2000

100% (Table 3-2-13).
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Table 3-2-12. Effect of fertilization level on the growth and quality of potted O. iwarenge for.

magnus (cultivated for 5 weeks under the different fertilization level after transplantation).

Nutrient application

N
Survival
rate
(%)

Plant
height
(cm)

Plant

width
(cm)

No. of
runner

Leaf color

Interval
Distilled rate,

fold
L* a* b*

No fertilization,
Control 27 90.0 12.4b

z 4.8c 14.2a 16.19ab -0.44a 2.28a

1 week 1000 27 90.0 12.8ab 6.2a 15.2a 16.19ab -1.76b 2.31a

2000 30 100.0 13.4a 5.6b 15.6a 14.60b -1.24b 1.99a

2 weeks 1000 24 80.0 13.1a 5.9ab 15.4a 15.96ab -1.72b 2.27a

2000 25 83.3 12.9ab 5.4b 14.4a 17.18a -1.23b 2.11a

F-test 　 　 0.002 0.000 0.169 0.082 0.000 0.371

zMean separation within columns by Tukey’s multiple range test, P=0.1

, 50%

,

. 80%

(Fig. 3-2-14). :

: (6:2:2, v/v/v) , 1,000 1 /

.

.

Table 3-2-13. Effect of fertilization level on the growth and quality of potted O. iwarenge for.

magnus (cultivated for 9 weeks under the different fertilization level after transplantation).

Nutrient application

N
Survival
rate
(%)

Plant
height
(cm)

Plant
width
(cm)

No. of
runner

Fresh weight (g) Leaf color

Interval Distilled rate, fold Shoot Root L* a* b*

No fertilization, Control 25 83.3 12.2b
z

5.0d 15.3c 18.5c 1.0a 18.25ab -0.32a 2.35a

1 week 1000 22 73.3 14.1a 7.2a 21.4a 34.6a 0.7b 17.04ab -1.35b 2.17ab

2000 30 100.0 14.0a 6.5b 19.7ab 25.5b 1.1a 16.38b -0.80ab 2.07ab

2 weeks 1000 22 73.3 13.5a 6.1bc 18.5b 29.2b 0.7b 16.83ab -1.18b 2.03ab

2000 21 70.0 12.6b 5.9c 18.2b 26.3b 1.2a 19.12a -0.27a 1.64b

F-test 　 　 0.000 0.000 0.000 0.000 0.000 0.083 0.000 0.033

zMean separation within columns by Tukey’s multiple range test, P=0.1
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Fig. 3-2-15. Fresh weight of shoot and root (A) and pictures (B) of O. iwarenge for. magnus

grown under different fertilization levels. The plants were grown for 9 weeks in pots supplemented

with mixed soils of DG:FAM:RS (60:20:20, v/v/v).
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Fig. 3-2-16. Changes of leaf color by shading rate, pot medium and fertilization level in O.

iwarenge for. magnus.

( )

2-3

,

(Table 3-2-14, Fig. 3-2-17).

. , 1000 1 1

18g 25g .

. 2000 1 1

(Fig. 3-2-17).

.
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Table 3-2-14. Effect of fertilization level on the growth and quality of potted O. malacophyllus

from Taebaek (cultivated for 10 weeks under the different fertilization level after transplantation).

Nutrient application Plant Leaf color, Hunter value

Interval Distilled rate, fold
height
(cm)

width
(cm)

L* a* b*

Control, no fertilization 5.78a
z

8.27b 16.12a -9.19a 19.35a

1 week 1000 6.19a 9.45a 15.81a -9.25a 19.60a

2000 5.76a 8.51ab 14.94a -8.58a 18.39a

2 weeks 1000 5.77a 8.69ab 16.49a -9.27a 19.44a

2000 5.84a 8.80ab 14.47a -9.16a 18.88a

F-test 0.183 0.070 0.384 0.366 0.768

Mean separation within columns by Tukey’s multiple range test, P = 0.1

Fig. 3-2-17. Fresh weight of shoot and root (A) and pictures (B) of O. malacophyllus from

Taebaek grown under different fertilization levels. The plants were grown for 10 weeks in pots

supplemented with mixed soils of DG : FAM : RS (60 : 20 : 20, v/v/v).
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Fig. 3-2-18. Changes of leaf color by shading rate, pot medium and fertilization level in O.

malacophyllus from Taebaek.

, 50%

, 80%

.

,

.

. x ( /

) , .

, y . ,

(Fig. 3-2-18).

3.

. .

(1)

"Yukiwariso" . Hepatica

nobilis Schreber var. japonica Nakai , ,

. , Fig. 3-3-1

Heapatica asiatica Nakai ( ), Hepatica maxima Nakai( ), Hepatica insularis
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Nakai ( ) 3 .

.

.

. ,

.

4-5

. .

H. americana, H. acutiloba,

H. nobilis Schreber . ,

2 .

,

,

.

Fig. 3-3-1. Inflorescence (A), fruit (B) and dispersed seed (C) of H. asiatica plant and protruded

radicle from the seed (D). Bar = 1 mm.

(2)

2011 3 'S '

. 2011 5 24 1

.
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Fig. 3-3-2. Outdoor experiments to investigate phenology of H. asiatica and H. maxima seeds in

non-heated vinyl house (A and B). seeds 4 weeks after sawing (C) and viability test by tetrazolium

staining (D).

, : (7 : 3, v/v)

, 6 3 , 6 22 tray pot(5 ×5 , 75 ) (Fig.

3-3-2B). ,

(Fig. 3-3-2A).

45.45 mol·mμ -2·s-1 . Fig. 3-3-3 .

(HD 9021, Delta OHM, Italy) ,

(RHT20, Extech Instruments Co. USA) .

.

, 5 , 7 1 8

.

Tetrazolium staining , 1%

2,3,5-Triphenyltetrazolium chloride (Simga, USA) , 35 2

incubation , (SMZ-168, Motic, USA)

(Fig. 3-3-2D).
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Fig. 3-3-3. Line plots showing changes of daily mean temperature and relative humidity(R.H.)

during the outdoor experiment of H. asiatica and H. maxima seeds.
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. (Fig. 3-3-4).

35% , 27 ,

33% . , 4

20 ( 5 , 10 ) cotyledon stage

(Fig. 3-3-4). Fig. 3-3-3 .
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Fig. 3-3-4. Changes of average ten-daily maximum and minimum temperature in outdoor during the

period between 2010 and 2011. Embryos grow between summer and autumn, and radicles emerge in

late autumn from seeds dispersed from plant of H. asiatica and H. maxima. Shoots (cotyledon)

emerge from emerged radicles in next early spring.

E
:S
 r
at
io
 (
x 1
0
-2
) 
o
r 
cu
m
ul
at
iv
e 
ra
d
ic
le
 e
m
er
ge
nc
e 
(%

)

0

25

50

75

100

E:S ratio

Radicle emergence

Jun.                   Jul.                    Aug.                  Sep.                   Oct.                    Nov.                   Dec.    

Month, 2009

T
en
-d
ai
ly
 t
em

pe
ra
tu
re
 (
 o
C
)

0

20

40

60
Max. temperature

Min. temperature 

Mean temperature

       
 E        M       L             E        M       L            E        M       L             E        M       L            E        M       L            E        M       L         E          

High temperature

34/23 oC, 29 oC

Medium temperature

34/16 oC, 23 oC

Cool temperature

28/9 oC, 15 oC



- 440 -

Fig. 3-3-5. Phenology of embryo growth (closed diamonds; mean ± SE, n = 10) and radicle

emergence of H. asiatica seed(open diamonds, cumulative percentage from total 300 seeds).
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(E:S ratio, mean ± SE, n= 9-15) and radicle emergence in seeds of H. maxima in a non-heated

plastic house.

.

(1)

10

Gibberellic acid(GA3)

. GA3

.

(2)

( )

,

( ) 2011 7

.

( )

, GA3 400, 800mg·L-1

, GA3 400, 800mg·L-1, Fluridone 100mg·L-1 24 .
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BENCIDE LX 150 ( ) 600mg·L
-1

.

5 , 7 15ml tube

8ml , 15 . 6 3 , 6 22

, 15 5 (20 , 10 ) .

.

2011 7 19 , Fluridone

100mg·L
-1
, Fluridone 100mg·L

-1
+ GA3 100mg·L

-1 24h .

BENCIDE LX 150 ( ) 600mg·L
-1

,

10 15mL tube 8mL 15 . 70

(10 ), . 3 3 ,

. GA3

.

70% ethnol 2 , 3% Sodiom hypochlorite solution 15 , BENCIDE LX 150 (

) 600mg·L
-1

3 , 3 . BENCIDE LX

150( ) 600mg·L-1
, sucrose 30g·L

-1 agar 9g·L
-1

GA3 50mg·L-1 10 . 15 2

, 15 3 ( 6 ) .

.

(3)

( )

2010 2011

,

. 2010 GA3

Table 3-3-1 . GA3

. , .

GA3 , (200mg·L-1 500mg·L-1 )

. . 15

3 .

15°C

2 . GA3

.
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Table 3-3-1. Effect of GA3 on the procedure of seed germiantion in Heapatica asiatica Nakai.

Pre-soaking treatment
Germination Corrected

germinationz
Germination

timey
Mean

germination time
Coefficient of

germination rate

 (%) (%)  (weeks)　  (weeks)　  (%)

Natural conditionx 33.3w 27

GA3 conc.

