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ABSTRACT

In order to wunderstand the growth -characteristics and proliferation
methods of alpine flora in Mt. Halla, some alpine plants vulnerable to climate
changes and urgent for preservation and industrialization in consideration of
scarcity and traditional knowledge were selected 1) to investigate growth
environments through a climate and soil analysis of their neighboring
habitats, 2) to identify how to make cuttings of the alpine plants and how to
multiply the plants raised from seeds, and 3) to compare and analyze the
efficiency of fertilizer uses by measuring growth features depending on
containers for industrialization and manuring levels, in the study that had
been conducted from March 2012 to October 2013 and summarized with the

following results.

1. Selection of specific alpine plants in Mt. Halla and their growth
characteristics in habitats

Alpine plants classified into 11 families, 14 species, 4 varieties, and 14
groups including Abies koreana which were naturally growing in Mt. Halla
national park were selected, because they were considered scarce, unique and
weak to climate changes but highly valuable as resource plants.

Between March and October 2012, the average levels of temperature at
some places were 85 C at the top of Mt. Halla (1950m), 12.3 C at Yeongsil
(1500m); and 13.8 C at wetlands (1100m), while the average levels of
humidity were 78.9%, 78.0% and 78.2 % respectively.

The soil analysis on the habitats of alpine plants was made to determine
bulk density of 0.26~1.10g/cm’, particle density of 187~254g/cm’ and
porosity of 57~85% that showed differences in range depending on those

investigated places. Besides, it also revealed soil pH of 4.7~5.3 and electrical
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conductivity of 0.20~0.60dS/m, and the exchangeable content ranges of K,
Ca, Mg and Na were 0.06~0.49 cmol'/kg (K), 0.07~2.48cmol /kg (Ca), 0.04~
154cmol /kg (Mg) and 0.14~0.24cmol /kg (Na), respectively, along with
cationic substitution capacity of 15.94~39.82cmol /kg.

Therefore, the soils of habitats generally were determined to have the
porosity smooth for water downward penetration and the pH and electrical
conductivity invulnerable to salt. The cation exchangeable capacity of
19.7cmol /kg at the top of Mt. Halla and Seongpanak Trail region was found
to be similar to that of the general forest soils in Jeju island, but the level of
the cation exchangeable capacity at Yeongsil and Highland plots was more

than twice higher.

2. Cuttings of Mt. Halla alpine plants and proliferation of the alpine

plants raised from seeds

In order to study proliferation of alpine plants, a growth environment with
a shading level of 50~75% was created to investigate some changes in the
amount of light inside proliferation facilities from July to September 2012.

Accordingly, the average changes were measured in the levels of
temperature and humidity at the facilities, a greenhouse and closed boxes
(vinyl-moist chamber), that is, 22°C and 76.57% in the greenhouse and 22.3
3T and 93.33% in the closed boxes, respectively in 2012, while 23.35C and
79.9% in the greenhouse and 23.9C and 93.77% in the closed boxes |,
respectively in 2013. Since the relative humidity of cutting proliferation should

be adjusted close to the saturated level, the closed boxes were evaluated

favorable for the uniform control of temperature and humidity levels.
(1) Cutting experiments on 4 species of alpine plants including
Sargent Juniper in 2012

Four species of alpine plants including Juniperus chinensis were collected
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and propagated by cuttings. Then, it was confirmed that initial uprooting was
observed 60 days for Juniperus chinensis, 50 days for Vaccinium uliginosum,
15 days for Thymus quinquecostatus and 45 days for Lonicera caerulea var.
edulis.

The wuprooting rates were checked in the experiment. In case of /.
chinensis, the high uprooting rates at the closed boxes were 90%, 100% with
a cutting board-lime water-potassium permanganate treatment, 100% with a
potassium permanganate treatment, 1009 with a port-nitrate treatment, 10096
at Rootone-control group and 1009 with a tray-potassium permanganate
treatment, respectively, while the wuprooting rates of the plants in the
greenhouse were generally high, averagely 100%, with port and Rootone-tray
treatments. In case of V. uliginosum, the uprooting rates at the closed boxes
were 96% at the cutting board, 55% at the port, 43% at the tray. The cutting
board-Rootone treatments resulted in the uprooting rate of uprooting rate at
all treated plots. Mean while, in the greenhouse, the uprooting rates were
56% at the cutting board, 55% at port and 45% at the tray showing no
significant difference in treatments. On the other hand, the -cutting
board-untreated plot showed the highest uprooting rate of 1009 with the
potassium permanganate treatment, and the cutting board-Rootone treated
plants showed high uprooting rates of 90% and 80% respectively with the
lime water pre-treatment and with the potassium permanganate
pre—treatments. In case of 7. quinquecostatus, the uprooting rates in the
closed boxes were 51% at the cutting board, 68% at the port and 68% at the
tray, while those in the greenhouse were 83% at the cutting board, 68% at
the port and 63% at the tray respectively. The uprooting rates of Thyme in
the closed boxes were 100% both with the cutting board—untreated plot-silver
nitrate treatment and with the cutting board-Rootone-lime water treatment,
and 90% with the potassium permanganate. In the greenhouse, the uprooting

rates were 100% with the cutting borad-untreated plot-silver nitrate
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treatment and with the Rootone-untreated plot:-lime water treatment.

In case of L. caerulea, the uprooting rates in the closed boxes were 64%
at the cutting board, 61% at the port and 66% at the tray, while the
uprooting rate at the experimented plot in the greenhouse showed averagely
37% of the total treated plot, that is, 1.7 times lower than in the closed
boxes. Particularly, in considering the uprooting rates of L. caerulea in the
closed boxes, the cutting board-Rootone-lime water treatment resulted in

100%, that is, the highest of all treatments.

(2) Cutting experiment on 8 species of alpine plants including Abies

koreana in 2013

Eight species of alpine plants including Abies koreana were collected and
propagated by cuttings. Then, it was confirmed that initial uprooting was
observed respectively, 65 days for Abies koreana, 65 days for Schisandra
repanda., 25 days for Empetrum nigrum var. japonicum, 60 days for
FEleutherococcus divaricatus var. chiisanensis, 10 days for Elsholtzia minima ,
15 days for Anaphalis sinica var. morii and 15 days for Aster hayatae.
However, the uprooting was not observed for Betula ermanii.

The uprooting rates were measured for all those plants. In case of A.
koreana, most of treated plots failed to root out, but the uprooting rate of
75% was seen only at the closed box—Rootone treated plot. Roughly more
than 50% of those plants succeeded in survival in all treated plots. The
uprooting of B. ermanii also failed to observe. In case of S. repanda., most
failed to root out, with 21.5 samples averagely surviving in the closed boxes
and with the average survival rate of 295% only with lime water and
potassium permanganate treatments. In case of greenwood -cuttings of £.
nigrum var. japonicum, the highest uprooting rate of 87.5% was seen with
the closed box-silver nitrate treatment, and the uprooting rate of 75% were

shown with the potassium permanganate treatment, that is, 6.5 times and 5.6
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times higher than the uprooting rate of those treated plots in the greenhouse.
In case of E. divaricatus var. chiisanensis, except the uprooting rate of 2.5%
with the potassium permanganate treatment, all treated plots did not root out
with most of them having fallen blossoms and failing to survive. In case of
E. minima, the high uprooting rate of 95% was shown equally both in the
greenhouse and in the closed boxes. Except the uprooting rate of 77.5% with
the silver nitrate treatment, the uprooting rate of over 95% was shown in all
treated plots of the closed boxes. In case of A. sinica var. morii, the different
uprooting rates in the closed boxes were reported 68% in average, 90% with
the potassium permanganate treatment and 20% with the silver nitrate
treatment. In the height of the aerial parts, a difference of 1.8 times was
seen, 49.1% in the closed boxes and 26.3% in the greenhouse, respectively. In
case of A. hayatae, the uprooting rates were 52.5% in the greenhouse and
60% in the closed boxes, resulting in the highest uprooting rate of 80% at

the closed box - Rootone treated plot.

(3) Proliferation experiment of the plants raised from seeds

In considering germination features of Halla chives depending on changes
in temperature and plant growth regulators, the average germination rate of
45% was reported the highest at the untreated plot, that is, at 20 C. The
germination rates of 66.7% and 73.3% were recorded respectively at the time
of overhead irrigation and at the time of wick irrigation. However, with the
BA and GA treatments, the germination rates got higher respectively, 91.79
at the overhead irrigation and 73.3% at the wick irrigation. In case of 7.
hallaisanensis, the highest germination rate of 90% was shown at the plot
treated at 15C with BA 10ppm. Besides, germination rates were also reported
respectively, 73.3% at the plot treated at 20C with GA 1lppm, 53.3% in the
plot treated at 30C with LPE, and 60% at the plot treated at 40C with GA

10ppm. Moreover, the germination rates of 7. hallaisanensis treated at the
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lower levels of temperature were 46.7% at 15 C, 70% at 20 C, 36.7% at 30
C and 60% at 40 C, respectively.

3. Improvement of growth promoting environment of Mt. Halla alpine
plants

In order to study proliferation and growth properties of alpine plants
through the improvement of a growth promoting environment, an analysis
was made to identify factors which might affect the initial growth stage of
proliferation by investigating growth differences depending on containers and
manuring levels of fertilizers.

Treatments were made with different manuring levels of nitrogen to five
species of alpine plants. In case of 7. hallaisanensis, the length of the aerial
parts increased proportionally along with the amount of fertilizer. On the
contrary, in the cases of E. nigrum var. japonicum, E. divaricatus var.
chiisanensis, E. minima and A. hayatae, the height of the aerial parts showed
a tendency of decrease. In comparison with the control plot, except 7.
hallaisanensis, the growth of the aerial parts tended to decrease adversely as
the manuring levels of nitrogen increased as much as 34% for E. divaricatus
var. chiisanensis, 63% for E. minima and 56% for A. hayatae. In addition,
except 7. hallaisanensis, the length of the aerial parts showed a tendency to
decrease reversely as the manuring levels were increased, 0.44~0.97 times
lower than the control plot, and the dry matter and the number of roots also
showed a tendency to decrease reversely as manuring levels were increased.
Furthermore, when the manuring levels of nitrogen fertilizer were increased to
5730 kg/10a to E. nigrum var. japonicum, A. hayvatae H. , T. hallaisanense,

the nitrogen content inside the plant body increased as much as 7.7762.3%.

In consequence, according to the results of the treatments of alpine

plants with the different types of nitrogen fertilizer, the reactions of those
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plants were found different. The length of the aerial parts at the plots treated
with nitrogen and Osmocote fertilizer was seen favorable in comparison with
the control plot, while the root length, dry matter and the number of sprouted
roots were seen more favorable at the plot treated with Osmocote. The plot
treated with nitrogen showed no significance in comparison with the control
plot. Particularly, growth of E. divaricatus var. chiisanensis, A. hayatae, T.
hallaisanense was investigated more favorably depending on nitrogen
manuring levels. In other words, in case of alpine plants having a low
demand level of nitrogen fertilizer, slow-acting fertilizers are determined more

favorable than quick-acting ones for the purpose of proliferation.
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= Fol 4% wjo] &3tpar & (Schemske et al, 1994; Wolf, 1987, Raup,
1986), -t-2lvtete] A5, BETEdel vid 50001 Fo], miE 4001, md1.4F 0]
Abepithar 74 shar Juk(hm A B ARG rA R, 2001). A Aol A= 1L
sAEe A wid Eit 2F0] At AoRE FAsta Aoh(H e 4l 1994).
A A SR B9 & 5009 ~1,5007re. 2 374 8 =] (Stork, 1993),
Aol lom, o] T FA4
5, UAAE aga IxAER oF 2HvrFow dex JI(UNEP, 1999;
Wilson, 1989). ©]5 % 50~90%7F Avh@ol A&ska Qo VHWRI et al, 1992),
19902+ 20001 Afolell  wid 1,420%F hael ddigo]l Abebx]ar 1o (FAO, 2000)
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of o]F A4F Az EIWAES A =HE0] ofoAa =, A=F B39
oS dAstel EE:T AR oRAEA = wAlA e #g ok
(CITES)® AHEUUAHHLCBD) T FAFFS vz oz st 19924
Bepd 2o Adlolzel JHHE FALG AL oM BErhtd Bl
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Al Aol 2/37F 21A417] &<k EER 7] A Aoy, 309 oAFow FAHE
HEAE S0l 4 ol AlebA Al glvar B s 9 tHBGCI, 2001). LA
== A 21 & 9] 9 3] (International Botanical Congress)oll A& A9 A% HAS A
E0YE Y A AdAAR 18 s ek, Ak A (UNEP) 9] A
B A TR kT AE BAds 9T A
ZIEE stal JAHH(UNEP, 2002).

TUlol A= ©](1959), BH(1975), ©f, 1981), ©](1987) & 3sHAlsAlo =2 HE 9
71V B A g fgigk At JAaE o, 19949 AETEAE Hke Y F
T %= IUCNS EF7I+S 53 BEddF 7144 Sol ddk =97}
st Al g Eo] o (o], 1996), 27 H(1989) 4 5ok 2 &(59% 7)ol
AR ALANABI-5Z)H A =7FA ] Aol A =7k A AE AT ARG H
HE 1998 o] F 'SR A E A ANA THEH Y] E BRI E A E A

Az Adgste] 6579 EAEA7INET 52F 7o HIopNE & & 58FF7F
e
=]

e
ftlo
=)
[t
ol
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e

i}

o

r>4

NS A AAeR A d&FS vAL o, JdF 2 B4
ARZE E e FH < 503 VA (eF 0.13°C/108d)2 Al 1001 (190672005
W)zkel 71225 FA1(eF 0.07°C/10d) BEet oF 28 o w=oH(IPCC, 2007)

fra el Al Menzel and Fabian(1999)#} Menzel(2000) PGS A =A14d #=
A5 E B8] 1959~1996 st A =Ad wEE Fotst dn 53 1 A E7
dol 639 dIAAI, 7FEEH AEALL 459 =oHSS B e, 1989
~1998'd st 08°Co 7&deom FE AeAd2 8d dEAMATL st
(Chmielewski and Rotzer, 2002). Sparks and Carey(1995)= fHolA 71 <@
" AEAHE A8 Marsham 7HE9] A EA4A A5E #4ste] 35°C A
B = HE AEAA ~3F ¢ A Aoz dF3ygn o] ARE
Marsham 7Hz 9] ARFAlol] oF 27719 #3 A&l tis] 1736~19473d =<t 71 =
gt Apzolnh, il ool AlE 1980 o] & 385F 9] A A stds 4

3 A 459 @97 Avm sgion, 24 F F 16%E 159 ¥PAAGE



U 31 tH(Fitter and Fitter, 2002). B3k o ~2E Yoo A= Fo] oF 8 oo
A% oM (Ahas 1999), Sdo A= 1951 ~1999d woF £ A3 J49 /A7
7o A AEAEAL -016~0.08Y/3d dIFAA = Aol vERsETH(Menzel et

al,, 2001). == 1982~1993d &<t =& A=AHALE 7~1794 dIGAAL 7=

H AEAALE 9~199 =o]H 1 (Chen et al, 2005), 42 1961 ~20004 o
ol 7= A AR, YA 7= ZojX = FAYS H 3 tH(Matsumoto,

Syt = S L(2006)0] odZ%3E IPCC SRES A2 Ay Qo 7
a4 2011~2040d0ll= 3o JHstA7I7F Bt 99, 2041~2070 7]3Foll= 214,
2071~21000 7]17bell= 299 <A AA Aoz ol Ho et al, (2006)2
Agel Jive, e, WE, EFol oAU Jstd AnE A5
FET A A& MsAZIE oF 1~29
AP ARoR FA3AL ol W] UF AHE wE FHto 72450

Frstal AR SEuetE 23
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A AFEE QY5 IS dA5E QFAR IR HiolA Fd&Eo
2 °F 80km, JUMEENA AMZEo=m ok50kme] T A bl EXo] i, EA

73km, P& 3lkm<e EHYEHS 3 Hdow F WAool 1471kme=E A FE
1.8%°lH, Y=+ F4126% 08 ~126% 58+, &9 33% 063 ~34% 00 Abo]
of A5+, FEAS & F(Kuroshio current)d A Fe A uPAF
(Tsushimawarm current)®] &S Wol 2ydtair} 1ejal =] AR d Ht
7122 150CelA 158TC, 7 F2 &9l 1¥€9 Hy 7|2 48T (AF2heldl 6.
0CHAR)AH F&EAG]l B Aol Hl& 0.8~12T w3 7|FE HolH,

A 52 E A (Haloartic  floristic  kingdom) @] solA|o}2 &A1+ (East asiatic
floristic region)oll 43} (Yoshioka, 1973; Yamazaki, 1983), A x| the] ojAd 2
E5EH uAde a2 B4 2B EEaoh(a, 2000). 71FE FEAL dF
(Kuroshio current)®] #|%¢1 22A]vbikF(Tsushima warm current)®] @3S

o} e,



A AFSEAAE, 20129 71598k ASHA AFA @A = A = 30
Y 600mmeol g AFEA S H it 7]2o] 11.9°CE 1.1~4.8°CE sl Ay
geprkel ik EEol lFWste] kg Aowm oA lo], A&l &
2 ZE7F FElR ek A FdiAd e A Aol Wol E¥sha
dol vetwd A=se aH A3 Al AF afo 54 E AAYA
vty 9 FFo] o Adsa th(Hong, Juet al, 1997, 2000; Cha, 1998; Ju et al,
1997; 71, 1993).

