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ABSTRACT

This study aimed to understand the nutrient absorption, usage and allocation of Carpinus cordata in
different soil and light environments. Seasonal changes of foliar nitrogen, phosphorous, chlorophyll
contents, leaf mass per area (LMA) and nutrient retranslocation rates were investigated for C. cordata
saplings growing in a natural deciduous broadleaved forest and an Manchurian fir (Abies holophylla)
plantation in Gwangneung, Kyunggido. The deciduous forest had lower leaf area, higher light
penetration, and better soil fertility than the Manchurian fir forest. However, available soil phosphorous
content in the deciduous forest was only one third of that in the Manchurian fir forest, which caused
lower foliar phosphorous content and higher P retranslocation rate of C. cordata in the deciduous forest
than that in the Mancurian fir forest. Soil nitrogen contents in the deciduous forest were higher than
that in the Manchurian fir forest, however, no differences in foliar nitrogen content and retranslocation
rate in C. cordata between the two stands were found. C. cordata in the Manchurian fir forest with high
LAI throughout a year, had lower LMA, foliar nitrogen content and chlorophyll a/b, while had higher
total chlorophyll content and chlorophyll/N than that in the deciduous forest. These results implied C.
cordata under different environments are using different strategies for nutrient use and allocations.

Key words: Nutrient dynamics, Nutrient allocation, Nutrient retranslocation, Nitrogen, Phosphorous,
Chlorophyll, Carpinus cordata
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1983; Kikuzawa, 1983; Garnier et al, 2004). 2=
o] 3 st &80 Yo T AEL ] T,
Eof T8]a A F(retranslocation)S E3Z o2 =
& 7 = Ao JasiH, oigh MY Faje
a2 AEe] @ gk A8 58e A7, §71
of Aple] A3t gHgellM ERiE= A3E 7Rt
(Killingbeck, 1996; Huang et al, 2007; Dewar et al.,
2012).

Aot Q12 AEA] WellA e, ik JE4S
FE B AE 7] AR, AMEE Hl
5k ks Ae)A vhg 1 S AN SAA
8+S SFti(Hirose and Werger, 1987; Terashima
et al., 2011; Pang et al., 2014). A2+ 1A AYE)
AleA Wi} 7 theo 2 RINE] Astasg 28
S uhg TS &2 97 Bk = AEe] 2l
o] Ak gA Z #5387 falxe Aol it
et S, Bl B AR B Aol B
oo}, Axs} 919 F= &3] EYY HISE, B
& Ake, GV)EslE Toll FES o (Vitousek ef
al, 2010), 59 FLo Wile FF W & 87
=, 3] BE¥ Bl 9 ¥A FY(Dewar et dl.,
2012; Kobe et al, 2005; Niinemets, 2012). H-3F
ol A7) Mol do HE-S LA HIES I
o7 AFFsl, o o EEES Hole AR
= EYY HISE, 384, 5 3 o] gl wet
FeFS WA Hrh(Kobe er al, 2005; Yan et al,
2006; Yan et al., 2013).

Aede 8 50 7YY (Carpinus cordata
Blume)e F-EUHE HIRSIY T, & 5o X
3} (Kikuzawa, 1983; Koike, 1990) 7|7} &2 A
I FHA Akl e 15mel] Y8k aEolt)
A7 Z7100 Qlo] FAll F43] DAk LA
AEE o2 Q& TN 3 545 BAst
™ (Koike, 1990), Ws730] 7ste] 5] 2Ao] &
23 S a1e] w2 FxioA Hao] gEL
3k FHlE EPoEHA B rAleh Asdidt
(Kitaoka and Koike, 2005). 3+ Ho| GAZ #X
AA Ego] HISR Fol AEatr] wiiel] o1e] A
At g, Ao G FEh wom, R o8
8L vEe A4 HE (Resource spending) .2 L
A ATH(Yan er al, 2006; Yan et al., 2013). 3}A]
T EQke] i 7 $o) AE tE AR 24 8§t

oA Slo] FelA, AYelF, A xjoleh FE3 2}
Aoll g =87 o8 el Uiz re FE55
‘dEfeltt.

