Mk 2MezE (Japanese Journal of Limnology) 67: 245 - 258 (2006)

M EKEOAEYHEREFS I AL —La v ETILOERMLEE
# 3% (Review Article]

BRERROEIEE L ZORHPFEMICH IS =
PnET-CN £ 7 /L D& DO RRET

EHE T Y - B Y - AR RER Y

Influence of forest disturbance and test application of PnNET model for determining long-term impact

influences

Naoko TOKUCHI ' Ryunosuke TATENO” and Keitaro FUKUSHIMA”

Abstract

The influence of forest disturbance was reviewed and examined applying the PnET model developed in the USA.
Forest disturbance has a significant impact on nutrient cycling due to the interruption of plant uptake, which is one
of the most important pathways for nutrients. Such an impact on nitrogen cycling is especially evident because
the recycling, decomposition and uptake between plants and soil are the major pathways of nitrogen. The excess
nitrogen produced by interrupted plant uptake is nitrified by soil microbes and leached out of the forest ecosystem
to be carried off downstream. The impact of long-term forest disturbance on each process of nutrient cycling was
estimated by applying the PnET-CN model. In the simulation results, the patterns of the biomass increment reaching
a plateau and the decrease in leaf nitrogen concentration with forest age seemed to be well simulated. However,
individual values of those simulated results varied significantly from those of the observed data in known studies.
This finding suggests that the simulated results were false, and that the parameters need to be reconfigured based
on soil fertility, soil moisture conditions, and root development processes. It appears to develop the new processes
of replacement process of forest development. To apply PnET-CN to topographically heterogeneous Japanese
forest ecosystems, it is necessary to first develop a hydrological model that can incorporate such heterogeneity.
Furthermore, it is necessary to build long-term monitoring systems to provide the basic database needed for feature
model construction in Japan
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ICREREE R RIET, FHC, BRITHEY - TERICR W TR S MOBEER L B RO LT 5720,
FELOFENEE ICHN D, HELIC X VRN S e Ro e RFOEFRIT, WMLEBEE 2R TR IC A #
Sh, BRPANRT LRSS 2% %IET, PnET-CN THMEILOEMHETR L2 Lz L 25, ik
IZPE S B RDTEITHOMBICE ) EORBEEDE T L VWo e ¥ — L TIEEFEH SN, LAL,
&l % OFAEIITBEFEOMIEICHA LD ERE L KERIFZV Bdbolc, ZNHDOZ G, BHEOH
BUIHERI 2 b DI E T, SRBITKDEIER0ED G, WROIEBERR EICESINW T A—F—
DEREEITIZENVETHDHZ LR L, E6IT, KEDOHLOLEDITHERHT LW nEtR L L
THEH v AR, DBREAS~OHEHA O DT REMEZ Mk L2 LVWKL T vt AD S E R E
EThDHEEZBNEZ, 2T, PAETEEDSWESNARHGHEILORETRZITO LoIciE, &

WIOE=5 ) 2 ) F =y S RO D D LB DB
F—T— R FABIEL, MERREEESR, WJIKE, PaET, BifFf

(2005 47 H 14 B&A+F 5 2006 £ 4 H 3 HZA

ZC®HIZ

DREICRB W THEMKILZ K OGEA, kO Eifd
WAL L CRERAREEL, £ O FiEic &iEd %
BT R EV, HAROEFEIL, AERANOYWERER 115
TR REEZ, FORE, THEOWEED A%
NICES B F A DRT R E%2 L7253 (Likens et al.,
1970 ; Dahlgren and Driscoll, 1994), & 5i2, ApkE iz
RN T4 NIHRMAERR D DI L, THROARER
DOYVEIN N b EE ET, WILICIFEA R b O35
D0, — RIS T H DB e EiE, HAROE
WEFET 5 b DDOBFRMERRZROHFEOVLS>THY,
MEZENT K o TERKDOKENMET T 5 Z EAmbATD
% (%X, Swank and Crossley, 1988) .

ZAH O ELOFEY, FEHMNE A — BT,
100 FFRREFICLB IS L BRI TS (Goodale
etal., 2000) . FAIHELOFEIC, ITFEBAEI L TV DH
BRI CORBENOFENMb L Z LITL T, &b
OB L D EBL DD, HEEE TCORRELH O
BT DD E NS TCER O BERREEIC 725, ZiH DM
EOMPITIZETT MO FTERRPET, k2 diiic
Bex 2 BT VRBEEINTWD (Fl 21F PnET T5F /L,
Aber and Driscoll, 1997; Aber et al., 1997 72 &), D HBE|IC
BWTIIHRMAERROYERRET VORI LIS L
N6 THY, REBZRBMAREROYEIRRERICD
WCEZD5A, T CICBBE SN PET €5 VR E%
DOREOHFMHAERRICHEAT 20X HETH L (LEH,
2006), L22L, ZRMAERERITEREESCHTEICE > T
KESERY, TOWERREBELERD B2 OND,
FD=», HLAEIC PET 5V 2EAT5BICiE, H
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WHIVTWDYVEIRERICBI T 5 /3T A — & — DRt
Hlkd,