2 ot

A, AFEed AshE FEEHA =2 Nakai(1914)7F 1,317 24+
olef ©](1997)7} 1723} 6555 1,252 214WE 6% F T 1472 &7+, 4(1985)°]
1583} 6634 1,453F 275WF 20+F 656%F & 1,795 EFw o2 RS vt o

H HZoll= A ES 2] 1,990 Fwr o ® Halskal ItHAlF X, 2005).
ol FHEluet T AE T oF 419 F9 of 50%°l a sl Aot o]
_/,:

(7,1993; 4, 2001). o] ¢} #o] F& WA W F57F Ex3}
e Be shatEe] =99 uiide] Ha lovk(sd, 1992;, A, 1993). LwbA o
2 Ao Fae A WA 25 F
W, A2 o] Wk gk theksty 3| AFe] 7 Wkl stk 3 Ao T
= 7 Tk §A4 e T T ATt /ST E WolAH, A& ARl
T o]YdH 2w
& AEA wststa oln] AR A3 AASHA ¥ Aoltk(Barrycox, C. and
P. Moore, 1985). A% HA] o]e} e o] WAy F49le] #A|, Aoleh=
Aol g3, Fo AHEAA] Bdgle]l doldomA A& thFgde] AL
= etk (A, 2006). A =l AA A E2 1707 8974 2,898F 7050+E 928
HE 301FE 237FT o2 F 4158FR/7F = Aoz dHA dem (o], 2002),
o 7hdl fElvel BARAEL 407FFola, 10735 /F7F Fte Ao 9t
(°], 1990). AlF9] A2 =2 £(1985)0] 1587 663< 1,453F 275WF 201% 65

WAl 5% A4A7} gobA
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1) 217132
AR QA A% SA S @eE 150024 o4 A9 stk

20124 3¥93E 20123 109 7+A] 2=AeF ).

EN

2) F 48 R AA
T AL 0ol(1980)5 Wk AAlslon, kA E2 7]Ee] Bal ¥H(1942),
74(1989), +(1998), 31(1999) % o] A& (i, 1976, 1978)% HiL - HE
aFlal, Sk =2 ](1996)¢] Halg, 374 &2 ©](1985), 11(1999)¢] R iLe}

™

FeIA T O HRAFEUANE FRAAT L, 2000 FHAFEA 27}
EFEE2L 2R BASGOV, FuN AR 542 G F A
st

T AL A JARAES BAdstaa AyE wA4 7199 =54 A B
A AW (BB H AR 2R, TUCN, International Union for Conservation of
Nature and Natural Resources)®] 21&¢ & EAGHE Aed A 455 (Red
list)& 7IEetAar, sl AAdSFBEY, dF 978 = [ I (87 +, 2005),

AEA REAES Faste] dF Aes AdAsian.

3) YA 71FAA A
715 7S] B ek AddA AT A AWSH olE 9F stale
H100m) = Aot Faoh gAFL ol Eaxd HAX¥ HOBOUO|HE A&
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Wi Fwel dejumi SHHom Aol ofF
C

em’e] core o] AJRE 1057
m

of 717&¥ age] wE YeEld. Fodlaes FAl 4 A (Daiki, Japan)E A
& il

¢ ¥ (falling head method) 2. & =43} t}.

(2) B¢ oty 24

o) ogt e FEAEY BAWCFA/NEAT L, 198 Fhel 24
stk Egel Bt e 2487 A8 2AARE AN F 2 mm A F
B A AGHAT. EF pHE EF 5 g A4Fetnzd 9u 5 25

mlE H7Fs v 3087 IEAZ] & pH meter(inoLab pH 730, Germany)&

gt Walkley and Black® & o]l &3ttt & d4av EY 05 g& AEEg~
Ao Hi Frtog Fae the waElE AR&dS AFAAEAFA (K]eltee
analyzer unit, Foss, USA)E o] &3l 43t fF a4k Lancastery &=
2R3t 2P do| LS EF 5 go] IN ammonium acetate(pH 7.0)& < 50
mlE 7heto] 30&3F &g vF ofIsio] Aol ool AAFFEFF =

(SpectraA 220 FS, Varian, Australia)E ©]&3dle] #A8Att. Fo| 2383
(cation exchangeable capacity)= 1 N-NH;OAc(pH 7.0)= 3E3}3}aL 80% ethyl
alcoholZ Al Z g & ES  Kjeldahl TFF ol 93] NH4 &S A aFshod

S



ofol ] MAE 14% F ofgle] 2EF 6%, BEF 85 ugon
B W42 A tHTable 7).

P
e

F o e R-F(Allium taquetil), & v (Elsholtzia minima), 75
W &= ( Anaphalis  sinica var. morii) /1% o|(Aster

hayatae), &S A (Taraxacum hallaisanense)

f
rl
N

D A (Abies koreana), w3 (Juniperus chinensis
var. sargentii), & L5 (Betula ermanii),
S QW R Schisandra repanda ), * 29| (Empetrum nigrum
var. japonicum), A4t 23| (Eleutherococcus divaricatus
var. chiisanensis), &% W5 (Vaccinium uliginosum),
W 2] 3F( Thymus quinguecostatus), 88 o) W 5-(Lonicera

caerulea var. edulis)

A g AR SRS ARS8 =4 F B dld 255
(EL-USB-2, Lascar)dx]3s}o] 201213 49¥€ollA] 104, 20133 5¥€oA 10€7}# 5
AR 259 25 =HsA 1, FHFe BEF=AH A (Testo 540, Testo)=

ol &3le] 2012 7T~9¥€7tA] A 104, &F 3], SFGA0 22l ¥S

=
Do
[}
[—y
[\}
L
Hr
01(_)1;‘
L
—d
ol
=
ofN
Lo
b2
u[u
i
e}

A Ee] AFARE 20129 4959 Bl Aa g FEy

(Juniperus chinensis var. sargentii), &% Y5 (Vaccinium uliginosum), 2|3k
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(Thymus quinquecostatus), 38 1 Y5(Lonicera caerulea var. edulis)E A A

o A A # 3} thH(Table 3).

B 1~-2% A5 FASAH A 7159 vy A9 E Tkt 45°0]5H7)
Al Zsrow A de FAEFS AAE7] s vkek oo Zepdlloh A
A EBodadlor A FrtddA F2 AMESE M EE2(FTm ¢ 2 o]50m
x Foldm)et, dAT FHlFE=E FAATI7] flte] Hd R AdE ki 2
shol DHAEERFA) S AAete] ddedth(FigD). AW H=g 2%
Hee w) A8 AP E5%) 02 ANLEE o 26~30°CE sk A5
2 FE(Peat moss:Perlite:Vermiculite = 1:1:1)E < A&3(Cultivation box:
0.2m%), LE(90 mm pot: 0.0063 m?), 323 Ed °](32hole plug tray: 0.0025m>) ol
Aol 124 % &tk

@ AAE L SAAY, &71d 53
Azd e AAHYAZ A2 (AgNOs  500ppm). A1 3] 9=(Ca(OH)-,
1,000PPM), #4725 (KoMnOy, 1,000PPM), S+ (H0)oll 244 7F 317

ke
=
= AFste] AR, AEAdsER Age dibsrteld &8 7

0

gl

FE(Rootone : 1-naphthylacetamide 0.4% powder) % Fx & & =23 dy

oz TR /MR 124 dger, 74 Aeld 3WBom su W

T AT 20708 skt s s & 4 FHEE ddo R E glste] oF
i

20~608 F &71014 A wrel §7E A AT

& (Rooting percentage, %), "2l (Root number, ea), %

] do](Root length, mm), %2 o](shoot length, mm), <7 (Root collar
diameter, mm), 3§ #| & (Fresh weight, mg)< =% 33t}

FA AL SPSSE 2 13 Package(SPSS In., Release 12.0, 2004) % W&

_11_



W - AESA R 4 Adadet dass mae wolAd AAde fd

FEAFE 2 (ANOVA)Z Duncan® thE#d A S A A3}

Table 1. Experimental treatments for cutting propagation in 2012

Contents Unsexual - Cutting propagation
Physical factors Greenhouse, Vinyl-Moist Chamber
Pretreatments Ca(OH),, AgNO3), KMnO,, H-0O

Growth regulators Control, Rootone

Culture medium Peat Moss, Perlite, Vermiculite(1:1:1)

composition
Culturing pot Cultivation box, 90mm pot, 32 Hole plug tray
The number of 3 repeatx4 Pretreatments x 2 Physical factors x
experimental groups 2 growth regulating x 3 Culturing pot= 144 Treatment
Treatment period 5 Month ~ 9 Month, 2012 Year

Fig. 1. Photo of greenhouse and vinyl-moist chamber.

A, B, C: vinyl-moist chamber D: Greenhouse

_12_



(2) 20139 F8YF 5 8F 9 A4E 43

@© A4

A Ee] Al FH = 20139 49 ~89 Stepitel AEta e AU
(Abies koreana), &35 (Betula ermanii), < 2 VA (Schisandra repanda ), *
20(Empetrum nigrum var. japonicum), A @A A3 (Eleutherococcus
divaricatus var. chiisanensis), & - (Elsholtzia minima), 5% % (Anaphalis

sinica var. morii) =W o) (Aster hayatae)ES AAA A 23 8L H(Table

4).

=
m x ol msh, UVlHEE 2US] AF DA Aste] FR3te] 5
Ak AEAW BER LEYES W] A9 AFUE90R AHLEE of
21~30°CE FA Tk AF =L

oo AR (Cultivation box: 0.2m?)ell A=zl 124 % &9t}

>

N E (Peat moss : Perlite : Vermiculite = 1:1:1)

il

@ A7 L FAAHe, &7 a3
Azd e 247 2o 2 dxz+ 2 AAHIAZR ZAF2(AgNO;
500ppm), A13](Ca(OH)2, 1,000ppm), 24 7HAH2E(KoMnOy4, 1,000ppm),

(H20)oll 24417F A=A & B2 Al #3te] A3, AEALGT2E AE = It

als

Frlo| A &3] & JdE FE(Rootone : 1-naphthylacetamide 0.4% powder)
=

shgonl, 7 Aed ANEoR st WE o ALE 40

AH Stk W ae A% F o7 FUR wedis SUske oF 20600 F
§71014 Av wae §TE EAbste]l AL

_13_



Ay E(Survival number, ea), ®<:5(Rooting number, ea),
18- (Rooting percentage, %), ¥*2]5=(Root number, ea), ¥2] Z o] (Root length,

mm), %72 o] (shoot lenfth, mm), A A #F(Fresh weight, mg)S =43}

® SAAZ

EA RS SPSSEE 13 Package(SPSS In., Release 12.0, 2004) & 91§
I W AFEA gE z2 HJEEdel AEe mite o4 AALS 96
FEAFE A (ANOVA)Z Duncan® v A S AA5H )

Table 2. Experimental treatments for cutting propagation in 2013

Contents Unsexual - Cutting propagation
Physical factors greenhouse, Vinyl-Moist Chamber
Pretreatments Ca(OH)2, AgNO3), KMnO,, H-O

Growth regulators Control, Rootone

Culture medium ) L
Peat Moss, perlite, vermiculitel:1:1

composition
Culturing pot Cultivation box

The number of e C
4 repeatx7 Treatmentx10 individual=280 individual

experimental groups
Treatment period 4 Month~10 Month, 2013year

Table 3. Test plants for cutting propagation in 2012

NO. Family name Scientific name Sampling location

Juniperus chinensis var. sargentii

1  Cupressaceae 'AHenry Yeongsil

2 Ericaceae Vaccinium uliginosum L Seongpanak

3 Labiatae Thymus quinquecostatus Celak 1100 Wetland
- Lonicera caerulea var. edulis Turcz. ex

4  Caprifoliaceae Seongpanak

Herder

_14_



Table 4. Test plants for cutting propagation in 2013

NO. Family name Scientific name Sampling location
1  Pinaceae Abies koreana E.H. Wilson Northwest face
2  Betulaceae Betula ermanii Cham Northwest face
3 Schisandraceae S;]ézlis{andra repanda (Siebold & Zucc.) Gwaneumsa

Empetrum nigrum var. japonicum .
4  Empetraceae K Koch Yeongsil

FEleutherococcus divaricatus var.

chiisanensis (Nakai) CILKim & B.Y.Sun  eonesil

5  Araliaceae

6  Labiatae FElsholtzia minima Nakai Yeongsil

Anaphalis sinica var. morii (Nakai)
Ohwi

8  Compositae Aster hayvatae HlLev. & Vaniot Yeongsil

7  Compositae Northwest face

4) AR F4 43

d et (Allium taquetii) A2 2011 108 A A A A
T3 TAE FERtA T a0l A Edel 4°C WA Basto] 20129 AR S

Aol o] &ttt T4 &A%S Sl ATH FAE NaOCl &= 583 &
X

o|\

TR 3~43 A b 70% olehER 5%3F A%5shal

ok Al FRIFY IHARAS Ys] Plant Culture Dish(100mm,
YmsKoera)oll Bt ¥ AE(Peat moss : Perlite : Vermiculite = 1:1:1)& 1/2 Al
G-aL SRR FAE 3094 WAL o w gFete] 3k A s
AExdEHD Age BA, GA3 500 ppm FEE 57 HAska, G
(Growth Chamber)oll A %1 15, 20, 25, 30, 35°CE Fu}t. AF=AA Ad
< FAETe AABTFE FES dEste] Hatol&(Percent Germination,
PG), Hi ol A(Mean germination time, MGT), WolA]4=(Gemination

