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1. /ﬂi

T

AAET o] d7kA ti719] COp s%E ©F 280 ppmell ot 19594
Mauna Loa®llA] 5743 5%+ 315.8 ppm, @ A(2012)+= 396.8 ppmo|th
(NOAA, http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html). -2 1}2}+
o= At 2071990 - 2010) CO.7F 45.8 ppm 57k AL, AZF B+
S7HeS 1.81 ppm(1991 — 2000%) el o] &t} AlAl B 1.249 o %2
ol gt CO, % 57 (71473 2010)& F-EetelA CO, F7kel gtk A

$ATIH NFEE P2t

B9 A wd, AEAM, Fuists] 7z oy eH(Dippery et al. 1995,
Lee 2011), A=9 #Fd AFS FXsH(Wheeler et al. 1995,
Morison and Lawlor 1999, Wand et al. 1999, Usami 2001). 184 CO,
L Tkl mE AEHY] Tk Frkt vE29, 53] C39 C4 AE2 A
Tt Aol E HAT o EF o], CO, %7 340ppmelA 680ppm o= S 7}t
g3, C3 A& (Glyeine max, Medicago sativa, Gossypium hirsutum,
Solanum tuberosum, Ipomoea batatas) 2] Y=L °F 28% 7t HEA,
C4 A E(Zea mays, Sorghum bicolor)& 9% %718+ th(Cure and Acock
1986).th& 1ol ©5t¥ CO, % 700ppmeolA BEAASH C4 2=
(Amaranthus retroflexus)®) &= He7F glloy, C3 A&
(Abutilon theophrast)- 350ppm% WXt} ] AE=Fo] 549% ¢ S7}s}
S tH(Dippery et al. 1995). o] A& U/l AEZA d7] 5 CO, %
5717 C4 2 &3 C3 ofd A=l vA= Y] st A4+ vl At



w o] gl

AERES g7 F CO, ¥5 S7H7F 7IedEst 27 5 713549
Hste] nlR PGS HWAY T2 713F ATt odE =01, CO5E7F 60
ppm % 7}8H(Friedli et al. 1986) A 200 (1787-1987)° AXA F4 4

A& ME 8F(Acer pseudoplatanus, Quercus robur, Rumex crispus,

KA

Vaccinium myrtillus, Lycopersicon esculentum, Liquidambar styraciflua,
Rhamnus catharticus, Tilia cordata)< ZAFst Woodward(1987)+& ol &
0% #astla= B FAFsHAl, 199149 A+
Olea europaear= ©|F{E F97hd & T (BC 1327d)el =A" O,

FolA 713U} o

W

europaea®l B (BC 13271 CO, % °F 270 ppm[Barnola et al. 19871;
19914, 360 ppm) 71 FHE7t 33% 743l tH(Beerling and Chaloner
1993). Betula pendulaBetulaceae)?] XA % COy, H%7} 1lppm 5
ot 7]FHEEE 0.6%% =0l =3 TtH Wagner et al. 1996).

W e 4% 5 @44 270l wmaAE A28 AsAA 7 TUE

HolE 7HA = o 7] w2el oY AAES BIAEE R VI3 ATE
A3 TH(Wagner et al. 1996, Wagner et al. 2005, Finsinger and
Wagner 2009). CO, %7} 60 ppm =7+t 713+ &<t 49 5&(Myrica
cerifera, llex cassine, Osmunda regalis, Acer rubrum and Quercus nigra)
o BEAM BE £ NFAFI BasTE A CO, BRI F7
NFHUEE FAaA0S v 8243 9J=3tH(Wagner el al. 2005). 7] 3H %9
ae dE B9 FAEE AT Aoele Ve s sk Y &

(mol - m™2 - s )¢l 7|FAEE7} 2F43%t) Lammertsma et al(2011)of u}
=21 x4e4d A7F &+ CO, §%7F 100 ppm 7+ W] vie} 7E(Acer

rubrum, llex cassine, Myrica cerifera, Osmunda regalis, Pinus taeda,

_2_



|

Quercus nigra, Taxodium distichum)® 7|3 HEE 26—42%, 7] A EE
30—55% #rAekdh. 2ev #He Ag-E°] KojF%o](Hetherington and
Woodward 2003, Franks and Beerling 2009, Franks et al. 2009, Miller—

Rushing et al. 2009), 7| eHE 9 #Aa7F 71719 S7FHE shbsttbd, 7]

