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Abstract: We investigated seasonal photosynthetic capacity and water use efficiency changes of Korean fir
(Abies koreana Wils.) trees located at three sites around the peak of Mt. Halla, Witseorum, Youngsil and
Jindallebat. At each sites, we chose healthy and declining individuals to examine the differences of physiological
characteristics between them. Net photosynthetic capacity in 15°C were lower than those of 20°C and 25°C. The
difference of net photosynthetic capacity between healthy and damaged trees was clear in June and August but
damaged trees recovered with passing of the time. There was no difference between healthy and damaged trees
in September on photosynthetic rate. Generally, water use efficiency (WUE) of damaged trees was higher than
healthy trees.
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Figure 1. Location of three experimental sites in Mt. Halla.
Site 1, 2 and 3 indicate Youngsil (YS), Witseorum (WS) and
Jindallebat (§D), respectively.
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Table 1. Topographic conditions of three Korean fir stands in Mt. Halla.

Site Name Elevation  Topographical Aspect Slgpe DBH range Height range Age

(m) position © (cm) (m) (year)

Site 1 Y'S (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 9.8(3.1-22.1) 4.0(1.7-5.6) 40-60
Site 3 JD (Jindallebat) 1,748 Flat area SES <3 12.7(3.6-26.4) 3.4(2.0-4.8) 40-60

Table 2. Vitality assessment using leaf characteristics for Korean fir.

Leaf characteristics

Vitality grade
Amount of leaves Leaflength Oldest leaf age
1 Almost dead Less than 10% Mostly shorter than 1 cm Mostly 2-3years
2 Very unhealthy 10-40% Mostly shorter than 1.5cm Mostly 3years
3 Unhealthy 40-60% About 1.2-1.6 cm Mostly 3-4years
4 Vigorous 60-90% Mostly longer than 1.5 cm Mostly 4 years, some 5 years
5 Full vigor More than 90% Mostly longer than 1.5 cm Mostly more than 5 years
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Figure 2. The effect of temperature on the photosynthetic capacity natarally grown Korean fir trees at three sites in June.

Abbreviations of site names refer to those in Figure 1 and Table 1; H is healthy tree, D is degraded or stressed tree. Bars indicate
standard deviation (n=3).
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s, C,; mole fraction of CO, in the leaf chamber

(umol CO, mol™ air), C; mole fraction of CO, entering

in the leaf chamber (umol CO, mol ™ air), s; leaf dry
weight (g), E; transpiration (mmol H,O m™s™).
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Figure 3. Differences in photosynthetic capacity of naturally
grown Korean fir trees at three survey sites in August.
Abbreviations refer to those in Figure 2.
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Figure 4. The effect of temperature on the photosynthetic capacity naturally grown Korean fir trees at three sites in September.

Abbreviations refer to those in Figure 2.