Index, GDE At=3FA (=9t 4, 1986), &= AHAEALS 35 15¢ 4
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A Eo] AFENS wf olF F8eto] A9 4 o] (Shoot length ,mm), A3}
Zo](Root length ,mm), ¥ 2] (Root number, ea), -7 (Root collar diameter,
mm), A #ZF(Fresh weight, mg), A8t} A/+F-9 H&(Rate of length on
shoot and root, %)< =433

N(ZF&ob<r)
S(EFAEAFF)

Els o} & (PQG) x 100

S(TiA F ZAAFNIZATGY Wol)
g o z] 2= =
P e SEAFAT)
S 24 Q wolg)

)

of,

kol d 4= (MGT)

e

5 x 24
=]
=

& o

Table 5. Experimental treatments for seed germination in 2012

Sexual propagation

Contents ..
Seed germination

Irrigation system
Overhead irrigation, Wick
Culture System

temperature treatments

Physical factors 15, 20, 25, 30, 35°C

Pretreatments 4°C Wet cold treatment
P
lant growth Control, GA3, BA
regulators
Cul di ) .
ulture H?e. um Peat Moss, perlite, vermiculitel:1:1
composition
Culturing pot Plant Culture Dish Cultivation box
3repeatxbtemperature .
x2T X
The number of treatments3growth 3repeatx2Irrigationx3growth

experimental groups regulating=18treatments

regulating=b4treatments

(2) ENEHY AR FALE
EWE U (Taraxacum hallaisanense)2] o}l f-24&9] ASEAS 2ASH]
e 2013 6ol AEH AR ddiolA FRisd FAE ATt FA
Z 9 (glume)s A7l 4°C W Bastivr AR A7l o] &3k 3t
2l

FA2ES A3 AFE F4E NaOCl gojoz

A
A

W 2% 3 9

5
FHRFEZ 3~43 A S 70% T2 58 &

At
Ol

ba, oAl BR5E 3~4
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SJAH st AT FAE 24U FEAHE Baadvrr AR SAA P AHS
sy

AN A kA FETEH $EFAS 9@ Plant  Culture
Dish(100mm, YmsKoera)ell 121°Cel 15&3F drd A E(Peat moss : Perlite :
Vermiculite = L1:DE 1/2 A3 FHWEH TAE 3094 WAIZ o2 9155}

395 A9 sHelh

AExHE4 AHgl= BAE 01, 1, 10, 100 ppm, GA3+= 0.1, 1, 10, 100 ppm
5% 7F HA G, 34 AA1el LPE(Lyso-Phosphatidyl-Ethanolamine,
~HE 500, 1000, 1500, 20008] 3]Aste] ®lastar, A4/ (Growth Chamber)-
15, 20, 25, 30°CZ 2=+ HlE Fo HtitolS(Percent Germination, PG), it

et

kol @ ¢l (Mean germination time, MGT), o}#]4=(Gemination Index, GI)Z
ApEA T (= 4, 1986). FAES AEFEAL S 3F 6Y Fo FAEo] AEH

e uw olE FFete] AAAH-oZol(Shoot length, mm), =852 o](Root
length, mm), ¥2]<=(Root number, ea), A = (Fresh weight, mg)S =433

o,

N(ZF2ob<)
S(FA A7)

S(TiA Y § 2 ANz wobs)
S(FAEAF)

2 o &(PG)

TooF A F(GD

gagetasmer) - — =T ST S EATE WobD)
S =0T
(3) SAAH

EA RS SPSSZE 19 Package(SPSS In., Release 12.0, 2004) & W&
-GS gk 2 Helatel dadg 53 foAd AAES 9l

T AHEA (ANOVA) 3 Duncan® B85 AA 3t

ol

B=)
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Table 6. Experimental treatments for cutting propagation in 2013

sexual propagation

Contents
Seed germination
Physical factors temperature treatmentslb, 20, 25, 30C(5T)
Pretreatments Control, 4C Wet cold treatment(2 treatment)
GA3 : 0.1, 1, 10, 100ppm
Growth regulators BA:0.1, 1, 10, 100ppm
LPE:500,1000,1500,2000=H
Culture medium Peat Moss, perlite, vermiculite
composition 1:1:1 (121°C autoclave)
Culturing pot Plant culture dish
The number of 3repeatx4temperature
experimental groups treatmentsx14Treatmentx10seed=1680seed

2 AR FAE B AN A Ev(Empetrum
nigrum var. japonicum), A @A+ Q 23| (Eleutherococcus —divaricatus —var.
chiisanensis), &3 (Elsholtzia minima), & 7/N%5A o] (Aster hayatae), &=
¥ (Taraxacum hallaisanense)s ©]-83+ tH(Table 5).

vl Fd Afolel wE EE&AE ISyl fs 4 AEY BE A E(Peat
moss © Perlite : Vermiculite = 1:1:1)& ¢ A= 3H(Cultivation box: 0.2 m?), X
E(90mm pot: 0.0063m?), 323 Ed °](32hole plug tray: 0.0025 mH)E 7} A&
upel 2013 89 ~9del AAstA L, AT s 1A= S g 2k
des 7] fete] 55% A Ay E AW 2=E ¢F 27~30°CE frAlstdth A
ol mE A E FAS vlastr] flste] TiRlEA Ak 849
H(0-17-0), Z& A37121(0-0-60)05 ARt or, AlH|ZFS o= 717}

Skg/10a oo 2 3HkE 283ty

P
=
kil
o\
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AR S mE A=Y SA42 57 AN EC] FAY, £854

2R 4R WEE Adstel 47 vustdlt. £34 ¥lEs Z4(Urea, 46-0-0),

x)
= ARE AFste] ARE AFske] AGE dol, sk o], dE T, e
W g5 ARSIl 242 vastglen, SAEY § B st & pH, EC,
fr7ledr®, T-N, 824k K, Ca, Mgs s&38% £41998)S ©] &3]

Table 7. List of plant varieties tested for environmental improvement of

growing seedling

NO. Family name Scientific name Treatment

1  Empetraceae Empetrum nigrum var. japonicum K.Koch Yeongsil

Eleutherococcus divaricatus var. chiisanensis

2 Araliaceae(\ i) CHKim & B.Y.Sun Yeongsil
3 Labiatae Elsholtzia minima Nakai Yeongsil
Compositae Aster hayatae HlLev. & Vaniot Yeongsil
Compositae Taraxacum hallaisanense Nakai West face

Table 8. Treatment contents for environmental improvement of growing

seedling
Contents Treatment
Physical factors shadingb5%
Treatment Control, 1, 5, 10, 20, 30, 40kg/10a, Osmocote
fertilizer levels N, P, K(kg/10a)
Culture rpgdlum Peat Moss, perlite, vermiculite(1:1:1)
composition
Culturing pot Cultivation box, 90mm pot, 32 hole plug tray
Treatment period 8 Month~10 Month, 2013year
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=
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_E

it
R
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Z',
o
Lo
X
Ho

by
A ES AaE AP BE EEHe AR AHEFS G
stol Aaulm Aol W2 AFEHS 2ASAT LANE Ans Az

(Empetrum nigrum var. japonicum), A2t Q 23 (Eleutherococcus divaricatus
var. chiisanensis), & &+ (Elsholtzia minima), /1% %A o] (Aster hayatae), &
W5 (Taraxacum hallaisanense)®l < -&3tith Aihv g 224 ALV EE
o] g3t o, A= AL SR O R (5 10, 20 2 30kg/10a o 2 34k
ARtk Aana Ao g nikAEe] ASEAS XgE Hol,
oo, A= 2 2 By eE vtk
3) ZAAH Y ME TAAESY A4 2 FELTFHF
Aol wE A=A dAFTF B gENE AT AEe 95 AAE

=
of TAAER o] &ttt TAMEE AE B AR S F& At dx

stol AlmE  HeSO4sHCIOE ol 83t F24wsl § Kjeldahl Wil osl &
Aa BAS &9t Bremneret Mulvaney, 1982). & 22 (Chlorophyll) 2 71&
B]:=o]=(Carotenoid) ¥ 4 Z42F thE Ao o R g A& dS F
g5te] 1g9] Algel 99.5% Acetone 500mlS =3+ F 24A17F EoF oA A3}t

F 748 @ dgle ARTolw Ay olHelS AUk oS BYYE

>,
Y

Al(Cary 50 Conc UV-Visible Spectrophotometer, Varian)E AF-&3}lo] 470, 645,
662nmell Al FHEE FASFAT. HAA FEEZE Y JIREHxol= T
Wellburn(1985, 1994)9] ®Holl wel 7 ekgl o™ (Table. 47, 48, 49, 50, 51), 4
Aty B Ay= SPSSE 213 Package(SPSS In., Release 12.0, 2004) %= A
FEAN EY R AEA A4 gol Wik 4 Aganet daAs 53 79

4 A4S 98 AR (ANOVA)? Duncan®] d574< A 8]
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Table 9. Equations used in the calculation of chlorophyll a, chlorophyll b, and
total carotene levels

Ca = 11.75 A662 - 2.350 A645
Acetone Cp, = 1861 Ags — 3.960 Agse
Cxee = 1000 Ayo — 2.270 C, — 81.4 Cp/227

Ca = Chlorophyll a, Cb = Chlorophyll b, Cx+c = Total carotene




V. 23 2 n%

L @4t 2442 A4 2 44X A% 54

1) bt naA4E A%

= Xl 1988 By, 1992) A9, AF T4 TRoRERE AR A M=

b Fol7h qam, aabtig Aol TR glol AYHIIE sl HEY HI=

Wl 7] 7} ol @ Th(o], 2000). LA ©](2000)2] A% At

ol Aol Exd= HEFToR AAEIE AT 2y AAE HEF

1
o
fllo
o
)
e
o
S
8

3

AAY A E1 AursH(Isodon inflexus), F| 9% (Valeriana fiuriel) &) X$HY]
7% sl 7 H wxd 7120059 st aARAE AA 123F T SR
18F, =¥ 106522 FA5 o] o o & 30FS AL 93Fof st A &%

B dolHE A s, o] ARE AFAFe] w=rhal ddste] AAlE AEs

71 AN ES AAE o, AASE S FASE FAAUE FEF
T 117 145 148 4HFES AAQs9a, 1 5 S5 78Uy 5 9% 9% 9
T 8HFE ZEFE 37 55 5% 1HES A ew 49y A 2 A A

I A3 ofAo A At VAol w2 HEH$7I(EN, Endangered)?] & ©]
W (Juniperus  chinensis), 3 Q. VA (Schisandra repanda), T-E%%
(Anaphalis sinica var. morii), ¥R 5 ¥ (Taraxacum hallaisanense)°l™, 44 9]
e 7hsA o] =8 FHokE(VU, Vulnerable)o] A &W|(Empetrum nigrum), 5%
W5 (Vaccinium uliginosum), 2 3F( Thymus quinquecostatus), 8o 5
(Lonicera caerulea var. edulis)o]il, 98¢ WHF = Edalx] AT 4] o]

a3k F(LC, Least Concern)o.2 T/3U-(Abies koreana), 8& gl H7}
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ofaribrfel

chinensis),
N3 A o) (Aster hayatae),

ZAE A tH(Table 10).

RN

(Eleutherococcus divaricatus)® ZAME 91, E2-25(E, Endemic Plant)®
YU (Juniperus

ermanii),
minima),

13

%

H T R A X
— ™ 8 =
mﬁ oy om = of
ol N ‘W_O” 4 ;Orl
2 E I
Nl ol o) o el
— B B Mo
X ~ <~ 1
_— i) X 0
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EE _ = o
ke OOy
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- R
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= ooy
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Tz & °
i N R S

3} tH(Table 11; Fig. 2).
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Table 10. List of all test plant varieties

NO. & Family name Korean name Scientific name Levelx
1  Arbor Pinaceae T Abies koreana EH.Wilson LC/E
2 Arbor Cupressaceae =5 ]umpequ chinensis Var. EN

sargentii A.Henry
3  Arbor Liliaceae shep R Aj]n-lm taquetit HLev. & E
Vaniot
4  Arbor Betulaceae Z A = Betula ermanii Cham E
) . Schisandra repanda
& omx :
5 Arbor Schisandraceae 22 W=} (Sicbold & Zucc.) Radlk EN
6  Arbor Empetraceae Al 21 Emp e.trum aigrum var. VU
Japonicum K.Koch
FEleutherococcus divaricatus
7  Arbor Araliaceae A Y2t 25 var. chiisanensis (Nakai) DD/E
CHKim & B.Y.Sun
8 Arbor Ericaceae S&EUH Vaccinium uliginosum L VU
9 Arbor Labiatae 2] 5 Thymus quinquecostatus VU
Celak
10 Herb Labiatae e Elsholtzia minima Nakai E
. Lonicera caerulea var.
el o] L1 2
11  Arbor Caprifoliaceae o]} eculis Turcz. ex Herder \48)
) Anaphalis sinica var. morii
E=c
12 Herb  Compositae TEES (Nakai) Ohwi EN
13 Herb Compositae /)% 5-A) o) Aster hayatac Hlev. & E
Vaniot '
14 Herb  Compositae FUEY §j£i)i(acum hallaisanense EN/E

EN : Endangered, VU : Vulnerable, LC : Least Concern, DD : Data Deficient ,
E ! Endemic Plant

*Level of IUCN(International Union for Conservation of Nature : Red list)
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6000 0 6000 12000 Meters

—" e— :

Fig. 2. Distribution of each test plant and coordinates of research locations.

A Abies koreana, B:Juniperus chinensis var. sargentii, C:Allium
taquetii, D:Betula ermanii, E:Schisandra repanda, ¥-Empetrum nigrum
var. japonicum, G:Eleutherococcus divaricatus var. chiisanensis,

H: Vaccinium uliginosum, 1: Thymus quinquecostatus, J:Elsholtzia
minima, K:Lonicera caerulea var. edulis, L:Anaphalis sinica var. morii,

M: Aster hayatae, N:Taraxacum hallaisanense.
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Table 11. Distribution of each test plant and coordinates of research locations

Collecting Altitude

NO. Family name Scientific name location (m) Coordinate
I Pinaceae  {iges horeana EH. - Nomhwest g NI
2 Cupressaceae QZI;Z[; 22;5 Ac‘]ﬂgeeggs VAl Yeongsil 1,550 g 132%002311’%%2”
3 Liicene QAU 00T I Lo 0
4 Betulaceae Betula ermanii Cham Norf;hCVgeSt 1,800 ENTS;%lB}Mlg;

Schisandra repanda N 33'24.12.22"

5) Schisandraceae<5iebol d & 7uce.) Radlk GWaneumsa 836 E126'32.33.46"

FEmpetrum nigrum var. 1655 N33°21'34.36"

6 Empetraceae Jjaporicum K. Koch Yeongsil E196°30'30.75"
FEleutherococcus
divaricatus var. N33°21'27.62"

7 Araliaceae Yeongsil 1,129

chiisanensis (Nakai) E126°27'35.35"

C.HKim & B.Y.Sun

N 33°21'40.8"

8 Ericaceae Vaccinium uliginosum 1. Seongpanak 1,934 E 196°32'09.1"

Thymus quinquecostatus 1100 1.090 N 33°21'34.6"

9 Labiatae Celak Wetland E 126°27'475"
10 Labiatae géﬁloiltzza minima Veongsil 1525 I}:\Ifz%o%lg,%% 7701,:,
11 Caprifoliaceae ggggﬂ;[\augggfzf aH\é%er Seongpanak 1,305 g 132%002312’%34%’”
12 Compositae fj’;ﬁﬁﬁ?ﬁ;}gﬁfﬁhﬁr. No?a}?g%t 1,658 ;:\Il?;?ézglozges 5137

Taraxacum N33°21'45.17"

14 Compositae 12 /2isanense Nakai West face 1701 510603118, 907
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2) AAA 7% AR 2A}

el A% A 2AE et MG det A, G4, o=, 1100
AR 4 R Al ERE RS 20124 3¥€H-H 109 7R ZAFA|

wabe] Yepn .