AWML T, EPHEMBEILOFBICONTEAL, %
DO— T DN TELET D, DT, FMEELOEL
HEICOWTTFHT A7, PnET 51D 9 5 PnET-
CN ET VAT 2 NHTERIBERS LOE DT A —
Z—IZB L CRIES 2R L, bRE~omAICmT 72
SBOMERE LTS,

NEEERDOTELAIMNBEER, KEICKRETE
TRk AR W O EL D B I AR A B RN D 7
WChHHDLNLDOTIERL, HFHAEBREKETIERIND
TRHIKZBE U TFmROMIRLHEIZ D LS. DD, #
WAEREROEELDOZELIEET 5 2 1%, HFHRAERERIC
Lo THERZIT TR, FTMICAET LTI TOERE
RICES>TIERICEERZ L THDLEVWALD, 2T,
FPIRIEKOKE &R T D AR A RE R NE T OlTE %
a2,
IRBIINAKAETE L THRHREBROTZ XL —JH &
RO L IEBNRTHETHY, KERICLDEERN
ANOIY AR EMERIC X D RIM~DHH &V o T KRR
LDORY LY TR LT OBMRIERE LTV
(Fig.1, #2,1987), FHICH LT, BHETIEWV-TZA
W SN D ERHRETERR Licth, WHIERES L L GETS
N FRRE AR THRN IS &9, RN %
FICIEER T D EIE BB V. I X T VETIE, BRI
EHREFRUTHDN, BKREICKDRNPEDHRAR
EULIC X 28680350, Eiz, D S OWHIRE DAL
BESTREL Y, REFEELEBFOPHMZ2MERELZ LT
L ERMBENTVWS,
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Fig.1. Nutrient cycling in forested ecosystem White arrow
indicates carbon cycling, black arrow nitrogen cycling, and
lined arrow mineral cycling.

ARMAERERIC R D W EIEER O LB . HRFNX

PR D F B EERERS, BRI 3R O FE LGB,
RO RENE I R TV OIFBRIERE &2 19,

1.

ERVPASFALIERIE 2 L DB & LT, HRMNAERE

RIZESTRARYWETHDICHLEDLLTEOEND
RNTZ, KEMIRSAEIE - Bidk LTS, 72 & RElk &
DVITHENC X DTN MFIERIFRCEZ D, FhbaE
R IEBRRIEIC R > TWD Z ERETF RS . Thbb
BRI ERRZNEO T v AR/ > T

0, HELC X0 AR A RE RN OFEBR IC B L3 A T
FNETHONRPOTLEROWMPBEL DL THAH Z
LIREDITHRIND,

PELIZ KRS K o THIARDIR Z T < 72 D, WHREIC
Ko THEBNEZDHDWNEHET D, tENIC K->
THBEZ AR R D, REOBHETHY, Hbt
TERWNEROIEER D EHERRERAEZ D L THDH LD
T EMWTED, BIARITHEMERBRITRNTRARDNA A
~ R D, WES L EROFERZEE DO L DT
boT, iR ERAROWINZ 72 < $THHELIFRICE D
HERKEW,

INE TICHRMAERRROEELE T OFEBLZF O PITT
L7, SEIERERERIITOOLTWD, #I21F,
1960 AT IZALK IRV THRIAK DK E - KEDEAL
WCHETERI LD bz, =a—"r 7y v —IH o
Hubbard Brook ZRAKE BRI Tk, ek O Likens &
WY 53 @ Bormann B2 X - T, ZRMDOLEER 23011k
BT 5 2 280, RBREE» O ORMAERROMIE
TN S 7z (http://www.hubbardbrook.org/)
ERNCHREICRA S 4y, HRBATRE & e ST oo/
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K (small watershed) % AW T, REEX &% RX %
T D, Whwd “SHHRIEIEIE” 23 & b7z (Likens et
al., 1977; Bormann and Likens, 1979), £{XX CTlIyisa
A S, S OICRERIN LN, RERTNTIEE
) 0.3 mgN L Jiitg T - iR ik | O S BRRE 28 37 %
ER, kg 2ERICE 12mgNL ICETERL, #
NEHIT KRR 16 5, ALFEN9fF, Ca™ HEEN4
fEEAL, KEDOHREMRIBETH S pH I 0.8 FREK
T L7z (Table 1, Likens et al. 1970),

