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Fig. 1. Location of three experimental sites in Mt. Halla. Site 1, 2 and 3

indicate Youngsil, Witseorum and Sungpanak, respectively(Lim, 2005).
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Table 1. Tophographic condition of Abies korearna of three sites in Mt.

Halla(Lim, 2005).

Elevation TopographicaIA tSlope DBH range Height range Age
e

Site Name - S
(m) position °) (cm) (m) (year)

Site 1 (Youngsil) 1,633 Near cliff SWS < 3 10.0(2.9-27.8.0(1.7-3.6) 40-60

Site 2 Witseorum) 1,672  Small ridge SWS < 3 9.8(3.1-22.1) 4.0(1.7-5.6) 600-

Site 3 (Sungpanak) 1,748 Flat area SES < 3 12.7(3.6-28.4(2.0-4.8) 40-60

o

AT 1961~2005 <k 193 29| 7]Zo] 5TCo|Ae Ao 743
8doll 7ol 28Col 4 d7F A4 F7F st th(Fig. 2).

b mpEee 7122 89l 235C~283Telw 7 Fo&d 7122 1€ 2.

<

12+ 9 A 7122 20049 8€& 27.27C, 2005

N

4CT~77C 7FFol . 24
W69 232TCo)H 992 251 TC ATHAFA L7744, 2005).
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Fig. 2. Climatological informations of Jeju from 1961 to 2005.
(a)® : Number of days more than 5C in January and February
(b)> : Number of days of more than 28°C in July and August.

3. AUBA BA

3.1. 334 9
7y E 9 F3 A 5 (Net photosynthesis; & BF8A F(A,))E Licor-6400

Portable Photosynthesis System (Li-cor Inc., USA)S ol &s|A 3 FE33H

of 7b7b 1000umol m s 'e) FEAA FAZAG. & FFAFe
2o Aoz Aastdvr. 28 2 light curveE 2elA 2 A9 F3A E

o,

S Hust A olu A= 7 AtolEE A FHsto] @Al A xAFSHA T

ogl(c,— C))
100s

An, Net potosynthesis(imol CO» m > s'), Us mole flow rate of air

An = — C.F

entering the leaf chamber(umol sfl), Ce; mole fraction of CO2 in the leaf
chamber(imol CO: mol ! air), Ce; mole fraction of COs entering in the leaf
chamber(umol CO» mol ' air), s; leaf area(cm®), E; transpiration(mmol H>O

2 -1
m s ).



FaFe don 2o ANNoR s
b UL~ VPVy)
5 e
sx10°(1 1000)

E=Transpiration rate((mmol H-O m °s '), U, mole flow rate of air entering
the leaf chamber(uimol 571), We;, mole fraction of water vapor in the leaf
chamber(mol H:O mol air), We; mole fraction of water vapor entering the

leaf chamber(mmol HO mol ' air).

719 A==E F437] A AW F714E (flow rate) 500umol

sE RASYE, gROAM FE CO o FEE 400 ppme

Ho
X
o
bach

e
i

6400 Portable Photosynthesis System?] 7]% WAL 6em% L, 71F #
Ex FAHAA leaf cuvettd 2EE 25T, AUFEE 40%, FF

(Photosyntheeically Active Radiation ; PAR)< 1000pmol m s '& $A 3%

Gsws somatal conductance(mol H>O mfzsfl), Ky factor based on the
estimate K of the fraction of stomatal conductances, Guw; boundary layer

conductance to water vapor (mol H:O m s ') from one side of the ledf,

G total(includes stomatal and boundary layer) conductance of the leaf.

FRoFEELELE FIAFTH/FNHF (Wang, 2001; Ashraf et al, 2002) 0 =
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Ascorbate peroxidase(APX)2] ZA AL o ©H 02g9 1M o~z =W A
(AsA)3 pH7F 742 BAE 100mM 22 F &5 A (K-P buffer)s T
=89 2mLE 7tslol FASe T ol & 16,000mpmell A 3073 A4 d F
FZ9 60uLE FHsted W& A[H:0 2.34mL, IM K-P buffer(pH 6.5) 300mL,
10mM AsA 180uL, 5mM H»0. 120uL]® % &£33 F 33 =A(UV-2100,
Shimadzu, Japan)Z Ab&3to] 4 290nmol A HoOz0 93k 30% 719 ol~z=E
¥l 2k 23} (extinction coefficient of 2.8 mM ' em )& =A 59 o).

