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Abstract - Hardwood cutting propagation and early growth characteristics were investigated in order to develop the method of cut-
ting propagation and to find out growth characteristics in the low altitude for in situ and ex situ conservation of Empetrum nigrum
var. japonicum K. Koch, which is typical arctic alpine plants on Mt. Halla. The growth of roots and shoots was different depending
on hormone concentrations or soil conditions. The survival rate, rooting rate, root growth, number of root and shoot growth in-
creased with treatment of 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 73.3% without shading while 91.1~94.4% at shading conditions. In the green house, however, survival rate of plantlets were
95.6~97.8% without shading. 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 intensity are

correlated with the growth in the low altitude area.
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N oo

AN &0 (Enpetrum nigrumvar. japonicum K. Koch.) = A=)
B2 5282 A 203 Empetraceae) ol &3P B8, AlHg]o}, of
Alof, ] Sl BASIA ks Empetrum nigrumL. 2] F50A]
o} QAT 71EFo|| vl Qo] FAAFEY, b=, e ol =g}
47 R0l B¥31} (Eshbaugh, 1968; Ohwi, 1984; Lee, 1996).

SISOl A 207 At R, TR S5l 5] B54]
AR ATFE SRR AR 3 1,700m o Vo] R T2 B
3} (Kong and Watts, 1993). grpile]] £3Esh= A 20 274
X A 0 2 AE R|2|sH] 7|7} ulg- 0 m stebilellr
So|wA B& S 7R S slel uh2 AAuEl ] H3E o
Z37)oll AEst A 229 gE 50 % E S 9t
(Kong, 2002). 53] g2hitell= 3 1,600m o2l 73t vuigda)
28] P& AR e SR FHR] 2] BAlo) Lt Bk RelE
o] S A | &el] iR E3E31, 0]7F10~20em! VERA]
AHZ 7 AR E40] 3t} (Hyun, 1998). ol2{dt Al2w|i= ok
* DM AKE-mail) : kjg3839@ijeju.go.kr

£ 9 Ig-0 2 o) 8E 1 Mzt E YR HAE g, o, A8
TE, AE, A Sof| oko 4 AME7E S (Kim, 1996).
o= FAslA selitellnt 28k Sl AlZR)E AHEA]
9 AAB BAY & 3= ek vl, AR B T8 T
& 20 207 g7 Qlo] AEHA 29107 Agalo] A2 A%
o] Aaid 7FsAde) o (Kang et al, 1999). $ite) A2m] B3
EAIRHo |, Akl o)5 ]Sl FEjA SENS o AT 5
o] /MAG7E FAEA Ak Y A2 vERT 3tk (Lee ex
al, 1997; Kim et al., 2005). 15 7WA57} 2Ashs ol o2 7
2] B3e] 9qlo) QARRE X P23} S0 7 wR|thrA] AT
Bt (Sasa quelpaertensis Nakai) 7F $7351A| AAsPHEA Skl
Algu)7} AFzEt)ele] BEF A WAL = AR R
Qe A AL Hete] FjshE vy] bl A0 Alsdrt
AZul= AR, B 9 AR QJsle] FAlE= AeE deiA A
o1} (Kim, 1996) 2 7A1AR1 el thgh Ba= A2 gl A%
oLt FZel| AL Foll 2J3k FARo] AR =3 3lt} (Koh,
2000; Kang and Ko, 2003). 224 1AR]EQ] A|Z8]7F A=)
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oM YA 01FR) 30, Q) o1} oA T AA| oA 2] A Z2)
Y gl A TRE B wlal] WA vERL 9o X143 3
2ol B ofgigo] ik

250 XAl F, 71 9 A& W] Fro) 459 Ay
&7 (Pyo and Moon, 1981), 54 Z7} (Hong et al, 1996),
T57E (Suh er al, 1994) T2 a3} Qe 2 0= Barsa Q)
o, ATl Jorls 24 Habge] 213 (Han eral, 1994),
blasting 737+ 2 TA & 74 (Lee and Kwack, 1988), wiall= 1k
A 737k (Kim et al, 1995) 5& oW/ |8K= A o& By vk,