THUEAA A7]el o2 vdt V| E 5 FHolE ol VFEAAE

COysEZ7tel wet 7|3 X7t AR Fast ]+ shvH(Woodward
1987; Woodward and Bazzaz 1988, Beerling and Chaloner 1993,Knapp et
al. 1994, Kouwenberg et al.2003), 4% F|A+= S 7FH Thomas and
Harvey 1983)5%+= o ®3l7F $lth(Thomas and Harvey 1983,0berbauer
et al.1985). 3t o8] AFEFelA C3%} C4 =2 7|¥HdE W3l Fiol
zko] 7F Sl&o] Bre it CO, s%7F w5 = AH(350 ppmell Al 700 ppm &),
C421 &=l Andropogon gerardii= 7|8 HUE7}F 28% 74381311, C34 &l
Salvia pitcher= 2.3|% 7|3 Y%7} 40% =7} tH(Knapp et al. 1994).
EE COy M5 Al C4 AE ol% Fol wet 7[3d =gt X571 FAlel 7
Aot AYW( Amaranthus retroflexus) 713 B0l W3lglo] 7l wA 4yt A
A Setaria faberi) (Woodward and Bazzaz 1988). wehA theFst 55
ol &%t FRAAAL} A5Y, AT, T S L AU Basih
FeuEtl A COp T7tel mE A=9 vkeS ARt vk 1
Hup ol A il e W AEAdE Wl S(eg AR H F9
g 2010, A5t & 2010, 43 & 2011224 COy 7kl wWe 7%
S/ Wstel] thet A= SAEHA etk VeSS dE HTef 9

AF(IFE 5 2011 @ehire] sptas} F7hgel wel FRuty

-

i

.

(llex crenata var. microphylla) 29 71% 7} S71sHS w28t 1

_3_



ol W& 7E ¢ 7k |73 COx7t ofdet =2 A4 o 35 St

AE . Fevet e F59 ekl

>
)
)
0
o
=
olo
lo
Kt
:ollzl

Atz =S A AAHGOE oF 1065 5387F0] s|detobiH £
gf, Aoy o]l2= FAe] X3 (Hodkinson et al. 2011) B2 F59]
FA o A2 SR 8AF 2006). AbxT A& E3 Fof wEh C39 C4
O] HlEo] g2 o E 5o, FEuet Azl 13F T 75(53.8%)
o] C4 AERE o]FoA U E FHo= F AAVE TATHFEE S
2011). A& =°l, At BsAUS(Cyperus, =W & 1 20%F) ol A
80%7F C4 2=olil yw A= C3 2&=olth(Ueno and Takeda 1992,
Mei—Rong et al.1999). @& F=°] FHIsh A2 A of Fx3 Bk o
2k, C38F C4 Fo] 419l Atz COp T7kel whaE 7] 3uks Aol 3ol A
2 tidelth CO, T7H7F C39 C4 A& 7| gukgol A= ads A4
3] gtelatr] Sl = FF Lol &= C39 C4 A== vluwste] Alsa
s A dart vk ey Abx A Ee] Wgh A= obA A 7]
245 o 2 A3 Cyperus longus® T3 (Jones et al. 1981), Atx3} 2=
o] xg]A ®-¥(Ueno and Takeda 1992), &%l wWE Cyperus C3% C4
£9] B3 (Mei—Rong et al. 1999) = Astxo] it}

= Aol = COp 59 S7H7F s-2uet C3¢ C4 A=9 7es
A - VEHEE, FYAXEE, VIEAT, 7] o vAs el dsiA
ARz stk AlsadE FAsH] e AbxdelA T AR F Eoly
C39} C4 Fol| Al CyperusolX C3 1E(C. difformis)™ C4 2E(C. iria%}
C. microiria)< A8tk CO =7t S7Fet Al C3¢9F C4 220l HRl A



NS A7) 918 S A(36-38°N)ellA] 1950—-1999d el A
C. difformis, C. iria, C. microiria®] ¥%+-& o] g3t a2 oz de &

Foh= C4 A9 718540 Ao wet & jkeS Hol=AE gRls|
Adl, L ATl (1970-1999) F5(36 — 38°N) 2} HH(33-36°N) A%
AN ANHE C microiria®l 71554 = Blust vt wetA] 2 AToAM = F

& AR 1) 19509 ©]F COrs= 7kl met C3 H=(C

difformis)¥ C4 2= (C. iria,C. microiria)?] 7| &EA- 7| &HU T, EYAE
U, 7|FAS, 71537] — o|WEd=71? 2) C4 A&l C microiria®) 7]
S5 A el mE Aol 5 Ho|=7?



1L.97 A=

Atz (Cyperaceae)= 8| ZefobiE] F=2, Adid7bA
AgA o w sk 5387F(106%) 0% o] F-o]# v (Simpson and
Govaerts 2007) A2 & 5 THA, HA A7 A 3R &

o] tt(Hodkinson et al. 2011). -F-2luete] Q= 2465 (13%5) &
A-gEToln EEA AgolFel thdAd T 19 A Eolth A9
Fustol L A el AAY o 3] FAY ETbellA AT e g4}
2006, Naczi and Ford 2008). 7]+ H% 4719

St TSR A2 oA EA L walz A s SAETV] e 274
S| = ok A Faoln M FFet S Be SR Ho
Atk 7)ok AA7IE Ttk veksith s 4 - 699 F2
AR BE 6 - 78013, /ME7E 8 - 10920 T 9 - 11€4]

AR s (282 2006).

