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LBERIBOIXFITEMBICE TEA2TEDORES LVEZTOEEER
—EH U 7= 0 ~ 40 EEMD 72 BV -

REERE D, ZEhME Y, HAER 2, HFEsEr? RE-HK?,
MOTREN D, BRI W Y, BARM Y

AWFFEIL 0 D5 40 SEED I XF FEMMIZ BT TRETH 2 IV 39 2 S AL OBKREOMERIZ L > T
A U208, 13O RFEBEROFM, 72 C/NIIZH 2 2825 L7z TRIABUFEILEME 7 4 5 I2BKH
&% B — IS 2R Lo —77 LIRS RANIM i L), 84EH DRI ToMBICBWT LBl TREE I
[l o T /zo FEMRRIEHDOZI A S MTE D FSHAEM R 12 FHITE Z o Tz Ml & 2 HEORFE L EFROERIT
W77 & SHMIEHMOLERT 2 O BTOELI RS K&, £, EEOMHTOMUITEAI /NS ho7z. ORTE
BEINTEAZE TR IEDIIR o TB Y, REFMEITENRR 104, BREMEIL20FH T TWMLZ, OFF
DRFERE, BLUSZEREL FEAOEER EOMIZIEOMBS RSN/, OBoEZERKE L C/NILIE, ThE
OB & L OMIZZNENEOMB, EOMBBRAR SN —F, S THOERFER =TV OMRE L a0
Bllcd o720 TNHORED S, HEROBIHNI ) MTEP SR T A ORI & v o 7R EREE O ZELP HIRORE L L O
BEROERMIEELRIZL VWD EFEZ BN,

F—U—FRRE BEER TRERE X5 7, i

This study assessed the effect of the change in forest structure including understory vegetation of Sasa nipponica on
soil C and N accumulation from 0 to 40-yr Japanese oak (Quercus crispula) plantation chronosequence. The peak of
understory biomass was at 7 years after afforestation. Biomass of the overstory species linearly increased, and the biomass of
overstory species was more than that of understory species after 8-yr. According to leaf mass index change along with stand
age, canopy closure was occurred about 12 years after afforestation. The ranges of temporal changes in both soil C and N
accumulations increased from surface to deep soil layers. The changes in C and N accumulation of O layer were large during
early stage of stand development, and C and N accumulations increased until 10 years and 20 years after afforestation,
respectively. Overstory leaf mass positively correlated with C and N accumulations in O layer. Understory biomass negatively
correlated with N accumulation in O layer and positively correlated with C/N ratio. The N accumulations both in mineral soil
0-4 and 4-8cm in depth were negatively correlated with fine root mass of S. nipponica. The results suggested that change
in vegetation structure such as canopy closure by overstory and dynamics of understory biomass affected soil C and N
accumulations.

Keywords: soil carbon, soil nitrogen, understory vegetation, Japanese oak (Quercus crispula), stand age

1. (U ®IC

NBTEENZ L D ERHE CORBERLERIGERO 2R
b MEDO T LK DELE Vo I ERERT— B 21K E
e K2 L T4 (Millennium Ecosystem Assessment
2005) HC, AR e E R RE 0 K H LR RE O ik
LBk, BROBBLIIEORZEMP 22 L2 IS
T A ELITEETHD, IMIIBIIBITARFLEERD
BREIZ1Z& e (Barnes et al. 2008; figdE 5 2002; fifds - 4 H
2003), #JEZ (Kl 1996; Enoki et al. 1996), #ELIEEE (Goodale
& Aber 2001), #EZFo L HFIHEEL (Li et al. 2012; Guo &

Gifford 2002), #87# (Finzi et al. 1998; Vesterdal et al. 2008)
W&o T4, T2, BRERELAREZ O HEER
& Vo 2R ORI RS ERIIEICBIT 5 kFE - EFMWEER
ICEZETH A (Gower et al. 1996; Yang et al. 2011),

