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Abstract: In order to examine the differences in antioxidant enzyme activities which represent defence
mechanism to stressful environments, and soil properties between healthy and declining (or unhealthy) trees, we
selected three sites, Witseorum, Youngsil and Sungpanak (Jindallebat). Antioxidant enzymes including Ascorbate
peroxidase (APX) and Glutathione Reductase (GR), forest soil properties including soil texture, soil pH, organic
matter, total nitrogen, available phosphate, cation exchange capacity, exchangeable cation content and nutrient
contents in leaves of Abies koreana (Korean fir) trees were analyzed. There were no significant differences
between healthy and declining trees in GR activity. However, seasonal difference in antioxidant enzyme activity
was observed. GR activity was lower in June and August than that of September. Soil chemical and physical
properties of each site showed a tendency that organic content, total nitrogen content, available phosphorus,
cation exchange capacity and cation content were lower at the site of declining trees than the site of healthy
trees.
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Figure 1. Location of three experimental sites in Mt. Halla.
Site 1, 2 and 3 indicate Youngsil, Witseorum and Sungpanak
(Jindallebat), respectively.

Table 1. Tophographic condition of Abies koreana of three sites in Mt, Halla.

. . Topographical Slope Height range Age
Site Name Elevation (m) position Aspect ©) DBH range (cm) (m) (year)
Site 1 YS (Youngsil) 1,633 Near cliff SWS <3 10.0(2.9-27.5) 3.0(1.7-3.6) 40-60
Site 2 WS (Witseorum) 1,672 Small ridge SWS <3 98(3.1-22.1)  4.0(1.7-5.6)  40-60
Site 3 SP (Sungpanak, Jindallebat) 1,748 Flat area SES <3 12.7(3.6-26.4) 3.4(2.0-4.8) 40-60
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Eabe R 247 (DBHYE Hit 9~12 com A=
AL B AT L 40~60 Ji=el F oz FHEm dnt
2l 5A4-& Table 1] YERA AT
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Ascorbate peroxidase(APX)9] T4 EAe- ) ©H (.2
goll IM of2FZERAHAsA)Y pHZF 742 BAH 100
mM UHEE E(KP bufferyS 83 289 2

=

mLE 715te] #8388t 012 16,000 rpmol| A 3087+
AT T F FE29 60 uLE FH3to] WA [H,0 2.34
mL, 1M K-P buffer(pH 6.5) 300 uL, 10 mM AsA 180
pL, 5 mM H,0, 120 pL]a 2 &3 & B33
(UV-2100, Shimadzu, Japan)E AH&-3ko} 38 290 nmol]
A1 H0,00 ¢ 30271] o}~z =W Ak AFSLE (extinction
coefficient of 2.8 mM™ em™)E =4 3191t}

Glutathione reductase(GR)2] &4 42 < 015
Hst & FZLA(50 mM K-P buffer, 5% PVP, 5 mM
AsA, 5 mM DTT, 5 mM EDTA, 0.IM NaCl )2 2
mL 718k FAEET 12,000rpmel|A] 53870 alEg]
g F AN 150« LE 3] vk [H,0 2.43 mL, IM
K-P buffer(pH7.8) 300 uL, 10mM GSSG 60 uL, 10 mM
NADPH 60 puL|# EH3tATh oufe] kel vke-&
3¢ 340 nmell 4] 90x7+e] ST HElE st
(extinction coefficient of 6.2 mM ™" cm™).

BE 3484 did | mgd 7[EoE AR
w, @A AL Bradford(1976)7F 7148 vlel Zho)
Bio-Rad Protein assay(Bio-Rad Laboratories, U.S.A) 5¥
A Ho] F F2NL 100:12 7ete] ¥hgAIZl & b
595 nmoll A 9] SR =5 =7 5te] BEAa9dnt,

w

EQEM
B pHeF 7171 = (electrical conductivity, EC)&=
T B 5g5 50 mL Hlo]A el Hel SFF 25 mLE
Fetal frejefti 2 S-3E6] AolFaA IAZF BXg &
Z+zh pH W EH(MP230, Mettler toledo, UK)&} EC = B}
(M(C226, Mettler toledo, UK)E 24 814t}

71%E FE(0.M.)2> Walkeley-Black', 712 4x(total-
nitrogen)= 571 EY(50 mesh 53 0.1 g& AY 22k~
2ol FHska, 2 g FU|EFES 7k & 2g F4F 10 mL
7hste] 2 283ttt o] 2L 2
2 LTI 258 =] A
of 2AIZF FoF 7HE AT ey EuE Ae 5 dA
147](Kjeldahl 2300, FOSS, Sweden)ol A &7 3te] 44
stk fE el Avail-P)yS Bary No. 19l wheh 4 as
ATk ol AF-EFH(CEC)H X3 ol(Ca, Mg, K,

N

Na)2 IN CH,COONH, (pH=7.0) F&H o5 st}

=
WA (EA ) micro-pipetted & o] &-3FAT.