J—AH v Z A F ) Coweeta /K LK BRI TiX, 1970
FERDPLEREREZ GO EIE BTV AITH-
T EBR BTz (Swank and Crossley, 1988), #kiE D
WAL SRR, bR WGE, KERINTM O %
TOHGERITOLRVEE, BFEOEH R Sk < R fEZkic
K9 DRI B KE DRSBTS T D WFFE AT HiT
W% (http://coweeta.ecology.uga.edu/) . ERFEER T, /A
R A BR L7z O BEREANIH W BT, Ak oREIE %
HARITAE R T 35E, B DTSR REE F e O R I3k
B 2 FEBICHKRE &R o TR, BREEHIZ H 72 Hubbard
Brook ZRMGBRIEIK D X 5 e K E e BbIZ A b e o
7z (Table 1, Swank and Crossley, 1988), Z4LCb, AHEE
REZE SRR B I MRERAT O 30 R LA L, Ca™ IEIX 1S
FERED EFRA LN,

ZOEPTY, < OB THRERRAThIh T\ 5,
HEE T 1930 R HIS0 B I A6 Sl 7R C b D kR
IR (sitka spruce) EA SN, HFic Ly, =
W7 & Th o Te 2 AITHARTEBOEIN L CHBKRR S D
TEREAE TS (Reynolds et al., 1988), #5EIC X W itk b
KDL A (Cl, Nat, Mg™, SO,” 72 &) DR RINE £
D (Fowleretal., 1989), % DifEFREEFIK H DI B0 VAT
AFVORENEF LizZ LBRHEIhTWD, BT,
TIHEDNTHRITARE L THRINCEL TV D2, RERIC
LD TFHRA~ADODEENGSINTWD, & 5ITITHE T,
[ — 7 $HEERT O IE I X D AR OFERIE R S 4,
W DA & 2 Z D IR OIW Y W BiEmms TR
D, IEIFRMEERBRBITOOATND, FlE, AT
HROKRERREE 2 72554 (Reynolds et al., 1995) <CHE#
BT84 (Neal et al., 2003) BDH|E SN TWD,
Reynolds et al. (1995, Tablel) T KAuE, {XER=R 68 % D
B, BRKOMBRERREL LA T 25 b 008 HE
¥ (113 mgN/L) AR TLASEHMCEET S &
ShTWs,

BEL S OEEBRICB W TR, BAROREICHES
ZEFOWIL (Bormann and Likens, 1979) EETH D Z
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Table 1. Comparative effects of forest clearcut on streamwater chemistry in USA, UK and Japan.

# 1.

changes of streamwater chemistry (after/before)

vegetation
before/after

MAT (C)

Site
area (ha)

Hubbard Brook #2

reference

treatment

bedrock

location

pH

Ca+ K+ Cl- Al
42a 1.6a -0.8a

5

NO

MAP (mm)

-9 (Jan.),19 (Jul) *

16a 91a 12

clearcut, 56a
herbicide

hardwood/

metasedimentary,

NH, USA

igneous rock none

1295
12.6

15.6
Coweeta #7
59.5

30a 1.5a nochange N.A. N.A. N.A. 34

metasandstone, hardwood/ clearcut
1890 schist none

1.8 (Feb.),12.1 (Aug.) *

NC, USA

5

b

no change 11

49b

no change no change no change

clearcut

Situka spruce/

mudstone,

Wales, UK

Afon Hore, Plynlimon

Situka spruce

shale

2480

6.0

no change

N.A.

15¢

clearcut

chestnut, white oak,

Japanese red pine/
Japanese cedar, cypress

12.2

no change no change decrease

sandstone

2265

Shiga, Jpn

Kutsuki-L

1.09

7

no change no change

13¢

1.6¢

no change

18¢c

clearcut

Japanese cedar, cypress/
Japanese cedar, cypress

sandstone,

12.3

shale

2650

Nara, Jpn

Gomadanzan S18

9.5

1

53

no change

no change no change decrease  N.A.

56b

clearcut

Japanese cedar, cypress/
Japanese cedar, cypress

sandstone,
shale

14.2
2012

Chiba, Jpn

Fukuroyama
1.09

concentrations to pre-cut; ¢, ratio of mean annual arithmetic concentrations in the clearcut site to ones in the control site; N.A., no available data published. Reference; 1, Bormann
and Likens (1995); 2, Likens et al. (1970); 3, Swank and Crossley (1988); 4, Swank et al. (2001); 5, Reynolds et al. (1995); 6, Kunimatsu et al. (2003); 7; f& 5 5 ( RFEH

*, minimum and maximum mean monthly temperature; a, ratio of post-cut mean annual flow-weighted concentrations to pre-cut; b, ratio of post-cut mean arithmetic annual
HE 5 (2002).
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); 8,

ERERINATRY, HEEHT LIHEN
HOEAITEENTRNZ ERHLNTNWD
(Dalgren, 1998) . IR IR IR D [EI1EE
BIZRBWTW o T2 VKT L7 Bk DR RE
BRIBER, BRICLDIBEOZE(ITHE ST
HE LT OREENAREINTEIY (Swank
etal, 2001), BIRDFELEIZT Tid7e BT
DNTHBETINERDDLZ EBLID,