oA 2 AT fulas AeRdxges Ay
H seuet A9 tisEAQl Al A71s B
o ST W GEdAgTE vl viar A F
et 2 AA9EgdrET =2 QuFe] AEHL
2 FAEE AE5EQ AT 29AY a5olA A
2har Q= 7] FejA, el 2lels wlust
I olol] mE AElE 2-goll e A7E AAISIIT
o] =wolMe BT IAgEFHA A 29A
oI A2le] Aol met SFAOE ZAEhe 7]
uige] 28 ool g  Jdvkal 7pgstkar, EY
o] olgtshd, AFTTMI (Ao B9 WA T T, leaf
mass per area), FE4, o] FAe} Q1 Fxe digh
A wisleh ARFE Tlelalol 7Ruke) o
SEek Eule] ek Ajolg Trstalat vt

IL = 2 gk

2.1. AFCHYX| 2} A B2E MTY

B A7 A71% BSel ARRE SHTEd We
Y3 Al XS oF 1.0kmEoid HAHd

TR (S37°44'53"E127°92"d AU 91y Z=H
(S37°44'54"E127°9'41")l1A] 3= QAc}. Akl 1]
@ aAddagasdell J9BgrTe Sy
(Quercus serrata)®} AANT(Carpinus laxiflora)7}
e GEE RSkl o, sk Ao EE 71
BV (Carpinus cordata), & IF-(Acer pseudosiebol-
dianum), Y2 E-(Cornus kousays©] ZHsk= A
Hoz, o] Hile= 256m, AFHEERS NW 3559,
ZArEE 28°%AT 20139 oF 719] IRishkE 19
24°C LN en, AHHR| G (Leaf Area Index;
LADE 49 F<oll NEe AlEste] 79l HoiAiql
52790 o]2mH, 10¥ o]F F43] #adh= slo=w v
ERAtH(Korea Forest Service, 2014). AF=ol| £x]3t
BET Qe AR A elst AurE)e vy
HORE Ha 4L 225mel o]2H, JE YEE 525
£/haoaL, 3ol AHEVN-(Morus bombycis), 714
vtk =25 (Cornus controversa), N0 U5
(Carpinus tschonoskii) 5°] Zdsluct. 2T
FEIE 135m, ARSI SE 120°, BAKEE 4°2

A
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Table 1. Characteristics of sample Carpinus cordata trees from deciduous and Manchurian fir stands

Study stand Age Height Clear DBH Crown Crown
Y (yr) (m) length (m) (cm) width (m) depth (m)
Deciduous 133 7.4 3.5 9.2 4.7 3.9
(1.45) (1.17) (0.26) (1.08) (0.64) (1.01)
Manchurian fir 11.7 5.7 33 4.1 3.8 23
(1.45) (0.44) (0.24) (0.48) (0.26) (0.40)

The numbers in parentheses standard errors.

ARl 9XIg Gl nist eleidint. o
& 7129 gHslE 18-25°C WMo, WA A
T o] Yoo Helle 65004 AlFsle] 49 @
Azl 7] Atste] 69 o HojA2) 745 7K
g BuES T Ryu et al, 2014). F5HEFS F A
Aol A BF 1471.4mm=Z EFGTHKorea Forest
Services, 2014).

SR AR Sl A% 7
g SEAS AlEH0F AT AlsEe] Bt
T GH9gETEY AuTEeA 13397 11.7d
o7 fARIARE, Faret FaA, S, Sl 5

o] YdgdsollA =4 YT Table 1).