B g glefate] digzel Sx ik 21E9) A)&n| o] Fx|ule)
2] BES A% 7123724 SAAAE vlEskn, Ax|tielaie] A
A5 T2 B TA A ES 2 E W A S Eo u]E A En) Sx)4t
A i B ASEA S ARG O, AA( el 2] B89l AR
23 dotr 7] slsio] AgAie)d 27| EES dotrsgith

M= Sy

A2o]2) $2)4H% 24 A1

AEAIEZ 20043 49 2ol skepal st 1,700m ok X9
 FHEAR Ao 2Plsls A\ Zr)(Empetrum nigrum var,
Japonicum K. Koch.) 258 715 AfFlste] Ar= ARSI
AR AE DEIEE Haskl) 98] AF ke s 700m
of| AR gk AERAFE U LA A Ten YRR AE $-27)
29 S 2/38 % Al AdEERIch AETEE A in-
dol-3-butyric acid(IBA) % «-naphthalene acetic acid
(NAA) 552 7710, 100, 500, 1,000 ng/ £ 22 3lo] 55
A ARSICE S-S Y ER A (peat moss), Hv]
FeolE (vermiculite) &} HeloE(perlite) & FUHEZ 41 &
=} Fol(scoria) § AMEIIITE At EREEAE XY
T2 10073 4, $oleMe Xel7d 8078 A 2z 4nkE o7 A5
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AV 57 B3t AREAel AAE 2 W E9d 2
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AP $- 55 AAE Y] ASHoR T T E IS
o, JEFAR= 20059 3ERH 171 220 RhE 308
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ZAIZY F wAeAe] 98 25 11.0~27.0Tol3oH,
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2 AR AR BaAEEE 78.0% Atk 183 2402 AT
L 11.3~24.7TCol%em, FAAR] BHEEE 19.4(X4,
7) T3, At 994 70.8~83.5% 2 A A1AQ) Hyrahls
5 74.5(16.2) %3t

A e 25, AUiGE, #E 5 7PREE vl d @)
7} S wE Eslo] 8~102 B 63]9 A Y Alglel] 3k
2 2381500} 259} A== ONDOTORI Thermo Recoder
TR-72(T&D Co. Ltd, Japan) & ©|€3}0] &4 =olol AME
AxEle] 248, FHS LI-250 Light Meter (LI-COR,
USA) & olg3lod Ssisict xpgAelmd #4208 Advnd
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Table 1. Comparison of environmental factors among shading conditions in the field and the green house

Site Shading rate Temperature Relative humidity Light intepsity
(%) (©) (%) (#molm~%s—1)
0 24.7£3.2 51.1£5.9 1327.8+251.5
Field 35 22.0%1.5 63.6X8.8 494.4£176.4
ie
55 225%2.7 62.714.7 319.1x117.3
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 25.0F£2.5 56.3%8.1 188.6£66.0
Green house
55 26.41+2.3 51.3%£6.4 158.3149.7
75 257*1.5 53.6%5.7 81.0£23.0
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JAZ 5= 213 s
TAHH R ZoRl= A

}io}zé—’?i AR} el Wk dis:
O ViR o, P A o) o

ol e} 9 vlE Ak 202 vehdt) (Table 1), P8 £
AT G 79 A9 FARH IR ZAAE om 2% %:— X
FAT7H R AR RE thh 2 AgE B ov 2 g
e} SRS} 34 o= A o® Vehsit)