BROFEICH S EDRHEA D XA

% < DEKIE A HAL & LTI R RBRIC X
D, FRROLEE AR OISR RE 2 R IR
EOLEFEZLLTZERRENTZ, ZTDA
H=RBLZONTELEDD L, KRD D WIE
FELC & - THEIIC X D EFEOWIREP KT
4% (Marks and Bormann, 1972; Boring et al.,
1981; Vitousek and Andariese, 1986; Smethurst
and Nambiar, 1990a), fE £ & L T, fE#»
FIHL TR E 55 2 L3 h TR
Ly, TEPOEKBEZFREELEGED
(Krause, 1982; Matson and Vitousek, 1981) . £%
R LmolcEkRERESR (ZOHE, TV
E=TRER) TENETERE +9IchH
DT ENTERPoTECHEIC L RIH S
L. ZDD, RELBRoTT VE=THEE
FD% L PIALHEEIC X » THEBR IC A S
% (Vitousek and Mellilo, 1979; Smethurst and
Nambiar, 1990b) . FHEZIEZEFRITAICHE L T
BY HEA~ORFENICRBWTEICHE LT
VE=STRERLD/IIWOT, EREhi
TH A TE 28 T 13 VAR (T VA VT IA PRI A~
3% (Vitousek et al., 1979), & %\ XHHEE
RICEB S NTEHRIT, PEICK > THHEK
ERRPBRDAD (Bowden and Bormann,
1986; Robertson et al., 1987) . EJii/K THREED
PENBENT IOEEKBEZ 1L ~2FTH
5ZE0%<, TR HBORKEICKT L
Jo Mg RE 2 R DA E L (Vitousek et al., 1982;
1985) SO Ee 2B R DS VG PEAL 3 D DIC B 72
BERISC, TV E=T O E~DFEE,
EROTHEa T 4 R~DORFE, THERK
DR ARICEET 2 F TORKRER EICK
% (Vitousek et al., 1979), JTADHFFE TILLk
B, HOWIHFRER EOHELIC L - T
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FOMBEEREENSE > THLLRIKKTEDOEE
BHND E TICE, HEERS R T AREOKED D
FBREBZBDA IO DRI NE Z LRI TND
(Eshleman et al., 1998; Hobara et al. 2001) .

AMTELOZBIIERMWRICE EEDLT, TrE=
THRRERPHBEERICH LI IEICE, Fe b
(H") %R A4 B L (Ruess and Johnson, 1986), 1
FOWERRDO D F AR 7 e b LiE#f L CHERRER R
& & BITBE A~ T2 (Likens et al.,1969; Johnson et
al.,1982; 1987; Webb et al., 1995) . Z 4L 5 DHELELDFEEIT,
ERFABREMCOI D Z EREM SN TWD (Tokuchi
etal., 2004) ,

RELLEBD—M{E & PnET-CN €7 /L

BHRPHEEZZ T2 &, LELZE - TV g2
2<%, THITLY, HRT~HIEDAVIAL, H
iR 2% £ 5 L T (Edmonds and McColl, 1989) #7 {95,
BOWIEBARICE D LER DK OEBEN L 2D
DTHHIC 2D Z & P#HESNLTWS (Edmonds and
McColl, 1989) ., HuiR-<CIm B D 2L, +8E D% KM
(AT B D AEYIEEOMAE M 228 2 % (Stevens and
Hornung,1990; Duggin et al., 1991), %= DOfEE, AW
PHEREAT DD TH DA, £ OFEIHE (Edmonds,
1990), A OAL{E (Binkley et al., 1984) (2 X - THEX
ThHD,

Neal et al. (1998) 1%, A ¥ U A D Wales #i5 D 67 £
KEIZRBNWT, KERIC L DEBRAK~DEELZE L DT,
T DOFER, (KEIC X o TA L B KEEITER#% 44
MICHHEEREZE R T - & LB ICHN, BIE(L)
TT2%HERHLLDOOFDEEBIH LM TR L TH
D, —BALBEE LW L 2R LTWD, 5 DIFZETIE,
BAB IR OMEOREL KE<ZITTREY,
AIOKEZA 72 < &b 3oz, T7bb,
HCO; ZEfk L L Ca®* 32D FHER AT v & —3— |
Td %5 ANC (Anion Neutralization Capacity) D&V EE
K, CI' B3R T Na* &xHT 72> TV % ANC 23 Hif 72 7%
ik, NOy 23 < Al OEZEMED mWRTAKD 3 2 A 7
Thbd, RBFICHTHISEIZ N OHEMTRE <R
720, ANC D EVWVIRTEAK TIXHBIBE O EAIcfk-> T
ANC b EF9 223, ANC ORVVEGTK TIEaEED -5
WX LTANC AMETT2Z & 2mL T,