2.2. AE xE Y 2o
A= AFRE 20139 5E SR E i 1Y 2744 A}
clelsh DAZISIE AHSle] AR T 3000ge) She

4 128], F 93]l HA zﬂﬁo}&’iv}. LAIS} Slo] A
24 &do] Fshs 6287H10¥e € 23] AFSHA
o AHZ AS 60°Ce] TRTI|NA o)F ol =
3 3 Bl AAN)E 94E47)(US/Vario Max
CNyell ot 714 *&ﬁPﬁ(Dumas Method), 1(P)&
2] 7PAA B335 A (Varian, AU/cary 4000)0] <
3} LancasterHoll 93k AAggHoE APIZTY
o)g)te] B3I 7 AR BARRS ATl
ek W8 (%)=2 UFERITH

23. EY 24

Ege] BA47 sl #4E 9% Alse 44
ZAFPA AlEE 9 10329 FE(10em oIU)E
ANFHT 5, Afiellr F33] T RS

EA519E. ERe] AR = Hydro-meterd, EF
pHE 1: 254 HAeHS pH meter(DKK-TOA JP/
HM 30R)=E SH350m, kolﬁx]ﬁo‘l & INZA)

2E 79%‘?‘3, e YAaFA7)(US/Vario Max CN)

2mmAS

o eJgk 732 A¥sPH (Dumas Method), F-8 Q1R A}12]
A1 #FF = A (Varian, AU/cary 4000)°l <] gk
Lancaster, X|3Hdfol2(K", Na™, Ca™, Mg
AZ4E217) (Varian, US/AA 280FS)ell €3+ Ax5%
FEHO R AARIZ-Aol| oJzlate] A8k

2.4. Qo] AL M7
Qo] PR ARFEL e} e Aoz AR
THHuang et al., 2007).

Retranslocation efficiency (%) = % 100

Niive : Nutrient concentration of live leaves (mature leaves)
Naeaq - Nutrient concentration of senescent leaves (leaf litter)
eE Qo) IR FEE Qo] 98 AT 7, 8,
999] Bt i FEE 0103}93\ ™, 949 &
et Qo] WolAy] A7 1Y 19

& AHgsignt.

4o, u:

o] =t
ot

= A Aol Al &
7hxdbde] FHls A9lg ¢4l 40mgS DMSO
(Dimethyl sulfoxide 98%) &< 10mIE Sul|& 3}
FZ3IcHBames et al., 1992; Shinano et al., 1996).
UV/VIS Spectrophotometer(Libra S80)% ©]-&3}<
34 665nme} 648nmollA] FEN o] SAEE =431
-, 954 a b 1Al T PEL S of A

02 A=319tH(Bames ef al., 1992).

‘?’— H"'"‘ (mg/g) =1. 49XA665nm + 20. 34'><AA648nm
At a (mg/g) = 14'85XA665nm_ 5~14XA648nm
%?%i b (ng/g) = 25.48*Agigom — 7-36* Agsnm

S ] (Leaf Mass per Area; LMA, mg/cm?®)=
BE5T JY 48 AHs gHdT AFHE =
sk th. AL LIA 32 program(version 0.377e,
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copy. Kazukiyo Yamato)s o]-83le] S4315th
AAE SA3 A8 AZ7|NA 60°CE °olF ol
X3 5 A5 (e S5k, TS Uiz

LPro] LMAS A=3519th.

2.6. SAH 2
EAX2)E= SPSS Version 21(IBM, 2012)S o]&
B FoRF AEE 95% Tl SHHEE

3|
T A% (t-testy= ARSI 2t HlwstSAT).

