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Effect of Elevated CO, Concentration and Temperature on the Phenology and Reproductive
Ecological Characteristics of Bupleurum latissimum (Endangered plant) Lee, Seung-Hyuk,
Jung-Kyu Jeong, Kyu-Tae Cho, Rae-Ha Jang, Young-Sub Han and Young-Han You*
(Department of Biology, Kongju National University, Kongju 314-701, Korea)

The objective of this study is to investigate the effect of elevated CO, and tempera-
ture on the phenology and reproductive ecological characteristics of Bupleurum
latissimum. We measured characteristics of 4-year-old B. latissimum grown under
control (ambient CO,+ambient temperature, 340~ 370 ppm) and treatment (elevated
CO,+elevated temperature, 690~ 770 ppm) conditions in a glass house. The period of
flowering, fruit appearance and fruit maturing was earlier by 4, 1, 2 days, respectively,
under elevated CO, and temperature. The comparative weight of a single ripe fruit,
all ripe fruits and total ripe and unripe fruits was higher per control than treated
plants. However the other characteristics, such as no. of peduncle, matured fruits,
total fruits per plant and fruit setting rate per plant of B. latissimum were not signi-
ficantly affected by elevated CO, and temperature. The germination rate of B. latis-
simum was higher in control than in treatment plants. These results showed that the
phenology of B. latissimuin might be well suited to an earlier growing season, and
the response of reproductive characteristics of B. latissimuin is negatively influenced
by global warming.
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AF2:s7t A2

7]e-& At 9747k (1912~2009) ¢F 1.7°C AH&ahslot.
ol A A7 it 7|24kl 0.74°C2| 2wl o] /Fel A
o2 A AFHL L5 F4E Ak gleh(PCC,
2007; Korea Meteorological Administration, 2009).
T AFEsE A4 AR F 15~37%7)
20503 7}#] "H&3 98 A o] ¢)3(Thomas et al., 2004),
TE Asatest AA] Fxo 7wl 2 WIE
o o 7]3 ¢)om (Chapin et al., 2000; IPCC, 2007), £3]
Fou} oe) o} D AR Wt 5 HBAL o
gk oggFo] FEsbAl Yehar 9luk (Nordli et al., 2008;
Kim and You, 2010c; Jeong et al., 2011). < %2y}
o BA AEAAL 71FHEtE s WA Aeke]
FEsta, 7 A EAIAES 2elA 2 Sl (Lee, 2011).
CO; g=s} £x9] F7hs FENEH 22 AE |27
AN e AlEe] A AN Qe mAn gw
(Idso et al., 1987; Kimball et al., 1993), 7 Fo|A = &
A FEL71e A AA AT AL 3 FFES] T
7 A Aoz o AElEl (Maschinski et al., 2006).
g, A AAM o= A3} (Apiaceae)t= oF 3004]
431 2,500~3,000 HFeo] F2 20 AW Ao
= B ¥3lt) (Mabberley, 1990). 7 3 A|3<4:2] 180~
190 #f=o] H2d Aol F23}L, o] F 1504 Fo
58 feEfa]ofel] H-=Z3H) (Liu et al., 2003; Neves and
Watson, 2004). g+ A]& (Bupleurum falcatum
Linne)E B]F3}ed, 7/ Al & (B. longiradiatum Turcz), 5
Hj A] & (B. euphorbioides Nakai), A A] & (B. latissimum
Nakai), ZA] 5 (B. scorzonerifolium Willd) 5-2] 58F+-
o] ZFAJZICE (Lee, 2003). o] F AAZ: i3 AEAZ
o]7} 70~130cme] 2 3 el AP o] &l AA
38 7H ASA 29 o, SR HakllA R53F
on bt 30~58° o)1 §7]% Fepol T ok A
o] =eFsAo] A28k} (Kim, 2004; Kim et al., 2006).
ol 3t Az AR &5 3 2= &

stry of Environment, 2012).

