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Effects of elevated-CO, concentration and -temperature on the phenological and reproductive

responses of Baktae and Seomoktae, Glycine max (L.) Merrill"®
Jae-Hoon Pari’, Kyu-Tae Cho’, Sang-Bum Kim’, Rae-Ha Jang2, Young-Han You™

2 o
B Aol AF2dst 2404 o] Fa ZEQ] Weel AR AEAE, A 5, UE71Y vty 4, 7]
AT 5 34 % F 25 &, JEMAT F 4 FA, 25 gd T4 ¢ 189 F4 stue] FA
oF ¥he-S YotE ot o] & 93 COYsmrt dut ti7| 243} 22 279}, COrs et 228 A5AlZl At
Zo] 3o AeAA BAEAT COEEE 540 ppml 2, S5 A2 77} gRTET; 2.2°C ALsteE
sttt 1 A3k welel Hx HGA7], AEEH Mz A7 G517 2 FET AEtolA =ol%
Wefet AEe]o] o, 7HA] 28 Y&V wt e £ 2ol A ko] 2ol 7h flH oy AEE ] 7HA]
= Aol A 6ot Aot wiefo] FA shubg BA mEEG FA = 2 At 7 Zpol7k glgl o,
AENAG & nRe ok AENAT F T4 v d2FEG AgFo)A Fdoh. 18U BT & S+
2ot A ko]l Zpol 7k glodeh AEE Q] F2; stug EA mEEY A = 2ot At 7F Afo] vt
gldod, AENAY F nEe S RFEG A FoA Hoth E, AENAT T T4 = g2 A+
7L Apol7b gl o, AENAG F F4 A= d2FEE AetoA o ZhHSic oo & uf, A F SR
el =S4 #7F Fasta Asee Hx A, Ak AsA7], e 7k YA 7I7F Zol A, 1 AT mEe
9 T2 FATE Fas o] Aol Eoj5 Aotk o]Hd MAT AFE Ashe A AF2dsto] tigh SA4H4
9 A wbg Aol T3 AR &8d Aot

A %

aAs

=
=

S
a1

2 o

TQH-IJH_L,;‘::'D'

Rud

F20]: X|2ttEl 3, SR

ABSTRACT

In order to elucidate the ecological and phenological responses of bean under global warming situation, we
investigated leafing and flowering phenomena and growth traits of Baktae and Seomoktae in control plot
(ambient CO; concentration and temperature) and warmed plot (elevated CO, concentration and increased
temperature than control) in green house. Average CO; concentration and temperature were set 540 ppm in
treatment and higher 2.2°C in treatment than control. The appearance of leaf unfolding and the initiation of
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blooming and fruit maturing in Seomoktae were late in treatment than control. In case of Baktae, the number

of'total pods and seeds per plant in treatment was fewer than that in control. For Seomoktae, the number of total

pods per plant and weight of total seeds per plant were decreased in treatment than in control. Thus, the number

of pods and seeds of Baktae declined and the production of Seomoktae was decreased under global warming

condition. This result indicates that site selection and crop yield for cultivating of the bean may be changed into

new area due to global warming condition.
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At Eeisol U WA 7| S Hgtol o
1 Yele f7] F COysx9 Z7lo]th(Kobayashi, 2006).
Abdsl 2719 Bi7] F B+ COys=E+ 280ppm&l oLt
(Houghton, 2004) 3} AR o] &0 & ¢l5le] 2005 o =
379ppm o & 23| 718} tHIPCC, 2007b). 3H=o] 3
#7122 AT 10087 1.8T F7Hl=d o] ¢4+ &2
712ve] AR 71 2446(0.8C) At =% th(Ministry of
environment, 2013). o] 24 &Lx7} X &ZH 02 Ar5}o]
Ao Hat 7] 20] @A ETF 1.5~2.5°C o]4 F7hetthd
NEZ9 20~30%7} B2 ZAo|th(IPCC, 2007a).