T AT 349 @5, 7-89 wAA A@ze] Au oo AZgtol

wol dloe

AH1910m)2 85T, AA(1500m)e 123TC 2 11005 #(1100m)= 13.8T= 3t

AETF GolA A 7] 0] EolA i AwmrAl A FAEAT dEkal A

1o,
o g
)y
ki
o,
o
=X
ftlo
o
e,
HU

£ Aleetar nvlastlar, 3del A 1087b4 ¢ Bt 7122 ek A

793 84 7l&o] A7zt 1597C, 158C= 7H =kon, 44 2 110054 %= 7
H3 8¢dl 77k 19T, 1897, 21.7TC, 21.7CE

<= Btk 20129 3dlA 10€7kx 9] Fvt fee et QA2 789%, I
2 780% F 11005 %+ 78.2%= sl x=7tel zbol7 gt shepit A4 7
g3 8del F=7F 965= VMY whoew, A2 693 7del Zhz 98.8%,
94.6%, 110055 A= 8€ ¥ 7ol 93.8%, 91.2%% o} Fwpdel| FL27l =2 4
&5 Bt (Table 12).

Table 12. Average temperature('C) and humidity(%) of five research locations

during 2012

Experimental

Mountaintop ~ Yeongsil Eorimok 1100 wetland field

Month

Temp. Humi. Temp. Humi. Temp. Humi. Temp. Humi. Temp. Humi.

March 56 693 -10 667 ND ND 20 707 17 691
April 23 613 62 613 ND ND 84 622 73 765
May 84 9895 125 726 129 737 132 649 136 586
June 131 870 160 988 166 8.1 181 894 167 620
July 159 965 190 946 195 968 217 912 ND ND

Agust 158 965 189 933 157 961 217 938 ND ND

September 122 830 163 764 97 &8/5 167 &3 160 824
October 59 781 106 605 79 754 88 702 103 779

Mean 850 7890 1231 7803 1372 86.43 1382 7821 1093 71.08

UND: Not detected
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Table 13. Physical characteristics of soil in four research locations

Three phases of soil

. Bulk Particle Porosity
Samp.hng Solid Liquid Gaseous density  density
location
(%) (g/cm®) (%)

Mountaintop 43 27 30 1.10 2.54 57

Seongpanak 23 63 14 0.49 2.10 77

Yeongsil 15 76 10 0.26 1.79 85

Experimental oo 44 31 0.47 187 7

field

Table 14. Chemical characteristics of soil in four research locations

Sampling pH EC

OM T-N Av.P205
location  (1:5) (dSm) (g/kg) (%)

CEC

(mg/kg) (cmol ' /kg)

Exch. cations
(cmol /kg)

K Ca Mg Na

Mountaintop 4.7  0.20

Seongpanak 5.1 024

Yeongsil 44 043

Experimental

field 53  0.60

521 0.26

106 0.68

26.38 1.24

2146 1.50

114

5.0

9.5

8.9

15.94

19.38

39.82

2719

0.06 0.07 0.04 0.14

0.15 0.35 0.20 0.18

0.20 0.79 0.21 0.18

0.49 248 154 0.24
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shE dotr 7] flaf 20129 7T9€EA AT A 7
H oW skE 1041 9F 38,000lux(2-7), 1541 2F 95,000lux
(&5), 18A] oF 20,000lux(A9) Aol =il 55% d & A2ld 24 Wellr =
°F 11,600ux(10A]), 20,000lux(15A]), 4,300ux(18A1)e]aL 75% ¥ A F-olA+=
°F 1,400ux(10A]), 3,400lux(15A4]), 1,000ux(18A) = Ab=¥ A aL, 8, 9¢ A 3
Fol W= stelA ¢F 29,000731,000lux(104]),  49,000750,000lux(184]),
15,000716,000lux(184) = 7Bt} vk =25 verstH(Fig. 3).

ol ¥ INUF TEEY Bty wEolta AZEn, AE& o WskE 30%
95 Ay 24 delA o 75~80%, 5% 5 AT 96797% = AE
ol ¥& A B AFEo] =A U2 off= Fol 24 Uz FFo] HuA

Aol Ao Way] wiel f B ARES Kol Qow pyrwch

O —
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Fig. 3. Average light level in greenhouse.
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Table 15. Monthly average temperature(C) for two rooting frames

Rooting

Factor frame Apr May Jun Jul Aug Sept Oct
Greenhouse 16 20 22 27 27 22 20
A(Ve)r
C Vinyl-moist _ _ _ -
chamber 19 23 25
Greenhouse 27 29 29 33 33 30 32
(&)
Vinyl-moist _ _ _ _
chamber 30 36 36
) Greenhouse 9 15 18 22 23 18 14
G
Vinyl-moist _ _ _ _
chamber 11 14 18
Daily Greenhouse 17 14 11 11 10 12 18
Range . .
P Vinyl-moist _ B _ _
() chamber 20 22 18
Table 16. Monthly average humidity(%) for two rooting frames
Factor Rf?ggég Apr May Jun Jul Aug Sept Oct
Greenhouse 64 63 79 82 38 81 74
o
0 Vinyl-moist _ _ _ _
chamber 93 93 o
Greenhouse 80 83 91 93 97 92 91
(o5)
0 Vinyl-moist _ _ _ _
chamber 98 98 99
. Greenhouse 41 46 62 67 ) 62 40
4
0 Vinyl-moist _ _ _ _
chamber 84 82 85
Daily Greenhouse 38 37 30 27 22 30 52
R(aoz%e Vinyl-moist 14 16 14 _ _ _ _

chamber
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Greenhouse Vinyl-Moist Chamber
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Fig. 4. Hourly average temperature('C) in two rooting frames during 2012.
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Table 17. Average and daily range of temperature('C) and humidity(%) for two
rooting frames in 2013

Rgggég Cc()lrllrcrill?f(l)% Factors May Jun Jul Aug Sept Oct Mean
Aver 207 226 271 268 224 205 23.35

Temperature
() Range 110 89 103 102 108 175 1145

Greenhouse

. Aver 671 855 774 826 845 823 7990

Humidity
(%) Range 172 274 279 266 285 378 2757
Aver 21.3 227 274 276 228 216 2390

Temperature

() Range 110 101 103 115 110 189 1213

Vinyl-moist

chamber

. Aver 810 968 936 976 983 953 93.77
Humidity

(%) Range 72 57 170 71 49 141 933
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Fig. 8. Rooting characteristics of Juniperus chinensis var. sargentii.
A; Cutting slips, B; 60date, C; 8bdate
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Table 18. Rooting characteristics of Juniperus

vinyl-moist chamber

chinensis var.

sargentii 1n

Contai Rooting Root Root Shoot le)(ﬁ(;i Fresh
N Treatment  percenta number length length diameter welight
ner ge(%) (ea) (mm) (mm) (mm) (mg)
Control 707 1.3+02Y 72+19  68.9% 1.75° 610

. AgNO; 507 24%0.7 82+19 651 148" 5907
Ca(OH), 100"  15+0.2 113+8 62.8™% 164 650

Box KsMnOy 902b 2.0+04 6510 55.3?;d 1.672‘” 500@‘:)”d
Control 80" 26406 76+8 593"  115% 480"

R AgNO;s 60%  25+05  48+11 559 1.69%¢ 490
Ca(OH);  60% 25406 95+12 586™% 133" 550"

KoMnOs,  60% 22404 9449 6147 146™ 540"

Mean 71 2.1 81 60.9 152 551

Control 60% 22405 58+20 55.7°% 1.31°% 600

C AgNO;  100°  1.8402 847  67.7* 1.68  600™
Ca(OH), 50 1.8+0.8  102+26 59.7°™% 147"  500™™

KoMnO; 70 29+07 81421 51.3° 1.31°%  490™

Pot Control 100  3.0£05 98+10 55.0% 1.31°% 550%™
R AgNOs g0 25+04  62+10 635" 1.62 590%™
Ca(OH), 80" 25+0.3 75+13 64.1* 156 590™™

KoMnO,  60%  25+04  70+7  57.6™° 1.40°¢ 420

Mean 75 2.4 79 59.3 1.46 543

Control 20" 15+05 291 618" 173" 560

C AgNOs 0 ND” ND  69.7° 1554 470>
Ca(OH), 10"  1.0+0.0 34+0  62.6™% 134 550"

KoMnO,  40%  1.3+0.3  28+7  54.8% 1.35%¢d 460

Tray Control 10" 1.0+00 18+0  50.8° 1.00° 333¢
AgNO3 30" 1.7+0.7 1346 650" 164" 550™°

Ca(OH), 20"  1.0+0.0 11#3  57.6™%  1.32™% 420«

KoMnOs  100° 22403 7449 530%™  1.60™ 6007

Mean 29 14 30 60.0 1.44 493

YBox: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray
2C: Control, R: Rootone(1-naphthylacetamide 0.4% powder)
YMean separation within a column by Duncan’s multiple range test (P < 0.05)
YMean+SE(Standard error). Standard errors are presented since complete data
sets were not obtained.

YND: Not detected
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Table 19. Rooting characteristics of Juniperus

chinensis var.

sargentii 1n

greenhouse
Root
Con Rooting Root Root Shoot collar Fresh
iner. Treatment percent number length length diamet weight
age(%) (ea) (mm) (mm) er (mg)
(mm)

Control  100* 2.9 1532 60.7°%4  1.69¢ 55O

@ AsNO; 50" 12° 134%™ 597 194 540
Ca(OH); 1007 3.3%  p19ede 49 et 1.99¢ 690

KsMnOy 70 2.0 75Eh 51 3bedel 1 8g9d 440°
Box Control  100° 40° 1218 5gFIed 905 gopPbede
R AgNO;  100° 417 100PedefE 51 gbedel 9 g7ed  gRbede
Ca(OH); 1007 41* 137 57.6% 2119 700%™

Ks>MnOs 100 3.4®  138® 60.77°d  212% G40

Mean 90 3.0 122 56.2 1.98 589

Control  100° 1.8 1217 5898 2.25™4 7707
c AgNO; 604 2.3%¢ 105Pcdet 5g3bede 734 gppibede
Ca(OH);  100° 37 goudels ygpdl 1759 500

Ks>MnOs 100 278 115%bedet 5 qedet  7yd 53Qbede

Pot Control 70" 2,07 gocdele gggibed 1 gpd 470
R AgNO;  100° 3.9 7gefEh 5 gcdel 1 gpd gppbede
Ca(OH); 1007 4.0° gybedels 5y gedel 9 1ghed mp(pPede

KoMnO, 100 o7 ggedele g5 pbede 189 450

Mean 91 2.9 99 55.1 191 549
Control 1007 1.8  126%d 21 207 p10*ede

c AgNO; 70" 19> g3kl gooied 3541 gypPede
Ca(OH), 80" 2.1%¢ 1017t 615 22074 F7QPede

KsMnOy 70 2.9 46" 54.8>d 9 ogbcd 49t

Tray Control  100° 3.08c  gpbedele  go gabe o gbe gg(bede
AgNO; 100 3.8%  5geh 423 270" 490"

Ca(OH), 1007 35°  7oh g7 0 1.96¢ 540
Ks>MnOs 100 2.7 1017t 630 268> 6107

Mean 90 2.7 86 56.6 2.50 554

"Box: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray
?C: Control, R: Rootone(1-naphthylacetamide 0.4% powder)
"Mean separation within a column by Duncan’s multiple range test (P <

0.05)
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Rootone-Control T Rootone-AgNO; Rootone-Ca(0OH), T Rootone-K;MnO, T

Fig. 9. Rooting form of Jumperus chinensis var. sargentii after cutting

according to each container and treatment in greenhouse.
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Fig. 10. Rooting form of Juniperus chinensis var. sargentii after cutting

according to each container and treatment in vinyl-moist chamber.
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Fig. 11. Rooting characteristics of Vaccinium uliginosum.
A; Cutting slips, B; 50date, C; 90date
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Table 20. Rooting characteristics of Vaccinium uliginosum in vinyl-moist

chamber
Contai Rooting Root Root Shoot (:F})(l)l(a)ltr Fresh
D Treatment  percenta number  length length diameter weight
ner ge(%) (ea) (mm) (mm) (mm) (mg)
Control ~ 90™ 42406 39.4+59 305 143" 240"
, AgNO;  100° 39+03 50.7+6.1 304> 1.34™ 270"
Ca(OH),  80™ 4.1+04 429+42 19.1' 117> 178
KoMnO; 100°  52+0.7 659+7.1 354 1.26™ 360
Box Control ~ 100* 4606 44.0+4.3 283" 127 240>
AgNO;  100° 51405 324+59 322" 1.35 290
Ca(OH); 100" 3.6+06 39.7+9.7 352 158" 350
KoMnO,  100° 54404 71.3+8.0 34.7°" 1.34% 4807
Mean 9% 45 483 30.7 1.34 301
Control 205 20+1.0 7.0+30 345" 117" 100°
AgNO; 50 26406 24.8+12 3617 131 178
Ca(OH), 70 27+06 23690 36.8" 1720 2207
KoMnOs 709 28+04 156+2.1 31.4™% 155" 175
Pot Control 105 20400 6.0+00 36.2% 140" 108"
AgNO; 50 14402 20.8+58 34.0™% 117"  110%
Ca(OH), 70 32+07 16.4+33 37.8" 1417 144
KoMnOs,  100°  39+04 257456 351%™ 1.27%¢ 200"
Mean 55 25 175 35.2 1.37 154
Control 50 28+05 19.2+36 39.0" 1417 210
AgNO; 100  3.0:04 21.2+3.7 33.0"% 168" 260™%
Ca(OH),  20°  15+05 120450 35.8" 1.50°  167°%
KoMnOy 105 2000 120400 225 170 100°
Tray Control 60%  28+05 13.0+3.1 29.0"%f 138" 200>
AgNO; 40" 20404 13550 23.0¢ 1.16° 140
Ca(OH), 105 1.0:00 2.0+0.0 45.7° 1.30% 233
KoMnO, 50 28404 19.0+4.3 22.07 1.16°  143%%°
Mean 43 2.2 14.0 31.3 1.41 182

YBox: Cultivation box, Pot: 90mm pot, Tray:

sets were not obtained.