[/

I11.

o g O

3. E 54

Table 2= HAEFTHY AT RES] EAGY
s S HolFal Jltt. GeEaTEe BN
UE 44.16%, AEE 37.62%, HE 1824%% ©]F
oAU, APEHE ALE 50.15%, UE 34.79%,
HAE 15.07%= o7l o] G9EaTdolx 4=
o} HES] Hlgo| FI1, AUFHoMe Rl
TAHPZE A 2o Aow Yt AU ¢
BEEE 35 AYY 21 vt AR
3l-0] HlaA Ble vl X3 2|3 EAJo] &
HHdE B0 = Azem, afjo} mARgHFe] 70%° )
olghe 71E9 ATt FARE A3S BIThKim
and Jeong, 2001).
Fol2X|ggHS AlQst BE B 35y 44
P gl frJgt 2fel7F Yeldth(p<0.05). L &
NS ALs e B e AUNE B} Ygg
AollA frelshAl =4 Y=t ol 9i9e4
o] Eoo] ALY Wil Aukz o g o] HL3kS
yehdoia & = . odE B9, BEY 1ES U
A FEe GHEETHAAE 0.51(20.23)%=

g

flo

o

Table 2. Soil properties of each study stands

o] 0.37(x0.01)%ETE O E=A et sk
o] FAEL v} AHHEYS] AT Wi AT
9] 0.19%Et} 28] o] =& HAS ZE(Jeong et al.,
2002), 5 A7 A B A7REE} Ho] ©AE A
AAA FH4E FrlEd 93 Aew FFEH
(Garnier et al., 2004).

FraQIMke] 79 whle] HERS YehliA, Hui-gol
A1 20451.82)ppm o2 FHEHTH Y 6.82(£0.67)
ppmET} oF IR =& FoF Yepdtt HuFd
e U AHRIEGS] Hir FaEQIME Rl
25.6ppm¥} FARBH et v, dgedd-Ee] B
oAM= €53 F2 S HAtUeong et al.,
2002). FEQMFE YubH o BEFe] pHYl WolA|H|
7k st TIRIsle] HaEeE Fo=E U
A A=l (Vitousek et al, 2010), F Y& ko] B
ko] 2t F4) gk B ApRoe Bk}
FraELILt FEpe] FEis IAIE HolA| Lt 1A
T ARl Hlgte] GigdTHe] EYelie &
Eo} HES] HlEo] F1, 53] Zs, 44, vils
59 ol F&T} Eob @7IESET} oF 2.5 =3
o}, 0|2 Qlate] ol9] HEFE st ik {32
T} o, BEY Ul fElike] B8l 7118k
BRG] Fhgo] A2 Ao AZFETHKim, 2002;
Jeong et al, 2002; Jeong et al, 2003). AUFH
9] Bl M= AHE(Sand)e] HIE-o] o} Xt T3
7} a1, AT ebste] §ee] JEkS 2| wol
fraglzke] ghdo] YAl visi] dojzoz
S Ao AztEn)

3.2, AEY UdESEie 2Ee| AT
Fig. 1 S8} A wge] a5 Age
= Zixuie] gl sl Q1) Fee] Aol we

Texture (%)

CE.C. K Na Ca Mg Base

H Total  Avail. .
Study stand P Saturation
Y Sand Silt Clay (H0) N (%) P (ppm) (cmol+/Kg) (%)
Deciduous 37.62 44.16 1824 5.08 0.51 6.82 14.84 027 0.1 1.82 0.43 19.36
(1.88) (1.42) (0.81) (0.10)a (0.23)a (0.67)b (0.69)a (0.02)a (0.01)a (0.50)a (0.10)a (5.34)a

50.15 34.79

Manchurian fir 1507 474 0.37

2045 152 021 006 071 012 733
(121) (1.12) (041) (0.03)b (0.01)b (1.82)a (0.50)a (0.01)b (0.00)b (0.06)b (0.01)b

(0.48)b

The numbers in parentheses standard errors.

Different alphabet letters indicate statistical differences between deciduous and evergreen stands (p<0.05).
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Fig. 1. Seasonal changes in foliar nitrogen and phosphorus
concentrations of Carpinus cordata growing under deciduous
and Manchurian fir stands during 2013. Vertical lines
indicate the standard errors. Only phosphorous concentration
are significantly different between deciduous and evergreen
stands at the p<0.05.