AF2dsts AeAddddE 93-S Sh(Sherry et
al., 2007). 27 x70] WalstH A=A M4 GA 9 A2t
A &717k, A% depA =], ol AL 7| THatel A A+
A 7|2 1Y AAA FFe B o Fag AxE
A AF2ETH(Nordli et al., 2008).

E3, 7] 5 COrsed S7he HEEE 2274 12
E X E9 Ao og3ke Zrh(Kimball et al., 1993). &
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Y o)X o (Norby et al., 1999), v|=+ZU S (Liquidambar
styraciflua)® ZHE = 2.2v) 271514 th(shortis et al.,
2004). 183l vl =LA} F(Phytolacca americana)®] U=
Zdolet o Z MqatE| g (Phytolacca insularis)®] ¥ &
7FeH(Kim, 2010). ZL2{u o] e} 22 o & thofaiao
(Aster altaicus var. uchiyamae)®| A AR} 2| 5HE A=
ZFA 9 tH(Han et al., 2012).
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(Choi et al., 2014; Ku et al.,
2014; Lee et al, 2014)7} Wo| o] Fo|A L4A|qt, 7| T H 3}
of e et o) Tat A A k. uehA
2 AN ol F2 AR o]§EE AEolr
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Aol AHEE A=2 viE(Baktae)2} A= Ef(Seomoktae)
oln], AlFol A FAE Tt 2013\ 3ol &5 st
Ao A ahgskelet. Wokgt §-4]5-2 Cho er al(2013)9]
ol whet 37) 9] shof sk 37HAA o] Askitt A
ol A St SR 2t = SRE(AE 22.5em, =
o] 27em)o. &, W& WhAleto] EQFS] 2&7F Y =obR] %]
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7} 517.724351.36umolm™s,529.39+402.86umolm™s ' 0]
At BoFe wmo} AME(SolE Yol g AME, AAuy )
£ 7247} 111 v 82 Ao AMgskT

SHo Zito] w2 o]2-o| 19 7HHoR, 1 9 7|7t
o 2% 7t4 o8 FFatgon Eqfo] ZHTJX ghioll &
& Zo] VA7 A 9t

SHE off 2 Eo] Ajoiurtr] A
°§°§£\_% TE 40~60%, H4Y 60~80%, LA E 0.2~
0.4Mg-m , pH 5.5~7.5, EC<1. 2dSm’, NH4—N<6OOmg
L', NO>-N<300mgL", 4594 <500mgL", CEC 10~
30cmol-L ™ o] gl o},

2. COsEQ 2% X2

COxrel 2% A5 o
w8 dobrs] 9o, 24
w2 okl a3t FUsH A
2, COsre 25 A5A
= /d 2] o}oﬂq

COys =9 &5 &= IPCC(2007a) B 1A 9 Bl AlYE L

oA oS8z 21009 tf7|gHE S 7|Eo® shqlon 7t
Z} 540 ppm, GHb 7| BT} 22°CAHSAIl 2 AR A
SFRITE CO= At ol AAJH 2719 CO7HAF ol A
o9} A% A& 02 mmel TAE £35}9] Gas regulatoro]
A BArEQlon, exl 37| 2 ZAE S th(Shin ef al.,
2012). CO5 59 £ golg Z7(LCSEMS, Parus
Co)E AAR & 10% 7t4 oz ZHste] 1 Holg & 4
kit

COrses TAE T 3YFH +FA7]¢ 8€7HA]
o dlolg & /ol &udt 719 %‘ETE: AH-g-3tof A
w717k &9t Bt d REHAE AoFAL, == A7)zt
oo Ha W EHUAE 8 1 HEHE % stglom,
meantSDE F A5} T}

O Az Ad7]7kel 20139 3YEE UK A E
COyz T t2FolA H 410.26£36.87 ppm, A 2]+
o2 79] oF 1389l 523.96+16.08 ppmO.&, o] Lo
AT s=ETE oF 16 ppm RoITh 2k tf2Fof A
PHF 19.93+7.27°C, AZJE 23 ET oF 2°C =&
22.19+6.44°Co 2 AL AASE Lz B} oF 0.2°C Zorth