CNFE THESOBEIMIAE D FMAEEEORT ORI & 7
% HT O (Gower et al. 1996) RBHAMIZ BT 5 k%K
FEEHRE (Zhou et al. 2006) OFFfiZ By & L T4~
BEHFEAT -V TOTERFEREL L O REBFHOIE
DOFIRES & 2 b N A EFEOERE OB Y 2 BhEE D
FEEINTE, TNFETICHERCHIRD R R & ERERE

Ohtsu, H., Hishi, T., Tashiro, N., Inoue, S., Cho, K., Ogata, T., Mabuchi, T., Enoki, T., Accumulation patterns of soil carbon and nitrogen in a
Japanese oak (Quercus crispula) plantation in eastern Hokkaido: Analyses using continuous 0-40 years old stands
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2 K
OW N, FZ—HPREEOBEINIE S T, BN A Emn
(Brais et al. 1995; Ritter et al. 2003; Sakai et al. 2010; Wang
etal. 2011), A9 S 1E[ (Alberti et al. 2008; Tremblay et
al. 2006), HERIAGZRZMEANIT L A R SN (3 1964;
1 JII % 2006; Bond-Lamberty et al. 2006; Bruckman et al.
2011), HBHWVIFHEZEr L BRI D L TRD E L o7
B UC, MEmomme & b ISR OKEE F TR
A 1] (Yermakov & Rothstein 2006; Diochon et al. 2009)
Rl MAREMPHRE SN TV5, Yangetal. (2011) &
BMAERERIZBIT %k HE L EFR ORI LA & ko 72 3CHk
O R, MEOBINIE - THRIRO TEEREIZHE
BT LHEEWE (O DORFLEROEH=IIWMNT S
FIBL—T, SELT (RS 0-100cm #5H) TlEZ M
FD R WHEADPL N L e LT, £72M613, 1E
2 MR 12 & 2 HIEO RFEERISEET IV EMERT 512
1, X DEMBEREOESWEINSLETH S Z L 2T
Wb,

ARE, TREAEIC BT A BEREDRFEIIST ST
LEMARESHODOIEELIBEL LT, ERXLEOER R
g 2 REREOL (CONI) 2bi s (FH 2002),
HEEOBEINE LD ICEROLRENELTVENE ) IO
WCRRES L7278 ClE, Az O/N SB35 D123t L
T, HEOZNEIEET, fiA L HIEORTAEAEA
DOIMEFIC L BFEI L > TELLZ EDPRENTW S, H
ADAFMHT D Tateno et al. (2009) HHLE & TIFEOEHR
DFFMAG/NT 2O FTNAH, HiwotEine & b I12Hh5 o
ERAEERE, 0 EREOREMMRIZBNTIIED ON I
AT B8 — 2 ZIRL T Ao

THORFZREROFBIL) ¥ — G025 E /L
THIAREE & BB AR YH D HlmICHE) T RFEL
FUBROEFEEOHEMNE, AEHEMOERE LT, EE
DM & 2 EREREOWIN, MRS REY
F— DWW X > THREDY) ¥ —FRaEDME T3 5 2 &
R, DI EIL o THMOBEEREIIHNT 5 HIEORE
FRIRDVART 720K D) ¥ —DFESFEN L DT
T 5o BOEOETIZL o THWIZIERES DY) ¥ — % i
T2L91C40, THEEOK TS, THEORE EHR
R EOLERDREOFEM;EIMNL T 7O AP E L5
LT\ 2% (Fukushima et al., 2011)o — /4, #b_E#B & A £k
ICHE T OBRE D WEIEICB W TEERBNERZ L E
2 HMNDo FEITHRIZ DS EE IR TE WD (Fujil &
Takeda, 2010) L9 <, HIEORFE, BREMICE
Tk E 2 B/ LT\ b (McClaugherty et al. 1982; Tateno
& Takeda 2010) Z EASHIHN TV 5, TR & A b&TH
nSikF, BEBFIEERICH 2 5B 2 T WEE D s,
AR O BRI RE R D FEE L Bl L T2 &\ ) fRifids
Y, AFHRTIEAEHHERIC (Fujimaki et al., 2007)
Y7 I A7 7 —CTIIHEMSEERIMRE SRR L 25
(Vogt et al., 1987) Z LATRENT W5, M LHORE L &
b TR EOE ST 28)ELT<5 2 & b L RE
BLOSRERMEZIM T2 LTEELZLEZOND,