DBENC R T D MBI RFAIC G 2 D B O
L L C, Haibara and Aiba (1990), Kunimatsu et al. (2003,
Tablel) 72 & 132517 5415, Kunimatsu et al.(2003) 2 X
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DB IIEE R TITbN, AF 2L RABEXE
o, B B IR OEERREZE RIBE AMRERAT O 15 5
BELALZZILEZRLTVWDE, CEBED RRITIZ
LAEB BN o, IREASL (2002) ITFHERICEW
TAFX - b/ FHEERL TERAKEEZHAEL, LY
R OIEAREZE R IR MEERAT O 5.6 R E EA L.
DITHT L, Ca" BEOLRITIEEAERLN -T2
LERELTWD, DBRENICRBWTIZAZER 234 < 1378
WO T—ALT D DL S HICNEETH D23, RERICk -
TEFAKFOMBEEREED EHIIALND DD,
pH DAL B H BN N EREL ., 2D LI,
DREOMERNRMICER TS B2 605, Thbb,
DAETIL ORI ik LTk OREE ) 3k X
W2 ERREBEINTWD (Ohte et al., 1999) ,

DX TR & DR ELO TR ~DEEIT 1T KSR
oMt - HUIK - B - MO - (RS ER Sl oTRER
HEWRHZRBID (Vitousek et al., 1985; 1992; Stevens and
Hornung, 1990) . {X¥RIC L 2 BICILET 284 L LT,
FRICZVRADPS DA Ty NPT 5, bk
FNTELERFOT v E=THEZZIC LY LR TD
LVER S E £ D Rk~ EHBEEZ /R T T2, &
WO BRI SN D72 A9, TR T DEERREZE R 03 E Rk
ENTDE, FEPICRRIOT BT REEENTEEL
L THY, WHNEE LTESEA IR S U CEY)
RO BT v E= T RRERIILTR I i
BFIELRDP T ThHAH, £ie, HEFIZRFEOT %
=THREZEP DT LTS, TSN DIET
VRS T REER MR MR GMEIC X o TRIH S 4L
HUERBY, b L, MSLRBHEOMAY PIEFICIES)
TZDIREE, BV UL, EBFRICH LU TREPREL
TORBEDS A U2 FAVETHLIE-NIZAE U o T 8B 2 B
no, T7bb, HBHAERRONETOEILOFZELE 2
DRITIE, FRAKERERINEBOD [R3E L 2 5E O AR 23§
Ll b, AREET, 52M (2006) 23K L7z PnET-CN
TV, Y, T, FRYEOa = AV b
DR DEMETRNICBIT D IRFEELERONT VAL R
DT, HMWEERRNIMORE L EROBEEZET L
TWb, ZTNLEDBREOHRIERERICERT 5720
\Z, PnET-CN O'BH# & 72 5 NEEER 7 v B AD/RNT A —
2 —B I NHTICBER vt R ZHONWTHRET %,

BRERROMILIZH S RERER/NS A —2 —DRE
M—REEELREENEL

BIROREILITHE, #p7e EIERILEE OB HESER



L, ERRBHFEREZF/FOLOICRDP, BFEEOHINZ
—RICIXFFT BIC D, 2D X S RBAEEINNET 6
72 D850, RIS AERTFRICS B< MO ZE
% Toh 5 (Kira and Shidei, 1967; Odum, 1969; Gower et al.,
1996; Ryan et al., 1997) . BHIT HIT72 2 REHOHHT H O
SVE, SEHIGRMR B KESRI R TR VA T 5.
Fig2 IX, A#¥HEKLFET L Th 5 PnET-CN E7 /L
FRWEHGEZOV I 21—y a ViERTHD, M
H:D/RT A =B — 2DV TIL, PnET £ 7 /LD B3 71—
THRTF 7NV TRHELTHD, L7 2V B THLI
TeHHEER (£ MU k) CHEERERMOMEE AW,
PnET-CN E 7 /LZRBWT, SHEERBIM - ¥ IELERIBR L
DI, BAEREMAEITBIC R D Z EAFRINATWD,
BUFEHIMOERFT HOJRE & LT, Jeaic &5
FOFEEPHREAFICE Y —E LD —FT, ML
FEFMEIRE DMK ES KT 2720, [RFEDE A EAL
T 57 L ST & %2 (Kira and Shidei, 1967). L
22U, MOMREE, BFETIEREmBEICHET 5
Tedh, FEE O INEBAEEOEINE &I R 5720
LV D T EBBIRET VA HWIZIITIC X B S50
720525 % 7% (Ryan et al., 1996; Magnani et al., 2000) ,
ML RBBEZDOFEAL SR E TIER W & D RLFENTR
Lo 2% 5 (Gower et al., 1996; Ryan et al., 1997), #
TR ORGHICRID - T, IEsic & v BHHIRICZ
52 ERKRDHIRITIR D Z &7 EOERPREN TN D
(Gower et al., 1996; Ryan et al., 1997; Magnani et al., 2000) ,
WL, oKD 72 EDOHIREZ T 2546, T
DFIR~OTEBE LT Z M5 TN D (Keyes
and Grier, 1981; Gower et al., 1992; Tateno et al., 2004), L
oo T, mEARTIE, KBS ORIRZZITTWD 72
O, MRENLL 2D EREIfFIND D, EBEOMK
W DIEINTFE S, MARAFE R A B B 23T LT Arsefilidd
2N, BD TR WIFSERI D B, S AR TILAR 2R BE RS
LAV o TV ERER D D05, MRAEEICH
LTI EIEARH R 852\ (B 213 Vanninen et al., 1996;
1999; Makkonen, 2001; Helmisaari et al., 2002), FltR D45
R EIC XD THDOREZELE D OWRIIEETH D
OO LT RIS % < (Bdwards and Harris, 1977;
McClaugherty et al., 1982; Vogt et al., 1986; 1996, Steele et
al., 1997), MR EECHIER & OBRE 2R L T <
ZEMRETHD,