(mg·L-1)

0 37.8av 66.4a 21 18.4a 5.0b

200 42.2a 54.5a 21 15.9b 6.0a

500 42.2a 63.5a 21 15.5b 6.0a

zGermination that rotted seeds were excluded from total seeds sown.
yDuration time to reach final germination percentage
xCondition during the period of mid-May to mid-November, 2011 under non-heated polyethylene house.
wThe proportion of germinated seeds examined on 14 November 2011 to total 300 seeds sown on 12 May 2011.
vMean values calculated from the seeds under 15°C in the period of mid-May to mid-October, 2010 after pre-soaking

treatment with GA3; means followed by the same letter within a concentration level of GA3 are  not significantly

different at the P < 0.05 level  (Duncan’s multiple comparison test).

( )

,

(Fig. 3-3-7).

(4.15 mm) (3.65mm) .

GA3 fluridone , 21

15°C Fig. 3-3-7 5 . 5

heart-shaped embryo(HSE) torpedo-shaped embryo(TSE)

, .

, Fig. 3-3-8 . 1 (MPD)

15°C 15 (CSE) (radicle)

(Fig. 3-3-8A). 400mg·L-1 GA3

21 CSE (Fig. 3-3-9A). , 800mg·L-1 GA3

CSE , (Fig. 3-2-2C).

50% , GA3

. 100mg·L-1 fluridone CSE

15 21 ,

. (Fig. 3-3-8D). fluridone ABA

. 1 ABA .

Fig. 3-2-3A 800mg·L-1 GA3 100mg·L-1 fluridone

. , 100mg·L-1 fluridone

, 2

.
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Fig. 3-3-7. Hepatica maxima seeds showing gradual embryo growth during incubation as follows:

rotten seed showing no stain (RS, A), a globular embryo (GE, B), a heart-shaped embryo (HSE,

C), a torpedo-shaped embryo (TSE, D), a cotyledon-shaped embryo (CSE, E), and radicle emergence

(RE, F). R, protruded radicle; E, embryo, Ec, endocarp; Es, endosperm; SC, seed coat; Cl,

cotyledon. Bar = 1.5 mm.
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Fig. 3-3-8. Percentage frequency distribution of developmental stages of embryos in H. maxima

seeds incubated for 21 weeks at 15°C without imbibition (A) or following imbibition in distilled

water (B), 400mg·L-1 of GA3 (C) or 100 mg·L-1 of Flu (D). Frequency analysis for distribution wa

sconducted for 150 seeds/case. Mean(M) median(Md), standard deviation(S.d.) skewness(Sk),

andkurtosis(Ku). Letters after mean values indicate significant differences between incubation

temperatures.

( ) , fluridone(100mg·L-1)

GA3(100mg·L
-1) fluridone(100mg·L-1) , Fig. 3-3-9B

. RS(rotted seeds)

. fluridone CSE ,

GA/ABA 1

. GA/ABA

.
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Fig. 3-3-9. Percentage frequency distribution of developmental stages of embryos in H. maxima

seeds imbibed in plant growth regulators (GA3 or floridone) followed by incubation for 19 weeks at

15°C.
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Fig. 3-3-10. Percent frequency of developmental stages of embryos observed every 2 weeks between

9 and 19 weeks of incubation at 15 °C as supplied gradually with or without GA3 to H. maxima

seeds (A) and histogram over laid with normal curve of frequency distribution analysed from the

frequency data (B). Mean value followed by *** is significantly different from that of control by
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independent samples T-test (P<0.0001).

. GA3 50mg·L
-1

.

15 19 , 15

, Fig. 3-3-10 . RS

13 RS .

,

.

. 2

RS . GA3

. GA3 . GA3

.

.

.

.

(1)

. ,

. ,

, .

(2)

( )

2011 3 'S ' ( )

, 2011 5 24 , 6 13

. 1

. 2011 7

4 15 .
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Fig. 3-3-11. After imbibition and surface-sterilizing processing, 150 seeds were placed in

15-ml-volume plastic tubes including moistened sand mixed with germicide and incubated at

respective temperature.

( )

BENCIDE LX 150 ( ) 600mg·L
-1

.

5 , 7 15mL tube 8ml

(Fig.3-3-11.). 6 3 , 6 22 , 15 , 20 ,

25 , 25 /15 (12/12h) 15 10 .

. 2011

7 19 BENCIDE LX 150 ( ) 600mg·L-1

, 10 15mL tube 8mL , 4 15

2 , 15 3 ( 6 )

. .

(3)

( )

10 15 . 20

. ,

3 ,

(Fig.3-3-12A).

3 ,

.

. Fig.3-3-12

,

.

. ,

.
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Fig. 3-3-12. (A) Seed viability (SV), embryo growth (EG) and radicle emergence (RE) determined

by tetrazolium chloride staining after 26 weeks at various temperatures (of total seeds). Means

followed by same letters on histograms are not significantly different at the P>0.05 (mean±S.E,

Duncan’s multiple comparison test); (B) relationship between exposure temperature and seed

viability, embryo growth or radicle emergence. Each value presents slope for linear regression tests

performed excluding data at 15°C (grey-colouredarea); (C) and (D) nonlinear relationship between

seed viability and embryo growth (EG), radicle emergence (RE) or inviable seeds (IVS )(r2 > 0.98

in nonlinear regression test, P < 0.001).

, ,

Two-way ANOVA

(Table 3-3-2). , (10 20 )

(p < 0.05),

(p > 0.05).

. 3

(p > 0.5).
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Table 3-3-2. Two-way ANOVA table for germination capacity, embryo growth potential and

viability of H. asiatica seeds exposed constant temperature (10, 15 and 20°C) and different GA3

concentrations (0, 200 and 500 mg·L
-1
)

Source of variation d.f. Mean square F Sig.

  a. Germination

Temperature 2 3426.8 27.07 0.000

GA3 treatment 2 23.3 0.18 0.833

Temperature GA⨉ 3 treatment 4 70.3 0.56 0.698

  b. Embryo Growth potential

Temperature 2 762.8 2.75 0.091

GA3 treatment 2  76.0 0.27 0.763

Temperature GA⨉ 3 treatment 4 192.7 0.70 0.605

  c. Viability

Temperature 2 1081.8 4.98 0.019

GA3 treatment 2 22.3 0.10 0.903

Temperature GA⨉ 3 treatment 4 172.8 0.79 0.544

( )

Incubation time (weeks)

2 4 6 8 10 12 14 16 18 20

E
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Fig. 3-3-13. E:S ratio (mean±SE, n= 7-15) of H. maxima seeds incubated at five different

temperatures with regression curves for E:S ratio at 15°C and non-heated plastic house.
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Fig. 3-3-14. Percentage frequency distribution of developmental stages of embryos in H. maxima

seeds incubated for 21 weeks at different constant temperatures of 15 (A), 20 (B) and 25°C (C)

and at alternating temperature of 25/15°C (D). Frequency analysis for distribution was conducted for

150seeds/case.
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Fig. 3-3-15. Embryo growth and radicle emergence after 19weeks of incubation at different

temperature and at 15°C following plant growth regulator, GA3 and fluridone (Flu).

,

. ( ) 15 20

. 25 25 /15 10

. 4

(Fig. 3-3-14).

4 25 CSE G

(Fig. 3-3-15). 4 RS , 25

. 15 20 (Fig. 3-3-15) , .

15 17 , . Fig. 3-3-15A

20 25 /15 ‘HSE+TSE’ CSE ,

, 25 ‘HSE+TSE’ .

(4)

(multiple types of physiological dormancy)

. 1 (radicles)

(cotyledons) .

.

1

fluridone , .
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. 2

(1)

Fig. 3-1-3 , (multiple

types of physiological dormancy) . 1

(radicles) (cotyledons)

. 2

.

(2)

( )

2011 3 'S ' ( )

. 2011 5 24 , 6 13

. 1 :

(7:3, v/v) , (27cm×27cm) 6 3 ,

6 22 . (RHT20, Extech Instruments Co.

USA) , Fig. 3-1-2 . (HD 9021,

Delta OHM, Italy) 40.61 mol·mμ -2·s-1 .

Fig. 3-3-16. Sowing of H. maxima seeds (A) and emerged radicles observed 23 weeks after sowing

(B, C and D).

( )

2

Fig. 3-3-4-1 11 15 , :

(8:2, v/v) 10 , 28

. 4 15, 30, 45, 60, 75, 90 ,

(13 ×8 ) : (8:2, v/v) (Fig. 3-3-16).

15 , 60%, 39.68 mol·mμ -2·s-1, 14/10(h/h) (Fig. 3-3-17).
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Fig. 3-3-17. Cold stratification at 4°C (A) of emerged radicles (Fig. 3-3-15) of H. asiatica and H.

maxima and followed by incubation at 15° (B and C).

2

11 15 , , Gibberellic acid (GA3)

400mg·L
-1
, GA3 800mg·L

-1
, GA3 400mg·L

-1
+ Fluridone100mg·L

-1 5 . ,

(13 ×8 ) : (7:3, v/v) . ,

1ml ,

(Fig. 3-3-18). (RHT20, Extech Instruments Co. USA)

, (HD 9021, Delta OHM, Italy)

40.61 mol·mμ -2·s-1 .

Fig. 3-3-18. Incubation in vinyl house (B) of emerged radicle treated with GA3 (A).

(3)

GA3 1

5 . 7 2 .

.
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4.

.

(1)

3-4

. ,

.

.

4 .

.

.

(2)

2011 3 'S ' .

: : (6:1:3, v/v/v) 11cm 5

20 , 4 9 12cm . 1

(Hyponex, Japan) 1mL·L-1 100mL/pot, 120mL/pot .

15 5 ( ) , 26 4

. 35%

(Fig. 3-4-1).

, 30% 1 , 30% 2 , 90% 1 .