O EEWEEEREE
F 79 Oi U=o] COxs
g5t +9L& o) ZF(control)
e

3t
T9& x—] 2] 7L (treatment)

(e

e 224 DRI Welk A7, du44S T
3 2 3}9th(Min, 1994).
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T, AENAT & LR (ea),

4EAAY 5S40 RAQE ZAFHACT, o F 0§
ol @ mEAT £4 S0 £ el SAL AL
et 3 mEAG A9 2k 4 ABANG F B4 48

Fel $2 ivel, £4 sl LA 2

A BAZ ABAAY F BA 42

(one—way ANOVA analysis of Vanatlon)— Al o8
of Hagold AHS 5o % Fol5zl A, o
glol WSS T AT g0 Bt dlolE: TR
t7 A (Paired t-test)S 0]23}o] 5% S-o5Fo| A EA5Y
th(No and Jeong, 2002). o] 2|35t HA]-> Statistica 54|31 7]
Z] (Statsoft Inc. 2006, Tulsa, USA)Z2 A] 3} 5] ¢ict.
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oY mH

1. ASAZEH S

Weio] Qe 59 6o TN WA, R o
2700 32 2o 5Y 7o) AFE T Asket dn)
w0 ASA7)E g2Te HET BE 64 164, 64
o, 89 169 £02 ekt ARe ] Age a7
Hel 7 BE 59 6%o] AEom, Ask 247t 69
169, 6% 170, Qo e w 6% 22, Arj%
2 89 139, 8Y 169 &0 2 A= g rh(Figure 2).
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Figure 1. Average of CO, concentration at interval of 5 days in the control(ambient CO, concentration
and elevated temperature) and treatment(elevated CO, concentration and elevated temperature)

from March to August
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Figure 2. Phenological spectrum for Baktae(A) and
Seomoktae(B) in control(ambient CO, con-
centration and elevated temperature) and
treatment(elevated CO, concentration and
elevated temperature) of green house(l;
leaf unfolding, 2; blooming, 3; pod devel-
opment, 4; pod maturing)

AvpA oz e o] A7), A=ef o] /H3tA 719 S
BEAZI7E Aol A=A vebgtth o9 fARSHA, ©
OF& B A 0|(A. altaicus var. uchiyamae)= COryx =9} &%
7F S7HE S W ANSRAL T, EE AEA 7], A 517
7} o] ZthHan et al., 2012). 2131} o]} vt &2, Zuju}
2)(Cicuta virosa), /3 X Z(Bupleurum laissimum), 73 A}
F(P. insularis) 12|11 )| =EZ2]Z(P. americana)®] A&
A-LE COrg=dt 227t 7145 WA s Aoz |
15 HKim and You, 2010; Lee et al., 2013; Park et
al., 2014). COrs =9 =7} FA|o] A3t S|4 &
of uteh AEAAEdo] GEA Yehts A2 AEA A

gt 44 2Ho] Fuirh th27] off#(El-Kassaby and
Park, 1993)0]2t= Bk Qly. Z1efuf 11 ofof AEA4E
A4 g 9717 B B RE W) o (Briges
and Olney, 2001), 2 A g oA veld & 7+ A=A A3
Hheof Akl AE717E E9t Fel

f

j8. [e] T M
e,
2. d= HtS

250 COp =7t S7HS o Wejeh A Eefe] =3
Hhe& dobi7] Sl o, 7HA el dE7]9] vy fE
2013 SYRE 7Y7A 45 HA 0w SASGIH. 1 dat
Wej o) ol 4, 7hA 4 2P 4E7|Y vy e wid
2ok A2 2 Zol7h ik A =E Y o o dE
719wt 4t w2 hek APt 7 Aoz LAt
7HA e 5ol Abol7h gl ey 6o tj 2R A
Foll A a3t aL(p<0.05) 7o FolEo] thA] Atol7t ¢l
A TH(Figure 3). o]HA 220} COygL7} F7Het 27 of A
6ol AEe PE719 27 uprfolA 7FA 9] FAJo] AAH
R 7HA A7 =olxl AR Bl E3] 692
Zo] YE719 7HA 9] mir] oA A H = Al7] Q| (Figure
2), o] 717te] 74A u]g AL A= YRS Fovkal &
S