B RACDERIT 2 $H e & SEIRTERS T L 72
Yy, BRI T IRZERS Tl —RAEEE R D R KMEITET
SRR, BRMESRI WA, SHEER TIEE < T/
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Fig. 2. Biomass increment with forest development simulated
with PnET-CN. Cross was simulated by default parameter of
hardwood and black dot was calculated by spruce-fir.

2. PnET-CN |2 X Bl E¥RAPER OHEEE . X 1L IELIE
1, @ILPnET-CN TF )V THEDLNTNWET 7 4L b
DFEA /ST A — % — (spruce-fir) % H\\ 7z,

SWEm S R e (Fig2). —MICIRIER O A, &
EMIVLEOEREENEL, RAKEHREDL KX
V72 ¥ (Field and Mooney, 1987; Reich et al., 1992), #k
DUV TOEEEL KEVW, Fig2 TRINDH X 9I1C
PnET-CN EF /L Tlik, Z DX 5 RBfEIC X 2E W24
HERTG A =2 —DiENE L TEHRICHARAT Z L o3 Hsk
5
KM CIEBFREIRHEPDEFRETIE, —&
W2 BB UK A 2 & 932 (White et al., 2004 72
). BlZ1E, White et al. (2004) 1%, 87 D KEB R
FICIRWT, BREFEPERAICENTLZ 2R LT
D, TAY Mk & CEBOEITA2 Y hu—L LT
WO NI E TR, R TITREOBE N H D720,
ARSI PE 5 BB I LT, 1 L7aREA R~ 1T
FEELTW B EEZLDNTNS, £ RICER R
FNTH - T, BB T, JeARERER E kT
LZEPMBATWD, DY, BRI, EOE
FREPEL, HEREELE S, RESREVWOITIL
T, BUECIIEOERIREE LKV, FIKD PnET-CN
ETNTIE, ERICIZERPRORDHFMICBNTH,
HERET D XS REAEDATR R NT A —F —EiEK
LLTHZD720T, i LToBlbr b2 bk
W, PnET-CN 5 )V Cid, AERICEELREITHA
BOREEICBI L CiE, ZEHRBE & HAIEA AGEE 3 IE DO
BaREo b — M E< o zBEREANTWS
(Field and Mooney, 1987), Z#UiZ X Y ARl DI HE S
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ERBEOWE, BEOE(E L TEEMICIEZ S Z
LD A, EERKICITERBE LA ROBR L B
REMEFIC L > TERDLZ LML TEY (Reich et
al., 1992; 1999), BRICIE S BIFEDOZE L E B EICANLD
ERHED LOICKBTHZEREELY, ZDXD
ISR TIE, BREORHBEIERICE L CE 4 ORI DAL
ERER BB L TEZLDILERD D,

Fiz, NI ETORRMESE LT 5 Lo
EEEOMNLERSYBET NV T/HIIWEHEBELS L LN
(Tateno et al., unpublished data) . = 51T, JREL L 72 &R AR
TORERL, PNELRDOB—A7ZRS, TF L TO
THITIERELS RV EE HHEMS R 5NT,

HERIZRB O TIFHATIRE & M D, bl (40 4F) I
BT Db OIS ST Sk 2 F TR L LT
BILTWNWD, —MRICHIERERIL, BEORELZIT 2
e, 40FEHORERY HESEOSIMSGMEORE L+
HEZ2FTHD, HROINTIE, HALFEE L S R R i
L OBk, BHOVITBEFHEEEHNT, ThEho
HATIT IS 1T 2 RO HEE TRIET VBMELI, BGIC
BOWTET LV EHNW RO TR 2SI TND, L
PURB O, L ZRET D AN =X LT DONTIE, A
72 FEOWEN LR R R L E ORI E2D,
WL OPOHEBEBERT LI EBBLLNTIIND R,
RMESPHARS A 1> ThH, TORARITRR LD
FHUEEH 5 22Tl v,