. 52±8%, 30% 1

82.2±3.5%, 30% 2 90.24%, 90% 97.1±2.3%,

98±0.1% . (HD 9021,

Delta OHM, Italy) .

(RHT20, Extech Instruments Co. USA) .

Fig. 3-3-3 .

2 . 6 16 , , (

), , 7 13, 14 , , , , ,

. 6 16 , 8 2 ~4 2

. (CR-400, Konica Minolta Sensing, Inc.

Japan) .
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Fig. 3-4-1. Shading setting using the layering of net (A) for determination of optimum shading

rate to produce potted H. asiatica (B) and H. maxima plants (C).

(3)

( )

4 Table 3-4-1 .

. , (52% ) 26.3%

. 90% 10% 90% .

(Fig. 3-4-2). , ,

. (5 -6 )

90% .

14 Table 3-4-2 .

, . 90%

80% .

. , 52%

.

(Fig. 3-4-3).

Table 3-4-1. Effect of shading rate on the growth characteristics of Hepatica asiatica Nakai during

the vegetative and reproductive stages (4 weeks after shading treatment May-July 2011).

Shading net

(%, layers)
Shading rate

(%)
Survival ratez

(%) N No.
of  leaves

Plant height
(cm)

Leaf color, Hunter value

L* a* b*

Control

(35% outside)
52 73.7 14 3.79ay 5.31b 19.86a -8.67b 12.01a

30
1 82 80.0 12 2.83ab 4.76b 15.16b -7.15a 9.44bc

2 90 93.3 14 2.64b 5.69ab 19.60a -7.32ab 8.40c

90 1 97 100 15 3.67a 7.41a 20.17a -8.27ab 10.50ab

Under the bed 100 19 2.89ab 5.51b 16.63ab -8.26ab 10.56ab

F-test 　 　 　 0.011 0.005 0.002 0.041 0.000
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zAfter the shading treatment for 4 weeks, survival rate was calculated from survived pots out of 15 ~ 19 pots.
yData shown are means ±SE (n=12 to 19). Mean separation within columns by Tukey’s multiple range, P = 0.1  

Fig. 3-4-2. Morphology of H. asiatica plant cultivated for 4 weeks under different shading rate.

Table 3-4-2. Effect of shading rate on the growth characteristics of Hepatica asiatica Nakai during

the vegetative and reproductive stages (14 weeks after shading treatment).

Shading net,
(%, layers)

Shading
rate
(%)

Survival
ratez

(%)
N

No. of 
leaves

Plant 
height
(cm)

Plant 
width
(cm)

Leaf color, Hunter value Fresh weight
(g)

L* a* b* shoot root

Control

(35% outside)
52 65.0 12 3.08ay 5.94b 12.66a 16.90a -6.77ab 9.64a 1.18a 4.32a

30 1 82 73.3 11 2.64a 5.67b 10.56a 16.17a -7.10b 8.87ab 0.87a 2.94b

2 90 86.7 13 2.62a 5.73b 11.86a 14.04a -6.02a 6.54c 0.94a 2.17b

90 1 97 80.0 12 3.25a 8.01a 11.33a 16.45a -6.72ab 8.14b 1.04a 2.30b

Under the bed 89.5 17 2.41a 6.99ab 10.00a 14.59a -6.74ab 7.59bc 0.75a 1.91b

F-test　 　 　 0.344 0.011 0.377 0.286 0.095 0.000 0.240 0.000

zAfter the shading treatment for 12 weeks, survival rate was calculated from survived pots of respective 15~19 pots.

yData shown are means±SE (n=11 to 17). Mean separation within columns by Tukey’s multiple range, P = 0.1
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Fig. 3-4-3. Morphology of H. asiatica plant cultivated for 14 weeks under different shading rate.

( )

9 Table 3-4-3 .

. (

52%) 52% 82% 90% 90% 85.7%

. (Fig. 3-4-4).

Table 3-4-3. Effect of shading rate on the growth characteristics of Hepatica maxima during the

vegetative and reproductive stages (9 weeks after shading treatment).

Shading net

(%, layers)

Shading 
rate
(%)

Survival
ratez

(%)
N No. of 

leaves

Plant 
height
(cm)

Leaf color, Hunter value

L* a* b*

Control

(35% outside)
52 53.8 14 1.86a

y
8.27a 24.65a -7.94a 13.30a

30
1 82 90.0 27 2.00a 8.06a 22.70a -8.50ab 12.13a

2 90 85.7 24 1.92a 7.75a 22.48a -7.81ab 11.41a

90 1 97 75.0 21 1.76a 8.23a 22.66a -7.89b 11.05a

F-test 　 　 　 0.801 0.922 0.578 0.363 0.077

zAfter the shading treatment for 9 weeks, survival rate was calculated from survived pots of respective 26~30 pots.
yData shown are means ±SE (n=14 to 21). Mean separation within columns by Tukey’s multiple range, P = 0.1.
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Fig. 3-4-4. Morphology of H. maxima plant cultivated for 9 weeks under different shading rate.

12 Table 3-4-4 .

, (

52%) 23% . 82% 60%

, 52% 23% . , ,

.

(Fig. 3-4-5 3-4-6)

Table 3-4-4. Effect of shading rate on the growth characteristics of Hepatica maxima during the
vegetative and reproductive stages (12 weeks after shading treatment).

Shading net

(%, layers)

Shading 
rate
(%)

Survival
ratez

(%)
N No. of 

leaves

Plant 
height
(cm)

Plant 
width
(cm)

Leaf color, Hunter value Fresh weight (g)

L* a* b* shoot root

Control

(35% outside)
52 23.1 6 2.50ay 8.35a 13.83a 19.50bc -6.86ab 12.87ab 3.41a 2.65a

30 1 82 60.0 18 1.89ab 7.60a 13.13a 24.69a -8.93c 14.06a 2.82a 1.85a

2 90 42.9 12 1.58b 8.46a 13.19a 18.63c -6.40a 10.09c 2.57a 1.79a

90 1 97 35.7 10 2.30ab 8.92a 12.40a 24.28ab -8.45bc 10.84bc 3.38a 2.45a

F-test 　 　 　 0.058 0.464 0.858 0.003 0.001 0.000 0.412 0.278

zAfter the shading treatment for 13 weeks, survival rate was calculated from survived pots of respective 26~30 pots.
yData shown are means ±SE (n=6 to 18). Mean separation within columns by Tukey’s multiple range, P = 0.1.
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Fig. 3-4-5. Morphology of H. maxima plant cultivated for 12 weeks under different shading rate.

Fig. 3-4-6. Changes in leaf color of H. asiatica and H. maxima plants cultivated under different

shading rate.

. .

(1)

.

.

20%

.

.
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(2)

2011 3 'S ' .

: : (6:1:3, v/v/v), : : (5:3:2, v/v/v),

: : (5:2:3, v/v/v), : (4:6, v/v/v) 11cm

4 20 , 4 10 12cm (Fig. 3-4-7). 20

4 ( ) .

(HD 9021, Delta OHM, Italy) ,

43.71 mol·mμ
-2
·s

-1
, Fig. 3-3-3 . 6

16 8 1~4 . 1 , , ,

, 2 , , , , ,

. (Fig. 3-4-7C).

Fig. 3-4-7. Experiment to investigate effect of various potting mixture on the growth characteristics

of H. asiatica (A) and H. maxima (B) plants; H. maxima plants withered by disease during the

experiment (C).

(3)

( )

4 100%

(Table 3-4-5). ,

(Fig. 3-4-8). 10 ,

(Table 3-4-6). : : (5:2:3, v/v/v) 93%

, : : (6:1:3) 88% .

: : (5:3:2) 46% .

: : (6:1:3) 3.4 12.7cm .

: : (6:1:3) 1.2g ,

: : (6:1:3) : .

(Fig. 3-4-9).

Table 3-4-5. Effect of potting mixture on the growth characteristics of Hepatica asiatica Nakai

during the vegetative and reproductive stages (4 week cultivation after transplanting).
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Nursery potting
mixure
(v/v/v or v/v)

Survival
ratey

(%)
N No. of

leaves

Plant

height
(cm)

Leaf color, Hunter’s value

L* a* b*

DG : FAM : KT
60 : 10 : 30 100 15 3.67ax 6.71a 14.25b -7.72a 9.35a

RS : FAM : KT
50 : 30 : 20 100 13 3.15a 6.09a 12.71b -7.65a 9.01a

RS : FAM : BK
50 : 20 : 30 100 15 3.07a 6.11a 13.19ab -7.66a 8.88a

UP : RS
40 : 60 100 15 3.80a 6.66a 17.54a -7.73a 9.49a

F-test 　 　 0.202 0.618 0.013 0.998 0.856

zDG, decomposed granite; FAM, fertilizer-amended media; RS, river sand; KT, kanumatsuchi; BK, bark; UP, upland soil.
yAfter the growth for 4 weeks in various potting soil mixtures, survival rate was calculated from survived pots of

respective 13~15 pots.
xData shown are means±SE (n=13 to 15). Mean separation within columns by Tukey’s multiple range,  P = 0.1.