Glutathione reductase(GR)Y &4 42 4 0.156¢gs A & F= 8 A (50mM
K-P buffer, 5% PVP, 5mM AsA, 5mM DTT, 5mM EDTA, 0.IM NaCl &)
2mL 7hskel A ek gleh 12,000pmol A 587 fA el d F Ao 150uL
E FHslod w$A[H.0 2.43mL, 1M K-P buffer(pH7.8) 300uL, 10mM GSSG 60u
L, 10mM NADPH 60uL]¥ Z9atlch. ojuje] b3} - &4 wgS 3% 340nm

oAl 90x7te] FHE Wz =39 thextinction coefficient of 6.2 mM '

=

tlo

-1
cm ).

I
fol

cB4e wMd Imgs JFoR Adsgon, wud AL

flo

X
Bradford(1976)7F 71«3  ul9} o] Bio-Rad Protein assay(Bio-Rad
Laboratories, US.A) 5v] g de] §§ FEA4S 100 1 1 2 75ty 984171 &

37 595nmol A 9 FREE FATFo A o FH A

A%ES A MA de AFHAF 80% otAlE Aol @ F WA
o 7Y 3 4Te R2Fd R#Td T EFFE=A(UV/Visible Diode Array,
Walden Precision Apparatus Ltd., UK)E A}£3to] 33 663 and 645 nmoll A
SAste] tho Ao Fikst ATt (Amon, 1949).
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Chlorophyll @ + 4 (ng - ml) = 8.05 Asss + 20.29A6s5
4. EF A

4.1. pH, EC (1:5)

E9 pH9t ECE #7 EY 5g% 50mL vlo]A Heto THF 25mLE
Zhetal fEutgl R ] Aol FwA 1A WA = Zb7 pH W ER(MP230,
Mettler toledo, UK)$ EC W EFMC226, Mettler toledo, UK)Z2 = A 5} 4 t}.

(0O.M.)

G715 TEFS Walkeley-Black® ol wat A Zatgdt. 2AA7 =14 A 2650
) 05g% 500mL A4 Zg~Fo FHsled IN KoCrO7 €9 10mLE 7}

kol Eoko] 7ol 24 @¥es AEYHA £5o F vF g 4 20mLE

7beta, E=FF 200mLE 7FE 3 0.02M  O-phenanthroline—ferrous complex=

AA ko s ato] Hobddi= IN KoCrOr& 05N FeSOs. TH20% 9 A A ko] 7]

43. A& 2 (total-nitrogen)

T4 EY (650 mesh &) 01ges AY Feh=Ad HAsta, 2¢ FHEFES
7hek & He &2k 10mL 7hske] & Edet At ol A2 Kjeldahl R3lthell A v
< 2 It 225 o A7 FAe & wzkA of 243 F<¢

Zhdstanh a7 Eud A3 A4 471 (Kjeldahl 2300, FOSS, Sweden)

A Bary No. 18l weat A#Fadr. T4 Alg 2858 100mL 47
23 FH3dko] HZM(0.025 N HL + 0.03N NHF) 20mLS 718t 187+
E g 9FA(Whatman No. 42)°] 33540, 50mL ®W2=Z 8o of o

ok
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Fo ol o FHEL UAFY ¥A171(AA-6800, Shimadzu,
Japa)= AUk Baol weh o e AASA ko] AXEREBA ]

2 233,

47. B X (EA)

A A EA L micro-pipetted S ] 83U THEY 2g& 50mL 94 Tl 9
2 BAA 40mLE 73 & end-over—end shakerol ¥ il S0ppmO. =2 12A]17F A
gataarh Aol B & Aol uF HolkE EE F Stokes® WAl
Azte] 2molste] YA7E AAst=Yl AEe AZH20T, 1A 56+ 3%)F who]
A2 IR 25emA oA S5xztel HAH A A S 25mLe HEAE FH o
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Fig. 3. The effect of temperature on the photosynthetic rate naturally grown
Abres koreana at Witseorum in June.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree.
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Fig. 4. The effect of temperature on the photosynthetic rate naturally grown
Abies koreana at Youngsil in June.

YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree.
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Fig. 5. The effect of temperature on the photosynthetic rate naturally grown
Abies koreana at Sungpanak in June.

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.
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Fig. 6. Differences in photosynthetic rate of naturally grown Abres koreara in
three survey sites in August.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree,

YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree,

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.
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Fig. 7. The effect of temperature on the photosynthetic rate naturally grown

Abies koreana at Witseorum in September.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree.
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Fig. 8. The effect of temperature on the photosynthetic rate naturally grown
Abies koreana at Youngsil in September.

YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree.
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Fig. 9. The effect of temperature on the photosynthetic rate naturally grown

Abies koreana at Sungpanak in September.

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.
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Fig. 10. The effect of temperature on the stomatal conductance naturally

grown Abies koreana at Witseorum in June.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree.
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Fig. 11. The effect of temperature on the stomatal conductance naturally
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YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree.

_25_



02 r SP-H
018 -
0.16 -
014 -
012 -
01 r ©15C *20C x 25C
0.08 -

Stomatal conductatr
(mol HO rrizs'l)

0.06 |-

004 foso == —x — =% === N x
0028%% - O LR " &~

0 200 400 600 800 1000 1200 1400 1600 1800 2000

PPFD@molm’s™)

02 r SP-D

©15C *20C X 25T

Stomatal conductat
(mol HO mzsl)
o
-

0 200 400 600 800 1000 1200 1400 1600 1800 2000
PPFD(lmoIm'Zs'l)
Fig. 12. The effect of temperature on the stomatal conductance naturally
grown Abies koreana at Sungpanak in June.

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.
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Fig. 13. Differences in stomatal conductance of naturally grown Abies koreana
in three survey sites in August.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree,

YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree,

SP-H: Sungpanak-healthy tree. SP-D: Sungpanak-damaged tree.
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Fig. 14. The effect of temperature on the stomatal conductance naturally

grown Abies koreana at Witseorum in September.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree.
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YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree.

_30_



02 SP-H
0.8 f
0.16 f

0.14

¢ 15T ¢ 20T X 25T

0.12
01 r
0.08 |-

Stomatal conductar
(mol- H20- m?. sh

0.06
0.04
0.02

0 200 400 600 800 1000 1200 1400 1600 1800 2000

PPFD@imol m? - st

02 SP-D
018 |
0.16 |
0.14 t
012 f

0.08 -
0.06
0.04

0 15T *20C X 25C

Stomatal conductar
(mol- H20- m2- s
o
-

0.02 £

0 200 400 600 800 1000 1200 1400 1600 1800 2000
PPFD(mol - m? - s'l)
Fig. 16. The effect of temperature on the stomatal conductance naturally
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Fig. 20. Water use efficiency(WUE) of Abires koreana in three sites in
August.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree,

YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree,

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.
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QAo E Aol 25CE Astn AAMNA7 HE QARG g B R
o] LEES B AMMNAY] AF 15TCoA 7H & FRol&a &S H?
HEANAANAE 20Tl 7HE 2 FRo)l8E85S B AZAMA] 15T
Aol SR &0l HEIMNAL 20T FEo]&a & A& 60%4 = w2 F
ol A th(Fig. 21).
G Aol HrtHow 25CE A9fetar AAMA BT HHMAANA 2

ol es BT AAMNALY A5 25CAA M =L FEo)EEES B

ol

2
ox |o M

g AEAAG A4 0CHA A ¥ FRILEES WATH(Fig 22).
fob Aol Ao ARAA we ARAANA § & FRoE

= Ev AdMNA B 25Tl M w2 FEolSEES B 4

rD{I
o
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Fig. 21. The effect of temperature on the water use efficiency(WUE) naturally

grown Abies koreana at Witseorum in September.

.
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15T

Fig. 22. The effect of temperature on the water use efficiency(WUE) naturally

grown Abies koreana at Youngsil in September.
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Fig. 23. The effect of temperature on the water use efficiency(WUE) naturally
grown Abies koreana at Sungpanak in September.

4. AAE 454 FF

41. 699 FAUT) 454 §F

A A BF AAMATE AFEAART G5 A& FRFe] A GERET

G Aol dHMAeG HAFHAMNA BF E F Ao wEd GEFL ol
wokom Auer A9, JAE A £o® ¥ AFS HAh(Fig. 24).

SAALE Ao AAAAN HAEAARG 2% A% Egon G2 N A
ANAE HAEHNA Bt 5% = =% Aot A9 ddNAE HEHNA B

o 13% A %= =4 dEs
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Fig. 24. Total chlorophyll contents of Abies koreana in three sites in June.
W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree,
YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree,

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.

2 Aol x HHAGe )
(Fig. 25). Ao 2% 7|
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Fig. 26. Total chlorophyll contents of Abies rkoreana in three sites in
September.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree,

YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree,

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.