32 hole plug tray
IC: Control, R: Rootone(1-naphthylacetamide 0.4% powder)
YMean separation within a column by Duncan’s multiple range test (P < 0.05)
"Mean+SE(Standard error) Standard errors are presented since complete data
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Table 21. Rooting characteristics of Vaccinium uliginosum in greenhouse

Contai Rootin Root Root Shoot RﬁOt Fresh
D Treatment pe r% ent numbe length length di?a(r)n?trer weight
ner age(%) r(ea) (mm) (mm) (ram) (mg)
Control ~ 30%"™ 30+0.0 30.3+3.4Y  38.0™ 124" 128"

@ AeNOs 10" 40400 180+0.0 275 100" 100™
Ca(OH); 70 4.4+0.7 69.0+12 312 139" 190%

KoMnO,  100°  39+02 635+44 375" 132" 280°

Box Control 308" 20410 33.3+12 344 114" 86
AgNOs 40 37+1.1 23.3%6.1 404* 139" 143"

R Ca(OH);  90™ 3.1+06 224+49  338™  152® 161*
KoMnO;  80™ 42410 486+12 37.3" 152 240™

Mean 56 35 33.6 35.0 1.32 166

Control 509 28405 37.2+13 282 133" 158"

c AgNO; 20" 20+1.0 24.5+24 350%™ 1.33" 133"
Ca(OH); 40" 17+04 305+99 368" 173" 200"

KoMnOs  100°  3.2+05 39.4+19 251" 177 204

Pot Control 20" 35+15 8.0+0.0 26.0™ 170" 100
R AgNO3 30" 16+03 10.0+25  27.0™ 097 100“
Ca(OH), 100" 3.1+05 30.1x64 323  1.80° 280°

KoMnOs, 80" 22+04 12.8+3.2 23.0° 1.18" 122"

Mean 55 25 24.1 29.2 1.48 162

Control 20" 35+05 40.0+70 358%™ 152" g

C AgNOs 40 25406 208+51 224 140" 116"
Ca(OH);  70° 41+05 25.0+33 261" 148" 230"

KoMnO,  60% 21+04 287+71  231° 129" 104

Tray Control 50 36405 20.8+32 252" 152" 155%
R AgNOs 0 ND” ND 51.0°  1.15™ 100
Ca(OH),  70° 27+05 11.3+24  27.8° 148" 160"

KoMnO, 50 3.0+0.8 1869.0 275  1.40® 163"

Mean 45 3.1 23.6 29.9 1.41 140

UBOX Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray
IC: Control, R: Rootone(l naphthylacetamide 0.4% powder)
Mean separation within a column by Duncan’s multiple range test (P <

0.05)

4>1\/Iean+SE(Star1dalrd error) Standard errors are presented since complete data

5<>ets were not obtained.

ND: Not detected
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Fig. 12. Rooting form of Vaccinium uliginosum after cutting according to

each container and treatment in greenhouse.
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Fig. 13. Rooting form of Vaccinium uliginosum after cutting according to

each container and treatment in vinyl-moist chamber.
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Fig. 14. Rooting characteristics of 7Thymus quinquecostatus.

A; Cutting slips, B; 1bdate, C; 40date
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Table 22. Rooting characteristics of 7Thymus quinquecostatus in vinyl-moist

chamber
Conta Rooting  Root Root Shoot (5)(1)1%5 Fresh
D Treatment percent number length  length diameter welight
ner age(%) (ea) (mm) (mm) (mm) (mg)
Control 0*  ND” ND ND ND ND
AgNOs 100" 34+05" 17.7+23 265+29 059+0.05 110+10
Ca(OH): 20 10400 95+35 120+00 0.55+0.05 100+00
KoMnO4 0* ND ND ND ND ND
Box Control 70 4309 209+47 270%56 0.66+0.12 91%9
AgNOs 30° 2006 217432 114433 0.66+0.11 66+14
Ca(OH), 100" 53+06 23.2+6.0 334+94 0.54+0.08 94+3
KoMnOy 90"  49+05 164+24 218452 0.64+0.04 111+11
Mean 51 3.5 182 22.0 0.61 95
Control 70¢ 2.0£04 23670 724£10 0.61+0.05 129+18
AgNOs 50¢ 3.8+1.2 144+37 202+25 0.52+0.07 100+00
Ca(OH). 30° 53+15 353+10 17.3#45 0.67+0.06 117+17
KoMnO4 1007 32+06 269+7.0 268+31 0.46+0.03 104+12
Pot Control 80"  4.9+08 11.1+1.8 14.8+21 0.48+0.03 100+00
AgNOs 80™ 45407 331+6.0 285+7.1 0.68+0.06 12525
Ca(OH): 80™  6.0+1.1 38667 329+12 0.66+0.05 100+00
K>oMnOy 50¢ 4.4+0.7 456+17 44.0£14 0.70+0.11 100+00
Mean 63 4.3 28.6 32.1 0.60 109
Control 507 2.0£06 288+74 41.8+17 0.86+0.07 148+46
AgNOs 50¢ 3.6£09 182465 182130 0.64+0.09 78+14
Ca(OH), 50¢ 34+0.8 10.0+1.8 18857 0.74+0.09 62+16
KoMnOy4 90" 3.7+0.7 17.1#37 29.4+90 0.93+0.15 116+17
Tray Control 90" 49+1.2 27.1+49 329497 0.61+0.04 111+11
AgNO3 10® 2000 13.0+0.0 5000 0.60£0.00 30+00
Ca(OH), 100" 4.4+0.7 279+6.3 59510 0.73+0.04 127+34
KoMnOs 1007 5609 27.7+51 37992 0.71+0.08 160+27
Mean 63 3.7 21.2 30.4 0.73 104

;;Boxi Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray

3>C2 Control, R: Rootone(1-naphthylacetamide 0.4% powder)

Mea)n separation within a column by Duncan’s multiple range test (P <
0.05

"Mean+SE(Standard error) Standard errors are presented since complete data
r)sets were not obtained.

“ND: Not detected
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Table 23. Rooting characteristics of 7hymus quinquecostatus in greenhouse

Contai Ro?grll% Root Root Shoot C%%%E Fresh
D Treatment ™ age number length length diameter weight
ner (%) (ea) (mm) (mm) (mm) (mg)
Control 90 13+02" 149432 44.0%43 0.72+0.06 120+13

AgNO; 500 24+04 284433 149+25 0.67+0.04 11515

Ca(OH); 90 20406 471+11 43398 0.63+0.07 211+39

K-MnO,  100°  1.7+03 32828 434+74 0.69+0.05 160+22

Box Control ~ 100%  15+0.2 49558 47.0+59 0.88+0.02 230+15
AgNO; 40" 13403 270+74 238+13  0.90+0.14 125+25

Ca(OH); 100" 22+04 591482 349+71 0.92+0.06 280+29

KoMnOs 90 1.7+0.3  293+49 29.0+4.1 0.70+0.05 94+6

Mean 83 1.8 36.0 35.0 0.76 167

Control 7000 1.4+0.3 434+13 47.3+74 0.87+0.05 190+41

C AgNO; 80  19+04 699+19 387+56 0.82+0.03 180+29
Ca(OH); 10"  1.0+0.0 650+00 20462 0.86+0.02 120+20

K-MnO, 100 2102 669+18 67.2+65 0.86+0.05 180+25

Pot Control  100*  14+0.2 405+75 35564 0.70+0.06 200+39
AgNO; o" ND” ND ND ND ND

Ca(OH), 90 14403 64311 364+76 0.76£0.05 167+29

K-MnO, 90 2605 358+12 29.3+6.3 0.66+0.05 190+35

Mean 68 1.7 55.1 39.3 0.79 175

Control 100"  1.840.2 683+13 59.4+36 0.87+0.06 250+54

C AgNO; 308 1.0£0.0 44.7+33 216+1.8 0.76+0.09 70+12
Ca(OH),  80™ 2.0:0.3 72120 39.7+84 0.69+0.06 140+26

K-MnO, 100 2.3+0.3 716412 69.0+7.0 0.79+0.07 220+49

Tray Control  100*  1.4%0.2 208+28 47660 0.86+0.04 104+12
AgNO; 0" ND ND ND ND ND

Ca(OH);,  60% 25+0.7 440+11 39.0+68 0.80+0.04 133+27

K-MnO,  30%°  1.7+0.3 180+23 31.8+12 0.70+0.10 74435

Mean 63 1.8 485 44.0 0.78 142

Y"Box: Cultivation box, Pot: 90mm pot, Tray:

32 hole plug tray
¢ Control, R: Rootone(1-naphthylacetamide 0.4% powder)
“Mean separation within a column by Duncan’s multiple range test (P < 0.05)

YMean+SE(Standard error) Standard errors are presented since complete data
_sets were not obtained.
“ND: Not detected
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Fig. 15. Rooting form of 7hymus guinquecostatus after cutting according to

each container and treatment in greenhouse.
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Fig. 16. Rooting form of 7Thymus quinquecostatus after cutting according to

Rootone-AgNO,

Rootone-Cal(0H),

Rootone-K;MnO,

each container and treatment in vinyl-moist chamber.
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Fig. 17. Rooting characteristics of Lonicera caerulea var. edulrs.
A; Cutting slips, B; 4bdate, C; 90date

_56_



Table 24. Rooting characteristics of Lonicera caerulea var.

vinyl-moist chamber

edulis n

Rooting

Root

Contai Treatment percent mflirgl(l))ter lglogotth ilrigt)ﬁ .collar vgéfgsgt
ner’ ase (ea) (mm)  (mm) diameter (mg)
(%) (mm)
Control ~ 60°®  33+09" 76+11 425" 17504 g5obedd
AgNO3 0" ND” ND 495" 120 163"
Ca(OH), 80"  39+08  8&=*16 481"  1.74™¢ 375"
KoMnOs 70 44+04  98+14 467  1.93* 4294
Box Control 80" 53406  83+10 37.9°% 164%™ 425"
AgNOs 60 33+1.1  47+5  34.27%  ].43edel gggdelsh
Ca(OH); 100"  41+05 658  39.0™% 1.83" 340t
KoMnOs, 609 52415  68+22 37.8™% 162  3a7Pde
Mean 64 4.2 75 42.0 1.64 335
Control 80"  21+04  59+8  414%d 151%cdel  o5qedefeh
AgNO; 70" 17404  58+18 37.5% 1.36"d  o7gedeih
Ca(OH); 70"  23+04  50+12 424%™ 155w gpgedetsh
KoMnO;, 80 25+04  81+19 480™ 156%™ 3757
Pot Control 50" 52412 11619 37.5°% 150l 333bcdels
AgNO3 100 40+00  22+00 335%  1.00¢ 125"
Ca(OH), 80"  46+07 6115 374™% 169"  313cdefeh
KoMnOs  50% 28+09  61+14 344  156%  2200feh
Mean 61 3.2 64 39.0 1.47 268
Control 80"  34+06 13814 52.3° 1.81°¢ 538
AgNO3 10 1.0£00  28+00 34.0°° 115"  150%"
Ca(OH), 80"  24+07  116+13 405™%* 1.89™ 363"
KoMnOs 80" 34+06 10512 41.6™%  1.39°d 450"
Tray Control 80"  46+08  138+8 46.3™ 206 650"
AgNO; 40° 1805  44+6  312° 0.90" 140%"
Ca(OH); 80"  50:08  &+20 395" 179" 450"
KoMnOs 80" 48+0.7  115¢16 429™% 1794 538
Mean 66 33 9% 41.0 1.60 410

YBox: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray
¢ Control, R: Rootone(1-naphthylacetamide 0.4% powder)
YMean separation within a column by Duncan’s multiple range test (P < 0.05)
"Mean+SE(Standard error) Standard errors are presented since complete data

_sets were not obtained.

YND: Not detected
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Table 25. Rooting characteristics of Lonicera caerulea var. edulis
greenhouse
Contai Rooting Root Root Shoot Root Fresh
D Treatment percent number length  length collar ( weight
ner ?56)3 (ea) (mm) (mm) d1a;nrit)er (mg)
(0)
Control ~ 90™  40+09" 11512 486435 154+0.16 25650
AgNO; 0* ND”  ND ND ND ND
Ca(OH): 0* ND ND ND ND ND
KoMnO4 0* ND ND ND ND ND
Box Control 60 52409 183420 438430 1.65+0.11 367+49
AgNOs 0* ND ND ND ND ND
Ca(OH): 80" 4.3+0.8 133+20 33.1+3.0 1.34+0.14 267465
KoMnO4 60  9.2+1.0 162+18 51.1+51 1.79+0.18 586+91
Mean 36 5.7 148 44.2 1.58 369
Control 40 38+£1.1 102+21 628+6.3 1.65+0.18 375+85
AgNOs 0* ND ND  52.0+0.0 1.20+0.00 10000
Ca(OH);  40%  2.8+09 166+36 50.0+2.3 1.51+0.16 325+62
KoMnOy4 50% 32412 64418 46.6+62 1.13+0.09 243+30
Pot Control 90" 77+1.8 131+15 382435 1.58+0.21 544+82
AgNOs 0* ND ND  67.0+0.0 1.80+0.00 300+00
Ca(OH): 70" 81+12 116%14 336%32 1.67+0.14 429+52
K>oMnOy 40 78+2.2 16911 344+52 1.22+0.18 400+84
Mean 41 56 125 48.1 1.47 340
Control 30" 2.7£12 13614 49.2+47 1.10+0.09 280+49
AgNOs 0% ND ND ND ND ND
Ca(OH), 50% 22407 7828 439+37 1.40+0.23 286+74
KoMnOy4 50%  24+05 91425 483+4.0 1.90+0.04 317+54
Tray Control 10¢ 6.0£0.0 10000 37.0+0.0 0.80+0.00 400+00
AgNOs 0* ND ND  70.0£0.0 1.00+£0.00 100+00
Ca(OH), 60 5.0+0.8 108+23 38.6+64 1.33+0.15 27161
KoMnO4 80  6.6+0.4 140+16 36.1+4.7 156+0.13 463+94
Mean 35 4.2 109 46.2 1.30 302

;;Boxi Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray

3>C2 Control, R: Rootone(1-naphthylacetamide 0.4% powder)

Mea)n separation within a column by Duncan’s multiple range test (P <
0.05

"Mean+SE(Standard error) Standard errors are presented since complete data
r)sets were not obtained.

“ND: Not detected
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Fig. 18. Rooting form of Lonicera caerulea var. edulis after cutting according

to each container and treatment in greenhouse.
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Fig. 19. Rooting form of Lonicera caerulea var. edulis after cutting according

to each container and treatment in vinyl-moist chamber.
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Fig. 20. Rooting characteristics of Abies koreana.
A; Cutting slips, B; 6bdate, C; 135date
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Table 26. Rooting characteristics according to cutting on Abies koreana

Survival Rooting Rooting Root Root Shoot Fresh New shoot
Treatment N number number percentage number length length weight number
(ea) (ea) (%) (ea) (mm) (mm) (mg) (ea)
General b2) 4) )
) Control 40 1 0 0.0 ND ND 13.0£0.0 110000 1.00+0.00
cutting
Control 40 17 0 0.0° ND ND 115205 1253+92 2.00+0.00
Rootone” 40 16 3 75" 1.7+0.3 61.0+22.3  11.3¥09 1025+67 1.30£0.15
Cutting in H20O 40 14 0 0.0° ND ND 15.0£1.6 936+104 1.00+0.00
vinyl-moist
chamber AgNO3 40 18 0 0.0° ND ND 14.9+1.7 1022480 1.00+0.00
Ca(OH)- 40 10 0 0.0° ND ND 11.7+1.9 950134 1.00+0.00
KoMnOy 40 15 0 0.0° ND ND 11.6£1.5 927+93 1.00+0.00

UMean+SE(Standard error) Standard errors are presented since complete data sets were not obtained.