FEH e 7ta e AES Ad 2 »Asta, Bl
AsME 2 o Aot A2 E= B A A,
AR A gt st A z2AL FA AL AL
B9l A " FAH DA olell A3 AFH
7 2=l A e Sell st g8 shotehe
710] W4A o]t} (Given, 1994). A Z7HA] A Zo] s
e84 (Kim and Yoon, 1990), &l -84 (Choi, 2006), %
Zuff& F3 714 (Kim, 2007), AH8A] A& (Ahn,
2007), 4=%-7]2 (So, 2008a) 2] 3 H-73}H4 (So, 2008b)
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Aol 283 A A% (B. latissimum Nakai)x= ZA13
B ol It A W E9kaE AMERE (=
51cm X A2 15.3cm X o] 12cm)ol] o} A|Fe} 1 F,
94 6<dell 1mx1m 3jetell A7§AH o] ste] Afuljstsd
o 2l Al IAkEE B2 AbdEela, Bk w2
3] (100%) H¥] w59 u]E 20%= stsict v]se] <
ofA= NH,* 80~100 (mg L), NO; 150~200 (mg L%,
P,0s 230~330 (Mg L )¢} K,0 80~120(mg L )3l &%
Hpol e AE (5, AR FEohsieh el AlH st
71Ee] AAE A& AHST FE2 AFelE 2~39
HHoz 1 sl 4~59 Aoz FHEIAH & A
-2 20104 39R¥E 20114 7471A] A

feed WRE Has HelTe thre] WYY
o Az duidr)e] =9 ojabsgtAs = (340~
370ppm) & 33Tt M]3 CO, =8 HE72] o 2
] (690~770 ppm) 2 ALAI7] A, 2EE TR o
HF 2°C A=A 7T} (Figs. 1, 2). ©]= IPCC (2007)¢] B1
Al F&dst Al 2ol ZAEH Aol elEl A
o] 2x= ZH7F AlEA Feolol HAHE Heoly %A (TR-
71U, T&D Co., Japan)E Ax|sle] A slie) 22]7-<]
2= 3 AR s vlelE o]4sle] 2,
CO, 5% A CO, 7k% (8 4kg) 270 & A3t
215 0.2mmel A5 At X7 AA EAFsE
Ark CO, Tt oAbstelah = A =7 (TEI7001,
Onset computer, USA)2 =33t & Gas regulator® =%

Aol A5,

i)
)

3. A&7

q

MEALS S4 F52 M7} dzTelAM N3} <

&



382 o5 - HET - mTEN - Talst - AN - Rt

900 == Control == Treatment

.,_,__,_:/:—--f--..,_,_:——-:——.-..1._:_‘\_/_...___-:—-;%.;__.:___:__:.__;,.._:,..,_":

CO, concentration (uL L %)

April | May June July

Control

Treatment

[ fruit maturing
fruit appearance

J|F|M[A|M|J |J[A|S|O|NID J|F|M[A|M|J |J[A|S|O|N[D
2010 2011

Fig. 1. Average monthly CO, concentration in control (am-
bient CO,-ambient air temperature) and treatment
(elevated CO,-elevated air temperature) from Jan-
uary 2010 to December 2011. Values are mean+SD.
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Fig. 2. Average monthly temperature in control (ambient

CO,-ambient air temperature) and treatment (ele-

vated CO,-elevated air temperature) from January
2010 to December 2011. Values are mean=+SD.

odo] Meld fge] Holk A7]E HLow
sahoch dv) AN Qe o] ghds Weln F, %ﬂﬁﬂ
Holx A7|= il dul] AsAl7]E Gull Aze] =
Ao Al 2 = 3 e} o Wdle] A o
w7t H9S 92 39} (Korea national long-term eco-
logical research, 2005).
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Fig. 3. Reproductive phenological spectrum for Bupleurum
latissimum under control (ambient CO,-ambient
air temperature) and treatment (elevated CO,-ele-
vated air temperature).
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20109 39 5% AAE EAE dzTe A9
AL EEfaE s (712 51em X M2 15.3em X 3=o] 12
em)sll 27t 10094 S1Esiset ok AL T
Q2 HE] R wol= el w2 d}gda, ol 2} o)
A ghos e Ag Wobz 1Fse] 159 e
54 287k Eekow Fldigle)

