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Summary

Seed germination, cutting propagation and early growth characteristics were
investigated in order to develop the method of cutting propagation and to find out
growth charactaristics in the low altitude for in situ conservation of Empetrum
nigrum var. japonicum K. Koch, which is typical arctic alpine plants on Mt.
Halla.

Germination rate was very low with 4.4% without plant hormones, while it
increased up to 20.0~22.2% by treating seeds with 100 mg/ ¢ and 500 mg/ ¢ GAs,

The growth of roots and shoots was different depending on hormone
concentrations or soil conditions. Root number and shoot growth as well as
suvival rate, rooting rate and root growth increased when treated with 100 mg/ ¢
or 500 mg/ ¢ NAA. Consequently, optimum condition of hardwood cutting was at
treatment with 100 mg/ ¢ or 500 mg/ ¢ NAA.

When plantlets from hardwood cuttings were exposed to the field condition,
after 7 months survival rate was 72.3% without shading but it reached 91.1~
94.4% at shading conditions. In the green house, however, survival rate of
plantlets was 95.6~97.8% without shading. And the growth of plantlets was
different depending on sites and shading conditions. Particularly, the best growth
was obtained when the plantlets were grown in shading conditions. It indicates
that relative humidity and light density are correlated with the growth in the low

altitude area.
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A stRon, AulsEes € 71.3~748%=2 AA AR BHFEE 71.9(+#33)% =

A3tk (Figure 2).

Soil mixture

Scoria

Figure 1. The soil conditions for the growth of Empetrum nigrum var. japonicum

cuttings.
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Figure 2. The changes of mean temperature and relative humidity (RH) in the

green house for the growth

cuttings.

of Empetrum nigrum var. japonicum
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Figure 3. The shading conditions for the growth of plantlets obtained from E.

nigrum var. japonicum hardwood cuttings.



Table 1. The changes of monthly mean temperature and relative humidity during

growth of E. nigrum var. japonicum plantlets.

Mean

Character Site Apr May Jun Jul Aug Sep Oct o p)

Field" 11.0 160 188 238 269 249 214 204456

Temperature
(C)
Green house 11.3 161 19.0 231 247 232 185 194+47
Field 682 7.0 768 879 854 798 729 78.0+6.9
Relative
humidity (%)

Green house 708 652 708 835 790 785 735 745162

YData obtained from http://www. kweather. co. kr measured about 700 m a.s.l. in
Mt. Halla

gal AGA T 2E AueE, 49 FE o VAR vald X7t
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Table 2. Comparison of environmental factors among shading conditions in the

field and the green house.

Shading rate Temperature

Relative humidity

Light density

Site (%) (C) (%) (M)
0 24.7+3.2 51.1£5.9 1327.8+251.5
35 22.0+1.5 63.6£8.8 494.4£176.4
Field
55 22.5£2.7 62.7£4.7 319.1+117.3
75 22.8+£2.7 60.9+5.6 185.5+127.5)
0 26.4+0.8 50.4£8.3 460.8+211.2
35 25.0+£2.5 56.3+8.1 188.6+66.0
Green house
55 26.4£2.3 51.3+6.4 158.3+49.7
75 25715 53.6+5.7 81.0+23.0




1 AZHe 34 54

1) F74eo}

AlZn] FApe] ol AEeEEo]l AHA &2 FHdA = Wolso] 44%FE
w - skttt (Figure 4). ey Sapdobs £31417]7] 918t GAzS 5% A%
W 3k 18 Fell 1,000 mg/ 4 GAs A TolA Agom wolrt Alztyo] 2714
ol

FUE::,

FolE BE AgTolA wolrt o]FojHh 271Y F 7F Ay FAdolg S A
HEH A2 Polgo] vrekrh A% 100 mg/ ¢ 2 500 mg/ ¢ GAzS A3 HS-
717y 22.2%, 20.0% % o R =2 WolgS Hom 1,000 mg/ ¢ GAs Aol
A 10.0%, 10 mg/ £ GAs Aol A= 6.7%= dolgo] vl

Germination(%)
3 3

—
(@]

B b
ab
a
N
0 1 500 1000

GAs treatment(mg/ £)

Figure 4. Comparison of germination rate among seeds of E. nigrum var.
japonicum treated with GAs.

