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Study of Ecological Response of Endangered Sarcandra glabra (Thunb.) Nakai according to
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ABSTRACT

The purpose of this paper is to provide reference data about propagation, restoration, and preparation of policy
of endangered Sarcandra glabra (Thunb.) Nakai by investigating growth response and variation of ecological
niche breadth according to moisture and nutrient under the condition of elevated CO, concentration and elevated
temperature. We divided the investigation into the controlled group and treated group (elevated CO,
concentration and elevated temperature) and then varied the moisture and nutrient treatment for testing. The
results showed that the ecological niche breadth was wide at moisture and nutrient gradients of 0.899 and 0.844,
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respectively, under control. Also, the ecological niche breadth regarding the moisture and nutrient gradients
under treatment simulating global warming was wider as 6.60% and 2.09%, respectively. Therefore, moisture
and nutrient will not be the restriction factors concerning the growth of Sarcandra glabra under continued

global warming. However, it will be advisable to specify the nutrient content condition in the soil to be 10%

for population restoration when growing Sarcandra glabra in the green house which is not affected by external

environment since the studies of rearing reaction reported that Sarcandra glabra prefer 10% of nutrient content

than 0-5%. Furthermore, it is necessary to protect evergreen broad-leaved forest where is the natural habitat of

Sarcandra glabra that has relatively high nutrient content.
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7h WSS S0 oF 78%E RIS THIPCC, 2014).
olZf3t P A& st A EAS HStA7
O AW WAL pxe} Aol AEA 9FS ot
(Florides and Christodoulides, 2009; He et al., 2005; Idso
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Fig 1. Methods of CO, supply in experiment area and
environmental data monitoring.
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Fig 2. Average monthly CO, concentration and temperature
in two environmental condition(control and treatment)
from March to November. The histograms mean CO,
concentration and the line graphs mean temperature
in control and treatment.
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Pi: relative response of a given species to the whole gradients
that is realized in gradient i
S: total number of gradients
4, EAHEN
AFE3E 6B E Kolmogorov-smirnov testE ©]-85}¢]
BIBh T, HFEES 1A Gokp<0.05) ]ES F
B4 (Nonparametric analysis)2 AlA|5lo] zF -7 Lufd
Aol SelBkict T8 o]o] §214e Mann-Whitney
U Test2} Median Test= 2FQ18}it ESH AR Zojot
Q) 5:2fe] AFREAS oofy] 3] AT 371
& AN BE 7% 242 STATISTICA 7(Statsoft,
Inc., Tulsa, OK, USA)S A3}t
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Zat 9 o3

1) s T2 BE
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& HAATHFig.3a). ol FH2 fAH SAE A=
3h= Qo] A o7t ZAEY V% sl
51% oA 71 AU Bdao] gokAu 2o
Aol whet et Aol A (Lee et al., 2007). A2
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UThFig.3a). Aol A= 9 Ao} AR 4
e wsion BAH Aol gIchFieda). 22
I EF7I) e FER Sl e 7= 2ol
sho] 33 A= 4 AckUe et al., 2006).
= SaEsE AaAA £71dolet o
T 02 AT 4 Jlew, o= A
st of] & F3kS FtiLawlor and Mitchell, 1991). ©]&
3 ukg-e fzpel Azl A 450] 100mLolA] 2
4908 A% AW 4 UrkFigda). 514
Ao A 4=o] 700mL(M4) Y o thA] ¢l
5}lth(Fig.3a). o= A EA7F AR AEH A
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lo
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(Bennet and Albrecht, 1984; Boyer, 1970).
2) RIS M2 Y

2ol FHx AFHE dole frlEddol
0%(NO)ol A 5%(N1)7HA] ZHobA Tz} eheFo] 10%(N2)9]
A 7P A3 =8 20%(N3)I A 71 ZchFig.3b).
B3 Aol A AR Holi= 0%N0)oll A F7Fstetrt
5%NDOIA ThAl g4kl 10%(N2) A E A S7tst
o} 20%(N3)oll Al Hadhe A3 HARTE SA AL Ao]
+ $1SItHFig.3b). th27F Aol B f7]=9]
ool 10%(N2)of| A 24T Aol7t A Ath(Fig.3b). 4
25 @59 AEEHSo] W oA ASFHKim
et al., 2012; Song et al., 2012; Kim, 2007). 20100l
Chung 53} Lee 59| W2 F=&d-dY EdR7]E
ol gt Wale] wEd, W) 58] 4E
e Uty dRbARl AHREYY frlE el
4.49%%} ¥ 3} w(Jeong, 2002), 5.21~13.71%= A}
Ao ok O297] fiwo] HH2Y A& W BEY
W f71E8ke] 10%Y of 78 WARESI7E Wolsl7] b
olgtal TetETh