SHTE 7kt FaE e & o] Bajde 59 A
4 Fol2(Ca, Mg, K, NayS QAT FEJEA7 |2 =
asith. A=A Fof AAgEFe B3l 10 mLE Hs}o]
Al S/ (Kjeldahl 2300, FOSS, Sweden)Z ©]-&-5}0]
S48t} Q1A Vanadate ol ¢]ate] 2A8190m,
AEA E& 4mLe LAY Ammonium  meta
vanadate 4mLE- 7}8}e] 30°ColA 3087 AR & g3
SZAE(UV-2100, Shimadzu, Japan)©]-&3te] 470 nm H3¢
N FEEE SAS oju] gl olalshek
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A& (reactive oxygen species, ROS)©. 2 ¥ 3-t}(Alscher
and Hess, 1993). 0|2 74§ 2F3}8-& 71X 22 3lo] 34k
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and Hess, 1993; Asada, 1992). 121} &) EA]7} A o
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AAsAY AHE &4 ARE AAsE Ad,
superoxide dismutase(SOD), peroxidase 52| &40 ]38k
2o} 7124} ascorbic acid ] FAFSHEA ] 23 Hyo]
71&e 2 8 4 9JthAlscher and Hess, 1993; Inze
and Van Montagu, 1995). 221} o]& 3t A]&9] v
2EH A0 Zhm) 717HENe] olu gl A& Fol wlEbA
T kslEa gAo] Mt Fg 2y e o), 4~
Efio] gk AEY] 87 A8A4, Wl e 43
FHE ISk AR S 4 thRao er al., 1996).
SOD, APXx= 4F SEH X2 o8 fresAvy e
F7tste Ao® BuH 3 ¢l th(Walker and McKersie,
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7] 9)3t glutathion reductase(GR)2] E/32 FAFSIIT
642 GREA S JEAFAAE At thE F A
oA 2 €A 7F ARMA ] wlste] A VERter &
3] QA QEEAA A F AR Aol 7t 33%E FEH
Ao} FARAA M E F AR A T FES
R HFigure 2). 649 APXEAL A7+ FolidL
9= Aoz Yehgon SIS ERAR A= F 7
7F A9 s ) v CMX]
ARANA A v S6% P = ESk
A7} 2 FH A A8k 34%4
tHFigure 3).
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98l GREAL M . BolA HENA7E AANA R
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55%A4A % =}o]lE K ATHFigure 2). 989 APXE4-2 $

o T

B August
@ September

(nmolmin

i ko hlﬂ

WS-H wWs-D YS-H S0 SP-D

Figure 2. Seasonal changes on activities of glutathione
reductase (GR) of Abies koreana in three sites. WS-H:
Witseorum-healthy tree, WS-D: Witseorum-unhealthy
(declining) tree, YS-H: YoungSil-healthy tree, YS-D: Young
Sil-unhealthy (declining) tree, SP-H: Sungpanak-healthy
tree, SP-D: Sungpanak-unhealthy (declining) tree.
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Figure 3. Seasonal changes on activities of ascorbate peroxidases
(APX) of Abies koreana in threc sites. Abbreviations are
refer to Figure 2.

éoﬂﬂi HENA 7L ARl vls) =A
AANA7F HEAA R A e
oA GRI APXEAJo] T E F A

o
gy
&2
ae
=
&
)
R
oﬂ
E
_‘R l"_L_,

= = =
B4 g4 5 Aol dojshs AT BT sebA 7]
RS Ao wEch
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A A B pHE 4.23~5.599] M$|EA F AHE
o2 UEpCn(Table 2), -2 et o 94 AHEY
pH 5.0~5.691 Hla] & ZJo|7F YASich Al A BEkel A
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Table 2. Soil chemical properties of three sites in Mt. Halla.

pH EC(l:5) OM  CEC TN AvailP
(1:5) @S- m") (%) (me-100g") (%) (mgkg™)
WS-H 441 041 478 6170  0.88 1852
WS-D 480 011 2098 2950 084 6.86
YS-H 423 033 5750 8849 158 3896
YS-D 464 021 3278 5831 065 717
SP-H 473 0.7 3323 8357 064 431
SPD 559 0.3 1656 3795 036 624

Site®

Ca Mg Na K
Site* Texture
(mg - L™
WS-H 1.97 1.58 0.36 1.53  sandy loam
WS-D 111 0.61 0.26 0.75  sandy loam
YS-H 5.52 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 0.47 030  sandy loam

* Abbreviations are refer to Figure 2.
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FELS EFe] A FF F A2 o
A4

SR He ot EYole A THEHE 09 <ko)
A5 7 A2 o TR 2 Bolo) 3517 o3 HE o)
B2, A= A S-S gitte oA 2 ) o
- Ao tEg s F o 28] AL A 8E
= 94 B S

WOl RX|ZEHCECYS: AAZRAIA 2] A2 61.70~88.49

cmol + kg, EZNAA A 9] 74 29.50~58.31 cmol * kg
o] =AM ARl Sl X Bkl Hagkel 16.50
cmol kg BT} 53] =& 5 o)t XY mE A
ZANAA o] HEPRAA Gel] Hste] A Yeston] 2
ol FAA N CECTE 7P} B8 5 o|9ith v
7 w2 He R tH(Table 2).