3 £ wow AW AFA0)E v
A A F(reactive oxygen species, ROS)S 2 W3lo] (Alscher and Hess,
1993), ol&2 A3 A= 7AA I Qlo] Ak d@md A A 5o WAy Fg
A oA 5 AAE Y AAE doeA A= AEAVE nAEA wEYH
(Alscher and Hess, 1993; Asada, 1992). L&y} A& A7l AFH o2 AL

[e]
&
A s A T WMEAIIE VIes 2ta 7] "ol

o _
T e A 549 24

N
(Lidon and Henniques, 1993). & AtAo] w3 2 &2 Wo]7|ze ALY
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AL AAGFAY AAdE FA AAS AASdE A, SOD, peroxidase 5 9
aaol og ol 71 & H ascorbic acid ] FASEAC g wWojrjHow
t}(Alscher and Hess, 1993; Inze and Van Montagu, 1995). 12
olgldk A& WS 2EH2Y AEy 7Rl ofy AEFol] meEkA =

Fagasr GAo] MatdE HE i w, A 2EH s gd A5 3HA

4
M
e
ol
30

A2 s A 9 vtRIIA R AEY A Slo A 4
5o AE T WA Bdo] At (Foyer et al, 1991) 18] SOD, APX+ 7t

2 2EY 2 98 AU e Z7se Aow R H1 dtH(Walker
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32,
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peroxidase(APX) ¢} AA}F o2 (NADPH)ZHE] AxE wol 3+ A (ascorbate) S
A EL7] 913 glutathion reductase(GR)l A& Z A&t}
699 GREZA2 JAAYFE AYstz b2 F AYolA HEHMNAZ AAMNA

| ¥ WA 33%2 AAT Ao

=2,
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g tegin gAAGe F AAL A N2 FES LY HFig. 20).
Geen 9408 A9

oAM= F A AL B 5 o FLAAL HAEHMAZE AAAA

f

64 APXZAE& A7) fFo4dL gle Ao

Hlel 56% 4= =A uErskew Addel A9 AXANAE HFHAA A 1] 6o
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] 3]
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Bt (Fig. 27).
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A7 A 55% A %= z}o]
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| ANAZE 22 A ol

MAZY HEANARG =4 e tH(Fig. 28).
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Fig. 27. Seasonal changes on activities of glutathione reductase(GR) of Abies

koreana in three sites.

W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree,

YS-D: YoungSil-damaged tree,

YS-H: YoungSil-healthy tree,

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.
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6.2. EC (electrical conductivity, A7]1 A =%
AA G Ee] ECE 0.11~041dS - m '] WAk AAYG 2% AdN4 5
o HAEAAAA EC7F ©ka I eEe AAMNAANA 71 =2 ECHS B

6.3. O.M (organic matter content, ¥ 7] =3 =)
EYHIE e AdMA A4 3323~5750%°11, A= MA] A4+ 165
6~20.98%2 W2 A ARkl AlFEGe TEZ HF §7]|ETFF 45%°] H]

3 B zAAYGLE 25 A =4 JElyt(Table 2).

AAG B AAARAZE A=A st =& FrleddFe EAL JE2A
Foll A 7Hd =4 vEstew wbd gaer Aol b Wy B¢ fU1ES
T, A= FAZE ZelEe] vAEA = FH(humus) o2 WEEH Sd A

A 5 HE AN E Fatol el frleddFe Hol oo wE T

< ofy il Hoj i,

6.4. T-N (total nitrogen, A A %)

A FEe AAMA A5 0.64~158%, HHAAN A9 0.36~084%4
Ak AA wE AAAAL AHAA N WBhe] L G WAL T Fol A
Gae) AAAAL Y wdh AALE Ade) A AAAAL 28 AA
AA% FFe nxAgn Awed A9 ARAAY HHAA v e T A
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Ll

AMA ] A$ 431~3896mg - kg ', 45 A9

sto] Al vEls tH(Table 2).

3

o H
6.5. Avail-P (available phosphorus, + 32

o
S

A% 624~71Tmg - kg '9] W ZA thFEo] AA A ¢

Ak g2kl 560mg - kg ol

ol
N
&+

ol

=
=

o]

5

o fxal

OO]:

}od

°

H]

2 E 7R A7 A DA A e

[e]

R

qret A9

ofp

frl

Aoz ZAE Y (Table 2).
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A7) CECTH M B 47
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H A} (Table 2).