COx9 5&7} F7tstH A ol(Plantago major)®| %
9 47} wol Akl &l A Qlth(Poorter ef al., 1988). 1
olfr= YA LR COsrt S7HotH Y& FA 5= Al
EZ Y COEYol wobA FdEe] F7hstaL, Fe4d9
2 AWAEE Wolx]7] wjFEo|th(Taiz and Zeiger, 2006).
FAAol= AEAY AUA FE& FASH] YA ol
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Figure 3. The change of the number of total leaves, branches and nodes per plant of two beans in control
(ambient CO, concentration and elevated temperature) and treatment(elevated CO, concentration and
elevated temperature) from May to July([]; Baktae in control, ll; Baktae in treatment, A; Seomoktae
in control, A; Seomoktae in treatment). **on the graph mean significance at 0.05 level between control
and treatment groups. The leaf areas of Baktae and Seomoktae are 66.91£12.51cm’, 64.33+10.65cm’

respectively

A ° ol Aite Ede AR FAtER AGE o
A5 H| = Z7}18kch(Poorter ef al., 1988). 1L} wHE] ¢}
AEE e 9 COyg=et 2=7F st S dqA =
29k ZFol 7k gldth o ofutE COys= A5 Hrt
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Figure 4. The weight of a seed, the number of seeds per pod and total pods per plant of Baktae and Seomoktae([];
control, Il; treatment). ** on the bar mean significance at 0.05 level between control and treatment groups
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Figure 5. The number of total seeds per plant and weight
of total seeds per plant of Baktae and Seomoktae
(0J; control (ambient CO» concentration and
elevated temperature), ll; treatment (elevated
CO; concentration and temperature)). ** on
the bar mean significance at 0.05 level be-
tween control and treatment groups

t}(Shin and You, 2012).

AgAdel waery A% A%E T 9FE Wwe 5
Sltt(Nord and Lynch, 2009). ©@oF& A 0)(A. altaicus
var. uchiyamae)v £ COy 5= 2= A A 7]7}
=o1A FA7E A&str] Aol AEE sol geiE e &
Slth(Han et al, 2012). & A1 = CO s &%7}
7S W AEE S 7hA FAA7IE B o) sl 77t
ol AEAMAY & LFY $4 & SAFAT a5
th. ol ghall, Wefo] F T4 0] Hae AEAE Motz

Table 1. The measured items and results of phenology, growth responses and reproductive responses of Baktae and Seomoktae

Measured items

Baktae Seomoktae

The appearance of leaf unfolding

control is earlier

control=treatment
than treatment

the initiation of blooming

control is earlier
control=treatment

Phenology than treatment
the initiation of pod development control=treatment control=treatment

. . control is earlier

the initiation of pod maturing control=treatment

than treatment
The number of total leaves per plant control=treatment control=treatment
Growth control>treatment

W The number of total branches per plant control=treatment .
responses in June
The number of total nodes per plant control=treatment control=treatment
The weight of a seed control=treatment control=treatment
. The number of seeds per pod control=treatment control=treatment
Reproductive

FespOnses The number of total pods per plant control>treatment control>treatment
P The number of total seeds per plant control>treatment control=treatment
The weight of total seeds per plant control=treatment control>treatment
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Ak 5 gtk oo fd 1L FdAHoE QT hUF of the intergovernmental panel on climate change (Metz, B.,
(Glycine max cv. daewonkong)®] % HEg] 29| 70| O.R. D.aV1dsor.1, PR Bosch, R. Da?ve and L.A. Meyer eds.)
o5t A7) B s 9ol (Jung et al, 2012), e} = CO, Cambridge university press, Cambridge, New york. pp. 27-30.

FEEG L5 449 4TS URS el At 13
U & dlAE COsE 2718 &% AL 77k A g
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olgj3t AWE FFa| HW(Table 1), AL H3}7} ¢
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