709

o
L
T W w e Mf pl o
N A T W T o
X o 1m%1ookﬂo§
TOfﬂ% JuptyA a‘l.’E 7]1011!
H_] ‘yl_.DU ‘Ierﬂ_”ZﬁOWGI\.IO
CHCa) ATHC%ETH%%B%E " N
= 9 [y — ) Ve —~—
) T % B eE7]3.A 4,|o_~oﬂu,mﬂm
N wm%ﬁ%@@ Méﬂmy%%%@%%wﬂg
5 ) _.w%ﬁoﬂ@i_zf _ﬂﬂﬁ%iﬁﬁtl,fogzﬁﬂﬂ
Eg %%@%ﬂﬁ%%; ﬁw_ﬂ_%%lﬂwcza.gﬂﬂﬂ%m
2= pa WA = WO LS Q - ﬂc ©
g% 7%§qW%1ﬂwvag%o;geﬁm%ﬁﬁ%
2 2 H#ﬁ%#ﬂdb7%Ama BEE 59 b=
Z 2 = ° ﬁ%ﬂilgﬂr%l%ilm%ymﬁoﬂﬂ
52 . M%m‘?ﬁa S ,o_fég zﬁklél1 h
E 8 e g &?ﬁodrn%k}pwﬂﬂ#.mozoo%1
= ® = g ) A 11£A %ﬂnoo.rLH]T ABHT HT 0
£ gk ~ NET Y o Mgz aomafﬁﬂ(&r&%?g%
2:5 ﬂ%ﬂeﬂ.ﬂﬂuhﬂlLﬂWﬂoﬁﬂEM @ruflﬂ&
Pot wﬂ%@mwg@mgzaggﬁimﬂ@%ﬁmf
= 8 T ebe]ﬁ S o — <O O
P m,eﬂbiurWMMA?O%HVO%%%D@&%%mtﬂﬂﬂdi
E§S L 0 S Li%.wxﬂ o T gl e otoﬂu]m ol
LS oﬁ%lwﬁi(ﬂb%ﬂmﬂ ﬁ#iuoﬂ%%ﬁﬂﬂ,v&mj
2 8 %Hmmﬁw”toM%%ﬂwﬂzoLV@m)ﬂMﬁqm{
554 1w”ro@o%@q@o#%ﬂoEﬁﬂwwaw%@77m§
FE® o ol < = U — > R
= 2 & at T o 3 AT Now oW B2 E T
S = lLou Ay T G ﬁw_tu = .9 = A
- ?%ﬁ%g@%%ﬂmﬂﬂﬂi%uﬂﬂwm.ﬂltr;
: 228 ~ =0 A g o Woﬂ}]wl_
ls 552 &E%ﬂm_u%aW.mmo%w,o%zoo
Yemr iEOﬂ/HZA;oLLI = Mo %
= KO ) gl 1Q;oomﬂxlm TN
=E= xlﬁioc%ﬂoﬂ/lé W %o
T o ~ Mo Al ,16|L BT WK A ® B
1o m%m gL e 5= B an;aﬁmmnﬁoﬁ
oy v X :
e B Eﬂﬂoo]ﬁw_ﬁﬂ%m ﬁCwﬁﬂleoﬂr
a Joqumﬂﬂﬁﬂaoweﬂwx}ﬁ_.m loﬂLﬂowﬁmMﬂH
; A ﬂiift%ﬂ%m;ifww;ww 7mﬂﬁw4w
O e ﬂﬁmﬁoﬂzﬂ%%_ﬂgui Hf,ﬁamw)WE\
ﬂwﬁﬂWmD4o ]H;iz — N Jro‘llﬁjl_,_o‘bo T]TSZ it
kSl 3 T o %xgw}_ E 1 1%
T w y%%a_z_ﬁ ﬂ_do_aﬁuwﬂwmy%g&mo%@ unuwwm_wﬂig
H T ol %0 i oo X a%&.lt u_,goi
o»]].x hY ﬂ1o11_|i o o ]_H]l. ol
%amyww Mmﬂwmwf\.ﬂA;o%moﬂumﬁ%ewmwﬂﬁm %;ooagaq
CRRCH S W g o BN % S W e T o " 1aﬂw¢%
o o . mwﬂo ~ ll o) O\lxﬂl\) =3 pai
T %qﬂwwmw%ﬁgﬁwy%%7mmw% LS
o~ oy oeﬁ]kﬂ_ﬁ? SO A TN P g )
_Mrﬂ&ﬂ%ﬂ aﬁoT\M%J%%w%%ﬂﬁ@ﬁ%%ﬁ»wﬂm% %wtﬂﬂnwmwﬂ%ﬂ
PN _oﬁosmmq.ﬂ%ﬂié@wma7xﬂ,ﬂﬂwﬁﬂmﬂ %%ﬂwrmﬂoﬂ "
—_— 7 — i [ = = = = o
DS wwﬂ%%%%%%%z%wﬂSAW%m%mm%wwaa i
WI,WMMWH e “Umo:ii4mT7;@wEﬂoy_w_w:EIMMo]/%MQQ..%H&%LOOEAWEOEZﬁMWMM 0{0
: S o5 O T 0 A];ﬂ Mo & 4?“%9 o _]AJE r=)
ﬂwn_MF ﬁ]oﬂwwxmﬁw._rm%ﬁ%ﬁoﬂﬂoo,#E;ﬂ/\&%%/tﬁ@ﬂl,wuu&mﬂwo%ﬂbo TH
ﬂnyﬁdmmwm,ﬁzﬂw_@namﬁkﬂhzqt#o_m%twﬁ%mﬁﬁﬂﬁﬂﬁq% <
qyﬁﬂwmhﬂb}wgﬁﬁwpggﬂiéﬂagﬂ.@un}mﬁa_%ma@
_Lt VX./UAONEHEOOJ!;A L_EA ﬁma oK 7wlﬂo{1rx X Jo N
%ﬂﬂm%@%a%ﬁcvﬁﬂgmﬁﬂofom%hﬂwﬂagbmﬂﬂ_i
ﬁéﬂ%ﬁm\ 3 1053%},Cx%ﬁo%ﬂoulfx BREY
of — :iCidlZﬂ_H ;o(er o I . JIﬂ7H
1 - < w 5 SH%L g o WX ° 5
mwmlmw%wowmﬂwwazm3ﬂowquhﬁoﬂ%1
ﬂo%%%ﬂgka_@5@@@@.%%@ o
= — )= LS R H
wyém@WBurwE%QW%%&%%%i
T RO o e o 7o oy EigERRsK &
Lt,ﬂ%ﬁoﬂbouoﬂrom‘#ﬂ%drwoa
ol B 3o
ol B
f)
@ o