KN
=
°

L

1
s
v

YRy

(CEC)S AAMA A9 61.70~88.49cmol - kg ', 2 E /N

(cation exchange capacity, CEC)

Ej

&
Fol =7 vdetskew 2 FolA

&

o

]

o] 2% 2950~583lcmol - kg '] ¥ 9] = A]

2

=

]

(o]

Oo]:

7t 16.50cmol - kg 'R 9%
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054~2.07cmol - kg 'e] MU F1 BE Ao AAMNAZ HENARTG A4 U
Elwtch AAMNA G HENA BT ARG A I =2 Cad THES EHYn

SAANF] AHAMNAZ Mg H2 CaFHFom ZAHA ST Mge A 7HA 9
7% 1.01~2.95cmol - kg', A=A H$ 061~1.21cmol - kg '] W% 0w
EE A9 AAdNANY HAEMARG =A eyt on o A Ao Mgd ol
A=A ZAE AT Nae AAMA] 49 0.32~0.47cmol - kg ', 2 B A A 2

A% 0.26~0.47cmol - kg 'e] WA 92 ET} GARA] A-MAA 2 H A
AEoh wokov Auol Ao AL HAHMAZ AAMAEG =& A dEY
o FAAGY AHMAY e F A dAMNA R NaggFol 7H =%
daetA g HEAAE e FHeE EAY. K& ddAAY AS
0.97~1.86cmol - kg ', @ MA ] A< 030~097cmol - kg o] HHoln RE X
g AAMNAZE HEMARTG =A dEwon GdAAHNA THE =& KE
< B A (Table 2).
A ol dEE (HHINE He EGUA FEREH At AA ]
o] ¢ 44
b= A YErs T

™

=2

o

_1>~

o2 o

M
-
hass
rlr
sl
o
fr
ol
|
rlet
oX,
o2
2
rfo
flo
o2
N
2
=2
R
N
)

o

6.8. EA (soil texture)
EAL EYF FYAES 1 A7d o E#H(sand, 0.05mm~2mm), H] A}
(silt, 0.002mm~0.05mm), & E(clay, 0.002mmeo|shH = FE u] o5 =E: 7

Ab AES Hle g B AdS wate Zlolt o) EYY EYAT MY

o

T3 Aotk AAAY B BAL GAXI AANAAMT GHAAE
(loamy sand)R 3 tE A9 AAMAY HEHMNAY EFLS ALY E(sandy loam)

ZA w57 e gFIEz go e EA4= 9

tlo
2,
o

Ao 2 Bt (Table 2).
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Table 2. Chemical properties of three sites in Mt. Halla.

Site? pH EC(1:5) oM CEC T-N Avail.P
(15 dS-m' % me - 100g ' % mg - kg
W-H 441 0.41 47.86 61.70 0.88 18.52
W-D 4.80 0.11 20.98 29.50 0.84 6.86
YS-H 423 0.33 57.50 88.49 1.58 38.96
YS-D 4.64 0.21 32.78 58.31 0.65 717
SP-H 473 0.17 33.23 83.57 0.64 4.31
SP-D 5.59 0.13 16.56 37.95 0.36 6.24
Ca Mg Na K
Site” Texture
(mg- L")
W-H 1.97 1.58 0.36 1.53 sandy loam
W-D 1.11 0.61 0.26 0.75 sandy loam
YS-H 552 2.95 0.47 1.86 loamy sand
YS-D 2.61 1.21 0.40 1.08 sandy loam
SP-H 2.07 1.01 0.32 0.97 sandy loam
SP-D 0.54 0.72 0.47 0.30 sandy loam
“See Fig. 6.

7. 69 TR

AE2A 4

7.1. T-N (total nitrogen, A A %)

EERE

Ad e

=

deb o 3 ol

L

0.06~0.09% B =M AAMNAZ HEAA L F7F B

WS 2o

cEEERR
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3 A9 Aol g AOR



7.2. 9 FZF(P05)

A=AT TFS 012~023% WAZA SIALE AFelA AHAMNAZ 257
Aol W) 33% A= =A HEstey vE F A= F HAZY] Aol= A
A WA &kt (Table 3).