Al ol 71 2 52 AlRE(Carex) 2.2 MAIF SR
200001F0] &HA dom, F2 Hukgo] 2 gl A o] EEH o
At FEuEtel= 148F0] om, A fFe] thdAdela F2 F4

TR AFRIA F 17FC] 5 AFFoIM o]F 16F0] AbxSel



°F 300F0°] AFzE(Carex)olal, Abz&2] BE o] o] ]
T A E FER 3

% o|tH(Takuji and Tomomi 2011). &¥o] &
W stol] wizksim] QAZF FHgel vl FHokgk FAoA A g AbzoA 7
HAZ Z &5 AU ES(Cyperus)22 A4, A AAASZ 700050,
FEvetel= 20F0] EEETE ol Wi 19 A= & (Naczi and Ford
2008), 7}, T5A, AxA]e #FxeH(Ueon and Takeda 1992). Abx42
] WA ES 80%2] Fol C4olar, YmA= C3 A&t (Ueno and
Takeda 1992, Mei—Rong et al. 1999). WEAtY S A C3 A &<
=AW (Cyperus difformis) 2 C4 21 &2 WA (C jria) 9}
T EAY(C. microiria)E AEeATH Al T EF ddgow,
A= FA 9 =, FsAUE =3 FAH 54, BAA A,
T EA S FEA 9 A AA], AR o] A2 S 8-2F 2006).

Az AR FE52 =9 FxolATH(Naczi and Ford 2008),
A5 T2 SAARJ YA Vs ool vk FA MM EEE
el glom, A A48 92%F AAste] 45 JHAAI7] L (Tanner
1996) T8¢ &2 v5S AaA7e 985 g (Murray—Gulde et al.
2005). w&/MZFolvt A& (FHobrotellM = Cyperus corymbosuses
BArete] vy Y %
2001). #spdo] 2
A5 v &2k 2006).

AN ERE AR ZE o] fHtH(Simpson and Inglis
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Imm*etel] Eolet 7159 5 AEPTh F oA F F7 33899
Aestar, 334 22t 2R S =2 F12H e dEegl. 715
EIMEY A7) H, 25, $59 &S W=t (Kurschner 1997).
Salisbury(1927)& we}, &E=450

e Y AEZe] WA a H(Salisbury
1927)5 SAIS 71¥X 55 A&

EAAEAES N ZA0)E el ALE B HEE F 9ol
2845k A% (2003)°] met S, s YT AAY

Z7F 282 Auste] FH5elA 100CE 208 2

3) 714 =9} Holg EA

S QFEE(36.3°N, 126.2°E) CO, #5 A5 (54 A% 1999 -

2010d)+= 71449 71E¥H 3 B AE (Climate Change Information



Center,http://www.climate. go.kl)ol| A, #A|F2] 1AH33.2°N, 126.1°E) 3}
EJeHl = (36.7°N, 126.3°E) 9] COy, 3% Am+=(54 d%: 1990 - 20109)
WMO World Data Centre for Greenhouse Gases(Japan Meteorological

Agency, http://ds.data.jma.go.jp/gmd/wdcgg) o4 535t th7] 5 COy

www.kma.go.kr). A74 CO, & AnE 539 8yt COy, &2
7 AlAS] Ht S7HES Blasklthd AlAl CO, 5 A5+ NOAA
GMD (http://www.esrl.noaa.gov/gmd/ccgg /trends/global.html) | 4]
FREFF TR ES AE9 Ryori(39.0°N, 141.8°E)ellA F4% CO, §%

AR (54 AE: 1987 - 20129) % &5 tHWMO WDCGG,
http://ds.data.jma.go.jp/gmd/wdcgg).

7Ne&EAO] T C4 ZE(C. iriash C microiria)®} A% 7+ ZFo) 7}

3}
st A aaE 4] fal FEAAAe} dAEE Faddor HA s
ol YTAREA S ST oAz Ao e SRV eE R,

FIAELE, SAV] A G, 737l tesir s A Er A%
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C. difformis 2%%AH
Gyeonggi—do: Namyangju—si Gwangneung(Aug. 24 1956, Cha Dongseok, SWU),
Namyangju—si Hwado—eup Cheonmasan(Sept. 18 1974, Oh Yeongsuk, EWU),
Namyangju—si Hwado—eup Cheonmasan(Oct. 5 1974, Ahn Yeongae, EWU), Namyangju—
si Hwado—eup Cheonmasan(Oct. 5 1974, Oh Jinnyeo, EWU), Namyangju—si Hwado—eup
Cheonmasan(Oct. 5 1974, Kim Sodam, EWU), Namyangju—si Hwado—eup
Cheonmasan(Oct. 12 1974, Yu Seonhui, EWU), Ilsan—si(Aug. 29 1977, Chang Boyeong,

