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Abstract

To assess the ecological changes of Korean fir (Abies koreana E. H. Wilson) under climate change conditions,

growth and physiological responses were analyzed over a 5—year period in a control group (outdoors) and in a
treatment group where the temperature and CO?2 levels were elevated to closely resemble RCP 4.5 conditions. The
results showed an increasing trend in annual branch length of A.koreana in the climate change treatment group over
time. While climate change conditions did not significantly impact the morphological differences of A.koreana
leaves, they did influence the biomass of the leaves, suggesting that as climate change progresses, the productivity of
A.koreana leaves may decline. On the other hand, the chlorophyll content in A.koreana under climate change
conditions was higher in the climate change treatment group, whereas the photosynthesis rate, transpiration rate,
water use efficiency and stomatal conductance was higher in the control group. This suggests that an environment
with elevated temperature and CO2 could influence an increase in stomatal density, but having a negative impact on
photosynthetic reactions. Further research on stomatal density under each environmental treatment will be required
to confirm this hypothesis. Additionally, as this study only observed changes in leaf biomass, further empirical
research should be considered to understand the changes in biomass of A.koreana under climate change conditions.
In conclusion, the environmental adaptability of A.koreana is expected to weaken in the long term under elevated

temperatures and CO2.
Key words :
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Fig. 1. Schematic diagram of glasshouse(right) with A. koreana under climatic change treatment(lower left) and control(upper left).
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Fig. 2. Annul average of temperature(a) and CO; concentration(b) in control and climate change treatment.
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Fig. 3. Current twig length of A. koreana by year in control and climate change treatment. Letters on the bars indicate significant differences
among year (p <0.05). The asterisks between the bars signify significant differences between the control and the climate change

treatment within year(p<0.05).
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Fig. 5. Chlorophyll content of leaves from branches by year of A. koreanain control and climate change treatment. Letters on the bars
indicate significant differences among year (p < 0.05). The asterisks between the bars signify significant differences between the
control and the climate change treatment within year (p<0.05).
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Abbreviations refer to table 1.

Table 1. Correlation matrix of 24 variables with the first and two principle component scores of PCA analysis.
(Statistically significant factors with values greater than 0.5 are marked in*)

Variables Abbreviation . Factor I

2021year Twig length(cm) tl 1 0.50* 0.51*
2020year Twig length(cm) tl_2 0.64* 0.61*
2019year Twig length(cm) tl 3 -0.67* -0.30
2018year Twig length(cm) tl 4 0.09 0.36
2017year Twig length(cm) tl5 0.17 0.50*
2021year Chlorophyll content(mg'm?2) chl_1 0.80* 0.30
2020year Chlorophyll content (mg-m?2) chl 2 0.93* 0.28
2019year Chlorophyll content (mg-m?2) chl_3 0.92* 0.19
2021year Moisture content of leaf(%) mcl 1 -0.14 -0.72*
2020year Moisture content of leaf(%) mcl_2 0.47 0.72*
2019year Moisture content of leaf(%) mcl 3 0.05 0.61*
2021year Leaf dry mass(g) ldm_1 -0.93* 0.19
2020year Leaf dry mass(g) Idm_2 -0.52* -0.62*
2019year Leaf dry mass(g) Idm_3 -0.78* 0.16
2021year Leaf length(mm) 11 -0.73* 0.42
2020year Leaf length(mm) 1.2 -0.30 0.81*
2019year Leaf length(mm) 1.3 -0.05 -0.02
2021year Leaf width(mm) lw_1 -0.95* -0.03
2020year Leaf width(mm) lw_2 -0.53* 0.52*
2019year Leaf width(mm) lw 3 0.07 0.13
E(Transpiration rate) e -0.93* -0.02
gs(Stomatal conductance) gs -0.91* -0.16
A(Photosynthetic rate) a 0.80* 0.24
WUE(Water use efficiency) wue 0.39 0.61*