Wolg HelFeh W2t Q) BF AY 27| St
7V gk, 71 olF 743 Pl 68 olFol
QYT B FASH 1

3 o] St} ghilel FalRkgo =z Q15
E3lE-g 3k 1Al Eo] Wol A o] %
o] s EArt Yey] wjiEo|w(Adams er al.,
1987; Jones Jr et al,, 1991), 7F&2 o] Hojx]7] A
of oFite] ARBE B3l AFST AU EallEwHA
Y F57}F A3 THSanta Regina ef al., 2001).
Aol 749 S 1ol 59 Zof AUpEgolA

3.17 (20.11)%, GFEATEANA= 2.99 (£0.25)%
2 YeRdout T JETR feogt Aol givled,

rr

ZAF 7R U T AR 3] feld Aol vER
2] BAHp>0.05). TS O] F=7F IS 7, 8,
99 &3t Qo H e IAZEAGHlA
222 (#0.04)%}F FUFEOA 2,15 (20.05)%= S84
A= WE 9559 Hit Fh FEQI 2.22 (£0.74)%
9} H|Z=3k o)Ak Aerts, 1996). BHA Ad<xdt
9 Ql T HHFEATHAA 0.20 (£0.01)%}F
ol 025 (0.01)%Z G348 TE wE 78F
o] HiF 91 F%Ql 0.16 (£0.092)%ET}t F Y BT
2 S YeERIATH Aerts, 1996). SFAITE Hdlgko]
Uehd 59 ZEAUEH:056 (20.01)%, SFAZAS
H:040 *0.03)%)FH Hagko] et 119 VT
:0.15(0.00)%, HHEHTH 0.1 (£0.02)%)7HA] %
fHoz YALHAT-HAA dF A vER=T
(p<0.05), °ol& GHEHETH EX] F& ik F=F
o] 7] wiiel AEA W REel F=7F B WA U
et Zlog gztEc

£ Aol 7S HIESE A e EEs
AFH oz FAAE FUANE 7HE Yges 9
oJA]7] He] FEEsk AR
(Table 3; (Killingbeck, 1996)). GASITHe] dAa
AHAFEE 29.55 (0.96) %= AUFHO] 3
o] 96% o= EREAR, Sl 7he] frol st Apo]
= HolA| eRITHp>0.05). Ao AHNFEL 50
Aglo] oF 80% 7HA Yolub (Hagen-Thom et al.,
2006; Salazar et al., 2011; Wang et al, 2007,
Yasumura et al., 2005), o] GAV} IPE+=
Castanopsis  fargesii= 30%°1 A 25%Z, Schima
superba 40%14 30% o2 HA9 AHFE
o] Z+A3TH(Yan et al, 2006). 53] Y Kitaoka
and Koike(2005)2] Aol w2 7pxdbae] A
£o] £ A7 AT} FARE 32.7% o= YERL
<tl, ol Adsddd Asske 7iAEbgo] viEg E
o Qlsle] Aie] AFFTE A OE AA =
Ao Azt

Table 3. Mean retranslocation percentage of nitrogen and phosphorous from Carpinus cordata leaves prior to litterfall

Nitrogen Phosphorous
Deciduous Manchurian fir Dec1du§>us/ Deciduous Manchurian fir Dec1du9us/
Manchurian fir Manchurian fir
29.55(0.96) 30.96(1.89) 0.95 52.46(3.89) 48.25(1.05) 1.09

The numbers in parentheses represent standard errors.
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e
ae)

o
I,
X

o7 B U o] dal 1/10 Hloj
HAA] Fehs Qle] 7B, AuiAleM= 2] d%

L AFE-S AWt 52 90%7HA
dofuh=tl, EXY HISES} 450l wet & Ajo|=
UEeldtial Sth(Hagen-Thorn et al, 2006; Salazar
et al., 2011; Wang et al, 2007; Yasumura et al.,
2005). ¥ A7A]e] GASFTHS B Q1 ol
o Sokar, 7R 919] A HFES GHEdrE
oA 52.46 (3.89)%=2 AT 4825 (1.05)% K}
1099 =7 e} EQRe] HISE9} 59 A9
A% B ol HGBAFH Aol gy
Aoz Q) FEE B EIH tixs)7] Sleled
ARFES B 912 nEHOR ol§shr] YRS
Aoz sieke),