7.3. A3 A %o) & T ZF(exchangeable cations : Ca, Mg, K, Na)

AEA F WA Cas AHAMAY AF 027~041%, A= AA ] A5 032~
051%° Mg 2E 2o HEMA7 AEMART A veyth Mgs
0.03~0.06% ¢ HAALH SIAQF A o] 7 wHgka YA A oAz 22
FEFS EAt Na2 AxdAA] 4$ 013~019%, A=HMA] 49 0.03~
0.13%°] WHAATL FAAGS AT F AJelAs AdHMAF HEFHMA L
= vetETh A E ) A ] AAMNA L HENALGS] Nafge] A
ol A YEuA @At wrd Aol Aol AHMNATE & FH A ol
Hla) Aol 79%A = =A JEd T ORAIRES Aelzb AA vEwit K2 dAd
MAL] A 0.76~0.82%, & EHMAS -+ 0.75~086%2 HeolH FAAAL
W 2] A el A AAMNATE HAE ARG ¥ & KTFFS EAtH(Table 3).

d
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9%
0.82
0.75
0.76
0.86
0.80
0.76

%
0.14
0.13
0.19
0.14
0.13
0.03

Na

9%
0.03
0.05
0.06
0.06
0.06
0.06

Mg

Ca
0.27
0.32
0.41
0.47
0.38
0.51

0.15
0.23
0.12
0.12
0.13
0.14

P05

0.09
0.07
0.06
0.06
0.07
0.06

Site’
YS-H
YS-D
SP-H
SP-D

Table 3. Nutrient contents of Abres koreana of three sites in June.

“See Fig. 6.
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Fig. 29. Na contents in leaf of Abies koreana in three sites in August.
W-H: Witseorum-healthy tree, W-D: Witseorum-damaged tree,
YS-H: Youngsil-healthy tree, YS-D: Youngsil-damaged tree,

SP-H: Sungpanak-healthy tree, SP-D: Sungpanak-damaged tree.

9. 9¢ F YUY AEA &4
ANEA F WA Ca= DAMAY BF 1.73~1.93%, HAHANA] F4 152~
216%2 MAAL SAHLE AT A F A= HAFMAC DA

Artt =4 Uebst Mge 0.06~0.08%° Wdoen A A9 2% A v
3 FF oAtk Nad AAMA 44 0.03~0.04%, HEAAL H$ 004~
0.13%9] WFa Ao AFe AdMAL HEHMAZ] Nadt&dF> Zkort
g2 F Aol E HEMNA ARAARYG =A JERGon A E X9
HAEANA ARAANA Bl F 7T7T%AE =L NaT S B JAA T
HAEHMA L A-ANAA vl A 57%AHE =& Nag@ds HeEET. K& dAd
MAL] A F 0.63~0.72%, EHMAL ¢ 062~0.77%2] Helolm AHAtAYH
S oM g A Aol HFHAA ARAARLG o 2E KEFE 2 HUtH(Table 4).
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Table 4. Nutrient contents of Abies koreana of three sites in September.

Ca Mg Na K
Site”
(%)
W-H 1.73 0.06 0.03 0.72
W-D 1.52 0.08 0.13 0.77
YS-H 1.94 0.08 0.03 0.63
YS-D 2.02 0.07 0.07 0.71
SP-H 1.93 0.07 0.04 0.68
SP-D 2.16 0.06 0.04 0.62
“See Fig. 6.

_52_



!
Ie

g

e

T

M2 AAANAL AHAAZ dAA AL

ol A M NAZE 4 = A el

o

)
il

»AO

1H
ol

ol
7o
ol
ﬂo

AR A ek 2 = A A7

e

o
ﬁo

o

=
o

~,
R

M
ofr

uy
el

K

o
M

3] 4

G Eol A

-
[¢}

zpol 7F Fglo] uEhARE 9ol 4 5 ) A 9

T4 &9

-
[¢}

et 999 25 A

=A

H] &

AANAZE & = Al

A #H¥o] e}

Ho

)

ol A o

o
=
4

ol

F3
X

+
oW
el
BiH]

Tod

2] 5| 7§ A ofl A

1] &f

ol

ol
5

ol

it
-

Ho

=

A

ascorbate peroxidase(APX)$ glutathione reductase(GR)2]

AANA S} HEANAZ = 2 2ol 7h floy 643 849

A vERsio

K

iy

jaze)

B
X

il

0|

W

o}

|

~
o

£

_53_



Py
il g

—

O

=
T

I

] 7(4):185~193.
. @ e

B Ml o] AR S i ol
3] A 24(5): 281~288.

Al 173 A & 3]

3}
5}

3

3heq.
= A el

g
- @

-

o
Wt (Abies koreana W.) 2

4%
T-H.3 Vol9: 97~106.
A}

A A ol
:rL

}‘\_]__

g}

}

0
pad

A 2 4t

3] %] 86(2): 146~157.
. 2001.

fais
S}

B TAUE %9

1999.