“Mean separation within a column by Duncan’s multiple range test (7 < 0.05)

YRootone( 1-naphthylacetamide 0.4% powder)

YND: Not detected
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Greenhouse i Vinyl-Moist Chamber ' Vinyl-Moist Chamber Vinyl-Moist Chamber
Control Control Rootone H20

Vinyl-Moist Chamber  § Vinyl-Moist Chamber Vinyl-Moist Chamber
AQNO; Ca(OH), KoMnO,

Fig. 21. Rooting form of Abies koreana after cutting according to each

container and treatment.
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Fig. 22. Rooting characteristics of Betulaer manil.
A; Cutting slips, B; 110date(Winter buds occurrence)
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Table 27. Rooting characteristics according to cutting on Betula ermanii.

Survival Rooting Rooting Root Root Shoot Fresh New shoot
Treatment N number number percentage number length length weight number
(ea) (ea) (%) (ea) (mm) (mm) (mg) (ea)
General 3) al) o .
] Control 40 4 0 0.0 ND ND 80.3 325 1.00
cutting

Control 40 10 0 0.0 ND ND 63.3" 310° 3.38"

Rootone” 40 4 0 0.0 ND ND 76.5° 425 2.00™
Cutting in H:0 40 9 0 0.0 ND ND 77.0° 344° 1.40¢

vinyl-moist

chamber AgNOs 40 15 0 0.0 ND ND 71.8" 460 3.91°
Ca(OH) 40 9 0 0.0 ND ND 79.7° 444* 1.43¢
KoMnOy 40 5 0 0.0 ND ND 70.2% 4807 1.75°

UMean separation within a column by Duncan’s multiple range test (7 < 0.05)
2)Rootone(1*naphthylacetamide 0.4% powder)
ND: Not detected
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Greenhouse Vinyl-Moist Chamber Vinyl-Moist Chamber Viny!-Moist Chamber
Control Control Rootone H20

Vinyl-Mopist Chamber ; Vinyl-Moist Chamber Vinyl-Mopist Chamber
AgNO; Ca(OH)» K,MnO,

Fig. 23. Rooting form of Betulaer manii after cutting according to each

container and treatment.
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Fig. 24. Rooting characteristics of Schrsandra repanda.

A; Cutting slips, B; 6bdate, C; 90date
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Table 28. Rooting characteristics according to cutting on Schisandra repanda

Survival Rooting Rooting Root Root Shoot Fresh New shoot
Treatment N number number percentage number length length weight number
(ea) (ea) (%) (ea) (mm) (mm) (mg) (ea)
General b2) %) 1
] Control 40 1 0 0.0 ND ND ND 50000 1.00+0.00
cutting
Control 40 21 1 25" 1.0£0.0 5.0£0.0 81.4+1.8 629+39 1.80+0.33
Rootone” 40 24 11 275 2.4%0.3 22.2+5.3 67.9+4.2 717+46 2.00+1.00
Cutting in H20O 40 18 0 0.0° ND ND 73.2+2.6 707+61 1.88£0.35
vinyl-moist
chamber AgNO3 40 7 0 0.0° ND ND 81.8+2.3 614+99 1.33+0.33
Ca(OH)- 40 36 1 25" 1.0£0.0 15.0+0.0 75.9£2.2 719x45 1.73+0.30
KoMnOy 40 23 0 0.0° ND ND 70.4+1.7 517+30 1.00=0.00

UMean+SE(Standard error) Standard errors are presented since complete data sets were not obtained.

“Mean separation within a column by Duncan’s multiple range test (7 < 0.05)

YRootone( 1-naphthylacetamide 0.4% powder)

YND: Not detected
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Fig. 25. Rooting form of Schisan drarepanda after cutting according to each

container and treatment.
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Fig. 26. Rooting characteristics of Empetrum nigrum var. japonicum.
A; Cutting slips, B; 2bdate, C; 80date
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Table 29. Rooting characteristics according to cutting on Empetrum nigrum var .japonicum

Survival Rooting Rooting Root Root Shoot Fresh

Treatment N number number percentage number length length weight

(ea) (ea) (%) (ea) (mm) (mm) (mg)

General c2) 4) a c

] Control 40 6 0 0.0 ND ND 30.2 68.3
cutting

Control 40 26 15 375" 1.93+0.18"”  27.1+3.7 26.7% 130.4°

Rootone” 40 21 0 0.0 ND ND 27.3% 57.6°

Cutting in H:0 40 33 20 50.0° 2.65+0.27 44.6+4.3 28.0°" 1785
vinyl-moist

chamber AgNO3 40 39 35 7.5° 2.63+0.18 50.3£2.8 21.4° 212.6

Ca(OH)- 40 26 5 12.5° 1.80+0.37 27.2+7.6 29.4% 81.5°

KoMnOg4 40 34 30 75.0° 2.77£0.17 41.243.0 23.9™ 195.6%

UMean+SE(Standard error) Standard errors are presented since complete data sets were not obtained.

“Mean separation within a column by Duncan’s multiple range test (7 < 0.05)

YRootone( 1-naphthylacetamide 0.4% powder)

YND: Not detected
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Vinyl-Moist Chamber Vinyl-Moist Chamber Vinyl-Moist Chamber
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Fig. 27. Rooting form of FEmpetrum nigrum var. japonicum after cutting

according to each container and treatment.
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Fig. 28. Rooting characteristics of Eleutherococcus divaricatus var. chiisanensis.
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Table 30. Rooting characteristics according to cutting on FEleutherococcus divaricatus var. chiisanensis

Survival Rooting Rooting Root Root Shoot Fresh
Treatment N number number percentage number length length weight
(ea) (ea) (%) (ea) (mm) (mm) (mg)
General a2) H
] Control 40 3 3 75 3.3x0.9 58.0+5.9 80.3+4.9 1000+153
cutting
Control 40 0 0 0.0% ND? ND ND ND
Rootone” 40 1 0 0.0 ND ND 67.0£0.0 800000
Cutting in H:0 40 2 0 0.0° ND ND 235445 550+250
vinyl-moist
chamber AgNOs 40 0 0 0.0 ND ND ND ND
Ca(OH). 40 0 0 0.0% ND ND ND ND
KoMnOy 40 1 1 2.5° 11.0£2.0 44.0+0.0 39.0+0.0 1200+000

"Mean+SE(Standard error) Standard errors are presented since complete data sets were not obtained.
’Mean separation within a column by Duncan’s multiple range test (P < 0.05)

YRootonel( 1-naphthylacetamide 0.4% powder)

YND: Not detected
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Greenhouse Vinyl-Moist Chamber S Vinyl-Moist Chamber Vinyl-Mgist Chamber
Control Control ] Rootone H20

Vinyl-Moist Chamber Vinyl-Mopist Chamber Vinyl-Moist Chamber
AgNO; Ca(OH), i K.MnO,

Fig. 29. Rooting form of FEleutherococcus divaricatus var. chiisanensis after

cutting according to each container and treatment.
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Fig. 30. Rooting characteristics of Elsholtzia minima.

A; Cutting slips, B; 10date, C; b55date
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Table 31. Rooting characteristics according to cutting on FE/lsholtzia minima

Survival Rooting Rooting Root Shoot Fresh Branch
Treatment N number number percentage length length weight number
(ea) (ea) (%) (mm) (mm) (mg) (ea)
Gener al al) a b b a
_ Control 40 39 38 95.0 26.2 37.8 44.6 2.04
cutting
Control 40 40 40 100.0 5.7 40.8° 60.5 2.29°%
Rootone” 40 40 40 100.0° 18.2° 35.07 80.0° 2.09?
Cutting in H.0 40 40 40 100.0° 25.2° 39.9° 87.5° 2.54°
vinyl-moist
chamber ~ AegNOs 40 40 31 775 17.2° 38.2% 62.5" 2.31°
Ca(OH); 40 40 40 100.0° 23.8° 36.4° 61.0" 2.12°
KsMnOq4 40 39 38 95.0° 22,6 35.7" 72.3%® 2.21°

"Mean separation within a column by Duncan’s multiple range test (2 < 0.05)

“Rootone( 1-naphthylacetamide 0.4% powder)
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Vinyl-Moist Chamber Vinyl-Moist Chamber ¢ Vinyl-Moist Chamber
Control Rootone H20

Greenhouse
Control

Vinyl-Mpist Chamber e Vinyl-Mpist Chamber
CH(OH)Q K:;MnO,

Vinyl-Mpist Chamber
AgN03

Fig. 31. Rooting form of Elsholtzia minima after cutting according to each

container and treatment.
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Fig. 32. Rooting characteristics of Anaphalis sinica var. moril.

A; Cutting slips, B; 1bdate, C; 5bdate

_79_



Table 32. Rooting characteristics according to cutting on Anaphalis sinica var. morii

Survival Rooting Rooting Root Shoot Fresh
Treatment N number number percentage length length weight
(ea) (ea) (%) (mm) (mm) (mg)
General al) A . .
_ Control 40 39 36 90.0 17.4 26.2 208
cutting
Control 40 39 32 80.0% 17.7° 46.3" 2417
Rootone” 40 38 30 75.0° 13.2° 47.9° 271°
Cutting in H.0 40 39 27 67.5 15.1% 46.0 2337
vinyl-moist
chamber AgNOs 40 34 8 20.0¢ 14.8% 42.2° 206°
Ca(OH), 40 37 30 75.0° 17.7° 63.9° 260"
KsMnOq4 40 39 36 90.0° 18.1° 48.3 293b¢

UMean separation within a column by Duncan’s multiple range test (P < 0.05)

2)Rootone(1—naphthylacetamide 0.4% powder)
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Fig. 33. Rooting form of Anaphalis sinica var. morii after cutting according to

each container and treatment.

_81_



TSRl A2E At AHE § 15 vl o]l FlE vk (Fig.

34). 2423 @A AelA AExdaEd Ag vaet AAATE S Al vA=
3

E e 80%E 7P = UEgg vehdrh % et 0] 37.9mm,
W gel 307mmE AAE M, AR et 4ol 499mm, U ol
541mme Lhebgisd), ol Wl el ke A7k 30060 WaEE Al e
7] WEel Row pasie, Adre gl wulgel A vhehtn sk
o A% Aol AA ZAHA Tet A Asge] A AE S P

397i &t AEsdT F(2001)2 w/lE R0l Ag £S AAM FH =
il

Fig. 34. Rooting characteristics of Aster hayatae.
A; Cutting slips, B; 15date, C; 35date
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Table 33. Rooting characteristics according to cutting on Aster hayatae

Survival Rooting Rooting Root Root Shoot Fresh
Treatment N number number percentage  number length length weight
(ea) (ea) (%) (ea) (mm) (mm) (mg)
General b1) ab a be od
. Control 40 40 21 52.5 3.8 37.9 49.9 95.0
cutting
Control 40 38 29 725 3.7%" 29.8% 48.4" 115.3"
Rootone” 40 39 32 80.0° 47 33.2% 52.4° 148 5
Cutting in H,0 40 40 21 52,5 4.1% 25.4P 58.7% 123.0°
vinyl-moist
chamber AgNOs 40 39 12 30.0° 2.2¢ 31.9° 45.1¢ 90.3
Ca(OH), 40 40 26 65.0° 3.0" 31.2% 58.9 1185
KsMnOy 40 39 2 65.0% 3.2 32.9% 61.1° 106.2"4

UMean separation within a column by Duncan’s multiple range test (P < 0.05)

2)Rootone(1—naphthylacetamide 0.4% powder)
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Greenhouse Vinyl-Moist Chamber : Vinyl-Moist Chamber { Vinyl-Moist Chamber
Control Control Rootone H20

vinyl-Moist Chamber 4 [l Vinyl-Moist Chamber 3 Wl Vinyi-Moist Chamber
AgNO, Ca(OH), K,MnO,

Fig. 35. Rooting form of Aster hayatae after cutting according to each

container and treatment.
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Table 34. Germination characteristics according to watering systems and plant
growth regulators on Allium taquetii

PGY MGT? GrY
Growth - ) .
Overhead Wick Overhead Wick Overhead Wick
regulators
system system system system system system

Control 66.7 73.3° 13.6° 14.9° 75° 8.6°

BA 91.7% 81.7° 14.0° 14.4% 8.6° 8.6°

GA 73.3% 70.0° 14.8° 14.9° 8.6 8.4

UPG: Percent germination(%)
“MGT: Mean germination time(day)

YGI: Germination index
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Table 35. Germination characteristics of different temperature treatments and

plant growth regulator treatments on Allium taquetii

Tempe Control BA GA

ratre  pgP  MGTY G PG MGT GI PG MGT GI

15 350" 154" 48 150" 145 24* 217 11.3* 267
20 450° 108" 47* 100"  182* 20" 50° 247 12"
25 333°  201* 65 167"  91° 16° 67° 2620 16%
30 167" 94 25° 183" 179" 32° 233" 133" 3.2°

35 0.0 0.0° 00 3.3" 87" 09° 1.7° 2.7° 0.1°

UPG: Percent germination(%)
“MGT: Mean germination time(day)

YGI: Germination index

Table 36. Seedling growth according to watering systems and plant growth

regulators on Allium taquetii

Shoot Root Rootin Rooting Fresh
length length numbegr percenta  oiohy S/R
(mm) (mm) (ea) (%) (mg)
Overhead ab a a . . .
system 115.8 82.1 8.0 1.5 0.3 148.6
Control
Wick a a ab A . )
system 124.5 85.6 8.3 1.5 0.3 155.2
Overhead a a a . . .
system 120.4 86.5 8.4 1.4 0.3 148.7
BA
Wick a a b a . .
system 111.9 80.7 7.6 1.3 0.2 150.8
Overhead b a b A . .
system 105.9 82.9 6.7 1.3 0.2 74.2
GA
chk a a a a a a
system 116.7 77.8 9.1 1.5 0.3 157.4

* S/R: Rate of length on shoot and root(%).
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Table 37. Germination characteristics of Allium taquetii{15C)

Survival Rooting Rooting Root  Root Shoot Fresh
Treatment N number number percentage number length length weight
(ea) (ea) (%) (ea) (mm) (mm) (mg)
Control 30 11 11 36.7 1.09° 128" 16.1° 153
COld b a a a ab
trentment 30 14 14 46.7 1.00°  162%  241* 189
O.lppm 30 19 19 63.3" 1.00° 182* 186™ 225°
A Ippm 30 19 19 63.3" 1.00°  14.9* 190® 217
10ppm 30 20 19 63.3" 1.00°  166™ 164" 151
100ppm 30 0 0 0.0° 0.00°  00®  00° 0.0°
Mean 1450  14.25 47.48 075 1243 1350 14.82
O0.1lppm 30 17 17 56.7" 1.00° 153" 191%™ 165"
Ippm 30 14 14 46.7° 1.00° 98" 149" 119
BA a a ab ab bed
10ppm 30 27 27 90.0 .04 59" 186™ 121
100ppm 30 18 14 46.7° .14 63" 160> 797
Mean 19.00  18.00 60.02 1.04 932 1715 1210
5008 30 19 19 63.3% 1.11* 161> 212" 184%™
10008 30 15 15 50.0° 1.00°  13.9° 199" 173"
LPE , ) ‘ ) .
15008 30 18 16 53.3 1.00°  152° 152" 108"
200041 30 19 19 633" 100" 126" 203" 20.1°
Mean 1775 17.25 57.48 1.03 1445 1915 1665
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Table 38. Germination characteristics of Allium taquetii(20C)