e 1
Imapp £



710
FHY LR Ago] astn HHY SE AL Ao
AT,

74 =

.U’

77},

NS

p
A2l 1994, FAH3Ie} T_{\}x]tﬂ 2R 253
R e I B I © AFEIA KOSEF 921-
1500-081-2. pp.89.

W, F94L 2001, SRt U (dbies kore-
ana W) AFANA A A7r15Msle] w2 gdd
s 4. dSAAESHER] 24(5): 281-288.

ol&d, FHA. 1995 RIS ZEAE e A
=l a3l A] 84(2): 247-257.

o). 1970. TR AZ 2Ad 5 939
317 10: 5-6.
. 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. Photosyn-
thetica 40(4): 615-620.

.Binkley D., Son, Y.W., and Z.S. Kim. 1994. Impacts of

air pollution on forests: A summary of current situations.
Jour. of Korean For. Soc. 83(2): 229-238.

8.

10.

11.

12.

13.

14.

16.

17.

~J

19.

20.

. Faria, T., Garcia-Plazaola, JI,

.Lim, JH.,, Chun, J.H., Woo, S.Y.,

WEIMEETE A 95 A A 6 5 (2006)

Blank L.W., Payer, H.D., Pfirmann, T., and Rehfuss, K.E.
1990. Effects of ozone, acid mist and soil characteristics
on clonal Norway spruce-overall results and conclusions
of the joint 14 month tree exposure experiment in closed
chambers. Environ. Pollut. 64: 385-395.

Abadia, A., Cerasoli, S.,
Pereira, J.S., and Chaves, M.M. 1996. Diurnal changes in
photoprotective mechanisms in leaves of cork oak (Quer-
cus suber) during summer. Tree Physiology 16: 115-123.
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, TM. and Braatne, JH. 1994, Stomata. In Wilkin-
son, R.E. (eds.) Plant-Environment Interactions. Dekker,
New York, p.323-355.

Kim, GT,, Choo, GC., and Um, T.W. 1997. Studies on the
Structure of Forest Community at Cheonwangbong-Deok-
pyungbon Area in Chirisan National Park-dbies koreana
Forest-. I. of Forest Society 86(2): 146-157.

Kimmins, J.P. 1987. Forest Ecology. Macmillan Publish-
ing Company, New York, 531p.

Kratsch, H.A. and Wise, R.R. 2000. The ultrastructure of
chilling stress. Plant Cell and Environment. 23: 337-350.
Kwon, M.J., and Kim,
Y.K. 2005. Monitoring the Decline of Abies koreana For-
est in Mt. Halla. EMEA 2005 in Kanazawa. p.44.

Oliver, C.D. and Larson, B.C. 1996. Forest Stand Dynam-
ics. John Wiley and Sons. Inc. New York. 520 p.

Penuelas, J., Filella, 1., Llusia, J., Siscart, D., and Pinol, J.
1998. Comparative field study of spring and summer leaf
gas exchange and photobiology of the mediterranean trees
Quercus ilex and Philyrea latifolia. J. Experimental Bot-
any 319: 229.238.

. Reich, PB., Schoettle, A.W., Stroo, H.F., Troiano, J., and

Amundson, R.G. 1985. Effects of O,, SO, and acidic rain
on mycorrhizal infection in northern red oak seedings.
Canadian Journal of Botany 63: 2049-2055.

Wang, R.Z. 2001. Photosynthesis, transpiration and water
use efficiency of vegetative and reproductive shoots of
grassland species from north-eastern China. Photosynthet-
ica 39(4): 569-573.

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

(20064 8¢ 239 A4 2006 109 179 Al