HEBE S

MOHEEDFZEIE D ) ¥ — IO 2 bIcET 5
WFZEIE F IS ER B COME Lg% 5o 5 o2tz
#4H L T\w% (Hughes & Fahey 1994; Ostertag et al. 2008) o
TREFEOM EENA A L T 5 & PO N
A F < RIHHEL, TG EMEBESZES S 2L
T, BLZ20FE L TOERMIIBR TRAITEL 2%
PICHL LT, BREIICIIEET 6% /RY (MacLean
& Wein 1977; Gholz & Fisher 1982; White et al. 2004; Hart &
Chen, 2006) o ALARTIX LIZFLIE TR CHES L
TWVLHEMDPEA LN, FHROWHEMEERICB VTR
TRE R R LTV D Z EPHRE I TS (Watanabe et
al. 2013)o 2D X9 BT BHEOKEL S, JLHADOHMA
RRIZBWT, LB EAELIER SIS F TOWGFE
FEOMME R TIE 2 WEIERO FEREER & 72 5
ZENTHEINE, UL, MOEEOMHEREIZBIT S,
THEEORE, BREMEIT 25 TREMED B I
FRET L 72098132 < Zeves

JUPN IR A7 b 5 2 0 AR AR IR L 58 5 9 2 i IR
VEREILEB MR HRAAE TH AL E R IIET 5.
T2 E LB FE THAEI XF T (Quercus
crispula) &V 72ERA T S5 TB Y (Imada, 1996),
2012 4F 9 H DK RIT 0 ~ 40 FOMEGIR 2 F5 5, LA
BB CHEKENLIZExHIE S, TRAI YD
W (Sasa nipponica) THE I N5 E 7> T 5,
S HAZEMGH IR I DB D T BRI E S 1L
THY, TNZNOEAME S I 0.6ha (2 TITITHFL
VO (BH, 1976)0 T &9 i S ARRBOIE, S5
B, WIROBEERZYR L7 LT, #i L -REEEIC B
VA REARE R & TR, EREEEOLA & R E
BRETIRL, 2L o0BRMEIIOWTHAET S 2 &A%
HETh b

Z ZCARNIZETIE, JUIM RS A 2l P Ak oo g L 724k
BEE A FFo I A F I @EMIcB VT, (1) dblEHEETO
JRTER E AR BT AR S & IO RE, EROEFM
EOREICL AL 2L, (2) TREHAZ &
HEREEOKRESIC L 22 b TR ®E, BROEFERIZH 2
LB R T A LR HNE Lz TOBIZLUTO L)
BAGRIZ O W THGE R 1T o 720 Ml T RE, EXE
HEICB LT, (1) Mmoo ttoTOoRDRE, %K
LRI R, PHEENHY) &) FTHEML % —%
D% & 5 —7, S TIIHEIC X 2B RSN v,
F7:, (2) MOESEMMICBWTRE, BELEEROIE
T EHAEDEEEZ WM 2T 5,

2. Bk L AESE
2.1. Bk
AR AL i T L A AT (43° 177 N, 143° 30" E) 12
& 3 5 SN K FAL B E M (Ashoro Research Forest:
ARF) TH - 72, EEMIZHBT 5 2007 4EH 5 2011 4E &
TO#EE5EMOEFH R 65° C, FFHHEARREZ
815.2mm TH - 72 (KZT http//www.jma.go jp/j ma/index.
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3
html) o F 724FORINKIRD — 25° C, E
FEOREREA 3 CETET LI DD
D, A OREIIFIOFEENKE
Bk - BEEE L I W IBER 2 B
FFO,
FHEIZARF D8, 9MILICH S I AF T
s bR G AR sC IR B AR BR X)) @ 0 ~
40 FAEMTITb N (K1) Mo
% # 11278 ¥ GWI (gravitational water
index) &, 10m A v ¥ 22X Y] - 7z H# 1
LT, Tuy bRREOY -5y bV
LTCPHELFULNOEFEDOEHNA v ¥
EFHHIIS L TEASITL, ELEHLE
THEREFRDOIEHED—>TH 5 (Mitsuda
etal., 2001), SRI(Solar radiation index) i,
KRR AT & Mmoo fEEH 5 EHE S