R o
)
X,

fm

3.3. LMAS} 9454 &3

% QJEzke] AolE Bl Qe B Ao A4S
T QRAME RIS HolA githFig 1), %O
Anwt 7 Bk 3] g0 st BP o)
HBBAZS 7R (Dewar et al, 2012; Field, 1983;
Hirose and Werger, 1987; Huang. J. et al, 2007
Niinemets, 2012; Peltoniemi et al, 2012), Yol w}
2} LMAS} 54 gl 93-S wxA "ot o}
A B Agellxe T e Zjoldl| whe B3R
o] Wsp} LMASE G543kl mx|= g3kl st
of Lohr iz} st

-0~ Deciduous forest
* a— Mancurian fir forest

Leaf mass per Area (mg/lcm?)

T T T T T
A ™M ) J A s o N
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Fig. 2. Seasonal changes in average leaf mass per area
(LMA) of Carpinus cordata from deciduous and Manchurian
fir stands. Vertical lines indicate standard errors. *represents
significant differences between deciduous and evergreen
stands at the p<0.05 level.

N 2719 543 Haske o] dskee o
2A(Fig. 1), 7EEEe] LMAE 498599 A
L BRollA] Afleo] v 9hd3] AssiAle 69
STHAE 7RI, 1 olF s 5 A
A3] FHadhe 73RS Holt} oHte] Mot sk
10¢ o] 43| A5k th(Fig. 2). HH9EHTEY
ZAS-oE 2.86-4.70mg/em?, AUYFHAE 1.88-
3.20mg/em?e] HZ, ZAP|IZE U] GdEh5=ol
A EE e EAThp<0.05). ol#g A=
LMAZ} 33 ko] JadAls Heldes e 418
Ao} 2o LAV =2 Hu-Ro] Auldoz IdF
FFEFEFZ] EE S v HMinotta and

Pinzauti, 1996). ©]#13F LMAS] ol F &9

Table 4. Mean contents chlorophyll a, chlorophyll b, total chlorophyll and chlorophyll a/b ratio of Carpinus cordata leaves in

DMSO
Chlorophyll a (mg/g) Chlorophyll b (mg/g) Total Chlorophyll (mg/g) Chlorophyll a/b (mg/g)
Sampling - - - -
Date Deciduous Man(;hurlan Deciduous Manchurian Deciduous Manchurian Deciduous Manchurian
ir fir fir fir
515  1.81(0.02)° 2.16(0.04)* 0.77(0.05)° 0.94(0.10)* 2.58(0.06)° 3.1(0.14)*  2.33(0.02)* 2.30(0.02)°
6.1 1.89(0.02)° 2.23(0.03)*  0.74(0.67)° 0.96(0.04)*  2.64(0.10)° 3.18(0.06)*  2.55(0.03)* 2.33(0.01)°
6.15  2.30(0.08)° 2.57(0.08)* 0.73(0.06)° 0.80(0.04)*  3.03(0.09)° 3.3(0.10)*  3.28(0.34)* 3.16(0.12)°
7.1 2.58(0.11)°  2.63(0.07)*  0.75(0.05)° 0.79(0.04)*  3.33(0.16)° 3.42(0.09)*  3.47(0.11)* 3.36(0.13)°
8.1 3.03(0.17)°  3.09(0.10)*  0.90(0.05)° 1.01(0.06)* 3.92(0.21)* 4.1(0.15)*  3.39(0.08)* 3.08(0.13)
9.1 2.66(0.09)* 2.64(0.05)°  1.03(0.03)° 1.28(0.08)* 3.69(0.11)° 3.92(0.07)*  2.58(0.06)* 2.09(0.11)°
10.1 2.50(0.09)° 2.53(0.06) 1.41(0.13)* 1.70(0.37)* 3.94(0.16)° 4.23(0.40)*  1.83(0.12)* 1.53(0.09)°
10.15  2.52(0.09) 2.19(0.11)°  0.86(0.11)* 0.71(0.10)°  3.37(0.20)* 2.90(0.21)°  2.97(0.10)° 3.02(0.22)"
11.1 1.43(0.12)  0.66(0.11)*>  0.51(0.05)* 0.24(0.05)°  1.90(0.16)* 0.91(0.12)°  2.82(0.11)*  2.80(0.20)