Fig. 3-4-8. Morphology of H. asiatica plant cultivated for 4 weeks after transplanting into various

potting mixture.
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Nursery potting mixure
(v/v/v or v/v)

Survival
ratey

(%)
N No. of

leaves

Plant
height
(cm)

Plant
width
(cm)

Leaf color, Hunter value 　Fresh weight (g)

L* a* b* 　 shoot root

DG : FAM : KT
60 : 10 : 30 86.7 13 3.38a

x

9.45a 12.72a 15.78a -7.39a 8.39a 1.22a 0.38a

RS : FAM : KT
50 : 30 : 20 46.2 6 2.17bc 7.30ab 9.28ab 10.88a -6.48a 7.14a 0.65b 0.35a

RS : FAM : BK
50 : 20 : 30 93.3 14 2.43ab 6.98b 11.16ab 14.38a -6.38a 6.82a 0.87ab 0.35a

UP : RS
40 : 60 60.0 9 1.22c 9.52a 6.76b 13.54a -6.79a 7.81a 0.50b 0.34a

F-test 　 　 0.000 0.008 0.040 0.203 0.246 0.164 　0.015 0.932

zDG, decomposed granite; FAM, fertilizer-amended media; RS, river sand; KT, kanumatsuchi; BK, bark; UP, upland soil.
yAfter the growth for 4 weeks in various potting soil mixtures, survival rate was calculated from survived pots of

respective 6~14 pots.
xData shown are means±SE (n=6 to 14). Mean separation within columns by Tukey’s multiple range,  P = 0.1.

Fig. 3-4-9. Morphology of H. asiatica plant cultivated for 10 weeks after transplanting into various

potting mixture.

( )

(Fig. 3-4-10).
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Fig. 3-4-10. Spores on leaf lesion of H. maxima plant observed under the microscope.

.

(1)

.

.

.

(2)

2011 3 'S ' .

: : (6:1:3, v/v/v) 11cm ,

15cm 4 10 . 20 ,

24 5

(Fig. 4-3-1). 1 , 1, 0.5ml·L-1

(Hyponex, Japan) 1 1 , 2 1 .

100mL/pot, 250mL/pot . 4 10 5 27

(N:P:K, 15:30:15) , 5 28 (N:P:K,

20:20:20) . 31.37 mol·mμ -2·s-1 (HD 9021,

Delta OHM, Italy) . .

3 . , ,

5 19 1 , 6 16 2 , , ,

. 9 7~8 , , , , ,

. 1 , 2 .

7 22~26 , , , , ,

.
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Fig. 3-4-11. Experiments to determine optimum application of nutrient during the cultivation of H.

asiatica (A) and H. maxima (B) plants.

(3)

( ) (H. asiatica)

5

(Table 3-4-7, Fig. 3-4-12).

Table 3-4-7. Effect of nutrient application on the growth characteristics of Hepatica asiatica Nakai
during the vegetative and reproductive stages (as applied differently with nutrients for 5 weeks).

Nutrient application
Survival ratez

(%)
No. of
leaves

Leaf color, Hunter value

Interval Diluted ratio, 
fold L* a* b*

Control (no fertilization) 100 4.80ay 19.68a -10.61a 14.60a

1 week 1000 90 5.39a 20.83a -10.36a 13.54a

2000 100 5.40a 21.33a -10.54a 14.39a

2 weeks 1000 95 6.21a 22.64a -10.52a 14.03a

2000 100 4.85a 22.32a -11.06a 15.17a

F-test 　 0.258 0.400 0.480 0.235

zAfter the growth for 6 weeks in various level of fertilization, survival rate was calculated from pots survived of

respective 20 pots.
y
Data shown are means±SE (n=19 to 20). Mean separation within columns by Tukey’s multiple range, P = 0.1
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Fig. 3-4-12. Morphology of H. asiatica plant as applied differently with nutrients for 5 weeks.

10 Table 3-4-8 . 95%

,

(Fig. 3-4-13).

Table 3-4-8. Effect of nutrient application on the growth characteristics of Hepatica asiatica Nakai
during the vegetative and reproductive stages (as applied differently with nutrients for 10 weeks).

Nutrient application
Survival ratez

(%)
No. of 
leaves

Plant height
(cm)

Leaf color, Hunter's value

Interval
Diluted rate,

fold
L* a* b*

Control, no fertilization    95 4.32ay 6.96a 15.56b -7.92b 21.61a

1 week 1000   95 4.53a 7.28a 12.08c -6.58a 6.80c

2000 100 4.80a 6.89a 16.33b -7.27ab 8.03bc

2 weeks 1000   95 4.95a 6.61a 16.06b -7.19ab 7.86bc

2000 100 4.15a 7.07a 19.02a -8.03b 9.13b

F-test 　 0.543 0.799 0.000 0.000 0.000

zAfter the growth for 10 weeks in various level of fertilization, survival rate was calculated from pots survived of

respective 20 pots.
yData shown are means±SE (n=19 to 20). Mean separation within columns by Tukey’s multiple range, P = 0.1
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Fig. 3-4-13. Morphology of H. asiatica plant as applied differently with nutrients for 10 weeks.

, 22 Table 3-4-9 Fig. 3-4-14 .

95% , 85%

, 1,000 1 65% ,

. , , .

5 ,

(Fig. 3-4-14, 3-4-15).

Table 3-4-9. Effect of nutrient application on the growth characteristics of Hepatica asiatica Nakai

during the vegetative and reproductive stages (as applied differently with nutrients for 22 weeks).

Nutrient application
Survival
ratez

(%)

No. of 
leaves

Plant
height
(cm)

Plant
width
(cm)

Leaf color, Hunter's value Fresh weight (g)

Interval
Diluted rate 
(fold)

L* a* b* Shoot Root

Control,

no fertilization
95 4.21ay 8.22a 15.00a 16.21a -7.28c 7.99a 2.52a 6.64a

1 week 1000 65 4.62a 7.60a 15.38a 13.46bc -5.42a 5.45c 2.71a 6.93a

2000 90 4.44a 7.57a 13.00a 11.56c -5.59ab 5.65bc 2.24a 5.88a

2 weeks 1000 90 4.72a 8.04a 14.54a 13.14bc -5.74ab 5.98bc 2.60a 6.78a

2000 85 4.24a 7.21a 14.56a 14.59ab -6.31b 6.84ab 2.61a 6.18a

F-test 　 0.834 0.409 0.401 0.000 0.000 0.000 0.780 0.799

zAfter the growth for 23 weeks in various level of fertilization, survival rate was calculated from pots survived of

respective 20 pots.
yData shown are means ±SE (n=13 to19). Mean separation within columns by Tukey’s multiple range, P = 0.1.
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Fig. 3-4-14. Morphology of H. asiatica plant as applied differently with nutrients for 22 weeks.

Fig. 3-4-15. Effect of different application of nutrient on leaf colour of Hepatica asiatica plants

during the vegetative and reproductive stages.

( ) (H. maxima)

5 Table 3-4-10 .

89% 90% .

(Fig. 3-4-16).

10 Table 3-4-11 .

80±9% ,

(Fig. 3-4-17). 15 Table 3-4-3-5 . 10

, ,

(Fig. 3-4-18). 5 , 10
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15 (Fig. 3-4-19).

, (Fig. 3-4-20). ,

.

Table 3-4-10. Effect of different application of nutrient on the growth characteristics of Hepatica

maxima during the vegetative and reproductive stages (as applied with nutrient for 5 weeks).

Nutrient application
Survival ratez

(%)
No. of leaves

Leaf color, Hunter's value

Interval
Diluted rate
(fold)

L* a* b*

Control ( no fertilization)   87.5 4.10ay 25.36a -9.40b 11.96a

1 week 1000   91.7 4.09a 23.74ab -8.94b 10.85ab

2000   91.7 4.95a 16.39c -8.01ab 10.03b

2 weeks 1000   95.8 4.26a 19.12c -7.88a 9.66b

2000 100.0 4.08a 20.01bc -8.58a 10.93ab

F-test 　 0.152 0.000 0.000 0.001

zAfter the growth for 5 weeks in various level of fertilization, survival rate was calculated from pots survived of

respective 24 pots.
yData shown are means ±SE (n=21 to 24). Mean separation within columns by Tukey’s multiple range, P = 0.1

Fig. 3-4-16. Morphology of H. maxima plant as applied differently with nutrients for 5 weeks.

Table 3-4-11. Effect of different application of nutrient on the growth characteristics of Hepatica

maxima plant during the vegetative and reproductive stages (as applied with nutrient for 10 weeks).
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Nutrient application Survival ratez

(%)
No. of leaves

Plant height
(cm)

Leaf color, Hunter's value

Interval
Diluted rate
(fold)

L* a* b*

Control,  no fertilization 79.2 2.21ay 9.06a 14.54a -7.34ab 8.56ab

1 week 1000 79.2 2.47a 9.91a 14.95a -6.87a 7.75b

2000 75.0 2.50a 9.50a 14.87a -7.13ab 8.37ab

2 weeks 1000 87.5 1.95a 8.60a 17.56a -7.14ab 8.30ab

2000 79.2 2.32a 9.23a 16.66a -7.77b 8.94a

F-test 　 0.524 0.414 0.254 0.045 0.105

zAfter the growth for 10 weeks in various level of fertilization, survival rate was calculated from pots survived of

respective 24 pots.
yData shown are means ±SE (n=19 to 21). Mean separation within columns by Tukey’s multiple range, P = 0.1

Fig. 3-4-17. Morphology of H. maxima plant as applied differently with nutrients for 10 weeks.



- 470 -

Fig. 3-4-18. Morphology of H. maxima plant as applied differently with nutrients for 15 weeks.

Table 3-4-12. Effect of different application of nutrient on the growth characteristics of Hepatica

maxima during the vegetative and reproductive stages (as applied with various levels of nutrient for

15 weeks).