Mi—WAEERZRET 2HEMICEALTY, REICHES
2 O ALEN R EERBERT L EELZOND,
) 2 1% Reich et al.(1997) 1%, b7 * U b OVEHEILFER AL
ROBHEERI 2 ST 50 DT ONT, HEE— kAR
PERE L EBREREE - OMICIEOMBERH D Z £ 2R
LTWa2R, ZORRMEITZEES 1 70 N AR R
PEVS TGOS ER R it Lo TH BT 52 &
R LTWD, E Tl BE—RAEE & & 5 SR s bl
FE L ORICHBIBRIZ A LNV E TR ELHD (I
Z 1% Grigal and Homann, 1994). PnET £ /)V72 & DY)
BRERO7T vt 22T )VERBEERTARICE, Fokok
T T v v A RBEREOEI Y — oM — R AEERE S
IETDHONPEHLNMCLIZET, TFVICEDA =
A LEMPIAN TN ODBLENDTEA S,

T o 2B T, #TEO—RAEDTE
EALCTH DRI OV T HRFNT D4R H S, PnET-
CN ET VT, TESFEMICRLT, EickVEESN
To IR B BT DO R ECEL Y LTe i V) 2 AR A R 1l ©
EWIHREERBNTND, ETHIRA~DE S K LTz
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XD, KRB ORPNEDEMPEF I TN
RN KL, —EBKGA R VAL LTEFOHIRE -
ZBEIENTA—F—BEREINTIENDLOD, &
ARENTIE, FETORBIARDNE AR B2 7 2 U
THLOLE LTHAEINTWS, EEESICE LTI,
R D BEREE A TR e B TR 2 A 8 b &
HTWER, ZHHICELTHEHATHRERER, R
SOWNEE LTHEINTWD, BIfE, EHSITKS
RENHIRICH LT, E0LdkeTar—va rE=%4k
SHDINEND Z L EETNMCHAAT Z & THERSE
RWhERHRTHDL, £, HIROEFT LTI, #E
T & DIERIGIEDEN R & 2+ BB R TR nTe
W, YVIE#RET ) VI DedIiciE, Tuelr—y a3y
SOMEIIGEDENERE D IAATZET VOB REEND
7259, LIPLZRRG, HIROSLITH O MiRAFERE D
A2 T, Talr—3 g URMREER ED X 5
ICBEMRDERSLITIR » TEILT 202 & 9 ERIF—Z i34
2L, NIA—H—DWREDTDIZS, WD T 41—
NRAERKLE L2 D5 THA 9,

BT 7O ADOHEER

FRRORSLITHE, B ERK T 2ROV A 1Tk
2D, FERE L THRY 2R TOMAIC X 28I
EIIREL 2D, £z, VE—T 4T X DMl ~D
BE S FRRICZ < 2D, 1> THRMRO RTINS
FEERRITFHE L TV, HFHROBFESHHICRkE LR
Ll, FEREOY—JRHIRNEL -2z, £O
®ix, 1\ HE—EDEE LD, REACHEILTNZ L
DL,

WNEBEER DEEEIC 1L, KEMZREER E L CTREDR, 47
RS E R EERET HERNO—DE LTHE
ETHDLHH, AURESRETTE, V¥ —T74+—V0OE
CEREDI BT IENEND Z EARELBEFRT
5. —MITHRIEEL, GHY O CN L EBRED D
Z BB TWD (Hobbie, 1992; Berendse, 1994), %=
FRRFE D\ CIN B DARVNIE D 73 il FE 13, — 5 T,
M7 EOFHMIE, CN L E < SHEEEILEY. Mk
EOHEEYL, BRERBT LI ICkVERE L
BB T AR S 5, B CIXBEAESH
it LTV #— 74— & LT HEBICHE SN D 2, #
72 BT R ERERORIELEIR R E, T<HICEZ 28
foffaIng. #HoT, NEMEREZE X5 ETiE, &
DEBE~NENLZ T OGEM ST DIPENS T rlr—
YarvPNEFICEETH D, PAET-CN 5LV TlE, +



BT D By O L, IREL & HICON K
WL THESNTWS, El2) Z—7 4 — LM &
LHAREED T o AL EBEESINTNWD,

—IRICER R REETIE, ERLYV A —T 4 — LD
BREEBRTTDLZ L85 TWS (Chapin, 1980;
Vitousek, 1982; 1984; Aerts and Chapin, 2000), Z D X 9 72
BIRDBRBREREA~OHERE, T8 -y AER
RICBNTT 4 — Ry 7 REELM L, WEIEERR
Wdo< Y & A A MTEITT S (Pastor, 1984; Hobbie, 1992;
Enoki and Kawaguchi, 1999), xHZ'&E K272 B T,
EORFREELEL, SEELHES, WEHIFRNHES
ETT D, ZOXO R TEOBRRBEHEICH oo 1% - fE
WO EAERR O, Al OEICIR o TZERIE D2
CRBWTHIRIDZ LB END,