FAKE A}E3=SPSS PCY %7 package S 083} Bak2ae
A, Duncan® 78 AT

+H'1

—'—|—‘

A nE

A|2u]e] AAEA] i Y YA el i3k Al s 2 Re] 53}

Alzm)g] :Zl“oﬂﬁ AETEES aiE dolry] Y] £F
SESIA HET= zialﬂ AT TR0 79} e et
e A s 7011*1 2olE BT} (Table 2). &, A& Qw2
- 500mg/ ¢ NAA %2)-llx 2F2} 77.3%, 75. O%E 7V E=A G
ER R 1,000mg/ £ NAA X)7olx= 42} 59.0%, 56.3%% 71
7 vl 283 IBA ARl Tl skl ve AESS
67.5~75.3%, D82 64.8~68.3%F 2 X}0|2 Holx| Y= A0
e e ie] 9 ARl E &g IS
TE 2lol& BT &, 13 4] 2] A3 1,000mg £ NAA X2+
oM He- 9. 1em= 7 2& 3 9bE 500mg/ £ IBACIA =S¢ 7.1cm
2 7P Az S Bk 223 5mn oV A1k e 2] i) 91o]
A= 1,000mg/ € NAA H]7-9} FXlFolx Bt 4.8, 4. 702 7}
7 Fg A VRt e, 1 9]2 AzlelidE B 4.0~4.5712 2
2lo}E HolA) ¢lgkh wgh Hto] o] Fo) 7 thiEe] Agref = Al
Z7H A=, Al dols AEF RS AulsiH] ok ¢
B 1.7en7F 310 718 ks st A o 2 veRgkon 7 9] AaT
oM B 1.2~1.5en% 2 20| E Bolx| 9kt

o]9} o] A|2m| o] 2ol &J3h FA1E A BT 22 ] Xelef 9]
o] WZou} % Foll thai T 545 203 9191 100mg/ £ &
+ 500ng/ ¢ NAAE X8t 39 &S, w8 gl ¥elo] o)

Hl A J5sle] Almu]e] Sxte o83t Aol AT o= 4B
3 2709 Ao W),

Alze)e) 3%A) B ) Al o A=) B3}
Az XA 2 ARl vAE ASEES) A9E POl

7] 9181o] ERH429} 5915 o1 §8le] Table 200 ehet 43

2ol HH 2] Z7iole} wdEl= AES=2E 100ng/ £ 2 500mg/ £

NAAE Xa)gt 3 dt 9l 833k vl wslisich
AZES-2 100ng £ NAAZ Ae)319S w E3hgEolA 75.8%

O] AEEE BRI NHE Folo i 63.6%F B 12.2%7F £
oA A ebste] B8 500mg/ ¢ NAAE Afsigte el &
FEEAME 77.3%E VRS ¥H FolelM= 31.5%% Heht
32.1%7} EEEAN A Vet (Fig. D.

A Soil mixture
100 f8Scoria

Survival rate(%.,

NAAT0O NAASDD

Fig. 1. Comparison of survival rate between soil
conditions supplemented with NAA 100mg/ £ and NAA
500mg’ ¢ for E. nigrumvar. japonicumhardwood cuttings.

9T 82 100mg £ NAAE X235t 75 8871 74.3%
2 LRt b $oloi= 45.8% 2 VER} 28.4% 71 EF-EEA

Table 2. The effects of plant hormones on the growth of £, nigrum var. japonicurm hardwood cuttings on soil mixture

Plant hormones Survival Rooting rate No. of roots Length of major root  Length of shoot
) rate (%) (%) induced (c (cm)
Control 67.0" 61.8% 4.7 7.4° 1.7
IBA 100 72.3° 68.3™ 4.2 7.7 1.4®
500 75.3° 68.3" 4.5™ 7.1 1.28
1000 67.5" 64.8% 4.2% 7.2 1.2°
NAA 100 75.8" 74.3° 4.1% 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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A VERSTE 781 500mg/ ¢ NAAZ A2jgt Aoy $3h8 5
A= 75.0%7FEEZ0] o] Foix) ¥ ool = 29.7 %7 F
o] EFLEAN 45.3%7 A IHE Ao el (Fig.
2A). o]9} o] A|2H|] SANA] AE G el Folollrct
E3h gl ER 539 Ao R Uit ol 3R A
HlZol] F3H Zgshs 7o) Hisgo] $olHnt Aidos
FFEP| Rl Z o7 P7iET) = fol= AuiA o T
TP AR FE3 BEE0] 2 ubd SR-0] ol o] dkslo]
o] =1 70 eEedo] L W Aua gk

i

1o

& Sl mi
100 7 Soil mxture
O Scoria

80

60

40

Rooting rate(%)

20

NAA100 NAAS00

No. of roots

NAA100

Major root length(cm)

NAA100

NAAS00

Fig. 2. Comparison of rooting rate (A), number of roots
(B) and major root length (C) between soil conditions
supplemented with NAA 100ng/ £ and NAA 500ng/ £ for
E. nigrumvar. japonicum hardwood cuttings.