Nutrient application Survival
ratez

(%)

No. of 
leaves

Plant
height
(cm)

Plant
width
(cm)

Leaf color, Hunter's value Fresh weight (g)

L* a* b* Shoot RootInterval
Diluted rate 
(fold)

Control,
no fertilization

79.2 2.26a 9.24a 15.06ab 17.94a -7.52c 8.89a 　 5.01a 9.92a

1 week 1000 75.0 2.44a 9.76a 16.39a 15.87ab -5.81a 6.39c 6.00a 10.76a

2000 78.3 2.56a 10.13a 15.74ab 16.26ab -6.41ab 6.96bc 　 5.99a 9.33a

2 weeks 1000 87.5 2.00a 9.54a 12.72b 14.47b -6.19ab 6.77bc 4.67a 9.25a

2000 79.2 2.42a 9.65a 13.99ab 15.14ab -6.66b 7.51b 　 5.06a 10.10a

F-test 　 0.573 0.809 0.082 0.038 0.000 0.000 　 0.276 0.534

zAfter the growth for 15 weeks in various level of fertilization, survival rate was calculated from pots survived of

respective 24 pots.
yData shown are means ±SE (n=18 to21). Mean separation within columns by Tukey’s multiple range, P = 0.1.
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Fig. 3-4-19. Effect of different application of nutrient on leaf colour of Hepatica maxima plants

during the vegetative and reproductive stages.

(4)

. 5

80%

. : : (6:1:3,

v/v/v) , .

, .

,

. , ,

2 .
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Fig. 3-4-20. Changes in leaf colour of H. asiatica and H. maxima plants during the vegetative and

reproductive stages as applied nutrient for 10 weeks .

.

(1)

.

.

(2)

: : (6:1:3, v/v/v)

5 . 2011 11

15 , , , 15 , 30 45

(5 , 10 / ). 2011 11

21 , , 15 , 30 45

(5 , 12 / ). 5±

1 , 70±2% . 13 , 71%,

25.14 mol·mμ -2·s-1 . 1 .

.

( ) (Fig. 3-4-21). 7 14

, paper , , 1.3 150 .

12 5 12 : : (6:1:3, v/v/v)

.

. , 50, 100mg·L-1 GA3 10mL
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. 1 , 1.5ml·L
-1

, 12 12

, 0.7ml·L
-1

. 15 1 .

(3)

. 11 15

36 12 30 12 (Table 3-4-13).

(Fig. 3-4-23).

, (Fig. 3-4-23). 11 21

33 1 5

4 (Table 3-4-14).

. Fig. 3-4-22 .

GA3

Table 3-4-1 . 7

GA3

(Fig. 3-4-4-3). GA3

.

Table 3-4-13. Effect of chilling days at 4°C on bud germination of H. asiatica plants.

Date into greenhouse
Period of chilling treatment

 (days)
Days to sproutingz Sprouting percentage

Controly 0 - 0

Nov. 15 0 35.7±1.7x(Dec. 21, 2011) 70

Nov. 30 15 25.6±5.0 (Dec. 26, 2011) 80

Dec. 15 30 13.5±4.0 (Dec. 29, 2011) 80

Dec. 30 45 12.4±0.7 (Jan. 11, 2012) 50

zDays to sprouting after translocating into greenhouse.
yKept staying in nonheated plastic-house
x
Mean±SE

Table 3-4-14. Effect of chilling days at 4°C on bud germination of H. maxima plants.
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Date into greenhouse
Period of chilling treatment

 (days)
Days to sproutingz Sprouting percentage

Controly 0 32.3±0.7y(Dec. 23) 83

Nov. 21 0 33.3±0.8 (Dec. 24) 67

Dec. 06 15 21.0±1.5 (Dec. 27) 83

Dec. 21 30 3.3±0.6 (Dec. 24) 90

Jan. 05 45 4.0±0.0( Jan. 9) 71

zDays to sprouting after translocating into greenhouse.
yKept staying in nonheated vinyl-house
xMean±SE

Fig. 3-4-21. Sprouting form H. asiatica (A) and H. maxima (B) plants.

Table 3-4-15. Effect of GA3 treatment on bud germination in H. maxima plants with chilling days
before flower bud differentiation

GA3 treatment Days to sproutingz Sprouting percentage

Controly 6.0±0.79x(Dec. 15) 80

GA3 50mg·L-1 6.3±1.01(Dec. 15) 60

GA3 100mg·L-1 7.0±1.75(Dec. 16) 40

z
Days to sprouting after translocating into greenhouse.
yKept staying in nonheated vinyl-house.
xMean±SE.
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Fig. 3-4-22. 12 (A), (B,

C) (D, E) .

Fig. 3-4-23. Bud germination (sprouting) for floral initiation affcted by chilling treatment in H.

asiatica and H. maxima plants.

(4)
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,

.

11 . 8

. 8 12 ,

.
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4

1.

.

(1)

. Table 1. 4-1-1

(Long-day plant)

(short-day plant) .

.

, , .

, ,

.

,

.

.

Table. 4-1-1. Flowering response to length of light/darkness

0         12  24
(hr) Long-day plant Short-day plant

NL Darkness ×

NL Darkness ×

NL W ×

NL : Natural light: W : incandescent light

(2)

2012 5 7 .

(Orostachys. malacophyllus from Taeback), (O. ramosus), (O.

iwarenge for. magnus) .

, , 11, 10, 10 cm 16, 14, 14

. (6) (4) ,

(6), (2) (2) .

1000 .

8, 10, 12, 14, 15, 16h (Fig. 4-1-1).

, Table 4-1-2 .
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8 21 °C

, 30

. Fig. 4-1-2 .

2-3°C, 5% .

40-60 ( , , , , , )

( , , 44-40 ) .

(A) (B) Fig. 4-1-3 .

Fig. 4-1-1. Treatments with different photoperiods (8, 10, 12, 14, 15 and 16 h) to determine critical

day-length and the number of photoinductive cycles, which were conducted from 40 to 60 cycles.

Table 4-1-2. Light intensities in day-length controller regulated differently in photoperiod.

Photoperiod Greenhouse

Day-length (hr)

8 10 12 14 15 16

Light intensity

(×103 Lux)
55.2 7.72 7.75 5.69 7.12 6.77 6.5
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Fig. 4-1-2. Changes of temperature and relative humidity in each day-length controller with different

photoperiod.

Fig. 4-1-3. Bolting (A) and flowering status (B) of pot plants exposed to different photoperiods.
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(3)

( ) (O. malacophyllus from Taeback)

, (Fig. 4-1-4).

20 (photoinductive cycles, day) ,

, 14/10 h .

40 . 8/16 h

,

. 14/10 h

. 15/9 h 16/8 h (Fig. 4-1-4). ,

Fig. 4-1-4 Table 4-1-3

. Table 4-1-3 44 (photoinductive cycles)

. , 12/12 h ,

. 12

. ,

12 , .

Fig. 4-1-4. Effect of different day-length on bolting and flowering of O. malacophyllus from Taeback.

Flowers were exposed to 8, 10 and 12 h day-lengths, respectively. The pot plants of 14 h day-length

were in bolting status; the pot plants of 15 or 16 h day-length were in still vegetative status.
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5 4 49 Table 4-1-4 .

4 (photoinductive cycles) ,

, 16/8 h .

. Table 4-1-5 ( )

. 10/14 h

31-41 , 8/16 h 31-44 , 12/12 h 31-43

. , (critical photoinductive cycles) 31

.

Table 4-1-3. Effect of different day-length on flowering of O. malacophyllus from Taeback for 44

photoinductive cycles.

Day-length (hr) No. of plants Inflorescence length/plant No. of flower/plant

8 15 9.8az 68.8a

10 15 10.8a 76.9a

12 15 8.9a 82.2a

14 15 - -

15 15 - -

16 15 - -

zMeans followed by the same letter in columns is not significantly different according to the Duncan’s multiple range test
(P 0.05)

Table 4-1-4. Effects of different number of photoinductive cycles and day-length on bolting of O.

malacophyllus fromTaeback

Day-length

(hr)

Photoinductive cycles

2 4 6 8 10 12 15 19 20 22 24 31 33 36 40 42 46 47 49

8 0 0 27 47 93 93 100 100 100 100 100 100 100 100 100 100 100 100 100

10 0 0 20 60 93 100 100 100 100 100 100 100 100 100 100 100 100 100 100

12 0 13 31 75 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

14 0 0 0 25 44 75 81 88 94 94 100 100 100 100 100 100 100 100 100

15 0 0 0 0 0 0 0 0 0 3 25 50 56 56 63 63 69 75 81

16 0 0 0 0 0 0 0 0 0 0 25 38 44 50 50 56 56 63 75

Percentages of flowering plants (%) were obtained from 15-16 plants for respective day-length
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Table 4-1-5. Effects of different number of photoinductive cycles and day-length on flowering of O.

malacophyllus from Taeback.

Day-length

(hr)

Photoinductive cycles

29 30 31 33 35 36 37 39 40 41 42 43 44

8 0 0 7 53 67 73 80 93 93 93 93 93 100

10 0 0 13 67 73 80 93 93 93 100 100 100 100

12 0 6 19 44 56 63 69 69 75 88 94 100 100

14 0 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 0 0 0 0 0 0 0 0 0 0 0

16 0 0 0 0 0 0 0 0 0 0 0 0 0

Percentages of flowering plants (%) were obtained from 15-16 plants for respective day-length

( ) (O. ramosus)

Fig. 4-1-5. Effect of different day-length on vegetative growth of O. ramosus. In early vegetative

growth of O. ramosus, flowers were not promoted by any photoperiods.

50

(Fig. 4-1-5). 50 ,

. 1

. ,
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. 5 11 50

, , , , (Table 4-1-6),

. 16/8 h

,

. .

8/16 h 10/14 h

.

,

.

Table 4-1-6. Effects of different day-length on growth parameters of O. ramosus after 50 photoinductive cycles.