SWU), Gwacheon—si(Sept. 17 1977, SWU), three sheets; Pyeongtack—si(Oct. 10 1982,



Lee Yeongno, EWU), Goyang—si Deogyang—gu Seooreung(Sept. 26 1983, Lee Eunju,
EWU), Pyeongtaek—si(Oct. 9 1983, Lee Namsuk, EWU), Namyangju—si Hwado—eup
Cheonmasan(Sept. 20 1987, Lee Migyeong, SWU), Hanam—si Gami—dong
Namhansanseong(Aug. 10 1993, Yang Jeongsuk, SWU), Namyangju—si Maseok(Oct. 9
1995, Go Gyeongmi, SWU), nine sheets; Namyangju—si Migeum—dong(Oct. 21 1995, Go
Gyeongmi, SWU), two sheets; Namyangju—si Sudong—myeon Chungnyeongsan(Sept. 11
1996, Oh Yongja, SWU). Seoul: two sheets; Seongbuk—gu Anam—dong(Sept. 15 1958,
Cha Dongseok, SWU), Seongbuk—gu Anam—dong(Oct. 12 1958, Cha Dongseok, SWU),
five sheets; Seongbuk—gu Anam—dong(Oct. 22 1958, Cha Dongseok, SWU), two sheets;
Gangdong—gu Amsa—dong(Sept. 24 1972, Oh Yongja et al., EWU), Seodaemun—gu
Daehyeon—dong Ewha womans university(Oct. 14 1984, Kwon Haesu, EWU), Gangdong—
gu Myeongil—dong(Oct. 13 1996, Im Inhui, SWU). Incheon: Ganghwa—gun Ganghwa—eup

Ganghwado(July 23 1970, Kim Jincheol, SWU).

C. irla F¥sAHY
Gyeonggi—do: Yangji(July 23 1959, Kim Gunja, EWU), Namyangju—si Gwangneung(Aug.
13 1960, Kim Gisuk, EWU), Suwon—si Seocho(Aug. 24 1960, Kang Gyeongok, EWU),
Yeoncheon—gun(Aug. 26 1960, Kim Yeoneung, EWU), Yeoncheon—gun(Aug. 27 1960,
Kim Aesun, EWU), Namyangju—si Cheonmasan(Sept. 29 1962, Yun Songjuk, EWU),
Bucheon—si Ojeong—gu Gyesan(Aug. 10 1964, Han Yeongja, EWU), Paju—si Jeokseong—
myeon(Oct. 3 1973, Oh Yongja, SWU), Pocheon—si(Sept. 24 1975, Mo Myeongja, SWU),
Yangpyeong—gun Yangseo—myeon Yangsu—ri(Aug. 16 1977, Lee Changsuk, SWU),
Ilsan—si(Aug. 29 1977, Jang Boyeong, SWU), Gwacheon—si(Sept. 17 1977, SWU),

Dongducheon—si Wangbangsan(Oct. 3 1978, Kim Seongwon, SWU), Dongducheon—si



Wangbangsan(Oct. 3 1978, Lee Jongsun,SWU), Gapyeong—gun Cheongpyeong—myeon
Godongsan(Sept. 15 1979, Jang Gyeongae, SWU), Gapyeong—gun Cheongpyeong—myeon
Godongsan(Aug. 7 1979, Lee Hyeonsuk, SWU), Gapyeong—gun Cheongpyeong—myeon
Godongsan(Aug. 7 1979, Lim Huisuk, SWU), Namyangju—si Sudong—myeon
Chungnyeongsan(Aug. 16 1980, Oh Yongja, SWU), Namyangju—si Sudong—myeon
Bigeum—ri(Sept. 13 1980, Oh Yongja, SWU), Namyangju—si Gwangneung(Sept. 20 1980,
Cho Sunna, SWU), Gapyeong—gun Cheongpyeong—myeon Daeseong—ri(Oct. 9 1980,
Kang Gwisuk, SWU), Namyangju—si Pyeongnae—dong(Sept. 18 1981, Jeong Ogon, SWU),
Gapyeong—gun Cheongpyeong—myeon Daeseong—ri(Sept. 4 1982, Uhm Gyeongsuk,
SWU), Namyangju—si Donong—ri(Sept. 22 1983, Im Sugyeong, SWU), two sheets;
Namyangju—si Sudong—myeon Chungnyeongsan(Sept. 8 1984, Lee Yeonnyeo, SWU),
Namyangju—si Maseok Chungnyeongsan(Oct. 3 1986, Park Hyeonmi, SWU), Namyangju—
si Gwangneung(Oct. 11 1986, Yu Hyewon, SWU), Paju—si Beobwon—eup Beobwon—
ri(Sept. 5 1987, Hwang Seongwon, SWU), Yangpyeong—gun Yongmun—myeon
Yongmunsan(Sept. 13 1987, Kang Jinyeong, SWU), Yongin—si Myongji University(Oct. 2
1990, Choi Soyeong, SWU), Yangju—gun Bong am—myeon(Aug. 24 1993, Lim Ginam,
SWU), Songpa—gu Ogeum—dong Ogeum park(Sept. 18 1993, Shim Hwail, SWU),
Pyeongtaek—si Hyeondeok—myeon Hwayang—ri(Oct. 1 1993, Lee Jayeong, SWU),
Namyangju—si Migeum—dong(Oct. 21 1995, Go Gyeongmi, SWU), Gwangju—si(July 25
1997, Kim Haejeong, SWU), Yongin—si Baegam—myeon(Oct. 3 1997, Han Sinjeong,
SWU), two sheets; Gwacheon—si Makgye—dong Cheonggyesan(Oct. 6 1997, Lee Jihyeon,
SWU). Seoul: Seongbukgu Jeongneung(Aug. 5 1959, Yoon Bongja, EWU), Seongbukgu
Jeongneung(Aug. 17 1959, Han Seunghui, EWU), Seongbukgu Jeongneung(Aug. 25 1960,