£1 WERTD Y b RRE LS OB
A IRFT IXFT IRXFT EIE eSS . §
(T A G T i RS @f)* YO Gwise sriv
(n/ha) %) %) m  (cm)
1 All2 13000 - - - - 7.25 N 3 1182.55
2  CII0 2500 - - - - 9.57 SE 3.85 1307.49
3 AI9 0 - - - - 13.8 N 5.76 1111.69
4 CI9 0 - - - - 12.79 E 5.92 1216.22
5 AI8 5000 - - - - 7.09 NE 10.58 1187.54
6 FI8 15000 - - - - 2.86 NE 11.91 1228.39
7 CI8 1800 60.0 10.1 - - 17.68 E 2.11 1207.65
8 Al7 41600 77.2 14.5 1.63 1.56 12.34 N 9.57 1126.09
9 FI7 1000 43.5 2.8 3.36 3.01 16.52 NE 5.65 1131.09
10 Cl6 4500 82.0 96.8 4.26 2.52 12.29 SE 2.51 1259.29
11 Al6 34500 91.3 19.1 1.63 1.34 5.21 E 1.66 1246.54
12 FI5 17400 51.3 26.7 2.28 1.78 9.2 NE 10.21 1167.69
13 DI9 15600 66.4 33.6 2.11 1.89 20.56 S 6.17 1321.14
14 CI5 14900 86.6 31.9 2.29 2.08 10.2 SE 4.34 1294.56
15 Al5 8300 90.2 97.2 4.59 3.64 9.45 E 3.24 1232.3
16 Fl4 9400 59.9 56.7 431 3.02 13.06 N 6.63 1127.76
17 EI9 2500 33.3 77.7 6.05 7.68 16.87 NE 1.98 1108.66
18 DI8 7500 72.8 71.6 NA 3.62 9.54 SE 5.77 1297.42
19 Cl4 4100 48.8 88.6 6.77 4.96 5.16 SE 1.84 1283.74
20 Al4 3200 66.7 81.5 6.4 5.44 9.45 E 8.3 1220.54
21 FI3 7000 94.6 92.8 NA 4.98 10.03 NE 10.48 1184.23
22 EI5 6300 60.0 86.9 6.84 5.47 13.32 N 3.24 1108.95
23 DI7 11500 87.8 92.9 6.9 4.11 22.69 SW 4.01 1245.78
24 CI3 1500 34.1 12.3 5.91 4.29 5.16 SE 16.01 1295.97
25 BI5 4300 65.2 72.5 7.56 6.33 10.87 SwW 3.84 1304.3
26 AlI3 2400 36.9 36.2 10.8 5.33 3.36 E 51.77 1246.18
27 FI2 200 7.7 7.8 11.8 9.17 7.42 E 24.06 1231.38
28 EI2 900 25.0 36.0 9.17 8.31 18.37 SE 2.6 1249.78
29 DI5 5600 85.0 87.5 NA 5.83 18.6 S 6.37 1327.84
30 CI2 3900 66.1 35.0 4.56 4.21 7.88 S 20.75 1295.38
31 B4 4400 77.2 82.2 9.23 6.60 16.6 SW 4.62 1289.85
32 AI2 4100 66.1 66.6 9.58 5.35 52 E 1.17 1228.53
33 FI1 4600 83.6 80.1 15.25 6.55 13.54 NE 4.14 1171.99
34 El4 3300 71.7 82.8 9.29 8.00 10.83 NE 3.27 1149.22
35 DI4 3400 85.0 97.4 11.59 8.61 21.71 S 3.91 1314.92
36 CI1 2300 95.8 87.3 NA 9.55 14.69 SE 5.01 1252.54
37 BI3 3000 88.2 99.8 12.28 9.83 10.34 w 3.51 1245.44
38 All 4000 100.0 100.0 13.85 10.47 8.35 NE 2.63 1203.37