54 A5 dz79 2273t ztel= Statistica F
A 3] 7] %] (Statsoft Co. 2006, Tulsa, USA)S A}L3}le] =
A x;E T-test= 519t} (Nho and Jeong, 2002).
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Fig. 4. No. of peduncles per plant (A), no. of matured fruits per plant (B), total no. of fruits per plant (C), fruit setting rate
per plant (D), total fruits weight per plant (E), Weight of matured fruits per plant (F) and weight of one matured
fruit per plant (G) of Bupleurum latissimum (4-year-old) under control (ambient CO,-ambient temperature) and
treatment (elevated CO,-elevated temperature) conditions in 2010. Values are mean+SD (n=4). The different
alphabets on the bars indicate a significant difference between control and treatment groups (p<0.05).
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Fig. 5. Germination rate of Bupleurum latissimum under
control (ambient CO,-ambient temperature) and
treatment (elevated CO,-elevated temperature) con-
ditions.

< 27 AR Abelzt gladet (Fig. 4). T2t o] ohe o
27 AA s A3 gu) 8l A, A3 ge) A
Telm & g e HETo AelTec o FAE
93 o] BF BAMoz o8 2|2 RS (Fig.
2). ol2)q Az AN 50) FR} Sl Zfolr} glAg,
4 2AE A2t AelFuet w4 ekt Astels

3. o}

HA 5] el AN Hel Tl M 49 289, 2T
£ oolue 19 % 49 2096 HAE S Bob
00 AT7t el 2T 38elgleh HETE
SHE F S5UAVE B o el 94 g AA7A

el Fshe] Wk Ao} A% Z7haksict (Fig. 5)

| &t

B AFelM AAse] e 4~59 09, AAY]
+ 5~6dolh o)A ABALS Thrd #7429
sl 1 AZI7F AAEE, & A HAlze] A3
Al7], @ulf HAIY 23 dej o] A A7l A=l
dxTuct 49,19 Tel3 29 wsich AEe] A% B
Mol AL w329 2=7F 7B "IksE 89le=
o= ¢le} (Chmielewski et al., 2004; Ho et al., 2006).
=3t et A AEAAELE Fr)ee] 1°C AT
o] wel 2.6~50Y YIFAAE 73S Ho|:=1 (Lee,
2011), £419] A2l T AP 2L CO, wEe| F7h= 3
F o 2C8 £X 45E wol A NEAHel @
FAZ Aoz Helg 929} FARE ATF2E D73k
o) }-E (Silene armeria)el] CO, =55 Z7}X|ZH

- mefst - srell - R

Y MEe] A]7)7) ezl - (Purohit and Tregunna,
1974)} CO, =5} &% Z7lo] we} WE9l7] 544
£ Swue] (Cicuta virosa) 23483} 43482 Zoi 3 A
A3t aelm FAYHL) A7) ek 47 At 9l
o} (Hong, 2012). =3} 3H=EAMAIEQl Axle]|33 73}
N mFAelTe] AEAE AFE CO, pEs) L7
24855 A, ZARA, A, et 44717
wlzld o} (Kim and You, 2010a). o2 3t 2] B4 A o] e}
ARE sk Z)aste fegsoz Qs Au
oltba skeiTh (Jo, 2008).

AT, CO, $EF S/ FAL 9 A3} we)
A 92 AFel 2] 2 (Pharbitis nil)z} =xnle]
(Xanthium pennsylvanicum)= ©7]7F %9 CO, x5
Z7IAFGE o N3 A E 92 (Purohit and Tre-
gunna, 1974), off 7] &4t o] % (Oenothera laciniata)-> CO,
$EE A FAE W AL 3P wA o
stom, $EolEL B CO, FrolA 23]2] AFA]
7} 271} A doju} (Carter and Peterson, 1983)
Ao} hesl 23w u) ek oA A%l wehA
CO, F=o &=0] F7P} Ad3e vAA & A
¢l31 (Garbutt and Bazzaz, 1984; Usuda and Shimo-
gawara, 1998), 238 =& 7+4A)7]7]1= sk=4d, CO,
sl 2% 27l weh 259 AU wge] e
Ao Amultt & o4 71X7] wgeleh (Kim and
Kang, 2003).
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o|XH AEAMAZ|] W3 AEe] AR i
S w|Fleh 1 o) f AlERE) BoF R oF
& Fheta FPAE e 49w 279 71z
W 3le)| o338k 7] wjZo|c}(Nord and Lynch, 2009). &=
gt A3t el 5o M A7) A A v o 2 A
WA zE A5 A4 AN e Foh (Aizen
2003).