Seong Seongji, EWU), Taereung(Aug. 20 1962, Lee Mija, EWU), Dongdaemun—gu



Jeonnong—dong(Nov. 18 1982, Han Sangil, SWU), Eunpyeong—gu Galhyeon—dong(Sept.
14 1986, Jeong Uiok, SWU), Gangseo—gu Mok—dong(Aug. 18 1987, Park Jeongmin,
SWU), Gangseo—gu Mok—dong(Aug. 19 1987, Park Jeongmin, SWU), Gangnam—gu
Cheonggyesan(Aug. 21 1987, Kim Huijeong, SWU), Dobong—gu Dobong—dong
Jahyeonam(Sept. 12 1990, Son Suyeon, SWU), Dobong—gu Dobong—dong Dobongsan
(Sept. 16 1990, Kwon Hyegyeong, SWU), Songpa—gu Munjeong—dong(Oct. 23 1994,
Shin Jihyeon, SWU), Seocho—gu Wonji—dong Cheonggyesan(Aug. 22 1995, Ahn Jeonghui,
SWU), Nowon—gu Gongneung—dong Sahmyook University(Oct. 3 1996, Ham Eunju,
SWU), Seongbuk—gu Donam—dong(Oct. 20 1997, Yeom Hwayeong, SWU). Incheon:
Ganghwa—gunHwado—myeonManisan(Nov. 1991, Lee Insuk, SWU), Nam—gu Hagik—

dong(Aug. 21 1996, Lee Yeonghae, SWU)

C. microirias™&A 4
Gyeonggi—do: two sheets; (Sept. 22 1957, SWU), Gwangju—si Jungbu—myeon
Namhansanseong(Oct. 14 1975, Lee Gyeongae, SWU), Namyangju—si Gwangneung(Sept.
4 1976, Park Sinyeong, SWU), Namyangju—si Gwangneung(Sept. 11 1976, Jang
Hyeongran, SWU), Namyangju—si Hwado—eup Cheonmasan(Sept. 18 1976, Kim Hyesuk,
SWU), Yangpyeong—gun Yangseo—myeon Yangsu—ri(Aug. 10 1977, Jo Seongsuk, SWU),
two sheets; Yangpyeong—gun Yangseo—myeon Yangsu—ri(Aug. 16 1977 Lee Changsuk,
SWU), Paju—si Gwangtan—myeon Bogwangsa(Oct. 8 1978, Lee Wiyeong, SWU),
Yangpyeong—gun Seojong—myeon Suip—ri Godongsan(Sept. 15 1979, Oh Yeonghye,
SWU), Yangpyeong—gun Seojong—myeon Suip—ri Godongsan(Sept. 15 1979, Lee
Wiyeong, SWU), Gapyeong—gun Sang—myeon Chungnyeongsan(Sept. 28 1980, Im