Treatment 5 mimber number percontage nivaber longth length  Wweght
(ea) (ea) (%) (ea) (mm) (mm) (mg)

Control 30 13 13 43.3° 1.00° 142" 189 155%
tregglr‘fent 30 21 21 70.0° 1.00> 181* 17.8° 1958
0lppm 30 19 19 633" 100" 191* 207" 27.8°
A lppm 30 22 22 73.3° 1.05°  175* 196™¢ 22.8"°
10ppm 30 18 18 60.0°  1.06" 187* 217" 207"
100ppm 30 0 0 0.0 0.00° 007  00°  0.00°
Mean 1475 1475 49.15 078 1382 1550 17.82
O.lppm 30 18 18 60.0™  1.00" 185" 233" 220"
BA Ippm 30 13 13 43.3° 1.00°  151% 223" 180"
10ppm 30 21 20 667 1.00° 93" 220" 171
100ppm 30 20 17 567 159° 65 146% 876"
Mean 1800  17.00 56.67 115 1235 2055 1647
5008 30 19 19 633" 100" 135" 258" 171
LPE10001311 30 15 15 500" 113" 17.3* 262" 263"
150080 30 14 14 467 114> 159" 21.0™ 20.1°™
20008 30 21 21 700" 1.05° 149" 191 186™
Mean 1725 1725 57.50 108 1540 2302 2052
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Table 39. Germination characteristics of Allium taquetii{307C)

Treatment N mimber number percontage nimber longth longth  wesght
(ea) (ea) (%) (ea) (mm) (mm) (mg)

Control 30 7 7 23.3° 114" 154* 171" 180%
tregglgem 30 11 11 367 1.09"  204* 198"  20.8°
Olppm 30 9 9 300 1.00° 144" 140 126
lIppm 30 11 11 367 1.00° 144 178"  191%
10ppm 30 15 15 500" 1.00° 195" 1397 154®
100ppm 30 0 0 0.0 000  0.0° 0.0' 0.0
Mean 8.75 8.75 29.18 075 1207 1143 11.78
0lppm 30 13 13 433" 100" 146" 169! 151%
A lppm 30 11 11 367 136 147" 244* 194
10ppm 30 16 14 467 121> 106 173" 109"
100ppm 30 15 9 300 167 265 102° 459
Mean 1375 11.75 39.17 131 1063 1720 1248
5008 30 11 11 367 1.00" 148" 1489 1867
i~ 10008 30 13 13 433" 100" 137" 17.0" 165"
1500 30 15 15 50.0° 100" 178" 195" 199"
20008 30 16 16 53.3" 1.00° 117> 130" 149"
Mean 1375 1375 45.83 1.00 1450 1607 1748




Table 40. Germination characteristics of Allium taquetii(40C)

Survival Rooting Rooting Root  Root  Shoot Fresh

Treatment N number number percentage number length length weight
(ea) (ea) (%) (ea) (mm) (mm) (mg)

Control 30 2 2 6.7% 1.00°  14.0* 130>  145°
tregglgem 30 16 16 53.3%" 1.00°  181* 206™ 256™
O.lppm 30 12 12 40.0°° .08 12.4* 201%™ 233"
Ippm 30 3 3 10.0%  1.00* 1274 197" 83.0°
10ppm 30 20 18 60.0%° 1.00°  204%  236° 224"
100ppm 30 0 0 0.0° 0.00°  0.0° 0.0 0.0
Mean 875 8.25 27.50 077 1138 1585 3217
O0.lppm 30 11 10 3334 100" 139° 203® 181"
BA Ippm 30 16 15 50.0% 1.07* 117 213 21.1™
10ppm 30 13 13 43.3" 1.31°  16.7% 205" 197
100ppm 30 16 16 53.3%" 1388 109" 212  13.1°
Mean 14.00 1350 44.98 119 1330 2082  18.00
50081 30 15 15 50.0% 1.00°  19.3*  237* 241%™
LPE1000HH 30 ] 8 26.7°% 125" 186% 256  245™
15008] 30 19 19 63.3 1168 192%  242* 256>
20008 30 13 13 43.3% 1.08°  202* 200" 498
Mean 1375 1375 45.83 112 1932 2338  31.00
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Fig. 36. Shoot length of test plants according to the urea and osmocote
application.

Emp: Empetrum nigrum var. japonicum,

Eleu: Eleutherococcus divaricatus var. chiisanensis,
Els: Elsholtzia minima Nakai,

Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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Fig. 37. Root length of test plants according to the urea and osmocote
application.
Emp: Empetrum nigrum var. japonicum,

Eleu: Eleutherococcus divaricatus var. chiisanensis,
Els: Elsholtzia minima Nakai,
Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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Fig. 38. Dry weight of test plants according to the urea and osmocote
application.

Emp: Empetrum nigrum var. japonicum,

Eleu: Eleutherococcus divaricatus var. chiisanensis,
Els: Elsholtzia minima Nakali,

Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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39. Root number of test plants according to the urea and osmocote
application.

Emp: Empetrum nigrum var. japonicum,

Eleu: Eleutherococcus divaricatus var. chiisanensis,
Els: Elsholtzia minima Nakai,

Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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Table 41. Seedling growth characteristics according to different container and fertilization treatments on Empetrum nigrum

var. japonicum

D Treatment Shoot Root Root Shoot fresh  Root Fresh Fresh Shoot dry  Root dry Dry
Container group length length number weight weight weight weight weight weight
(kg/10a) (mm) (mm) (ea) (mg) (mg) (mg) (mg) (mg) (mg)
Control 40.8% 61.0° 4.0° 140™¢ 150%™ 302° 417 .7 50.4™
57 290 58.6% 3.5"de 113% 160° 250° 32.1% 7,330 39.4“
10 29.9°'# 58.8% 3.5 g°te 1337bede 226" 239 5.8%de 29.7¢
Box 20 31.6% 52.gbcde 3 gbedel g9°le 107Pedet 214° 25.1¢ 5.30de 30.4¢
30 34.8° 57.1% 3.0' 122¢de 1267Pcdet 218" 32.5% 5.30d 37.8%
Osmocot 287 56.2¢ 3.7 g1°'e 118edet 234" 20.8° 5.1 25.9
Mean 325 574 35 105 132 241 29.4 6.3 35.6
Control 28.1° 52 7%cde 3 gedef gt 109"t 223" 21.97 5.0% 26.9¢
5 275 51.2bcde 3.0 80°'e 85! 189" 20.8° 4.7% 255¢
10 30.7°% 51.1¢de 3 4Pcdet 108%! 96! 200" 27.0% 5.10% 32.1¢
Pot 20 24.9° 56.0°<4 3.3Pcdef 60° 73! 173 1867 4.1 227
30 26.0° 53.8:cd 3.1%f 641" ggdet 200° 19.3¢ 4.8% 24.1¢
Osmocot 269" 47 4% 3.2¢def g7t 1187Pedef 245" 21.1¢ 5.3 26.4°
Mean 274 52.0 3.2 84 9% 205 215 4.8 26.3
Control 575° 50.97¢d 3.0 181%° 14474 346" 53.3% 7.8 61.1%"
5 53.6™ 48.0°% 3.1% 176™ 159® 325" 53.8% 83" 62.17"°
10 48.1" 55,07 3.6% 169%™ 166* 397" 55.5% 8.6 64.1%"
Tray 20 54.2° 48.4°% 3,204 205 ggedef 314 63.4° 5.gPede 69.3"
30 44,6 447 3.4Pedet 165 136%0cde 713" 54.3% 8.3 62.6%
Osmocot 33.9% 423! 3.20def 196" 146™° 298" 55.0% 8.1% 63.1°
Mean 487 48.2 3.3 182 142 399 55.9 7.8 63.7

1)Boxig)Cultiva‘[mn box, Pot: 90mm pot, Tray: 32 hole plug tray “Mean separation within a column by Duncan’s multiple range test (P <
0.05) “Nitrogen fertilization amount
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Table 42. Seedling growth characteristics according to different container and fertilization treatments on Eleutherococcus

divaricatus var. chiisanensis

D Treatment Shoot Root Root Shoot fresh  Root Fresh Fresh Shoot dry  Root dry Dry
Container group length length number weight weight weight weight weight weight
(kg/10a) (mm) (mm) (ea) (mg) (mg) (mg) (mg) (mg) (mg)
Control 88+13” 49+7 5.3+2.2 83000 70+00 640+152 282=00 600 29100
10” 6513 112£21  4.3£0.7 111000 21000 1533+374 353+00 3+00 356+00
20 44+00 73+11 7.0£3.0 590+00 110+00 79090 193+00 9+00 202+00
Box 30 58+00 98+00 8.0+£0.0 63000 27000 900+00 164+00 30+00 46+00
40 ND? ND ND ND ND ND ND ND ND
Osmocot 44+00 102+30  2.3+0.3 190+00 110+00 343+115 51+00 18+00 69+00
Mean 60 87 54 670 154 841 209 13 193
Control ND 71+£65 1.5+05 150+00 240%00 340+50 52+00 33+00 85+00
10 90+00 87+00 5.0+£0.0 67000 290+00 960+00 182+00 33+00 51+00
20 ND ND ND ND ND ND ND ND ND
Pot 30 ND ND ND ND ND ND ND ND ND
40 ND ND ND ND ND ND ND ND ND
Osmocot ND 44+00 4.0+0.0 130+00 100+00 23000 43+00 1500 58+00
Mean 90 67 3.5 317 210 510 92 27 65
Control ND 86+00 2.0x0.0 60+00 50+00 110+00 21+00 800 29+00
10 101+00 57+23 7555 70+£00 4000 445+335 2200 600 2800
20 ND ND ND ND ND ND ND ND ND
Tray 30 ND ND ND ND ND ND ND ND ND
40 ND ND ND ND ND ND ND ND ND
Osmocot ND 30+00 3.0£0.0 90+00 1000 100+00 2300 2200 2500
Mean 101 58 4.2 73 33 218 22 5 27

YBox: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray

“Mean+SE(Standard error) Standard errors are presented since complete

data sets were not obtained. “Nitrogen fertilization amount “ND: Not detected
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Table 43. Seedling growth characteristics according to different container and fertilization treatments on E/sholtzia minima

Treatment Shoot Root Branch Flower Shoot fresh Root Fresh Fresh Shoot dry Root dry Dry
group ength length number number weight weight weight weight weight weight
(kg/10a) (mm) (mm (ea) ea) mg) (mg) (mg) (mg) (mg) (mg)
Control 50.2+2.2”  70.9+39 6.8+0.7 2.8+0.2 291+41 133+22 375+33 52.3+7.2 12.2+5.7 64.5£8.1
17 339+1.1  69.2+3.9 ND” ND 81+11 127420 212421 12.9+1.4 3.7+05 16.6+1.7
5 35.1+0.9 56.7+2.7 ND ND 44+9 55£10 152+15 12.4%15 2.0+0.3 14.4+1.7
10 43.8+2.7 57.7+5.3 3.8+0.4 1.4+£0.2 325491 63£13 248+51 40.5+8.2 3.8+0.9 44.3+8.9
Box 20 42.7+2.3 52.0+115  4.7+18 1.3£0.3 12000 40+00 147+19 20.0£0.0 5.0+0.0 25.0£0.0
30 60.0+0.0 42.0+0.0 5.0+0.0 1.0+£0.0 170+00 30+00 200+00 23.0+0.0 3.0+0.0 26.0+0.0
40 40.3+75 57.7+8.8 6.3+1.9 3.0+1.2 160+00 10+00 253+88 27.0+0.0 2.0+0.0 29.0+0.0
Osmocot  69.4+2.3 96.2+4.9 6.5+0.5 3.3+0.3 399+58 166+37 422+40 67.5+9.0 9.0+1.7 76.5+10.6
Mean 46.9 62.8 55 2.1 199 78 251 32.0 5.1 37.0
Control 51.7+2.3 92.4+5.8 4.7+0.4 1.8£0.2 203+23 95+20 283124 36.0+3.7 46+1.1 40.6+4.6
1 35.1+0.9 59.3+2.6 ND ND 48+8 94+18 132+12 13.3+1.2 2.8+0.5 16.1+1.4
5 34.7+1.8 46.3+3.1 ND ND 24+6 35+15 112+40 89+1.1 1.5+0.4 10.4+1.3
10 57.0+6.6 87.0+9.9 4.6+0.4 2.2+0.5 240+15 67+9 246+40 42.3+3.2 2.7+0.7 45.0+35
Pot 20 ND ND ND ND ND ND ND ND ND ND
30 ND ND ND ND ND ND ND ND ND ND
40 ND ND ND ND ND ND ND ND ND ND
Osmocot  67.0£2.0 87.0+5.7 5.4+0.4 3.3+0.2 259+28 52£8 345+22 45.2+4.8 9.9+6.2 55.1+8.3
Mean 49.1 74.4 49 2.4 155 69 224 29.1 4.3 33.4
Control 60.2+2.0 73.9+3.4 4.9+0.3 2.2+0.2 218+34 78+15 240+21 42.9+6.5 4.8+1.0 47.7+7.3
1 35.6+0.9 62.3+3.4 ND ND 27+3 75£10 124+11 9.4+0.8 2.6+0.4 12.0£0.8
5 34.9+1.2 445+2.8 ND ND 17+4 20+4 63£7 3.8+1.5 1.0£0.0 4.8+15
10 56.3+3.0 75.9+5.0 3.6+0.5 1.6+0.2 130+00 20+00 256+26 27.0+0.0 1.0+0.0 28.0+0.0
Tray 20 60.1+4.8 58.1+7.0 3.2+0.7 2.1+0.5 12000 20+00 242+48 22.0+0.0 1.0£0.0 23.0£0.0
30 ND ND ND ND ND ND ND ND ND ND
40 ND ND ND ND ND ND ND ND ND ND
Osmocot  64.8+2.0 134.8+9.1 5.7+0.4 3.7+0.3 231+33 62+16 450+40 44.6+6.8 42+1.0 48.8+7.6
Mean 52.0 74.9 4.4 2.4 124 46 229 25.0 2.4 27.4

YBox: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray “Mean+SE(Standard error) “Nitrogen fertilization amount “ND: Not detected
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Table 44. Seedling growth characteristics according to different container and fertilization treatments on Aster hayatae