1
o)
=

ko)
. 1991, A At wrorls o] FAUF(Abies koreana wils) K]

. 2005. http://jeju.kma.go.kr

pul

=

1989.
w7143
[e]
e

3]#] 13(1): 52~33.

=
.

A AFH 1A KOSEF 921-1500-081-2. pp.89.

Al 135 p.223~241.

dat, A4
1

\
S}

A
[e]

¥
A 54
3]

%4
T

=]
=

84(2):

314

1

;Oﬁ
oH

ol

e Ae o

1995, ke

T

o
ﬂy

o] &

A

. 1993, 7}of

16(1): 75~91.

247~ 257.

o
X
W

oy

of

of

4

] 2] =

314 19(1): 43~48.

_54_

&t
1 e7F B R Al

=
=4

= A

i

o
pud

51 2] 46: 10~ 20.
1998. -y fiT o

dwiste} AdA g

[O R

o
AT,



At et 2 497 (1) 7~ 14.
AARN o)=Y o] . 1996, FEIL FAYFMSY mEMESE A gk 2
th BRE A ehs A 85(1): 34~43.

ZEE. 1904 A obman FAUTYY FATE L AGF A% A

e
=

B X, Korean J. Ecol. 17(4): 415~ 424.

Alscher R.G. and J.L. Hess. 1993. Antioxidants in higher plants. CRC Press,
Boca Raton. p.1~174.

Anderson M.D., T.K. Prasad and C.R. Stewart. 1995. Changes in isozyme
profiles  of catalase, peroxidase, and glutathione reductase during
acclimation to chilling in mesocotyls of maize seedlinges. Plant Physiol.
109: 1247~ 1257.

Arnon, D. 1. 1949. Copper enzymes in isolated chloroplasts, polyphenol-oxidase
in Betula vidgarrs. Plant Physiol. 24: 1~15.

Asada K. 1992. Ascorbate peroxidase - a hydrogen peroxide-scavenging
enzyne in plants. Plant Physiol. 85! 235~ 241.

Ashraf, M., Arfan, M. Shahbaz, M. Ahmad, A. and Jamil, A. 2002. Gas
exchange characteristics and water relations in some elite okra cultivars
under water deficit. Photosynthetica 40(4): 615-620.

Baczek, K. R. and ]J. Koscielniak. 2003. Antioxidative effect of elevated COq
concentration in the air on maize hybrids subjected to severe chill.
Photosynthetica 41(2): 161~ 165.

Beatly, ]J.C. 1994. Effects of rainfall and temperature on the distribution and
behavior of Larrea tridestata in the Mojave desert of Nevada. Ecology
55t 245~261

Berry, J. and O. Bjorkman. 1980. Photosynthetic response and adaptation to
temperature in higher plants. Annu. Rev. Plant Physiol. 31: 491 ~543.

Bradford, M.M. 1976. A rapid and sensitive method for the quantification of

microgram quantities of protein utilizing the principle of protein-dye

_55_



binding. Anal. Biochem. 72:248.

Crual, P. J. 1992. Urban soil in landscape design. John Wily & Sons, Inc.,
Canada. p.4~32.

Foyer, C.H., M. Lelandais, E.A. Edwards and PM. Mullineaux. 1991. The role
of ascobate in plant, interactions with photosynthesis and regulatory
significance. In: Pell, E.J. and Steffen, K.L.(Eds.), Active Oxygen/Oxidative
Stress and Plant Metabolism. Current Topics in Plant Physiology, vol. 6.
American Society of Plant Physiologists, Rockvills, M.D., p.131~144.

Faria, T., ]J. 1. Garcia-Plazaola, A. Abadia, S. Cerasoli, J. S. Pereira and M.
M. Chaves. 1996. Diurnal changes in photoprotective mechanisms in leaves
of cork oak (Quercus suber) during summer. Tree Physiology 16: 115~123

Grimm, A.G. and J. Fuhrer. 1992. The response of spring wheat(Triticum
aestivum L.) to ozone at higher eleations. 1. Response of leaf and canopy
gas exchange and chlorophyll fluorescence to ozone flux. New Phytologist
1220 321~ 328.

Hamerlynck, E.P. and Knapp, A.K. 1996. Early season cuticular conductance
and gas exchange in two oaks near the western edge of their range.
Trees 10: 403~ 409.

Hinckley, T.M. and J.H. Braatne, 1994. Stomata. In : Wilkinson, R.E (eds)
Plant-Environment Interactions. Dekker, New York, p.323~355.