Duncan’s multiple range test : 5% level



N AESEE guEs dolry] 95 1& EdtoA A&
S2Es Ay 249 289 FRe wxed wE AEETH B2E FolA AolE
ATk (Table 3). =, HEE &2 500 mg/ ¢ NAA Aol z}7F 77.3%,
75.0%= 7Hd =A vEbd 9 1000 mg/ ¢ NAA Aol A= 42 59.0%, 56.3%
2 74 YA eyt aela IBA A g s Eoﬂ el AEEL 675~

75.3%, T<EL 648~683%= T #olE HolA ¥+ Fow vehwth v #
A ARAFAAE AEEel BEEA B AdE wsd 3 1 e

A7 1,000 mg/ ¢ NAA A FolA HiF 91 em= 7F¢ F5 s wbA 500 mg/ ¢
IBA oA+ Hat 7im=zZ 7FE Az AFS 2 2284, 5m o) A Ea] e
Gl oAM= 1,000 mg/ ¢ NAA A9k S g oll A it 48 47TH2 78 45
A

1A Elyton 1 9o A Gl s Hit 40~457M2 F ZolE RolA &%
o] of Folzl tiREe] AR AL AEvb wAHAEE, Az Dol A

d

q
25288 ASA G 49 BF L7mrt Adeol Mg Fsd Ao ey

Eq 1 9494 ﬂﬂ?‘oﬂﬁ% Té‘& 12l BfmE. = 5(]—0]% E-lel Lﬁﬁ}]:q'

Table 3. The effects of plant hormones on the growth of E. nigrum var.

Jjaponicum hardwood cuttings on soil mixture.

Homones e’ oo Noof roors enith o Length of
(ng/ £) o) (%) nduced (cm) (cm)
Control 67.0° 61.8" 47 7.4 1.7
IBA 100 72.3" 68.3" 4.0% 77" 1.4
500 75.3" 68.3™ 4.5™ 7.1° 1.2
1000 67.5% 64.8"¢ 4.2 7.2° 1.2°
NAA 100 75.8" 74.3° 41" 8.0° 1.3°
500 77.3 75.0°¢ 4.0 8.9° 1.4
1000 59.0° 56.3° 4.8 9.1° 1.5

Duncan’s multiple range test : 5% level
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o9} Zro] AlZm|o] HX|4te| 9odt FTAL AEFTEE] Ao o] wtoli}
Zo tAi g2 EAL Holxm 9o} 100 mg/ ¢ EE 500 mg/ 4 NAAES Az
St A AEE, B3g 2 B AY Sol Mg e Buk ofYgt 5 mn o] A+
ﬂ =

o & R AXAFE HwAH Fzste] AEne] SX4tE o83 T &
o

2-2) AELES 57

A2 SAAA B D A A AEEEY] g9E dolry] 95
FEES} FolE o] 83te] Table 3o YElY A4 whto] Ao Z7ole} gty
AEFT2ZE 100 ng/¢ 2 500 mg/ ¢ NAAS Ad F o 2 Y{A ks vust
=3
AEES 100 mg/ ¢ NAAE Agatls vl EF8ENA 758%° AE=ES HQl
N Folol M= 63.6%F ol 122%7F EFEEANA = YEbTh EE 500 mg/
NAAE HYaAs wWols EFEEAME 77.3%=2 YeEld kA Fold A=
315%%2 UEhY 321%7F Ed-& &l =4 vebt (Figure 5).

i

2

]I.

~
>

E Soil mixture
100

[OScoria
c
80 ] d
<
2 60
®©
T
=
% 40 a
n
20
0
NAA100 NAAS500

Figure 5. Comparison of survival rate among soil conditions supplemented with NAA100

mg/ ¢ and NAASQO mg/ ¢ for E. nigrum var. japonicum hardwood cuttings.
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Figure 6. Comparison of rooting rate (A), Number of roots (B) and major root
length (C) among soil conditions supplemented with NAA100 mg/ ¢ and
NAAS00 mg/ ¢ for E. nigrum var. japonicum hardwood cuttings.
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g2 100 mg/ ¢ NAAE A A5 SFEEANA7 743%%2 vebd v
Folo A= 458% = UER AoiH o R 284%7F EFLEA A UERWTE g

3 500 mg/ ¢ NAAE HE g A% EFLEAA= 75.0%7F Eto] o] Folzl wr
W Folol A 207%7F wEo] EFLEANA AUHor 453%7F = SEE
Ao 2 Yetutth (Figure 6A). ©] 9} o] AlZu 9l <=xAtA] AE W dlZo|= o]
MRt EFEENA AR gHHA 2o YEWT oE EFEEI AT
TAsA FAEde R Biede] FolEy Adudoer Jud 21E AW
il Aoz A F Folt AR or vFAR shya 4k TFY By
Hol F& W FRo| FHolFol Zekste] ko] =al FRO dFTEHo] A
GHE AYa 7] dfEow ®melt