22010 4F 8 HBIfED 7 — %
4 Mitsuda et al. (2001) OFERE S € 7V 2 b H

P ORI SO 5HEIE

¢ Gravitational Water Index

c FERBREONA < A 5D LEE

f Solar Radiation Index



4 K
n, FNFENoRE7ay s BERICZT S 0I5 T
& 5o A OEE 1L 350m ~ 400m, HFHL 2.9° ~ 22.7° (F
¥11.6° £ 51) OERLPLHIETH Do ZHGTITNERD
BeAc ik E & (Imada 1996), HEEDIEHDOXIE CV T
5% FERE & /NS

RO LT NKIWIKEOBEHEKRL TH 5, fil
HEIEMBECTH LI XFTOMIZT T~ Betula
platyphylla var. japonica) ° T A % ¥ (Acer pictum
ssp. mono) R ENHA SN L, FTRERIZFIZI VY IFHIC
Lo THBEINTVED, HVHSTEIF¥Rx A 7T
(Rubus spp.) OB RSN L EHRBIORAIZI X )T
PEETLILER kK TH L, DLEo X5z, R
TR REAS, MR, SEARET O BRARIE IR 7 &R LYo 3T
WA — (K1) Thb, MM TIE 1972 F 5
LEAEE T, MRS RS E BT S R
& o THEAEEMRD BTSN TV S, BRI RKRD &
BYTHb, 8~ 9 HEIZEMNSROXHTTEHOAFL L
INEROKE Z ATV, REAMIBRREHEST 5, 7 0.5m O
FEHG &R Im OE 2 R HACRE L, BHo8E+
FHHERRIC X AHHE, D LCIEANICEAEYNICE ST
S5, 9~ 10 AEEAPBETNLTEZIZXFTD
T % S EHH O 1m 12 45 kLl FES T 5 L 9 3
L, BL3%, 2NHOBFERLEIL Imada (1996) (2 EFA
WCRLENT WD, KL TIZ I NI, R T & L L
THRMEDAT % 0 SEEM, BHELIMEZ 1 FAEKEERT 5,
BUE MTOEHZHELLZVWE D ICT A 7-0HLH Eo
VAROEMLR (EHK) % LIEIHH L b 3 HEIZIT ),
TBRAZ WHMIMEOH L, EHkic X ) e LKA
BRI XN RS 5, B4 (2 4E4) (I3 ER
O L, 3FEATIIMEBOWHFEF RIS -OFEFH %
GO THAE T WL VIS YL EOITEE 1972
ED S 150 EBAEITVY, 2121 4EIZ 0-150 4R DM A3 —4E
TN ETHI ) EIMTH b AR B L 72 2010 4T
13 0-38 EAE DAY, RO T L7z 2012 4E121% 0-40 4F
HEOMRGD R > TWic, B, TNPEARLHTERLRIN
AT EEER L 2S00 b 0 EIET,

2010 4 8 HIZ 1 ~ 38 4EEMICAE 71 v b & K5
L APRRE L72e 1 ~64FEENGTIEI A ST IDE2FAE
MM ORI TH - TEENEW O, 7oy hoKE S
1~ 6FEAEMRTIE 2m X 2m WU, 7~ 38 FEMTIE 10m
X 10m U5 Ti&E L 720

24. WERE

2010 4E 7 A5 8 HE T 70 vy MNICAEE T A1
RKOBARFAE 1T - 720 BE 1.5m L EDOTXTOfMKET
BHE L s R E (GBH) Zaifkl, 3 MR L% myEZ
IZHEATHIE 2 MlE L7ze B 16m i oA IO T
TN COMEE T B aiisk L7z, 72720 1, 2, 5,
6 AEAEMRDNA < AHEFEIZOWTUE, I XF T OFEED
FHE - B OBRBEICH 72720, I AFTORBE B A
F2k - MR 5 IR Z BRI 720 3, 4 4EETIE ALY i