Day-length

(hr)

Plant

height

No. of

branch

Leaf

length

Leaf

width

No. of 

leaf

Leaf color

L
*

a
*

b
*

8 8.48c
z

- 5.15c 1.55b 21.83bc 24.87bc -9.17a 11.67a

10 9.25c - 5.26c 1.99a 21.14c 27.14ab -9.32a 11.64a

12 9.47c - 6.35c 1.95ab 23.2bc 21.26c -9.21a 11.41a

14 11.95b - 8.97b 1.96a 28.3a 30.91a -9.67a 12.64a

15 13.03b 1.00a 8.83b 1.86ab 26.4ab 29.53ab -8.61a 12.31a

16 14.71a 0.62ab 10.75a 2.08a 28.46a 31.55a -9.82a 13.18a

z
Means followed by the same letter in columns is not significantly different according to the Duncan’s multiple range test (P 0.05)

( ) (O. iwarenge )

60

(Fig. 4-1-6), , , , ,

(Table 4-1-7).

, . , ,

8/16 h .

.

.

, .

12h

.
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Fig. 4-1-6. Effect of different day-length on vegetative growth of O. iwarenge. In early vegetative growth,

flowers were not promoted by any photoperiods.

Table 4-1-7. Effects of different day-length on growth parameters of O. iwarenge. after 60

photoinductive cycles.

Day-length

(hr)

Plant

width

No. of

 branch-1

No. of 

branch-3

Runner

length

Runner

 width,

2

Runner 

width,

2.5

No. of

 leaves

Leaf color

L* a* b*

8 4.17bz 7.0d 7.8d 4.21b 3.58c 0.83c 21.3
ab

c
31.94bc -6.18c 4.73a

10 4.48ab 9.8cd 12.3bc 5.13b 6.00bc 0.30c 19.6c 36.92a -5.63bc 4.84a

12 5.08a 11.0bc 11.0cd 7.64a 8.75ab 1.25bc 20.3bc 35.85ab -4.71ab 3.84ab

14 5.02a 14.3b 15.5b 9.09a 9.30a 3.10ab 22.8ab 33.91abc -5.28bc 3.80ab

15 5.07a 13.1bc 13.1bc 7.87a 7.55ab 3.91a 22.5
ab

c
35.28abc -4.02a 2.57bc

16 5.18a 18.9a 20.3a 8.92a
10.1

1
a 3.44ab 24.4a 31.23c -3.59a 1.86c

zMeans followed by the same letter in columns is not significantly different according to the Duncan’s multiple range test (P 0.05)
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(4)

,

.

2 1

. 2

. (night break)

. ,

.

2.

(Hepatica asiatica Nakai) (Hepatica maxima Nakai) 3 4

, .

2 , 3-4 .

.

, . ,

, 3-3

.

, .

.

pH, .

.

(1)

,

. ,

, , .

.

(2)

( )

Vacuum

2011 ,

(Fig. 4-2-1).

3 4 . (2ml/L) (4ml/L) 5 , 150rpm

, , 70% ethanol 30 , 60 . 1

2 0.5% NaOCl(sodium hypochlorite solution) 100ml tween 20
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, Vacuum(DOA-P704-AA, GAST, USA) 40kPa 15 (Fig. 4-2-2,

A). 4 0.5 1cm×0.5 1cm .

NaOCl (sodium hypochlorite solution)

.

3 4 , (2ml/L) (4ml/L) 5 , 150rpm

, , 70% ethanol 30 , 60 . 1

2 1, 2% NaOCl(sodium hypochlorite solution) 100ml tween 20#

170rpm 15 (Fig. 4-2-2, B). 4 0.5 1cm×0.5

1cm .

A B C

D E F

Fig. 4-2-1. Flower, seeds, and leaf of Hepatica asiatica (A,B, and C) and Hepatica maxima (D,E,

and F).

Fig. 4-2-2. Sterilization using vacuum (A) and shaking (B)

(Kathon)

.

3 4 . (2ml/L) (4ml/L) 5 , 150rpm

, , 70% ethanol 30 , 60 .

1 2 1, 2% NaOCl(sodium hypochlorite solution) 100ml tween 20#
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170rpm 220rpm 15 . 600ul L
-1

BENCIDE LX 150(kathon wt,

Rohm and Haas) 3 , 4 0.5 1cm×0.5 1cm

.

( )

3% sucrose MS(Murashige and Skoog) BA(6-benzylaminopurine) 1mg L
-1

NAA( -naphthaleneacetic acid) 0.1mg Lα
-1

, pH 5.7 5.8 0.8% agar

. agar (Ø30×200mm) 12mL , 121 , 1.1 f/ 15

.

( )

16 / 21 , 60% . 84±13μ

mol·m
-2
·s

-1
, (FL 40EX-D, Osram, korea) , (HD 9021, Delta

OHM, Italy) . 10 2 .

(3)

( ) Vacuum

NaOCl 0.5 1% ,

100% (Table 4-2-1). , NaOCl 2%

, , (10 ) 54.2%

. (Table 4-2-2). NaOCl 1%

, , 2%

, . shaking NaOCl ,

, .

( ) NaOCl(sodium hypochlorite solution)

, NaOCl 1% 170rpm shaking 41.2%

(Table 4-2-1). 220rpm shaking ,

170rpm . , 87.5%

62.5% 170rpm shaking 220rpm shaking (Table

4-2-2). 75% 4.2% .

( )

8.3% 91.7% , 2

(Table 4-2-1). ,

83.3% 87.5% , 2 16.7% 41.7%

58.3% 45.8% , (Table 4-2-2).

,

. 1% NaOCl
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, ,

NaOCl .

( 10 ) ,

(Fig. 4-2-3).

, , , 4-5 ,

. ( )

. ,

.

Table 4-2-1. Effect of various sterilization methods on disinfection rate for Hepatica asiatica Nakai

Sterilization

method

NaOCl

concen.

(%)

After 10 days After 2 months

Wilting

rate

Contamination

rate Survival

rate

Wilting

rate

Contamination

rate Survival

rate
Fungus Bacteria Fungus Bacteria

Decompression

(40kPa)
0.5 0 100 0 0 - - - -

1 0 95.8 4.2 0 - - - -

2 54.2 0 33.3 12.5 54.2 0 33.3 12.5

Shaking

(170rpm)
1 0 8.9 4.4 86.7 32 6.3 3.2 41.2

1.5 0 45.0 40.0 15.0 0 45.0 40.0 15.0

Shaking

(220rpm)
1 0 100 0 0 - - - -

2 0 4.2 0 95.8 75 0 0 20.8

Shaking

(220rpm) +

BENCIDE

600mg·L-1

1 0 0 91.7 8.3 8.3 0 0 0

2 0 0 8.3 91.7 70.9 8.3 12.5 0

Data are averages of 30 replicatie explants
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Sterilization

method

NaOCl

concen

. (%)

After 10 days After 2 months

wilting

rate

contamination

rate survival

rate

wilting

rate

contamination

rate survival

rate

fungus bacteria fungus bacteria

Decompression

(40kPa)

1 0 87.5 12.5 0 - - - -

2 0 4.2 25 70.8 18.7 6.3 0 45.8

Shaking

(170rpm)
1 0 2.1 6.3 91.6 37.4 0 0 54.2

Shaking

(220rpm)

1 0 4.2 4.2 91.7 4.2 0 0 87.5

2 0 25 8.3 66.7 4.2 0 0 62.5

Shaking

(220rpm)+

BENCIDE

600mg·L-1

1 0 0 16.7 83.3 16.7 8.3 0 58.3

2 0 8.3 4.2 87.5 41.7 0 0 45.8

Table 4-2-2. Effect of various sterilization method on disinfection rate for Hepatica maxima Nakai

Data are averages of 30 replicatie explants

Fig. 4-2-3. Fungi induced on leaf explant after 1 month of transplanting.

.

(1)

.

, , , , .

(2)

( )

, 3 4 , (2ml/L)
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(4ml/L) 5 , 150rpm . ,

70% ethanol 30 . 1 2 0.5% ,

1% sodium hypochlorite solution 100mL tween 20# 170rpm 15

. 4 , , , ,

(Fig. 4-2-4).

( )

3% sucrose MS(Murashige and Skoog) BA 1mg L-1 NAA 0.1, 1mg

L-1 , pH 5.7 5.8 0.8% agar . agar

(Ø30×200mm) 12mL , 121 , 1.1 f/ 15 .

( )

16 / 21 , 60% . 84±13μ

mol·m
-2
·s

-1 , (FL 40EX-D, Osram, korea) , (HD 9021, Delta

OHM, Italy) .

(3)

, 3 , . Table 4-2-3 Fig 4-2-5

100% , 25% 21%

. .

, .

.

Table 4-2-3. Callus and organ formation according to explant kinds of Hepatica maxima Nakai.

Formation

rate(%)

Explants

Petal Calyx Peduncle Stamen Leaf Petiole

Callus 0 100 18.2 0 100 50

Organ 0 25 0 0 21 0

Data are averages of 30 replicatie explants
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Fig. 4-2-4. Explants of Hepatica maxima Nakai used in this experiment. (A) petal, (B) calyx, (C) peduncle,

(D) stamen, (E) leaf, and (F) petiole

Fig. 4-2-5. Callus induced on calyx (A) and leaf (B) 3 months after transplanting.

.

(1)

. MS(Murashige and Skoog)

, .

, MS

.

.

(2)

( )

Fig. 4-2-6

.

.
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Fig 4-2-6. Diagram for explant acquisition by chilling treatment and in vitro culture in Hepatica

maxima

( )

, 3 4 .