Hyeonju, SWU), Namyangju—si Hwado—eup Cheonmasan(Oct. 9 1980, Gu Hyesuk, SWU),



Namyangju—si Pyeongnae—dong Cheonmasan(Sept. 4 1981, Kim Yeong, SWU),
Gwangju—si(Sept. 4 1981, Lee Ilsuk, SWU), Gwangju—si(Sept. 11 1981, Choi Hwaja,
SWU), Gwangju—si Jungbu—myeon Namhansanseong(Sept. 16 1981, Kim Hyeonmi,
SWU), Namyangju—si Byeollae—myeon Buramsan(Sept. 18 1982, Choi Yunhui, SWU),
Namyangju—si Hwado—eup Cheonmasan(Sept. 17 1983, Song Myeongeun, SWU),
Namyangju—si Gwangneung(Sept. 18 1983, Oh Myeonggyeong, SWU), Namyangju—si
Sudong—myeon Chungnyeongsan(Sept. 8 1984, Lee Sueun, SWU), Gwangju—si(Oct. 7
1986, Jang Mungyeong, SWU), Gapyeong—gun Ha—myeon hyeon—ri(Sept. 5 1987, Yun
Hyewon, SWU), Namyangju—si Toegyewon—myeon(Aug. 26 1989, Jo Hyeongsun, SWU),
Gapyeong—gun Buk—myeon Myeongjisan(Sept. 23 1989, Park Jeongmi, SWU),
Seongnam—si(Sept. 5 1993, Yun Eunyeong, SWU), Gapyeong—gun(Oct. 29 1995, Go
Gyeongmi, SWU), Gapyeong—gun Buk—myeon Myeongjisan(Aug. 23 1996, Lee Chunhye,
SWU), Yangju—si Hoecheon—dong(Aug. 17 1997, Lee Jiyun, SWU), Seongnam—si
Jungwon—gu Sangdaewon—dong Namhansanseong(Sept. 28 1997, Jang Jeongyun, SWU),
Yeoju—gun Neungseo—myeon(Oct. 3 1997, Park Myeongjin, SWU), Yongin—si Cheoingu
Baegam—myeon(Oct. 3 1997, Park Yunsin, SWU).Seoul: Gangbuk—gu Ui—dong(Aug. 24
1976, Seok Yeongae, SWU), Yongsan—gu Cheongpa—dong(Aug. 5 1977, Shin Eunju,
SWU), Dobong—gu Dobong—dong Dobongsan(Aug. 29 1981, Kim Sinjeong, SWU),
Dobong—gu Ui—dong(Sept. 11 1981, Kim Yeong, SWU), Dobong—gu Ui—dong(Sept. 11
1981, Jeon Minsu, SWU), ), Dobong—gu Ui—dong(Sept. 11 1981, Jeong Huisuk, SWU),
two sheets; Gangnam—gu Cheonggyesan (Oct. 9 1985, Kang Hyojeong, SWU), Gangnam—
gu Cheonggyesan(Sept. 12 1987, Lee Jinhui, SWU), Songpa—gu Ogeum—dong(Aug. 15
1993, Shim Hwail, SWU), Gangnam—gu Gaepo—dong(Aug. 17 1993, Hong Hyegyeong,

SWU), Songpa—gu Munjeong—dong(Oct. 23 1994, Shin Jihyeon, SWU), Yeongdeungpo—



gu Yeouido—dong Hangang(Aug. 15 1995, Oh Yongja, SWU), Gangseo—gu Gayang—
dong(Sept. 11 1996, Yu Jieun, SWU), Dobong—gu Dobong—dong Dobongsan(Sept. 14
1996, Park Seon, SWU), Dobong—gu Dobong—dong Dobongsan(Sept. 15 1996, Jang
Hyejin, SWU), Gangdong—guMyeongil—dong(Oct. 13 1996, Im Inhui, SWU), two sheets;
Nowon—gu Sanggye—dong Suraksan(Sept. 7 1997, Jang Jiyeon, SWU).Chungcheongnam—
do: Seosan—si(July 15 1975, Jeong Yusuk, SWU), Gyeryong—si Gyeryongsan(July 20
1976, Kim Sukgi, SWU), Cheonan—si Seonggeo—eup(Sept. 5 1993, Kim Yunseon, SWU),
Gongju—si Jeongan—myeon(Sept. 27 1996, Kim Pansun, SWU), Buyeo—gun Oksan—
myeon(Sept. 7 1997, Lee Eunmi, SWU). Chungcheongbuk—do: Jecheon—si Hansu—myeon
Woraksan(Aug. 9 1978, Oh Yongja, SWU), Cheongwon—gun Naesu—eup(Aug. 11 1993,
Kim Eunhui, SWU).Gangwon—do: ChunCheonsi(Oct. 16 1976, Kim Hyegyeong, SWU),
Chuncheon—si Namsan—myeon Gangchon(Sept. 18 1982, Kim Yeongsuk, SWU),
Samcheok—si Geundeok—myeon(Aug. 18 1987, Yun Sukyeong, SWU), four sheets;
Yeongwol—gun Nam—myeon Cheongnyeongpo(Aug. 15 1996, Oh Yongja, SWU),
Gangneung—si(July 17 1997, Choi Yunjeong, SWU). Jeollabuk—do: Wanju—gun(Sept. 17
1978, Song Gyuseon, SWU), Namwon—si Jusaeng—myeon(July 2 1981, Yun Hyeonyeong,
SWU). Jeollanam—do: Yeongam—gun Gunseo—myeon(Aug. 24 1986, Park Suyeon, SWU),
Naju—si Dado—myeon(Sept. 24 1996, Choi Jihui, SWU). Gyeongsangnam—do: Hapcheon—
gun Gaya—myeon Chiaksan(Sept. 30 1978, Lee Sunyong, SWU), Hapcheon—gun Gaya—
myeon Chiaksan(Oct. 1 1978, Lee Seunghun, SWU), Hapcheon—gun Gaya—myeon
Chiaksan(Oct. 1 1978, Jang Gyeongae, SWU), Changnyeong—gun Yeongsan—myeon(Oct.
7 1987, Yun Hyewon, SWU), Masan—si Muhaksan(Sept. 30 1993, SWU).
Gyeongsangbuk—do: Mungyeong—si Mungyeong—eup(July 19 1986, Jeong Misuk, SWU),