A AR SR mE Aol HAE W] Seb 13 #ele] A 2 A xZo]
o AL wlastel W AbFolA LAE P 5 100 mg/ ¢ NAAE A 4
S EFEEANME Fr 410707F FAY3 wbd Folo| = Hit SR Fol7f Har
LO7E o] 2AslE Ao g vebsttt (Figure 6B). 221 500 mg/ ¢ NAAES g
3 Aol EFEENA BT 4070, FoldA HF 37ME 2 2o]E HolA ¥3

o] Aol M = INAA 100 mg/ £ & A3 B¢ EFEENA

AZFEE by Solol = HiF 96 ecn7F AAFY] AHAHCE 16 em

7} %Ol oA dse AGE Holw Ao YErWTH (Figure 6C, Figure 7). 1&4

NAA 500 mg/¢ & Hg A= EFLEL Fololre 1a #ele] Aozt 7+zh
]_

r1r 0
.
i)
k]
=
ox WM

Figure 7. The plantlets obtained from E. nigrum var. japonicum hardwood cuttings
cultured on soil mixture (A) and scoria (B) supplemented with 100 mg’ # NAA.
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dojo] AL 100 mg/ ¢ NAAE A3 45 EFELNA 1.3 a7t
A FololA 1.6 em/t AFEe] it 03 an7t FololA Yz LS B
Attt (Figure 8). 1elvt NAA 500 mg/¢ & A=k 7
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Figure 8. Comparison of shoot length among soil conditions supplemented with
NAA100 mg/ ¢ and NAASOO mg/ ¢ for E. nigrum var. japonicum hardwood

cuttings.

olsh L& ATE MF FolAsl BEEE wou} Walsh wAY ol e
A @A AzAFe Auden FRAd Ao o & Utk olAY AHEA A
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2. A2m AERY 27|
D AERY AES

=4 el A FAE AEEE wAd &7 AeA77] AlFEte] 2719 F5H
7b AR ALY o] FojA 7] Al FeEte] T Fell= 27.7%7F ARSE o2 UERRTh
(Table 4). 53] =Xo A& Azl & 37/€o] At 6€5E L7A7F Fodoz
F2 AARES Bt olo wke] AFAYE W AF A= TAGC] 56~89%
7} TAFE L 91.1~944%7F AESHE Aoz el a3 e vl AlZvee AESS
Fold &% Aoz yeyth o] Table 2014 YERd Ak o] w=X|of A
AFA Y7L A dolup &% Fol od KA a9 dIFS HASIAA ARV
of A& felstA Agate] et A#E AlnE

Table 4. Comparison of survival rate among shading conditions of plantlets

obtained from E. nigrum var. japonicum hardwood cuttings.

Site Shading Survival rate (%)
(%) Apr May Jun Jul Aug Sep Oct
0 100+£0.0 100+0.0 83.3+5.8 81.1£9.6 75.6+5.1 74.4+5.1 73.3+5.8
Field 35 100+£0.0 96.7+0.0 95.6+1.9 94.4+19 92.2+1.9 91.1+1.9 91.1+£1.9
55 100£0.0 98.9+1.9 97.8+1.9 94.4£19 93.3+3.3 92.2£3.8 91.1+5.1
75 100+£0.0 98.9+£1.9 97.8+3.8 96.7+3.3 95.6+3.8 94.4+1.9 94.4+1.9
0 100£0.0 100+0.0 100£0.0 100+0.0 98.9+1.9 98.9£1.9 96.7+5.8
Green 35 100+£0.0 100+0.0 100+0.0 100+0.0 97.8+3.8 97.8+3.8 97.8+3.8
house 55 100+£0.0 100+0.0 100+0.0 100+£0.0 95.6+7.7 95.6+7.7 95.6+7.7
75 100£0.0 100+0.0 100£0.0 100+0.0 97.8+1.9 97.8+1.9 96.7+£0.0

oA Almr] AEHE FER o3 3 /Y 9 TERE o
o] Foj g ot *ﬁLEL Apg A 2ol A g1l
2ol 7b e A om UEET (Table 4). 5, 4= 7Y 5 aLAbE<]
4.4%° gﬂro}ﬂﬂ A gAY d A By w2 S
22 U7F =AM o] A E F ARG v
ol freletAl Zgstdr] Moz Bl
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mA e 200 AEES TR Hlustd AFA e Aol #Agle] =
| B ahg-2 vy =2 AEes Bt 53] AFAYE oA FUS 9 =%
A= 733%7F BESEe] A NA 96.7%¢° HlE 23.4%7F Wol iAMEE Ao®E U
E}‘*D}. gy =AM AFA g b k2ol Ag A E F By tha
< AEES Bolrl= AN 91% ol/do] AEdh= AR Hol Almv] AEEE

X]°ﬂ ASA717] AdiM = 271 AdA 7 T2 9dE 3= e dddn.