Shoot

Root

Shoot

D Treatment Shoot Root Root Branch Flower fresh Fresh Fresh dry Root dry Dry
Contaner ( kgr;)lué) ) l(engtgl l(engtgl nu(rr{l:;er nu(mb)er nu(ml:;er weight weight V\gelg};t weight V\gelg};t V‘éelg})lt
g/10a mm mm ea ea ea (mg) (mg) mg (mg) mg mg
Control 59.4™% 52.0° 4.1° 1.0+0.0” 1.1+0.1 1455 26.0°  184.9™ 23.2% 1.3 30.6*
10”7 53.8 497" 2.4 1.0+0.0 1.10.1 234.4° 195" 204.7° 30.0° 1.3 31.3°
20 737" 26.8™ 2.4 ND 0.9+0.1 83.0° 15 150.8" 18.3° 1.0° 19.3*
Box 30 75.7° 4547 2.9%¢ ND 1.0+0.0 108.6° 0.4*  164.3" 22.0° 1.2 23.2°
40 ND? ND ND ND ND ND ND ND ND ND ND
Osmocot  58.8™ 50.6% 2.8 ND 1.0+0.0 1435° 275 151.1% 25.9% 2.1° 28.0°
Mean 64.3 449 2.9 1.0 1.0 143.0 16.8 171.2 239 1.4 265
Control 64.174 49.1% 3.1%° ND 1.0+0.0 104.6" 204" 132.0™ 20.8° 2.8 235°
10 ND ND ND ND ND ND ND ND ND ND ND
20 ND ND ND ND ND ND ND ND ND ND ND
Pot 30 ND ND ND ND ND ND ND ND ND ND ND
40 ND ND ND ND ND ND ND ND ND ND ND
Osmocot  56.8¢ 456" 3.6™ 2.0+0.4 1.0£0.0 124.4° 17.20 144.3™ 23.6° 1.2° 24.8°
Mean 60.5 474 3.3 2.0 1.0 1145 23.3 138.2 22.2 2.0 24.2
Control 50.5 353" 2.0° ND 1.00.0 84.8° 11.0°  100.9% 16.2° 1.7 17.8
10 70.8" 51.3° 3.0 1.0£0.0 1.3+0.3 138.8" 238" 1625 28.0° 2.5° 30.5°
20 ND ND ND ND ND ND ND ND ND ND ND
Tray 30 ND ND ND ND ND ND ND ND ND ND ND
40 ND ND ND ND ND ND ND ND ND ND ND
Osmocot  53.2¢ 22.0°¢ 2.2 1.0£0.0 1.0£0.0 1085 85 93.8" 20.0° 1.0% 21.0°
Mean 58.2 36.2 2.4 1.0 1.1 110.7 14.4 119.1 214 1.7 23.1
YBox: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray “Mean separation within a column by Duncan’s multiple range test (P <

0.05) “Nitrogen fertilization amount “ND: Not detected °~Mean+SE(Standard error)
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Table 45. Seedling growth characteristics according to different container and fertilization treatments on 7araxacum
hallaisanense
Treament Shoot lengthont, b St fesh - Bog Bresh P Tt S Dny weiehs
(kg/10a) (mm) (ea) (mg) (mg) (mg) (mg) (mg) g
0 24.1°% 21.3" 417 24.49 10.1° 52.5° 2.5° 1.4 39°
¥ 24.4% 28.4cdcteh 4.2 2469 11.0° 66.3° 41™ 1.2 5.3%
5 31.3° 325 3.8" 102.0°™ 29,0« 124.0° 5.8 1.4 7.2
Box 10 32.4% 36.1° 43" 98.0™ 34.4° 135.8" 59" 1.7 7.6™
20 30.2" 34.1> 48" 97.3% 23,1Pcde 13817 56% 1.6™* 7.2
Osmocote 3557 355 3.7% 128.0° 31.1% 188.7% 7.9° 2.1° 10.0
Mean 29.7 31.3 4.2 79.1 23.1 117.6 5.3 16 6.9
0 23.4% 27 4%k 3.6 50.0% 21.0Pe 81.0% 3.0™ 1.4%¢ 4.4
1 20.7% 214" 3.4 24.7 12.6% 57.8 2.4° 1.4 3.9¢
5 25.2¢ 43.1° 43" 90.0™ 50.0° 120.7° 5.1%¢ 1.9% 7.0°°
Pot 10 26.2° 28,9t 4.0 99.0° 29,1 97.5"* 5.7 15" 7.2
20 23.6% 31.3"% 3.8" 60.0" 0.3 72.9° 45™ 1.6™* 6.1
Osmocote 23.1% 22.6"0 3.7 63.0° 13.0% 201.8" 4.2 1.1° 5.3%
Mean 23.7 29.1 3.8 64.4 24.3 105.3 42 15 56
0 21.3% 26.0°"" 4.3 23.7 14.3°% 49.3° 2.5° 1.7 4.2
1 23.2¢ 21.9% 35 37.1¢ 16.5°% 48.8° 3.4™ 1.3 4.7
5 22.6% 23.6"" 3.4 47.1% 14.67% 477 3.8™ 1.3™ 5.1%
Tray 10 24.5% 29,3Pedet 4.0 30.8¢ 8.4° 56.5° 3.3% 1.2 46"
20 23.3% 31.9bcde 3.9% 56.074 17.4°% 64.1° 45 1.4 5.9
Osmocote 18.3° 13.8' 33 28.4 9.5° 41.0° 3.4 1.1° 45>
Mean 22.2 24.4 3.7 372 135 51.3 35 13 48

YBox: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray “Mean separation within a column by Duncan’s multiple range

test (P < 0.05) “Nitrogen fertilization amount
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Fig. 40. Growth characteristics after growing seedling by different containers

and fertilizations on Empetrum nigrum var. japonicum.

- 106 -



Cultivation box

Control

Nitrogen-30kg

90mm pot
Control

Nitrogen-30kg

Nitrogen-30kg

Nitrogen-10kg

Nitrogen-40kg

Nitrogen-10kg

Nitrogen-40kg

Nitrogen-10kg

Nitrogen-40kg

Nitrogen-20kg

Osmocote

Nitrogen-20kg

Osmocote

Nitrogen-20kg

Osmocote

Fig. 41. Growth characteristics after growing seedling by different containers

and fertilizations on Eleutherococcus divaricatus var. chilsanensis.
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Fig. 42. Growth characteristics after growing seedling by different containers

and fertilizations on Elsholtzia minima.
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Fig. 43. Growth characteristics after growing seedling by different containers

and fertilizations on Aster hayatae.
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Fig. 44. Growth characteristics after growing seedling by different containers

and fertilizations on 7araxacum hallaisanensis.
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Table 46. Chemical properties of culture soil
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Fig. 45. Shoot length of test plants according to the applied of nitrogen

fertilizer.

Emp: Empetrum nigrum var. japonicum,

Eleu: Eleutherococcus divaricatus var. chiisanensis,

Els: Elsholtzia minima Nakai,
Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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Fig. 46. Root length of test plants according to the applied of nitrogen
fertilizer.

Emp: Empetrum nigrum var. japonicum,

Eleu: Eleutherococcus divaricatus var. chiisanensis,
Els: Elsholtzia minima Nakai,

Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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Fig. 47. Dry weight of test plants according to the applied of nitrogen

fertilizer.

Emp: Empetrum nigrum var. japonicum,

Eleu: Eleutherococcus divaricatus var. chiisanensis,

Els: Elsholtzia minima Nakai,

Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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Fig. 48. Root number of test plants according to the applied of nitrogen
fertilizer.

Emp: Empetrum nigrum var. japonicum,

Eleu: Eleutherococcus divaricatus var. chiisanensis,
Els: Elsholtzia minima Nakai,

Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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0.0 . . . . . )
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M fertilization(kg 10a?)
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0.0 T : .
0 10 20 a0
N fertilization(kg 10a-1)
50 -
Tar
40 -
* *
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220 T
- y=00447x+ 25602
RZ=0.5047
1.0 -
0.0 . . : : : i
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Fig. 49. Amount of T-N of test plants according to the applied of nitrogen
fertilizer.

Emp: Empetrum nigrum var. japonicum,
Ast: Aster hayatae,

Tar: Taraxacum hallaisanense
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Table 47. Pigment content

characteristics

of FEmpetrum

Japonicum according to amount of applied fertilizer

nigrum var.

COl’l%li Box Pot Tray
I T e
0 039" 025" 6341 043" 023™ 8313™ 049" 031" 91.95°
57 018 003" 41.39° 039" 023" 87.44™ 067" 049" 94.62°
10 019" 006" 17460° 026 014  6690° 015 009 53.23
20 037" 021" 7307° 010° 009° 3894 067* 054" 113.05"
30 033" 015" 208.04* 040" 029"  89.80° 023 0.11° 47.27°
O 064" 011" 10419" 049" 037" 12546" 0237 009° 4501°
Average 035 013 11079 035 022 8194 041 027 7419

"Box: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray
“Mean separation within a column by Duncan’s multiple range test

0.05)

3>Nitrogen fertilization amount
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Table 48. Pigment content characteristics of Eleutherococcus divaricatus var.

chirsanensis according to amount of applied fertilizer

Box Pot Tra
Contl Y
iner caro

Ca Ch tene

caro caro
Ca Chb tene Ca Ch tene

183 170 1899
+0.03 +0.05 +4.1°

5 247" 203" 25400° ND ND ND

NDY  ND ND

3.60 317 381.2
+0.2 2016 £20.6

0 217" 213b” 22463

10 ND ND ND ND ND ND ND ND ND
20 ND ND ND ND ND ND ND ND ND

30 ND ND ND ND ND ND ND ND ND

OCSCileO 347° 330° 34130° ND ND ND ND ND ND

Aveee 135 124 13666 031 028 3166 060 053 6354

YBox: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray

YMean separation within a column by Duncan’s multiple range test (P <
0.05)

5)’>Nitrogen fertilization amount

ND: Not detected

“Mean+SE(Standard error) Standard errors are presented since complete data
sets were not obtained.
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Table 49. Pigment content characteristics of Elsholtzia minima according to

amount of applied fertilizer

Box Pot Tra
Cont Y

: 1
Iner caro

Ca Ch oo Ca Cb M9  ca (b caro

tene tene

133 1.10 134.5

2003 +005 a7 1B0T 140" 15593

0 053> 297*  90.00°

5 NDY ND ND ND ND ND ND ND ND
10 140" 133" 14683 ND ND ND  167* 1.37° 16057
20 ND ND ND ND ND ND ND ND ND

30 ND ND ND ND ND ND ND ND ND

cote 008 +008  e7es  LITN 183" 17847

038 032 3876

1014 +011 +141 054 058 6187

Avege 043 0.68 48.97

"Box: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray

“Mean separation within a column by Duncan’s multiple range test (P <
0.05)

3)Nitrogen fertilization amount

ND: Not detected

"Mean+SE(Standard error) Standard errors are presented since complete data
sets were not obtained.
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Table 50. Pigment content characteristics of Aster

amount of applied fertilizer

hayatae according to

COl’l%li Box Pot Tray

e b M0 ca b MO ca ocp A0
0 067 043”305 090" 08F TI5P o1y [OT 0 9288
57 090™ 080" 5523 NDY ND  ND ND ND ND
10 137 120° 10333° 060° 673 10503 ND ND  ND
20  1.00" 087" 6783 ND ND ND ND ND ND
3, ND ND ND ND ND ND ND ND ND
OSIOC 047 103" 6183" 093 097 sa ST A B
Avge 073 072 5463 041 142 3863 oL 09 2

"Box: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray
“Mean separation within a column by Duncan’s multiple range test (P <

0.05)

3>Nitrogen fertilization amount
ND: Not detected
"Mean+SE(Standard error) Standard errors are presented since complete data

sets were not obtained.
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Table 51. Pigment content characteristics of 7araxacum hallaisanensis according

to amount of applied fertilizer

Box Pot Tra
Cont Y

. 1
tene

caro caro
Ca Ch tene Ca Ch tene

0 147 123" 15433 1.00° 083 12290° 057" 053" 89.03°
57 137 110" 149.00° 1.30° 1.10° 147.60° 067" 060" 114.40°
10 198 157 21340° 167° 137 1905° 063" 050" 89.43°
20 180" 147° 17993" 1.23* 110" 15323 077" 067" 11090
30 137 113* 15887 1.20™ 1.03™ 146.10° 0.77° 073" 119.10

Ocsg?eo 167 143 16390* 143> 127" 17423* 1.13* 1.17*° 155.37°

Average 160 132 16991  1.31 112 155777 076 0.70 113.04

"Box: Cultivation box, Pot: 90mm pot, Tray: 32 hole plug tray
“Mean separation within a column by Duncan’s multiple range test (P <
0.05)

3>Nitrogen fertilization amount
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o

gideh oleldh Ay 31(200008 3€olA 109744 Hi 712 F 3
712 79T HlF 06C =okil, Bt FEE 67.8%= 11.1% =34ttt AF= 4
A7IFEAS el RuA (7143, 201008 2 2003~200997F HHFL w7
SINQEol 64CE 7M¢ wa, AAXZE 171CE 7bd =4 Yebgth a8a
sibAled & 16T ®Wastglom, 23 g3t SIMeEE& 21T, AAEdE 86T
Zpol 7k wrow, A e A9 heAH SIAE 82T vada, AL A
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AAA] Bk B4 BALe gxULE= 026~1.10 g/em’ WY E

ge AL A Hl A - sgtom EARAA Zhell AAF ZaL, dAREE

-

ot
i)
2

1.87~254 g/em’® W90 §A AL} npA AR 2AMA A 7k 2ol 7h 3]
AGAGAA 264 g/em’® EE YALEES BT ol ANH dEed o
AR Go| o] FE HAo 7 23 oz eyt (Table 13).
EdUe F7He udls FFEL 57-8% WAL FFEC] EUe=
AL Eel wihe] Atte AL oulanr FAAS ALy Bl o
T U EYxdS A dvar ddEti(Table 13).
B pHE B4 Fa3 384 Ao sz BEdd A= 45E A
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Aang T o A E AN Aol FHA% Fig. 369 #2ol, A
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OARFE HYFE 671 mmE QLARIE X F7F txTol v 1.24) =9k

on, wASERAel = 22 FFe et SWsds dEzTek Abl A
T7F 2L AEe vEhen, Alzu= A A2 7E el vl A g
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96.5%, 9 kg/10acll Al 89.5% = AlM] o] S7F S5 drgo] yolx= A

24 E3 9 kg/l0at-H= 714 w717k fAiske A BHol diEsol A4

el dol= Fig. 373 &, A=9 Fol wet dango] gk vkl
doletAl et AEs Bt At Ay s A4 AT 8.3 mmE o
Z7-Q1 687 mmeoll Hlaf 1.28) He]Zol7t Ao osmocot A& 58.7 mm
2 7P #&ka, ol gkt AAate A wEelAE pH 576, AUVIHERE
0.28mmho/cm, & 4 930 mg/g, F < 0.126 mg/ge= =4 eI (Y &,
1999), daAlHle] w& Hleaj= YEA] s o R ddEnh

23§ osmocot g T+ 106.0 mmE thET2 79.1 mmeoll B} 1.3u) A3
Aetgla, Aa AYTFe 492 mmZ 7P #Yh KAl ET 455
mm, 224 A& 337 mm, osmocot AT 394 mm=E AAH|FE HZF7 23]
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old] (stamps and Evans, 1999)+= thu]Ad Al Zoly &3 A& Wl7dste] 1

Lo ngE ¥ies Aol Eua Hadtu JOou(RDA, 2007), °lE A&
At o g Aol =gy] wiEd HE Q7%= We Zo® HIuHI gt
(RDA, 2007)
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6.6 mgo = Almu|el wIfEF-Aolo] ik Ao Aot ET e Fo
shA] Fokom ol AR ES HA AWE wkEo] A thE Ao® LEY
U dRbA o g wREQl g s AR wet dE T o] SUbekaL, B

st ettt R =d(M. Boroujerdnia , 52007, Fageria, 2010), = uj

Az Aol W wAAEe] My JaE A gate 2y el FakH-o] Bl
T E=2T7F 747 4000, 4470, DA A= G 3570, 3471, osmocot A E] T
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11~24%7F A YEtd osmocot A2l 7-7F FF8kdn). ol 2AE He] o
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wrolx] = 7 &Fo] B ¥ 9 th(Fig. 39).
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