Fig3 X, 774/ 7 —% %M\ TPnET-CN £75 )V
TR LIZHEMRICBIT 2 EOERZREDOENTEH
%o, PET-CNICREWNWThH, ERLV ¥ —DRRREER L
DHECIE U TR L, FEOSEFRIRE IO
PEoTEADT 52 EBRFHRINTWD, MO HE
WIEDERBENBDT S Z L, EETOR L HFE
L 72\ (Tateno et al., unpublished data) . U &% —DZEFHRE
EERRET DI, EEOEFREEICH LT, LOoRE
BEEICSIERINDERT, I ERE LRNERT
5. BIFRULEE, BRESSHEFREICE > TREL
T DZ b5 (Aerts and Chapin, 2000) . A4
POOEEZWO T T, BREBREFEADOHEIGIE LE
2650, EBRITIEHERFISCTEE Y, &
FoDBDIWVIEEL P ERIGIEEAYTHD
(Lajtha, 1987; Aerts, 1996; Flanagan and Van Cleve, 1983;
Enoki and Kawaguchi 1999), L72>L, PnET-CN E7 /L' T
i, BRSO R SRR <, SIERLER 50 % 1T
BEEINTND, AEOERRBEEDRSH, BHENICH
it S AVEEDOEFEICHE DI, PO REELEL L ORI
WENDEVWIHIRETH D, MDPIT A —F —FREIC
DNWTIE, RFOKHBEHDHDOD, BIEXRLRL—E
EWOIUEIZR Y, MEICrENAETEDERIRE IR L
VX —7 4 —)VEIIHINT 50, EOEREENLKEL
KTTDIDEEICLDIEZOF/EREDHDTDH LN
BATHBEENTWS, 202 L, sk Crdibgs iz
72 CIN LEDEWEER, LHEicfish sz, iy - L
BRTT7 4 — Ry 7 ¥ME, WEEERABMAL TN
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Fig. 3. Leaf N concentration with forest development simulated
with PnET-CN.Vegetation parameter was used for spruce-fir.

PnET-CN (T X 2 I 5 EDOEFIEE DAL . ik
F—# X PnET-CN =F /L ClibITWSF 7 4 /b k
@ spruce-fir Z 7z,

X 3.

N THES Z MO Ly nwo Z &, %
K72 E & LTANBIEER RIS b B2 KIEL, E DR
BELTTRKOERRICHLEETLIHETHD W,
TR Z T2 L Th, MR AN =X L% K E
FTWSLIRBMBIEZLEZ BND,

EBFADLHOH =1 T 0 X DHE
BMROWRILIZHITHEHF I OER

PnET-CN (23N TERARIIAR D BLAL TEFIRFEZ T L
THDI, WEOREERITLESCHEYIEDOZNENDIE
Lwnofea =k X v b OEOELFIES ) e
RERBLT, A= RAVMNEATEZLNTND,
Iz =R A RETATHE, EFRIREERE
T5Z LIk Y, BUFEOHEMR L% LT EOEER
LEWSIRERES, BHIEE b $22 &%
L. ZDID, HFITERSL T, HARAREBRICKITLY)
BIRREOPIEICIHNT, EFICHNRFETHDL LWL
. LI LERICE, EFREOHMKICEBNTD, HEl
REBAY, ¥x v THOEFHREDFELRAT —Y
B3y F RICE VIEEIN 7R R IBICH D LB 2 D H B
HSRT& % (Borman and Likens, 1979),

FEOE E#bo » PBRERDEREZH 5 ET LTI,
Hom OHEAKEEZH 2 TF N L SEONDHERHIIEY
THIEFT B8 55 (Hom, 1974), & DET )V T,
BLFED B DEEPERE T D5 % R D DV LI
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BUE DFERER A D AR OFERER 2 THIF 5 Z L 3 FTRE T
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LTWRProTz b, BIROAEBR A 1 =X Kig K03+
DMEINTWeroTo DT 5,

L2» LIEE, FHREEOWLIERE S PENIC B3 - T
Ty, MEMETL AR 7w A R BB S %
GLETFNAPEEINED TS, Bz, k7 e
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7 a e ZARHIMD 3 WG & BRI AN T RN DGR
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EEBERERELLND,

ANTHTIE, HFHEEHT S ET, @AEREESCEHE
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OMEDOHBGIZB N THWLNTE T, 5%, xR
WERER 7 n e AT 5 X5 RETIVOMBENESE
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#EE L TEEMICHAAL—FT, iy rmE 2% K
S HD TREMLELRD,

FIRBBOMEE DX ITITONICE>ThH, fE
AORPLEFRIIZET D, Bl ZE, WEMEICY Y7L
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BESEHMICE-> TEZ LRWEERH 5, FEEILE
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TW2% (Noguchi and Yoshida, 2004; Yoshida et al., 2005 ) .
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REEIENED SN TEY, EF VOB THIT
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HAENDBERIZT TS EBOMERER
FRMATER DOBLEL, FRICRERIC X D3RR~ DR LT,
T DRI DA 11T X D TR T O RFIDEE T DAL
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DT DITITEEL O E L 4 U 55 B2 R R T 2053
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TN OREEICOWTIE, 4 EHRET L7 PhET-CN £
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et al., 1999; Tateno et al., 2004) . Z 415 OHIFZAY R BE M
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