ol A 829 A a= 7= 0%MN0)oA
5%(N1)7HA] 14.6+53 7)ol 4] 19.5+6 47|12 Z7}alcirt
20%(N3)742] 11.9+5. 7702 7HAadls A3 HYoy &
AZRL Atol= §l3ltk(Fig.3b). A2l A= tjz-2]
A} FARE AFE Helow AR Aol= it
(Fig.3b). & AAtollA A2l 5%(N1= Lyt Al Bkt
71l otk a1, 10%N2)= 820 AgA] 2
T f71= ol frAksteh 1% 7] wie] o
= ARE Aor ey, Fdxe
TS FoR Atk AS o S sk

A= 2 T A
3) COs A&1 2450 M2 B3

)

7} ST STl el 7 HlESIGS W, Sl
100mLM1YHol 4 F820] A4 Zoli= A2l 77t vz
TR} 2 kFig3b). YA FH)(300mL(M2), 500mL
(M3) 12]31 700mL(MA) Sl A= H2) 77} izt 2
oLot EAHQ Aol ¢lITHFig.3b). 9712 Helo] A
Az AAE ol $71% Tkl 20%N3)Hlol A 4
277} et Zgleh i) Tul0%(N0), S%(N1)
T2 10%N2) WA E Hel 77k TR Ao e
EA A Foli g2lrh(Fig 3b).
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Fig 3. Shoot length and number of leaves of Sarcandra glabra according to environmental treatment((a)moisture and
(b)nutrient)) under control and treatment. Bar shows shoot length and circle shows the number of leaves respectively
of Sarcandra glabra. Uppercase means significant difference regarding shoot length among gradients((a) moisture
and (b) nutrient) in control and treatment. Lowercase means significant difference regarding number ofleaves
among gradients in control and treatment. ‘*’ means significant difference between control and treatment.

W) AR ol7k A9 Sulieloh fARSekPark ef al.
2014). YHAOR CO, FE 5L A2A] TaEe
€029} o] BolA HRHY S17k Feheln o] ueh 4
E9] WA ZA A 71tk Park, 1993; Park, 2003). w-2hA]
COy5 e} &7t AdsdtH AR do|7t dojd Zolck

R EC L RN L R
500mL(N3)< A28t BE TLa(100mL(M1), 300mL(M2)
12]3 700mLMAY eI M R 9 St w
ATHFig3b). 4= S00mL(M3)oflA] S8 29| ¢ 4= A7
T dhzpuct e Aol dglow BAH ol
U AUTHFig.3b). 53], shdo] oF w2 20S ALt
374(100mL(M1), 300mL(M2), 700mL(M4))oj| A ZA 4]
O =2 {ogt aol7t Yt =H, o]& Hot COrs s
I e FHZY SR g WY HMeE

Witk f71& AgollA 0% ALt 2 FafolA] Az
7 i 2TEY o 7F B Aol ey FAAS
Ztol= §llTh(Fig.3b). o]= COys =%t 255 AsAlZl
FollA dutt7| 2 E e Qo 7 WokE Ao Ao}
A Ahn ef el., 2016). T3t beech, paper birch, black
cherry, sugar maple 1231 hemlock”} A5 CO, ==
Qs Aol /el W|E pined 7haeleict
(Bazzaz, et al., 1990). 0|2|3+ A& Ko} COEE AFo|
dat A=) e Fo ujet Afolr} gl Ao melrh
(Leadley et al, 1999).
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Fig 4. Regression analysis between shoot length and number of leaves according to moisture in control(a) and
treatment(b) and according to nutrient in control(c) and treatment(d) (p<0.05).

HHA 7L QA THFig. 4c, d). o] Hol AR Zolel ol NO0(58.33%)>N2(33.33%)>N3(8.33%) =02 5%°fA] 1

Fob AL COs=et 257 obd iat f7]E0] ARl 7P =8kom, 20%0)lA4] LARE-o] Hqkrk(Fig.5b).

