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Abstract The present study investigated the effect of global warming on germination and initial growth
across six deciduous oak species (Quercus mongolica, Q. variabilis, Q. serrata, Q. dentata, Q. aliena, and
Q. acutissima), which are the dominant tree species in Korea forest ecosystems. Seeds were sown in climate
change treatments, with temperatures higher than those of the control (approximately 3.0°C higher), and CO»
concentrations higher than those of the control (approximately 2-fold higher). Initial growth in each species
was measured every two weeks. Initial growth was more rapid in all oak species at the time of root and shoot
emergence under high temperature and CO; treatments than in the control group. Leaf emergence in Q.
mongolica, Q. variabilis, and Q. serrata occurred earlier under the climate change treatments than under the
control. Root length increased significantly in Q. mongolica, Q. variabilis, and Q. dentata under the climate
change treatments when compared to under the control. However, Q. aliena and Q. serrata exhibited a contrasting
trends, and no significant difference was observed between the species and Q. acutissima. Shoot length increased
significantly in Q. aliena under climate change treatments when compared to under the control but decreased in Q.
aliena. In addition, no significant difference was observed in shoot length among Q. mongolica, Q. dentata, and Q.
acutissima. The results showed that climate change treatments facilitated early growth, rapid emergence from the
ground, leaf development, and enhanced belowground growth in Q. mongolica. Conversely, Q. aliena exhibited
the lowest aboveground and belowground growth under climate change treatments when compared to other oak
species. Climate change treatments had the least impact on Q. acutissima considering the insignificant differences
observed in initial growth rates under climate change treatment.
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AATH Fot7]22 A3 o] " 7]&2] (1850~1900)
o vla] 2F 1.1+£0.1°C ©§ &%t (World Meteorological
Organization, 2020), $-2uete] 7]22 w30 AJZd
191292 2017@7H4] (1069) B 0.18°C/1049 9] 7]
HIRE2 A4S o (Ministry of Environment, 2020).
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Measd AtE= =
Fotar sy 9 2T Hor Fa4dS AR
o (Lee, 2003). 2 Ugtol A B2 WAS AR5
= 94894 FUF 4 (Genus Quercus)ol= A2
(Quercus acutissima), =Y (Q. variabilis), AA1ZUF(Q.
mongolica), YT (Q. aliena), EF U (Q. serrata), §
ZUE(Q. dentata) 5 6EFTT 1287 AAnFE
o 3= o] Utk (Lee, 2003). ©] FUFS2 T2 A=A
A flell @t At ol A= thad
Wad, Wetd 29 WAool 4% derduie &
AHLE Ab7)gol A shE EHao R
A7 H =29 AR ddolA fHA FE 4 Ak (Song,
2007). 2UF = WES gol W Aubsta dxgt X
oA WAdstH, o] W= wolgo] ZFskm (Lim,
1995), =9 A X oA st AZdUFE= AR 9
FTEE o] S=7F =& APHYA A A4)8}= (Kim and
Kil, 2000) 984 a5oz uzte] tfEFQl AHy
< °o]&tt(Jang, 2007). Z3UF = 3 120~645m HE
oA HAFY YA Bt HAEE 18.4°(5~30°)0]1L, §
ZUE = Bl 712m, BHAAF 25.3°2 A9 949
UEhA] g 3ol Agstar itk 4Z4uUE I Yoll=
EFYUT, TEFUE, 23U, 2247 355 of
AEF 2 FEF| AL e AL nFol o

Fois o5 Eashs AR BZET(Bae, 2005).
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v Ao 8 ALY FUF= Co '

2 sl ot FdF¥FeE I A2 o AA
of e FFE L= AR S5 Ut Choung er al.
(2006) 4 Y] dA el 2 FEA ot ¥ UHFL
2} (Q. variabilis community), 2U-F72} (Pinus densiflora
community), A2 U722 (Q. acutissima community)
9 GZRLE (Q. dentate community)S SV
(Q. serrata community)o|W A1ZWE2(Q. mongolica
community) 2 2 ZZ} Ho|7t AFyPd AL 2= o &3t vt
At 2 FHo A JFUHFE SR CO9t 71> A
ol ogt FFS AP d= WA gon, A volH
o &4 A7t BEsto] AF2dst shg oA 9 i
TS A&t g4 gk & dite AF2dse] g
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CO: 5= 94 7|29 g dgA T 65Y 27|
A% Mk E45kaA} skl

2 AN AHRE =ED = 8HRE 999 ALY
oAk Ao opitel A AR Aoz, LEvet 44
ol AU (Q. acutissima), =UF (0.
variabilis), A ZUE(Q. mongolica), ZZ YT (Q. aliena),
EUT(Q. serrata) 183 AU (Q. dentata)®] FAt
ot AFPH =R Z FUE TEHE E7T § 9
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Matsuda and McBride (1989)«= AUF £x}9l =E&]| 9]
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Fig. 1. Monthly mean air temperature (up) and CO: concentration (down) in ATAC (Ambient Temperature-Ambient CO2) and ETEC (Elevated

Temperature-Elevated CO») throughout the experimental period.
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2245 d|o]E|= Excel TZ 13 (Microsoft CO. 2013)&
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Table 1. Variations in the appearance period of above- and be-
low-ground, leaf under ETEC (=" means appearance faster than
ATAC, “0” means no difference).