N

H

i

2) AEH -4 2718 %

Z4ole] € WgtE AuEH =X A= 59FE 9971A
T2 olFolxloy 2HoAM= 4d3E 9€7HA 671d &<
2 YeEbydtt (Table 5). AAE A% Zolx x=Xx¢f &2
ALl 5% AFA B Tl 27|HE vE ApFA g el v =2 S BSl
o 35%, 55% AFAeT, FAET wom Aol °ok§’3}912tq, ole]gh

7ol
Ao

WA B AL FARAE T m 4G AR T e R AN Nz
$e 4 WA % ABATAA 54 b AN AT Fad Aoz e

Q.
W oukd X9 23 2A0A 154 a2 7 AFS LS Rk w3 2%
AEo W AlxZole Ao &4oA 75% AFAE Foll A 7 Fsd AFS
BAom 55% HEF& 35% M FRY ¥ AGS Hols BEAS Rtk

Table 5. Comparison of shoot length among shading conditions of plantlets

obtained from E. nigrum var. japonicum hardwood cuttings.

Site Shading Shoot length (cm)
(%) Apr May Jun Jul Aug Sep Oct
0 003"  040*  0.70°  1.08  141* 152*  153°
Field 35 0.07* 074> 116™ 193¢ 266 309 311"
€ 55 0060 063" 008 160° 225 253" 255
75 017> 103 1607 2134 276 312 316
0 0.35°  1.09° 137 149" 247 293 295>
Green 35 054°  175° 220" 237" 347" 442¢ 457
house 55 0484 156% 186 202 274™  321° 331°
75 065 2628 3322 362°  456° 524°  539°

Duncan’s multiple range test : 5% level
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Table 6. Comparison of shoot length growth among shading conditions of plantlets

obtained from E. nigrum var. japonicum hardwood cuttings.

Site Sh(e(l)/doi)ng - Shoot length (cm)
pr May Jun Jul Aug Sep Oct
0 003" 036 026 036" 032" 011°  0.00°
. 35 007 067 042 076" 073 042 0.02°
feld 55 006" 057" 0.34™ 059 065" 026" 0.01°
75 017° 086" 055' 056° 063" 033  0.04°
0 0.35° 074 028 011 098" 045  0.00"
Green 35 054°  121° 045 017* 1107 095 015
house 55 048" 1.08° 030" 016° 070 047  0.10°
75 065" 1970 069° 030" 093¢ 068" 012"

Duncan’s multiple range test : 5% level

AAR R AHGA 2 AFA+E i AFFE A9 2 E g 3

dem AFAelzh o] Folxl oA Al A

= Aoz yeyd (Figure 9). 28y 23 Ao wa& AA
& AolE HolA &= Ao] uEst
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Figure 9. Comparison of growth among shading conditions in the field (A) and green
house (B) of plantlets obtained from E. nigrum var. japonicum hardwood
cutting after 7 months.

a : control, b : 35% shading c : 55% shading, d @ 75% shading

- 17 -



3) BRxAY A=ve 27|A%

A g A o] AF AT ASSE S of¥Al WMIATI=AE GotR ] 9
&to] Table 29| 2R S ol&ato] FAAAE E4ste] Bwl wx9f 2HXM 23A
27 A7 Wste] v AolE Hol= Aom ueytth (Table 7). =AoA =

]
AP AEot BHAFE LE, FE, BY T RE BR8AN 1% FEANA F94

Table 7. Correlation of shading conditions with environmental factors in the field

and the green house.

Site Temperature Humidity Light density
Field -0.247" 0.467" -0.895"
Green house -0.063 0.098 -0.761"

“Correlation is significant at the 0.01 level (2-tailed).

St Table 19 AAIE =2 2 2AoAe 94 2% 9 F% WHste} Table 590
AR AlZue] e AFFE fFodo] A Fskrh ey 3€elA 1097t

A Alzvle] AES W ARAE T AFA It FRAAE ZAste] BW 1%
FEAA E2 Feldel AFHATG (Table 8). F, AFEo] FoldFs AEE U
Azl B ZaAQl Ao s veygn ofeh 2E dw =X e S B
frAbeh AdE nol AA gl e ARvel S fsiME 35% ool AR
E o= Zlo] aAHel o dddn
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Table 8. Correlation of shading conditions with early growth of plantlets obtained

from E. nigrum var. japonicum hardwood cuttings in the field and the

green house.

Site Shoot length Total shoot length
Field 0.129™ 0.227"
Green house 0.150™ 0.220™

“Correlation is significant at the 0.01 level (2-tailed).
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7b A FAel Bup a9l Zow ey

SA A AETEEY APy FES A wel @ Y To] v &
7tk NAA 100 mg/ ¢ T+ 500 mg/ ¢ & A2|dt 49 AEE, 428 2 oo 4%
ol /Mg JmE Wk ol ¥y 4 o *JE*@%}E HlaL A ofgte] AlZm| o]
AESAS Ystel Adder Fae 27 Aoz YERgh
271 F5Y aA}E o] FolA] 7]
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