Hodges, D.M., C.]J. Andrews, D.A. Johnson, and R.I. Hamilton. 1997.
Antioxidant enzymes responses to chilling stress in differentially sensitive
inbred maize lines. ]J. Experimental Botany. 48: 1105~1113.

Inze D. and M. Van Montagu. 1995. Oxidative stress in plants Curr. Opin.
Biotechnol. 6: 153~ 158.

Kratsch, HA. and R.R. Wise. 2000. The ultrastructure of chilling stress. Plant
Cell and Environment. 23: 337~ 350.

Lidon, F.C. and F.S. Henniques. 1993. Oxygen metabolism in higher plant

_56_



chloroplasts. Photosynth. 29: 249~ 279.

Lim, JH., JH. Chun, S.Y. Woo, M.]. Kwon and Y.K. Kim. 2005. Monitoring
the Decline of Abies koreana Forest in Mt. Halla. EMEA 2005 in
Kanazawa. p.44

Gustafsson. M,ER. 1997. Raised levels of marine aerosol deposition
owing to increased storm frequency; a cause of forest decline in
southern Sweden?. Agricultural and Forest Meteology 84: 169-177.

Mckersie, B.D. and Y.Y. Leshem. 1994. Stress and stress coping in cultivated
plants. Kluwer Academic Publishers. p.256.

Sprtova, M., M.V. Marek, L. Nedbal, O. Prasil, J. Kalina. 1999. Seasonal
changes of photosynthetic assimilation of Norway spruce under the
impact of enhanced UV-B radiation. Plant Science 142: 37-45.

Penuelas, J., 1. Filella, , Llusia, ]J., D. Siscart, and J. Pinol, 1998.
Comparative field study of spring and summer leaf gas exchange and
photobiology of the mediterranean trees Quercus ilex and Philyrea latifolia.
J. Experimental Botany 319: 229-238.

Drohan, PJ., SL. Stout, GW. Petersen. 2002. Sugar maple (Acer sacc/arum Marsh.)
decline during 1979-1989 in northern Pennsylvania. Forest Ecology
and Management 170: 1-17.

Reich, PB., A.W. Schoettle HF. Stroo, ]J. Troiano and R.G. Amundson. 1985.
Effects of O3, SO2 and acidic rain on mycorrhizal infection in northern
red oak seedings. Canadian Journal of Botany 63: 2049-2055

Walker, M.A. and B.D. McKersie. 1993. Role of the ascorbate-glutathione
antioxidant system in chilling resistance of tomato. J. Plant Physiol.
141: 234~ 239.

Wang, R. Z. 2001. Photosynthesis, transpiration and water use efficiency of
vegetative and reproductive shoots of grassland species from north—eastern

China. Photosynthetica 39(4): 569~573.

_57_



Wildi, B. and C. Lutz. 1996. Antioxidant composition of selected high alpine
plant species from different altitudes. Plant Cell and Environment
19: 138-146.

_58_



Summary

We investigated seasonal physiological changes of Korean fir (Abies
koreana) and environmental factors of its habitat. In order to examine by
reference to decline caution we selected three sites, Witseorum, Youngsil and
Sungpanak and divided site into healthy and damaged trees.

Net photosynthetic rate was associated with seasonal changes. Net
photosynthetic rates in high temperature were lower than those of low
temperature. The difference of net photosynthetic rate between healthy and
damaged trees was clear in June and August but damaged trees recovered
with passing of the time. So, there was no relationship between healthy and
damaged trees in September. Stomata conductance(gs) was very much alike.
Over all water use efficiency(WUE) of damaged trees was higher than
healthy trees. Like the preceding there was no relationship between healthy
and damaged trees in September. Their response may be an ability to
adaptation or compensate for stress on weak environment.

On the one hand, we measuremented antioxidant enzyme activity to define
adaptation of environment or physiological condition on weak environment.
They were no significant relationship between healthy and damaged trees as
a result of GR activity. But antioxidant enzyme was lower in June and
August than that of September. As a result, we considered that the damage
was caused by the high temperature in June and August.

Moreover, Soil chemical and physical properties of each site showed that
site of damaged trees had lower organic content(OM), total nitrogen
content(T-N), available phosphorus(Avail. P), cation exchange capacity(CEC)
and cation content than site of healthy trees.

Taken together, these results suggest that site of weak trees which had
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not healthy soil were more sensitive to high temperature environment than

site of health trees.
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