=& Ykl shve] A E
G o]

i

AAA G2} A AR % JR)olo] 7} o
oAl QM 9 F 420 2w etk
EY 2 284 Ca= @M A 2 A4 1.97-5.52 cmol-

kg™, HEAAA G 2] 9 0.54-2.07 cmol - kg'e] 9]

ool HHMAAY 2 A=
FolM 7H 28 Cad) TS HYT QA 029 AR
MAA o] 7 5 CaftFo . ZAME YO Mei= 7
AAAA A ] A9 1.01~2.95 cmol - kg, 2 E7JA= A
o] 4% 0.61~121 cmol - kg'e] Mg oW ZE =9
RN AA G o) HENAXN G B} 24 Vepton o
A el Mgdhgol 71 A4 ZAME At Nas AR A
o] 789 032~047cmol - kg, AEMAXND Ao
0.26~0.47 cmol * kg9 HHHIL SIH 2 B3 2R 9
ARNAA G o] HENAAN B} ko) kel x| o
o A% HEANAA G o] ARANAA AR} =7 Lyehyt
o JAASG e AAAAK G o] ThE T Ao AMA
A BT} Naghdo] 714 =9k Avolx| o) 45704
Al 22 I BT K 7AdpAA e A
0.97~1.86 cmol - kg™, HEMAX G A2 030~0.97
cmol -kg™'2] WOl RE X o] AAAAA D] 25
MAAGHT #A Jegon Jaxdos 714 =
K2 Hoh(Table 2).

B2 BEY T PI9AES 1 279 et 2e(sand,
0.05 mm~2 mm), V] AKGsilt, 0.002 mm~0.05 mm), X&E
(clay, 0.002 mmo]shE FE-& wf 0|5 ma): ujA): A&
of mlol) w2 Boke] Az v T3 Eoke] Ea
goltth. AlA ol o] Eoke] BAL YA de] AN
A RE FHAE (loamy sand)] 2 THE 2] ARTNA)
A3 HENA A 2] B2 AUFE (sandy loam)EA
W) w9 S EE R o mE EAlle 9le Aowm
BOITH(Table 2).

3. TR AER EY

21EA 9] A- A= 0.06~0.09% H=A AR} A
ERA R} o7 =7 YEl O U 2 Alo]E ) Zgko.
™ FLX A A9 AL Zolrt gl Aoz mAMEGI T
(Table 3). ©]% 71 =2 A4S ekl Zoo] 149
AL Z et on 71 vhe x]ol e of A7) oot}

AT FHE 0.12~0.23% M 2A] Q1A 22X
A ARANA7E S EFRA ] Bls] 33% 4 = B4 UElge
L U8 F Ao M= F A7 2pol= IA A o
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Table 3. Nutrient contents of Abies koreana of three sites in
June.

TN PO, Ca Mg Na K

S oy ) %) ) ) (%)

WS-H 009 0.15 0.27 0.03 0.14 0.82
WS-D 007 0.23 0.32 0.05 0.13 0.75
YS-H  0.06 0.12 041 0.06 0.19 0.76
YS-D 006 0.12 0.47 0.06 0.14 0.86
Sp-H  0.07 0.13 0.38 0.06 0.13 0.80
SP-D  0.00 0.14 0.51 0.06 0.03 0.76

* Abbreviations are refer to Figure 2.

9FTHTable 3). A EA F Cas AZA L A 027~
0.41%, 2 ENA 2] A9 032~051%2] BAHL BE A
o) AAMNATF HHAANEG =A JEHEH M=
0.03~0.06%2] W913.om A L5A o] 7P Skl vt
M%) AodexE 7o gEke BTk Na2 7137149
739- 0.13~0.19%, 21 E)70A12) 735 0.03~0.13%] A
I GAA G S A g F 110%11*% AANAR A o] 4]
EA R R 24 deEth S5 GAdAGele A

WA} HFHAA 4 Naﬂau Aol= ZA VERIA
orolxwk ubel Aol Aol M= ARANA T A=A
o Hal 71¢] 79%4 % =A UEht F A 27t
A vheRgth, K& AZRAI ) A5 0.76~0.82%, 4 =N
A o] A 0.75-0.86%2] W gjolH AR A W 1A
A ARAA 7L AR R T & KTEe E
% tH(Table 3).

4. THLS 0N Na B2
g e 1%@}0} A% oHvOﬂ . 4
= mhgltel Navl o
B3] 94 7
Asgie,

Nagh#-2

- ke
1o
e
N O
=
'\_N‘,
o g
&
[,
1o
Z
o©
ﬂ?L'
)
il

Sl eEA ) 22 GuAYe] 45
e G Vs e

0.12

0.09

0.06

Na content (%)

0.03

WS-H WS-D YS-H YS-D SP-ii SP-D

Figure 4. Na contents in leaf of Abies koreana in three sites in
August. Abbreviations are refer to Figure 2.
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