7|8t Ao® weEch AR os 2A%0 WARRo] AL OB 10%9}

20%= FH27F S Y G2 4EREeHY B

2. JAIE ¥9 7= FY FABHEZ(Chung ef al., 2010; Lee et
al., 2010) o]=gr A7} yehd Aoz Yhgrk

oA -z 7 ol A M3(83.33%)>M2 Ao A FH 2 B oAl M1(41.67%)>M2

(58.33%)>M4(50%)>M1(33.33%) 2202 225 500mL(M3)  (33.33%)=M3(33.33%)=M4(33.33%) <08 Z=E100mL
oAl aLARgo] 7P =okon, 4~ 100mL(M1)ofA] ALAL M)A ALARgo] 71 = thFig.5a). 12l {7|& +

£o] 7P BOITHFigsa). ol £H20] XA Zojok o Hlo]A] NO(66.65%)>N1(33.33%) 208 TLAFEO] k0.

ool T3 OPAl Ao} APbE| ATtolxukFigd), £ A ©l, N29} N3o| 4 1AW AL $19chFig.5b).

AT A YA X910 WS Bl sEg] dis)h 7} 37 iz e Hel e aase o, 3
ZAzL AHE 297F YA dERITHFig6). 2L SR 100mLMDE A9J3 BE THl(300mL(M2),

dzFHA FH2E G718 FujolA N1(83.33%)>  S00mL(M3) 1|11 700mL(M4)of 4] 277k Aol
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Fig 5. Death rate of Sarcandra glabra according to environmental treatment((a)moisture and (b)nutrient) under control

and treatment.

UF AAREO] #QtH(Fig.Sa). COrse 5ol BAHES
Z7MA A 4 QAWK (Park, 1993; Park, 2003), 2 =AM
AR el 7155 dElA R, ol gago] HWold
4= Qlth Lee et al(2013)0] 2, COys= A5} 2Ar
o2 WIUFY] ROl 8RaES ASHAF o= &8
100mLM1)o| A Z2]toflA] LAREo] =0d olf-& A1
otk SHAIEE thE ol A= tiRA7 AR
TAREO] =T

715 e A 0%N0)yS AQldt e FHl(5%
(N1), 10%(N2) Z12J3L 20%(N3))oll A thx-7F A 21
TF JLARE-o] =4 Th(Fig.5b). 0%(N0)o A=tz A
gtol A Aol =3, ol 2Tt #2548 BY
U #71& Es7 webAHA(Wennman and  Katterer,
2006) AlEA7F o8 F71E0] A7) wiZolthLee et al,
2017). BRI 2 =2 {7129 o= 27t 2505
o7k wEE et o8 ¢ e f71Ee] W] wol,
ARkE At U2 ZoE Azt

3. dEH X|AZ

e A% 2ok HelTolA 27k 52(0.899)
> 9 7]540.844), 225(0.988)>7]5(0.858) &08 Lhelyt
CHTable. 1). Z8%2] A2 X|9j%L chznc Hefr
oM SE T 6.60%, §71% FH) 2.09% HolHict
(Fig6). B4 el F827} Asha ol 3L A
w0] ARAASY AT AT TR SgAE SA0) A%
Y15 ol 2(Kim et al, 2012), 270] HEAE AT
Goroleis FEHS 7HI] SRS Hol7t k. of
o3 AAEHY B Q7o) A Hof FHEL ST
ool et 9] M7 HEks A o 4 9o m(Table.
), COIE 453 SEAGE FH20| SH3wo] that
Hgel WS o WA SR (Fig6), HUR Bae
CONSE AT LEAFOR QI3 47208} Ay

S ), $-EatEe Agtacle] Hx gk Ao Baltk

R7IEGF %NOE AT BE 712 TujolA] o
2R Aol %] FEsAY B Aavel 4
=4Yo] AYSH: FHx) EHOR Hol P2
S 7)) AL Qukael AR Egke) i S0
&S AFAD S YA, 4712 Tl e A
A9|Ee ALt ZACNA 2.09%2 ok HolH A
341 F 4 UTHFig6).

Table 1. Ecological niche breadth comparison of
Sarcandra glabra according to environmental
factor (moisture and nutrient) under control
and treatment

Control Treatment
Character - - - -
Moisture Nutrient Moisture Nutrient
Shoot length 0.874 0.828 0.998 0.863
Leaves number  0.924 0.859 0.979 0.854
Mean 0.899 0.844 0.988 0.858
+S.D. 0.035 0.022 0.014 0.007

WMoisture ONutrient

— [_
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Fig 6. Variation of the ecological niche breadth of two
characters of Sarcandra glabra under treatment
conditions relative to control.
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