(2ml/L) (4ml/L) 5 , 150rpm ,

, 70% ethanol 30 . 1 2 1% NaOCl(sodium

hypochlorite solution) 100mL tween 20# , 170rpm 15

. 4 0.5 1cm×0.5 1cm .

( )

MS(Murashige and Skoog), B5(Gamborg·Miller Ojima), SH(Schenk and Hildebrandt)

WP(woody plant) 3% sucrose . , BA 2mg L-1 NAA 0.1mg L-1

, pH 5.7 5.8 0.8% agar . agar (Ø30×200mm)

12m: , 121 , 1.1 f/ 15 .

( )

16 / 21 , 60% . 84±13μ

mol·m-2·s-1 , (FL 40EX-D, Osram, korea) , (HD 9021, Delta

OHM, Italy) .

(3)

10 Table 4-2-4 100%

. ,

. Fig. 4-2-7

2 , .
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Table 4-2-4. Contamination and wiling rate according to culture media (after 10 days)

Medium Wilting rate

Contamination rate (%)

Survival rate

fungus bacteria

B5 0 0 0 100

MS 0 0 0 100

SH 0 2.2 0 97.8

WP 0 0 0 100

Fig 4-2-7. Leaf explants on various media (after 10 days). A: B5, B: MS, C: SH, D: WP

. pH

(1)

pH .

pH 5.7 5.8 ,

pH

.

(2)

( )

, 3 4

. (2ml/L) (4ml/L) 5 , 150rpm ,

, 70% ethanol 30 . 1 2 1%

NaOCl(sodium hypochlorite solution) 100mL tween 20# ,

170rpm 15 . 4 0.5 1cm×0.5 1cm

.

( )

3% sucrose MS(Murashige and Skoog) BA 1mg L-1 NAA 0.1mg L-1
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, pH 5.0, 5.5, 6.0, 7.0 0.8% agar . agar

(Ø30×200mm) 12mL , 121 , 1.1 f/ 15 .

( )

16 / 21 , 60% . 84±13μ

mol·m
-2
·s

-1 , (FL 40EX-D, Osram, korea) , (HD 9021, Delta

OHM, Italy) .

( )

2 , . Fig.

4-2-8 0 4 . 3

. Fig. 4-2-9

0 0 , 1 5 1 , 6 10 2 , 11 15 3 , 16 4

.

Fig. 4-2-8. Valuation criteria for callus formation in Hepatcia asiatica.

Fig. 4-2-9. Valuation criteria for organ formation in Hepatcia asiatica.

(3)

pH 100% ,

(Table 4-2-5). . pH 6 , 57.1
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, 1.3 (Fig. 4-2-10).

. pH 5 57.1% , pH 5.5, 6, 7

(Table 4-2-6).

. pH .

Table 4-2-5. Effect of medium pH on the callus and organ formation of Hepatica asiatica.

pH
Callus induction

(%)

Point of callus

formation

Organ formation

(%)

Point of organ

formation

5 100 1.3 25.0 1.0

5.5 100 1.5 0.0 0.0

6 100 1.7 57.1 1.3

7 100 1.5 16.7 1.0

Table 4-2-6. Effect of medium pH on the callus and organ formation of Hepatica maxima.

pH concen.
Callus induction

(%)

Point of callus

formation

Organ

formation (%)

Point of organ

formation

5 57.1 1.0 - -

5.5 12.5 2.0 - -

6 11.1 2.0 - -

7 12.5 1.0 - -

Fig. 4-2-10. Regeneration of Hepatica asiatica leaf accoring to pH. (A) pH 5, (B) pH 5.5, (C) pH

6, (D) pH 7,
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.

(1)

.

. ,

,

.. ,

.

(2)

( )

, 3 4 .

(2ml/L) (4ml/L) 5 , 150rpm ,

, 70% ethanol 30 . 1 2 1% NaOCl(sodium

hypochlorite solution) 100ml tween 20# , 170rpm 15

. 4 0.5 1cm×0.5 1cm .

( )

3% sucrose MS(Murashige and Skoog) BA 1mg L-1, 2mg L-1 NAA

0.1mg L-1, 0.5mg L-1, 1mg L-1 , Kinetin 1mg L-1, 2mg L-1 NAA 0.1m

g L-1, 0.5mg L-1, 1mg L-1
. pH 5.7 5.8 0.8% agar

. agar (Ø30×200mm) 12mL , 121 , 1.1 f/ 15

.

( )

16 / 21 , 60% . 84±13μ

mol·m-2·s-1 , (FL 40EX-D, Osram, korea) , (HD 9021, Delta

OHM, Italy) .

( )

4) pH

. .

(3)

, BA NAA BA 1mg·L-1 2mg·L-1 NAA

34.6% 38.5% (Table 4-2-7).

BA 1mg·L-1 2mg·L-1 NAA 3.4, 3.0

.

. BA 1mg·L-1 2mg·L-1 NAA 34.6%

. . BA

5mg·L-1 NAA (Fig. 4-2-11)
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, Kinetin NAA BA NAA

. Kinetin 1 2mg·L
-1

, NAA 100%

, Kinetin 1mg·L
-1

2mg·L
-1

NAA

.

3 Kinetin NAA

, , Kinetin 100% ,

BA . ,

BA ,

.

Table 4-2-7. Effect of plant hormones on the callus and organ formation of Hepatica asiatica

Growth regulator (mg·L-1)
Callus induction

(%)

Degree of

callus formation

Organ

formation (%)

Degree of

organ formation
BA NAA

1
0.1 34.6 2.9 34.6 2.1

0.5 29.6 3.4 18.5 2.4

2
0.1 38.5 2.6 34.6 2.2

0.5 33.3 3.0 18.5 2.4

5
0.1 32.3 3.1 25.8 2.6

0.5 33.3 3.0 25.9 2.1

Table 4-2-8. Effect of plant hormones on the callus and organ formation of Hepatica maxima

Growth regulator(mg·L-1)
Callus induction

(%)

Degree of

callus formation

Organ

formation (%)

Degree of

organ formationKinetin NAA

1
0.1 100 1 - -

0.5 100 1.3 - -

1 80 1.5 - -

2 0.1 100 1 - -

0.5 100 1.9 - -

1 75 2.3 - -
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Fig. 4-2-11. Callus and organ formation on the media containing plant hormones (3 months after

transplanting). (A) BA 1mg·L
-1
+ NAA 0.1mg·L

-1
, (B) BA 1mg·L

-1
+ NAA 0.5mg·L

-1
, (C) BA

2mg·L-1 + NAA 0.1mg·L-1, (D) BA 2mg·L-1 + NAA 0.5mg·L-1, (E) BA 5mg·L-1 + NAA

0.1mg·L-1, (F) BA 5mg·L-1 + NAA 0.5mg·L-1

. ( , )

(1)

, .

, ,

. ,

.

(2)

( )

, 3 4 .

(2ml/L) (4ml/L) 5 , 150rpm ,

, 70% ethanol 30 . 1 2 1% NaOCl(sodium

hypochlorite solution) 100ml tween 20# , 170rpm 15

. 4 0.5 1cm×0.5 1cm .

( )

3% sucrose MS(Murashige and Skoog) BA 1mg L-1 NAA 0.1mg L-1

, pH 5.7 5.8 0.8% agar . agar

(Ø30×200mm) 12mL , 121 , 1.1 f/ 15 .

( )



- 499 -

21 21, 25 16 / ,

60% Growth Chamber(Vision scientific. co., LTD.) . 74±7.2 mol·mμ
-2
·s

-1

, (FL 40EX-D, Osram, korea) , (HD 9021, Delta OHM, Italy)

.

( )

4) pH

.

(3)

100% , 21

3.5 (Table 4-2-9). ,

,

. 54.2% 1.8

16 / , 100% 2.7

(Fig. 4-2-12).

Culture

environment

Callus induction

(%)

Degree of

callus formation

Organ formation

(%)

Degree of

organ formation

21 ,dark 100 3.5 54.2 1.8

25/15 , 16/8hr 100 2.9 100.0 2.5

21 ,16/18hr 100 2.0 100.0 2.7

Table 4-2-9. Effect of temperature and light on the callus and organ formation of Hepatica maxima

Fig. 4-2-12. Regeneration according to culture condition in Hepatica maxima (2 months

after tranplanting). (A) 21 (dark), (B) 25/15 (16/8hr), (C) 21 (16/18hr).

, ,

, .
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.

(1)

.

, ,

.

(2)

( )

, 3 4 .

(2ml/L) (4ml/L) 5 , 150rpm ,

, 70% ethanol 30 . 1 2 1% NaOCl(sodium

hypochlorite solution) 100ml tween 20# , 170rpm 15

. 4 , 0.5 1cm×0.5 1cm

. .

( )

3% sucrose MS(Murashige and Skoog) BA 1mg L-1 NAA 0.1mg L-1

, pH 5.7 5.8 0.8% agar . agar

(Ø30×200mm) 12 , 121 , 1.1 f/ 15 .

( )

16 / 21 , 60% . 84±13μ

mol·m-2·s-1 , (FL 40EX-D, Osram, korea) , (HD 9021, Delta

OHM, Italy) .

( )

4) pH

.

(3)

100% ,

3.5 ( ) 3.1( ) (Table 4-2-10, Fig. 4-2-13,14).

88.2 100% ,

3.1 2.8 .
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Leaf
Callus

induction (%)

Degree of

callus

formation

Organ

formation (%)

Degree of

organ

formation
vein side

main
upper 100 3.5 63.6 1.9

lower 100 3.1 58.3 3.1

lateral
upper 100 2.8 88.2 1.7

lower 100 2.9 100.0 2.8

Table 4-2-10. Effect of kinds of vein and part of leaf placed on culture medium on the callus and organ

formation of Hepatica maxima

Fig. 4-2-13. Callus formation according to vein kinds and leaf part putting on medium (2 months after

transplanting). (A) main/upper, (B) main/lower, (C) lateral/upper, (D) lateral/lower.