Expl.Var 9.76 4.83

Prp.Totl 0.39 0.19
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#cH(Table 1). £3], 4—"‘&—0]%3 = AeiRt 47k2] A=
(AL T, FHEE, F4e, Ve 89l
7, ble 1). =] W43k

or}, Aol WA S
o el AamAs aan 98 Bave 4
BoAtk(Fig. 7, Table 1

axgoloA 2 A Ais dRTe; 7| F s A 2
F AeEer x7] 3%_7}% 2tol7b gl Agt, 11 % 2|zt
(2020~20219)> ZFo]7t Uebgteh. ol e A A
g 4dzte] A Aol A AsH CO, 2HoA A=t
2(Quercus petraca)7t %7] 3@+ g2}t Ztolzt ¢l
QAR 2 5 43 Aol o & A5k, AoV R (Carpinus
betulus)= %7] 1@2 F55 FEolA o ZasAR, 1
T 3d7re] Apolzt gldlom, TP YRRV (Fagus
sy/t/an'ca)% 447ke]l M=z 7+ Aozt gldth(Asshoff et

., 2006). ol=|jt Ait= 7] W] Jfo]l #F T

Folete ARte] wet AR o2 ek ofnlste
Zio]‘:]'. ARbA o7 ZEAEL 7|FHst] diste] x|
= 2L o4ttt s o] ¥istol| wiztal|ut, Hp AzE
o] LA QHg3tE= Zlo] dnbAolgtE H il (Saxe et
al,, 200D)9F ¥lws] £ wf 2 A7) A= e8] I W
g2 z7lde ¥-go] giAT, 7o+ ¥dets f3dS
wa

AU o EEE, dE dol, 4F ZoloA= o
ZAet 71 S HeA gl F519k 2pol7b gl 2] Qksk
th(Fig. 4a, 4c, 4d). stAITt Q AE5F2 7] *H3EA 2o
A izl Hlsh BestA FAaE Atk (Fig. 4b). olzgt

(]

l' N

0

AT 259} CO, A% 20| FAUR 9o Wei 2
o] JFE FAL AT, ABF Frolt TS F 5

>~E‘I

olo

J=g Yulste Aot ol ofAA oA 112 A
Al FAhxEel Aol A" Ad fARSHHKIm,
2012). g 2k 9 CO; & $7h= dEYAUR
(Larix kaempferi) GAES] Hio|QuIAE TFAAIZ] AT}
(Han and Shin, 2019)&t%= FARHA & Ao AR

oMk 2R ARl o] BEo] A =
Ha7E AE Al AU o] Aol Askd & QL
= AARRHE

StH, CO, v& &7 B34S &7 (Callaway et
al., 1994; Morinson and Lawlor, 1999), &2 HEHFS
SZ7A 7= Aog =t (Bernacchi et al., 2001;
Sage and Kubien, 2007), & -tolA= AAE 1o =
TS ST o A/FH vrolemj Ao it Hl W= {F

o

—

gl mlo

ko D EEa L Fo I

% 7%
& #7149 977t BRY A

= ABPAE Hol= Ao
2 g4 9 (Saxe et al., 2001), 23} ol 5| o
71 2Z7t St HEO dEA d7Fo] FUiEE Adt
(Yuan et al,, 2022)9t= 2 Ao A7t GASH vet

T T A £ TP} 484 4R 99 An
29 BYe A 452 BF F7k) TS T

oz AR
Ty SEe 7]

NEAEEE el

o of
Y
el
=2
1o
ol

AN &3 ET
ItH(Faria et a
[e]
=

w7} 74

U5o] 7| eEEE 7‘13}"]%}«2 - domn, o]z <lsf 7]F
Arx 74 9 CO, 71Aansho] Ashe wrop oty =g
o] Aol US 7/\ 2 o AEHReich and Amundson,
1985).

T2 B4 2YEE Hof, X1} 7T HdA Y
Higo] Hets] 8 Hglon, ol 7]SHs}l oA F
R Ak AR FUSHL LA LA Cho
et al., 2012). LurA 159} CO =7t 2715k Al

wolgas 5= FEA7I=H
(Onoda et al., 2009; Klm, 2012), L R e P e e |
sHA R Ul FREE, AE4TT, TRolE
o] Sl IS 2009 oleh a4 05 P
et tt(Fig. 7). 713 st dgds
4 8% 49 #E BTl S ZF %V]L 014 3
EF2 A& dad Joz s

5.2 &

B A7E 13wt A AR AeHe) Weks wop

S17] S18l 54zt ofele A 4 Ael shul TAR
o A% P YA Mg LA TR WPy

A4 7HA0] o AFFe dEFold JFuHste TR
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ole Zolot Y& Zolop e WelA o] Lkt grgket.
olelgt Anks-e JlFHslt ARl g FejH B4

g wH7) ghout, FhH o] A AR
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FF A\Fust 24 st A AR 4B Wt of
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