two sheets; Mungyeong—si Mungyeong—eup(Sept. 18 1986, Jeong Misuk, SWU), three



sheets; Yeongdeok—gun(Aug. 15 1996, Oh Yongja, SWU), two sheets; Uljin—gun(Aug. 16
1996, Oh Yongja, SWU) Daejeon: two sheets; Seo—gu Nae—dong(Sept. 1 1997, Lee
Nayeong, SWU). Jeju—do: two sheets; Seogwipo—si Seongsan—eup(Aug. 23 1995, Go
Gyeongmi, SWU), Jeju—si Aewol—eup(Sept. 30 1995, Oh Yongja, SWU), two sheets;
Jeju—si Hangyeong—myeon(Nov. 7 1995, Go Gyeongmi, SWU), Jeju—si Hangyeong—

myeon(Oct. 18 1996, Oh Yongja, SWU).
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m. A%

1. =4 CO, =9 7|4 W3l

AlFel fx g nab71dd el S B (S )7 3 et T AlE]) 2
Ho Bagkel ZARS oW vt CO, sX+ A 20d7H(1990 —
2010) 357.3 ppmolA 397.6 ppmS.E 40 ppm =7}t tH(Fig. 2). = 7]
23 ArEE Adrdd wet F7F FAE Bt A8 71 Ad 50d 7
HA 11.8TC, HL 144C=E ¢ 1.2T F7FA(71733 715
http://www.climate. go.kl; 100d[1912-2008]%<t ¢k 1.5TC A%, 40d
[1950-1990]&<%F oF 1T %) (Fig. 3a), & 711+ &<+
HA 884.6 mm, HF1 1995.8 mm=E °F 182 mm S7FsFG (7143 7154
34 B A, http://www.climate. go.kl; 100d[1912-2008]%<¢F H4& 712
mm, I 1929 mm 7]=, ¢ 219.8 mm =7})(Fig. 3b).

2. Cyperus 7)8EA 8 A7+3 wo] oA

ZAHE A F9 7FEALE FEAAAAT, AR gokst Wols B
tH(Table 1, Figs 4 and 5). 7| &EA o wa} FaA A A x
242 g7t FoskA YeEbgtH Table 2). Std 7| 3 == F3AI A A x A

2). 7| FUEE C3 AEo] 23.6(+ 5.4) /l/mm? C4 2l&o] 11.5(*

3.9) M/mm*Z, C3 A&o] 2v] o wWkth C3 A& dd/|FdEs 2



29.5% zrAsttk(Table 1). W73 UL AXZE Wlo] o2 FFAA
Aol wel S3th(Table 2). dAFAREA 3 A C38F C4 A= 25 AW
73D E7 AEZE Fos A AR O3, Fa 36 = 25.44, P < 0.0001;
C4, F3 140 = 10.01, P < 0.0001), 1 ZFA ¥ C3 2 &4 t] #A
et &, C3 A9 Ve s Ad 509 AR 55.6%, C4 A&
2 32.9% #AaskitH(Table 1). Ay 50d HH o2 & w C39 C4 2E9
A el gy 7)1 F e vle 2] 9.491(221.9:23.6), 7.581(80.6:10.8) &

5 FE3 ApolE BAITHCSE, Fags = 12.37, P < 0.0001; C4, Fyq44 =
43.05, P < 0.0001). =, C3 Al=2 FyA=xzUdEE A 50d1t 30.0%, C4

9 oAt A g a3 ESktH(Table 2). 7| FA G+ C3 4
Eo| 7.1%, C4 AEo] 3.3%= C3 2&o] o 2v] ©f Hkoy, F FFA
Al el A kA7 F A7 A A TH(C3 = 33.7%, C4 = 52.5%).
, AR FA e gt A% @ g A wet 2ozt AT
(Table 2). 7z} FEAAA ] 3t LR o oJahd A% a3k C3,
C4 A8 FFoA 5ot C3, Fags = 44.23, P < 0.0001; C4, Fa 144 =
57.12, P < 0.0001). C3 A &2 A7 FAF TaE ZAP]THS] AN
(1960 —1970) ¢+ FHHE(1980 —1990) vt #-9&td o, C4 A& A%
of met A &Aoo w st Ty €39 C4 A& A 5047 514
TNFATF HAAaES FAAH (A7) 46.2%9F 46.9%)(Table 1).
718371el det A= &= FFAA A w2t ERh(Table 2).