Alzne} S 54 Bl 2718 54

X

ARG o whE Aol WhAlE Bia] el 13} e] ARl Ak
Zo)o] Aparg niwste] B, Arolla] ¥hlE Be] = 100mg/ ¢
NAAE A2j§t ¢ EFEE M= Fet 4. 1717 st vk 52|
M= HE 5.1712 $o)7F B9 1.07171 o) sk Z o= et
9o} (Fig. 2B). 781U 500mg/ § NAAS Ha)st 3-9ol= £3kg-
Eol B 4.070, o)l Bt 3.7712 & X0l 5 Ho|X] bt
7)1 1x} ¥ dol el = NAA 100mg/ ¢ & *eler 3%
3R EoM= Hat 8.0cn7 | AR i oo B 9.6cn7t
AArslo] A 0 2 1.6em7}F $0]ollA] ket RS Hole HoR
Rt (Fig. 2C, Plate 1). 221 NAA 500mg/ £ -3 23 73
= B3R E gl FololM 2] 12k e o] Ao|7H 4424 8.9, 8.6enE
Q)8 20|15 HolX] AT

Plate 1. The plantlets obtained from FE. nigrum var.
Jjaponicum hardwood cuttings cultured on soil mixture
(A) and scoria (B) supplemented with 100 mg/ £ NAA.

A A %7109 AP 100mg/ ¢ NAAE Ast 29 T3IEeF
ol 1.3cn7} 3733k whd ool 1.6em7 | AS1ed - 0.3em7}
FololA kE 3 S BT (Fig. 3). Z2-FNAA 500mg/ £ &
23t 733 ZEEES) Folor] 242 Bt 1.4cn7t 7310 Ajo]
7} Q= Aoz LR

3 Soil mixture
O Scoria

Shoot length(cm)

NAA5S00

Fig. 3. Comparison of shoot length between soil
conditions supplemented with NAA 100mg/ { and NAA
500mg/ ¢ for £ nigrumvar. japonicummhardwood cuttings.
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Table 3. Comparison of survival rate among shading conditions of plantlets obtained from E. migrumvar. japonicurmhardwood

cuttings
Site Shading Survival rate (%)

(%) Apr May Jun Jul Aug Sep Oct
0 10000 10000  83.3%58  81.1%+9.6  756%51  744%51  73.3%58
Field 35 100£0.0  96.7#0.0  956+1.9  944%*19  922*1.9  9L1*1.9  91.1%L9
55 10000  989*1.9  97.8+t19  944*19  933%33  922%38  91.1%51
75 100£0.0  98.9+1.9  97.8+3.8  967%3.3  956%+3.8  944%*19  94.4%19
0 100£0.0 10000  100*£0.0 10000  98.9+1.9  98.9%1.9  96.7+5.8
Green 35 100£0.0  100£0.0 10000 10000  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 10000  100+0.0  97.8%+1.9  97.8%1.9  96.7+0.0

0]9} T2 A= 115 Fololr] g wou} el e &
o= el gt ) Azaido] AulF o s ok 2e & 5= Qlok
OJXH HEA| AES] Z7dol| w2k AP xjo) 7} Rk,
ol= AAAIF(Rosa davurica Pall) oA vin|Eelo| Egl Hajo)
EQ ZURE HE ALE 55 o83 AHEA dh2-g, el 3o
Tt A Bo) AEZRAC) met delRls A9 (Lee ef al, 2000)
}ARISITE T2t AlZ R o7k = AR el 4alxe] vy
9 S RE B2 R v]8l G T S8] e Bk o) x4
A o7 A7) 1 Befsiad] oelgo] 9lof olofl it theket Mt
o] A de3t F o7 Heltk

A|2u] AR AEE 9 274

24 UellM S8 AERE exel| g1 F-3A1717] A1 Esle
2712 FHE AB TAP} o) RoiX 1 771 Foll= 26.7%7F TAL
3202 veRdti(Table 3). 53] X|ofl A-¢ Al71 3 37)€0] #]
W 6-9HE 897K AiH og Be TAMES Bi) o) 4l
AAAEE P AR Axel BAIYle] 5.6~8.9%7F IAIE AL
91.1~ 94.4%7} AEsh= A0 & e} 213227} A2 2] e
&S Foledl 391 2102 velth o) Table 194 Uehd
27} 7o) :eAJel|A 2B )7} 733t o U 112 S]] &3 A4A1e)
Q2] FaEE HASAA A|Z0]2 Aol )3k 25l el
W A3z Algdck