Species Organization ECET
Above-ground —28

Q. accutisima Below-ground —63
Leaf 0

Above-ground -52

Q. variabilis Below-ground -9
Leaf -36

Above-ground -50

Q. mongolica Below-ground -3
Leaf -29

Above-ground —-14

Q. aliena Below-ground -14
Leaf 0

Above-ground —-22

Q. serrata Below-ground =5
Leaf =23

Above-ground - 14

Q. dentata Below-ground -2
Leaf 0

= A o Wit

A9 Atz A2t AN FEE FUF 659
AsHE 9 2R S@A7|7F BebdS Yulste AL
2, 1%7} Eoplo] wat 7]20] 3H}ste] =E o] A4t
9 2517 S@A77F = A= Ao e ol 5%l
t} (Matsuda and McBride, 1989). 3t AlZv}g e} 3k}
F7F 23 s oA oA 7| 7F etk V)& ATt
b= 2okt (Park et al., 2019). $HH HZUF O] ¢ A4
243t S oA AGRY 2dL WAy AR W
o}go] Wold Aoz A7 v} 9lo] (Jung ef al., 2017)
A5} 24RO Hhgo] N2 AFEHe AoE udd
o} 9 A7) Tttt Zol7t Qlo] 213}t S oA
SRR, AZUFE 283 E3UE e gel weEkRa
U z|oA= SdAI7] Zol7t gl ol FRF,
AZURe EUREE 293 A o uzstA bk
3t A&7t Eold & e 7HeAE BT A
o2 AG2ds}t AN FIUE, AAUE, E-FUE
O NG FHAZI17HA w7178 420 1759, 159 1
g 201 AFE A+ A} AT (Hong et al.,
2018).
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Fig. 2. Initial growth increment (below-ground, above-ground and number of leaves) of Q. acutissima seedlings under ETEC and ATAC (The

alphabets mean significantly different between ETAC and ATAC, p<
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x
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Fig. 3. Initial growth increment (below-ground, above-ground and number of leaves) of Q. variabilis seedlings under ETEC and ATAC (The
alphabets mean significantly different between ETAC and ATAC, p<0.05).
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Fig. 4. Initial growth increment (below-ground, above-ground and number of leaves) of Q. mongolica seedlings under ETEC and ATAC (The
alphabets mean significantly different between ETAC and ATAC, p <0.05).
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Fig. 5. Initial growth increment (below-ground, above-ground and number of leaves) of Q. aliena seedlings under ETEC and ATAC (The
alphabets mean significantly different between ETAC and ATAC, p<0.05).
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Fig. 6. Initial growth increment (below-ground, above-ground and number of leaves) of Q. serrata seedlings under ETEC and ATAC (The
alphabets mean significantly different between ETAC and ATAC, p <0.05).

(Lee et al., 20200 SA1E9] w2 wrolo} Y7 159 9]
357] 9% (Hong et al., 2018) 52| M3h= AZUE &
Az A5 284 d Aoz A

AR 2R 181 gZyRE | 1edst 3
7ol whE dotet X FR) Ao R Ao 7T A
02 oo} vz FFUE AR £}
o) ARzt 24z A2 d st eFA Yso] EFet
o IAE HERRT ST ARATE T8 A2
G3h @R 2Tl A AEFT A9 I
#3tol| A Zko] 7k glo] (Cho er al., 2012, 2013) 271447
2 ¥l fle AR dFEIT gt 2 A7l
A RAFRol 28 o] W21 A3 Ao FsstF oL}
B34S WA vl F Fo2 BrhE vk glof (Lee er

ri.°l

al.,2020) © B A Aulr} B Qs
A RE ATeuet BN Aot QAR
2do] W3hgol= 27] AFFT A FAA7]0] Hol
7 glol AL dste] BE JFol Y A Folct. Y
G2t A1 Ast e Tl o we Aol Aolol ik 4
SR 9 47h 2utst Aol F7hsHe
etal. (2010)9] A+ Ao} Akt
DHURE A7} B4 Ao A5k &4
A7)E mFoU 27] e BFYOW, ol B
o A7t AT BHIA o T A AyAT}
S¥Th(Cho ef al., 2012). o] EF Adhe AT 23t 7o
A ZHIRY BEGo] ZolE 4 &S AAL 9

o, mj o) 2

AL Jeong

n}

=
dg

my

O

[e]

EEYL ASIER AT 5 98



30

25+ Q@ dentata —A—ETEC —@—ATAC

Below-ground length(cm)
v

9/19 | 10/3 [10/17|10/31 |11/14|11/18|12/12|12/26

Ist year

26 | 2/27 | 3/13 ’ 3/27 | 4/18 ‘ 424 | 5/16

2nd year

—A—ETEC —@—ATAC

Above-ground length(cm)
(=)}

9/19 | 10/3 |10/17 [10/31| 11/14| 11/18 | 12/12 | 12/26

Ist year

227 | 3/13 | 3127 | 4/18 | 424 | 5/16
2nd year

—A—ETEC —@—ATAC

Number of leaves

9/19 10/17)10/31| 11/14 | 11/18 | 12/12 | 12/26

Ist year

2/27 | 3/13 i 3/27 i 4/18 ‘ 4/24 i 5/16
2nd year

343

Fig. 7. Initial growth increment (below-ground, above-ground and number of leaves) of Q. dentata seedlings under ETEC and ATAC (The

alphabets mean significantly different between ETAC and ATAC, p<0.05).
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