Arze] AA7I ZA A WA T 3 e A5
oA S FAo] 5 F A & B FA 1Elx

—

AAENA 2T ztel7E iRk HAl 7 A5sE A
g FA, AL def Al 2=l F dells A
TR dz2TFelA o FAgS AAHez £ 9, CO,
FTEo 2= Al wet HAlse] AR Ee F
2Le] Ao 7FAastAt

FAL 55 Axv 2= AT B a2 F
9] 3}A sk wk=g (Fenner, 1992; Hong et al., 2006),
Tl E AAlE F2F 55 A7l CO, 5= 57t
qlal]l zpAY o] 3 F7]2 (15.4) Bt} (Korea Meteorological
Administration, 2010) =2 7lo] AAs A FAZS F+
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2AA FA AAb] FBAHQl ke e oz Ml
o}, o]¢} FARSE AF 2= E3H9] Medicago lupulinag}
Trifolium mediumel|A] CO, =7} Z7}3td Zx} AAF
gFo] Z}A 3}l a1 (Thirig et al., 2003), S5} Fo] 5
FA)7]el| CO, F=e}t =2 F7P7h FAF WA A
AZletz ®3¥ v} 9)o} (Lobell and Asner, 2003). 18]
IR ATt 2 24 mFAE]F2 CO, 053}
2=7F SRS o, ) gull b FA A2
Bt 4 gorAIwh gel & 7H A= ¥ (Kim and
You, 2010b). ©hefz5A o= A & 2o S0} A, &
92 2R A 24 ) 22T EA ) ) R
= 28] F (750~ 800 ppm+2°C AF&) R} o) =T (360~
370 ppm)el| Al o gar F-7 ] or (Han, 2012), AAt=]F
& RE 3o 2]2]7F(700~800 ppm+2°C A5) B} b
Z7(360~370 ppm)ol| A © 2 z}E}(Shin, 2012) £ &
Tol =3 AL Bk
AR 3% 5 B4 4x A8 AAA 3
o = 7)eis)e] (Baker, 1074), 4}&o] FAE o] A
AFERE A7) FAE =)= ztebxlthar ko (Werner
and Platt, 1976; Harper, 1977). 3}A]9F 98] <Fol|A
F2 1 Ao} 9w HHolg AN Qu) T D5
gre] Aelqelxl aFuet o woker] FAHezE
Fol4e] slsleh olei® FA BA gar g
A zZolu} 27| A e ©3F& F37(Shin and You, 2011),
ZA)e) ol AEL FAHS) Fro] w]el g (Hendrix,
1984; Dornbos and Mullen, 1990). AA]&2] Hto} Alg]
Ashe wm, el AL A2l 9ok et 19
A 9% F AT 6826 o o4k Helr) delu}
A gisk AEFE 829 o) F4E Helh delubA) gk
Steh wobge AelTvh HamFuet 31% Releh o)k,
CO, ¥ =7} 350 ppmEr} 750 ppmef|A] phe- drolg-& B
¢l o] 717} (Andalo et al., 1996)<} © =7~ (360~ 370 ppm)
B} A2 (750~800 ppm+2°C AF5)ell A - whobg
& 1l RPHRA ] (Han, 2012) A7-5} 23keh. wieh
CO, wEsh L= A5e A|Hez Az A4
533} wholol] 33k A Aolm, oo A3tz % ),
CO, Fws) £ Aol HE AAze) AuARL we
A Aol e B A de B

o« T o RES [<B<IE=1
oz AlsEd.

=~ o
= i

ATt hel] w2 WEA7IAE A5 AEAAER

AP ubg-2 delry] $J3led, 434 AHAEE
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2 AT o] FEAlA AGAA - 6w
Ssieh A% A7) AT AETact 49 Wska, o
ol AR AT xFuch 19 we) AzEgle.
w, % A7)e Aol 9ok e 29 wsieh 1
3 WA & A 5 A3 Guf) 4, 2 o] 4, A o)
P, % Whed) BAEE AT A7) Aol
Q. 22} AR Qu) @ o) T, 45T el
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