A4 Ay e mavks C3, C4 A EFolA #F2sArH(CS, Fase

i
ro,
M
[

4.59, P < 0.01; C4, F3 144 = 15.97, P < 0.0001). C3 21 &9 7|&a7=
A 50d3F 35.4(F 3.4)umel A 38.7(£ 2.8)um=z, C4 =2 4§

41.2(£ 4.0)umellA 48.7(f 4.2)um=z F78Ith &, A 5047F C4 4
= C3 Aol el 7Iear7 F vl o Sbed v (2] 18.3% % 9.3%).

T3 BE FS YIS v V| Far)s AdjyEse} vl dAE BA

AT (Table 4). E= 7554l A3t 2fo|7} FofshA] agtor

EAAEI LS} A7 FAFE Aol wE zko]E B eltH(Table 4).

Sl AA A 30 9zt BEAEUEE 285.9(+ 16.9)70/mm? ol A,
9 4.5% Vs tH(Table 3). 1 Ay} At

4
30 W3 C microiria @ W7 F A= Hit 28.5% A3 THTable 3).
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Plate 1. SEM of the leaf surface of C. difformis(a), C. iria(b)and C. microiria(c).
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Fig. 1. Location of C. difformis, C.iria and C.microiriaspecimens used in this

study.






Fig. 2. Annual mean atmospheric CO; concentrations in Korea, Japan, and

Mauna Loa.
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Fig. 3. Annual mean temperature(a) and precipitation(b) in Korea over the last

50 years.
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Fig.4. Variation in stomatal traits of the three Cyperus species in Korea over
the last 50 years. Values are means £ 1SE.C. difformis represents a C3

species, while C. iria and C. microiria are C4 species.
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Fig. 4 .Extended.
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Fig. 5. Relationship between abaxial stomatal density and stomatal size of the

three Cyperus species examined.Different symbols for both groups of C3
and C4 species represent data for 1950 — 1980(filled) and 1981 —
1999(empty).
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ABSTRACT

Stomatal responses of C3 and C4 Cyperus species (Cyperaceae)

in Korea to elevated COs concentration

Kim, Chayeon
Department of Biology
Graduate School of Education

Sungshin Women’ s University

Atmospheric COy concentration was about 280 ppm before the
Industrial Revolution, but rapidly increased since then and currently
reaches 396.8 ppm. The fact that the rate of CO; increase over the past
ten years in Korea is 1.2 times higher than the global mean emphasize
that it is urgent to understand responses of plants to CO; increase.

Atmospheric CO; increases affect not only plant development,
phenology, and morphology, but also photosynthesis and growth of plants.
Stomata control the rate of COy absorption and transpiration. Thus, COq
increase may affect stomatal traits as well. In particular, the effects of
COs increases tend to be greater in C3 than in C4 plants. Despite the
importance of stomata in photosynthesis, little studies have been
conducted in Korea regarding the relationship between CO; increases and
stomatal traits. Thus, in this study, I examined variation in stomatal traits

— stomatal density, epidermal cell density, stomatal index, and stomatal



size — among C3 and C4 Cyperus species, which are common in Korea.
In order to control potentially confounding phylogenetic effects, three
Cyperus (Cyperaceae) species were selected: one C3 (Cyperous
difformis) and two C4 (C. iria and C. microiria) species.First, I examined
the temporal pattern of stomatal traits using specimens of the three
species collected between 1950 — 1999 from a number of sites (36 —
38°N). I then compared C. microiria specimens collected from the central
and southern regions of Korea collected between 1970 — 1999.

Over the last 50 years, CO, concentration increased by 80 ppm.
During this period stomatal density and index of both C3 and C4 plants
declined, while epidermal cell density and stomatal size increased in
more recent years. However, C3 and C4 plants exhibited quite different
patterns. During the last 50 years, reduction in stomatal density was
greater in C3 plants than in C4 plants (55.6% and 32.9%, respectively)
with an opposite pattern in stomatal size (9.3% and 18.3%, respectively).
Therefore, C3 palnts are characterized by many, small sized stomata, and
C4 plants are defined by smaller numbers of large sized stomata.
Similarly to previous studies, stomatal density and size were inversely
correlated among the three Cyperus species. The increase in stomatal
size is likely to be a physiological response to compensate the decline of
gas exchange and transpiration due to reduction in stomatal density.
When comparing C. microiria plants collected from central and southern
regions, none of stomatal traits showed significant differences. If

stomatal traits vary with local environment, it may be difficult to find



significant differences in stomatal traits between regions. In order to
assess the regional differences in stomatal variation, analyses
incorporating habitat information for more number of species may be

needed.



APPENDIX

Survery of stomatal responses to atmospheric COs concentration

(Royer 2001)
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