Fig. 4-2-14. Callus formation according to vein kinds and leaf part putting on medium (4 months after

transplanting). (A) main/upper, (B) main/lower, (C)lateral/upper, (D) lateral/lower.

. (charcoal)

(1)

sucrose ,

.

, . ,

.

(2)

( )

, 3 4 .
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(2ml/L) (4ml/L) 5 , 150rpm ,

, 70% ethanol 30 . 1 2 1% NaOCl(sodium

hypochlorite solution) 100ml tween 20# , 170rpm 15

. 4 0.5 1cm×0.5 1cm .

( )

3% sucrose MS(Murashige and Skoog) BA 1mg L-1 NAA 1mg L-1

, charcoal 0.05% . pH 5.7 5.8 0.8% agar . agar

(Ø30×200mm) 12mL , 121 , 1.1 f/ 15

.

( )

16 / 21 , 60% . 84±13μ

mol·m
-2
·s

-1 , (FL 40EX-D, Osram, korea) , (HD 9021, Delta

OHM, Italy) .

( )

4) pH

.

(3)

100% 3 (Table 4-2-11).

, 79.6% 2.3 (Fig. 4-2-15). charcoal

25% 1 ,

0 . charcoal

, ,

. charcoal

.

Table 4-2-11. Effect of plant hormones on the callus and organ formation of Hepatica maxima

Charcoal

0.05%

Callus induction

(%)

Degree of callus

formation

Organ formation

(%)

Degree of organ

formation

100.0 3.0 79.6 2.3

+ 25.0 1.0 0.0 0.0
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Fig 4-2-15. Effect of plant hormones on the callus and organ formation of Hepatica maxima . (A)

-charcoal(2 months after transplanting), (B) -charcoal(3 months), (C) +charcoal(2 months), (D) +charcoal(3

months).

IV.

, 1 ,

(Fig. 4-2-16).

, .

4-6 .

. ( ) ,

.

,

,

.

.

Fig. 4-2-16. Diagram of organ formation (callus, choot, flower bud, and root) in Hepatica maxima
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ig. 4-3-1. (A) A pamphlet of 'spring flower festival' held by

students of Dept. of Gyeongnam National University for Science

and Technology. (B) Preference survey conducted by question

investigation
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Fig. 4-3-2. Native Orostachys and introduced species used for preference questions. (A) Nungyu

bawisol, (B) Zom bawisol, (C) Gangwonsangdong bawisol, (D) Jesu yeonhwa bawisol, (E) Jajil

yeonhwa bawisol, (F) Taebak dunggun bawisol, (G) Monggol bawisol, (H) Jirisan jinju bawisol,

(I) Gaji bawisol, (J) Geomizul bawisol. (K) Pot plants displayed for customer preference questions

Fig. 4-3-3. (A) Sizes of pot plant, (B) Single

plant pot and mixed plants pot
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Fig. 4-3-4. Preference survey for Orotachys plants. (A) Ages of respondents to questions. (B)

Relative frequency for 10 kinds of Orostachys plants

Fig 4-3-5. Responses of respondents according to age group for a question 'What would you like ?'

(A) 20s (B) 30s (C) above 40
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Fig. 4-3-6. Responses of respondents according to age group for a question 'What size would you

like ?' (A) 20s (B) 30s (C) above 40

Fig 4-3-7. Responses of respondents according to age group for a question 'Which type would you

like, silge plant or mixed plant ?' (A) 20s (B) 30s (C) above 40

Fig 4-3-7. Responses of respondents according to age group for a question 'Which price would you

like, 2,000won, 3,000won or 4,000won ?' (A) 20s (B) 30s (C) above 40
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5

1. ,

.

(1)

, 1 , 2

.

. 4 ,

, .

.

,

.

(2)

.

(Fig. 5-1-1A).

. LED 3

(Fig. 5-1-1B).

.

.

(Fig. 5-1-1C).

Fig. 5-1-3. Special functions of this decoration box. A: Day lenght control panel, B: LED lights of

3 colors, C: Sub-irrigation system

(3)

( )

(Fig. 5-1-2). ,

, , .
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Fig. 5-1-2. Various types of decoration chamber designed for this project

( )

.

, ,

.

< >

,

(Fig. 5-1-4).

, .

, .

(Fig. 5-1-5).

.

,

(Fig. 5-1-6).
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Fig. 5-1-5. Different light color from plant lighting box for bed room

Fig. 5-1-6. Plant lighting box decorated in a bed room

< >

. (Fig. 5-1-7).

,

.

2 .

Fig. 5-1-4. Plant lighting box for bed room (Cone type) A: Lighting box with

plants, B: Controlling part
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.

(Fig. 5-1-9). ,

. . ,

(Fig. 5-1-10).

Fig. 5-1-7. Plant lighting box for bed room (Cylindricla type). A: Plant lighting

box decorated plants, B: Control part

Fig. 5-1-8. Sub-irrigation system using water drawer and wick
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Fig. 5-1-9. Plant lighting box assembled with a table (A). B: Control panel, C: Sub-irrigation part

Fig. 5-1-10. Plant lighting box assembled with a table showing different lighting color.

( )

(Fig. 5-1-10).

.

. ,

(Fig. 5-1-11)

Fig. 5-1-10. Plant lighting box having facility as a stool. (A). B: Showing different colors
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Fig. 5-1-11. Plant lighting box displayed at a living room, showing different colors.

.

.

. ,

, ,

LED (Fig 5-1-12).

Fig. 5-1-12. Appearance of trial product using acrylic panel (A), wick for sub-irrigation (B), button

for different light color (C), and timer for control day-length.

(Fig. 5-1-22).

, . ,

(Fig. 5-1-13).

(Fig. 5-1-14).

,

.

. 7

(Fig. 5-1-13, 15).

, .

.

.

,
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.

.

,

.

Fig. 5-1-13. Trial product of plant lighting box of 2 types. Rectangular type (A, B), cylindrical type

(C, D)

Fig. 5-1-14. Rectangular plant lighting box showing various light colors.

Fig. 5-1-15. Cylindrical plant lighting box showing various light colors.

2.

. GA3

(1)
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Fig. 5-2-2. Procedure breaking dormancy of Orostachys japonicus.

Fig. 5-2-3. Bolting (A) and branching development (B, C) in Orostachys japonicus

(3)

GA3 20 . Fig. 5-2-4
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Fig. 5-2-6. Effect of low temperature on dormancy breaking in Orostachys japonicus

Table 5-2-2 Effect of low temperature on development and number of lateral branch in Orostachys

japonicus

Treatment Lateral branch (%)
No. of branch

(ea/plant)

Control 30 7.6

Low

temperature

treatment

15days 25 6.5

30days 10 7

45days 0 0
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(3)
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Fig. 5-2-9. Effect of GA3 on dormancy breaking in Orostachys japonicus
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Table 5-2-3. Effect of GA3 concentration on dormancy breaking in Orostachys japonicus

Treatment

Dormancy breaking (%)

1day 15days 30days 45days

Control 0 0 20 90

GA 10mg·L
-1

0 7 47 100

25mg·L
-1

0 7 40 97

50mg·L
-1

0 7 60 100

　 100mg·L
-1

0 3 63 100

.

.



- 524 -



- 525 -



- 526 -

3.

. 4

(1)

4 ,

. ,

.

(2)

’, ‘ ’, ‘ ’, ‘ ’

4 .

, . 2014 1

‘ ’ (Fig. 5-3-1).

(Fig. 5-3-2)

Fig. 5-3-1. Native Orostachys plants native to Korea, which were selected for trial export.

Fig. 5-3-2. Native Orostachys plants growing in plastic pots.

(3)

.

, .

1.5cm , paper towel

. 3 4

(Fig. 5-3-3).
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.

Fig. 5-3-3. Orostachys plants packing in boxes to get quarantine.

Fig. 5-3-4 . 2014 4 1

(Fig. 5-3-5). 2014 4

3 , .

, .

Fig 5-3-4. Export plant quarantine process
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Fig. 5-3-5. A doctor quarantining the plants in Incheon National Airport.

4.

국내 바위솔은 크게 관상용과 식용으로 구분되어 생산되고 있으며 관상용으로 재배되고 있는,

바위솔은 현재 극히 소규모로 생산되고 있어 어디에도 통계를 찾아 볼 수 없다 식용 바위솔에.

대한 통계도 공식적으로는 전무한 상황이나 최근에 재배 농가가 급격히 증가하면서 바위솔 협동

조합과 협회가 생겨나고 있은 실정이다 여기에는 한국바위솔 와송 협동조합에서 식약청에 제출. ( )

한 자료 년 월 를 토대로 정리를 하였다(2013 10 ) .

전국재배 농가수 농가- : 422

면적 약 만 약 만평- : 132 m2 ( 40 )

생산량 년- : 8,800ton /

시장규모 억원 년- : 2,400 /

이상과 같이 식용 바위솔의 생산량은 최근에 급속히 증가하는 추세이며 바위솔 협동조합에서

는 금년 년 에는 생산량이 적어도 이상은 증가할 것으로 예상하고 있었다(2014 ) 20% .

본 연구팀에서 개발된 여러 가지 재배기술과 휴면 및 휴면 타파 기술은 관상용 바위솔에는 물

론 식용바위솔에도 적용이 가능하기 때문에 본 연구팀에서 개발된 기술들이 매우 유용하게 적용

될 수 있을 것으로 기대하고 있다.
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