*The numbers in parentheses represent standard errors.

Values with the different small letter demonstrate significant differences among sampling dates at the p=0.05 level.
Different alphabet letters indicate statistical differences between deciduous and evergreen stands (p<0.05).
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2
2 27 @ i 1), dILATE AR
WA B A ol Uit 28

Table 4= F3/37a32] E=(Light harvesting)°ll
FoAehs HELma, bot 1 HIES] AEZ wlolE YE

dick. EEgrYs Aurdel 954 o Tl
Azepo] FA) Awre A2/ 520 217}

1.81mg/g, 2.16mg/g oA X&Hoz Z7Istr] A%k
sto], 8ol 742t Hharel 3.03mg/g, 3.09mg/gell
ol2glom o]% Yol A= 108 FHA A48
7ZHsldeh. 924 be LADE Hdlo) o2& 797}
Ae S FEE AL, o] ehds] 299
ol F7Vet] Alkete] 109 el Hoighks vERd
%, LAV} 543 ZHske 109 o] o] isk=
s Btk & 454 TS gL a o)
H7t s 88 27 SV & 454 o)
H7t He 108 27 2 7S RS Hae
S 743159tk o] Koike(1990y} B 657
o] FFe] F HAEA Figo] SV T &
Agiths Ao} vls=gt Aaolrh. 3k 454 a bt
F 454 T BZE 7RIA AUE-e] ZixEra
o] AHog =& 7S HET), ol dHZe] =
31 SR A ellA] ASsh, W e &
skE AU Zixelge] YaggsolA et
7Ex o) Bisle] Fgrol] Bofshs 249 3k
< =97] wlEo|tk(Yoo and Kim, 1997).
dutEo g Gre Frois PEia

be] Aol Frlslet, ol dabgs Fsket &
HAR] FEAWE G5 239 o] BolAle 24
ol N TS olgste] B TEHE =Y 5 A
7] wio|CH(Fails et al, 1982; Hart, 1988). ©|&13F
HELS] 540 7118l 2 A3 Al =4
ac YxEo| S7Pke 89 /A A& 0 R FUtet
A, FEA be 359 dHo] £HH 5 =
el FaFo] Fole 7¢ olF F43] TR
weba] vk Fro] Ao = P34 ab HIEo] B
A JeR b (Lei e al., 1996), £ ATIE GHA
A7} wol AdulH o=z Figo] B3 A=l 7}
Epdo] Bigiard o] 7ix]dldol Histe] 54 o
b Blgo] AR O Z v YeRES-S & 5 AT

B 9 U o] Bl o) e wol
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Fig. 3. Seasonal changes in chlorophyll/nitrogen (Chl/N) content
ratio of leaves of Carpinus cordata. Vertical bars indicate the
standard errors. *represents significant differences between
deciduous and Manchurian fir stands at the p<0.05 level.

o}(Kitaoka and Koike, 2005; Larcher, 2003), =<
FBEoMe daTt olikslekie] 518H4 117go] Yol
= G424 i FHl20]] 1o} o] Agww, v
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(Kitaoka and Koike, 2005). ¥ Aoz o] 3k
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£ 8o JEZAFE 0.18, AU 0.19 o]F A
A3] ZHasic dedo] "ojA)7] AlRlek=102 1Y ©]
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e FES VR
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