2N A2 AERE FEZ 0|43 5 4719 321 7HRE
U TAP}o|FobH oLt AEEL Aol BAIRle) AAH 0w
95.6~97.8%2 VJER} 2 207} 9= 2.0 2 UERITH Table 3). =,
22elME 7712 B9 wALE0) 2.2~4.4%0)) BIsP =x|ollA] &}
P 8 A Bt 22 AESS BAF Q) ol 24 U} 1o
A9 xpEAEE g AR 735 vlEke: Hojsro] Alge| AEE O A
£ FEleiA L3807 WiEe 2 Bolck

X 92 AN 9] EE-E T3 o2 w)wahd 2R Ao

FHAIGle] A RTE 24 Ulell] & AEES Bt 53] X3
Z 311 UgkS u] oA 73.3%7F BESI0] LAl 96.7%¢1
]3] 23.4% F& TAES Bolth T} XX 2PgARlE sk
2o xRS 3 AR oA B AAESE Bol7 ) SRk
91% oPdo] AEFR= S 02 Hol A|ZR| AEES Aol 2847
7] Y= 27) 2B F3 93ke sk Ao R gt
21 Aol whE AlxZo] 2] € WgkE AvHm Ao 5
LRE 9G7RA] 571E B AP Fo) F2 o] FojR ot LAl
495 997X 671142 B3k o] o)Foia)= Zl o = ettt
(Table 4). AHR A%} Aoh= wx]9} 24| #ARC] 75% 2}
FAHTelM 27158 TE xRgx Tl v)E)] & S Bolo
™ 35%, 55% AT, FAT o E Ao dEEsi, o]
23t A5k 77} B9k Al fAIESCE AR 7Y F 4] 9l
29 2l 24 lellX 75% gl 5.4cn7t
Aslod 71 ks st 2102 VR Bhd 1e4]2) Rd A
1.5cn% 71 AZgt S RGAT Egh 2Pg Y ol mhE 4lxzo]

Table 4. Comparison of shoot length among shading conditions
of plantlets obtained from £ nigrumvar. japonicurmhardwood
cuttings

Sjte Shading Shoot length (cm)
(%  Apr May Jun Ju Aug Sep Oct
0 0.03* 0.40° 0.70° 1.08% 1.41* 1.52* 1.53°

35 0.07% 0.74° 1.16™ 1.93° 2.66™ 3.09* 3.11™

Field 55 0.06* 0.63° 0.98" 1.60° 225" 253" 2.55°
75 017" 1.03° 1.60" 2,13 2.76° 3.12™ 3.16™
0 0.35° 1.09° 1.37% 1.49° 2.47* 2.93™ 2.95*
Green 35 0.54° 1.75° 2.20° 2.37" 347" 4.42° 457
house 55 (487 156" 1.86° 2.02° 274 3.21° 3.31°

75 0.65° 2.627 3.32% 3.62° 4.56° 5.24° 5.39°
Duncan's multiple range test : 5% level.
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ez

FAR27T) A 2w 27)A
X g 24k ] xR e)rt S-S WAl WEA A
ol 7] 91510 Table 18] AR E o851 ABAAE ¥4
A 1A 9} 2AolA 2P )7 352 W sl tha o)
710 2 Ut} (Table 5). kA|olM= 23 A7} o}

25 dss 3% T BT QM 1% TelA

<]

-

M

w
ok ¥

lo

PRt freldo] FHTE &, - M= AFEAE 2Rk
FE ¥l 2 H3lE A 9l RS W] 73Utk

Table 5. Correlation of shading conditions with environmental
factors in the field and the green house

Site Temperature i{fnrigl\g Light intensity
Field -0.247" 0.469™ -0.895"
Green house -0.063 0.098 ~-0.761"

“Correlation is significant at the 0.01 level.

Table 6. Correlation of shading conditions with early growth
of plantlets obtained from £ nigrumvar. japonicunmhardwood
cuttings in the field and the green house

Site Monthly shoot growth Total shoot length
Field 0.129™ 0.297"
Green house 0.150" 0.920"

*Correlation is significant at the 0.01 level.
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