HEBE S

TEECHBIIR SN o7,

WO EENA <~ A% LM E TREMED 2 2124017
THELZ, LREIBEKREZHR TS, &5 0IEk
WA L) A8, FTREEIIHRICETTSIVvay
I, BR BLUOYINAFRXI A FITROMBAKRIE L EFKL
2o FEMICOHE I N A ERERETHL I XFTD
Bz, 7H5E, TAFFY, TIUALFY, A XUV,
ITAN VN, FFXIF T, ATV, RS
FHYIN, NYFY, =L, KREF /¥, IVYHFS
G, XNIZATH N, YFVETHD, HH, EHEHET
b IAF TN LB LD D RO EARER— AT
675%, /NAFVANR—ATE14% TH2D (F 1),

FEfEOH EENA b 2 ZPUTF IR TR ESR D> S
e L7

InW=2.428In (DBH) — 2.282 (HD)

InW=2.8325InH — 1.1843 (K@)

¥ 1.5m DL E oAk NOI g5 EE DBH (em) % 1
AT 52 LT, BE LEm RKiOMEAKIEXOIIEEH (m)
*RATLHZETHLEIHNA T~V AW (kg) ZHEE L 720
KO ILMEEILE DO RKARMKICEFT TS I X+ 7 H» 1K
EN72X.TH B (Takagi et al. 2010) o R@IZHEEFTI A T
PRI L 729248 EfEBE 2 S S 72 D TH B (p<0.001,
R2=0.79, n=20), 1 ~ 6 SELEMFTOH EH N A F < X (1LHif
A CTHRILL 72 5 koA b L MM O E S & A%
»OHEE L7

2010 ED 7 A5 8 ADOMIZ TRBHEOH# N1 + < A
RHIET A 72OMY LY Fif A2 4T o720 BT Oy PAT
WAL N IIZHEL S 2B L S N Wb 5512 Im X 1m
VU5 OFe % s L7z M 5 T REAEZ 4 CALY HLY
70C T 24 Bz S - BEE 2 ME L7z KA T
3O EEIK 1IETANEDLLD, NA <Y A%
ThEro0) 7 —figm s ARTIENTE S,

DBH & @& b8 55 L 720 130 1285 & DBH
OB E AN (@) THEYURL, 354EAME D Wk
FIEBTAHETHIAF 5122\ TDBH 2 5 & %5
BL72,

0.61

1
T~ DBO +0.038

(X®)

2.5. LBROEEEDHE

I DFEE % B D O EFHI S 5 720 I ETHAEIR L (Leaf
Mass Index; LAI) » 5 FEfEOE R (LTEHEER) %
Hem L7z 20010FD 7 AR2 5 8  RAIZ2 T, AR
L » X (FC-E8, Nikon, Japan) % #& L7273V ¥ L H 2
5 (COOLPIX 5000, Nikon, Japan) CTAKZEHEE % e L
720 WRIEFA 7 Ty bR THIR 2 5 100cm D &
S TIr o720 Wiig L7-&RZEG HE ) 5 Gap Light Analyser
version 2.0 (Simon Fraser University, Canada Institute of
Ecosystem Studies, USA) & HIv»"C LAl 2 &1 L 72,



I XF T IERMI B B HEOZEL 5

HAmtis ) oEEE (LMA) 2HHT 570012,
2010 E7THNS S HICHi¥EDBETEENAON L H o
7o 3AEAME R 1~ 38 AEEMICBWCEBEY Y Hix
WTI AT IBHELEBOWE S N TR WATER 5 A
IR 720 4 FAEMTIT S O EEZRILL 72, 0
LIZXFITDFA ZH/NE W EOHEE TR 123 E
ENTVALAIZIORD Tld v, TRETE L 25835
KEZHI O GR E LTS, FAORIZIE kRS
LEELP WL DL H L0, ZOMEIZIRY RO
S L7ze BRI 72EEIZ 70T, 48 M CHEME S ¥ CHE
w a2 llE L2, 3EHAE % Image J (National Institutes of
Health, USA) Tilll% L C LMA #5145 L 72 LAL & LMA ®
&S LD AER Mgha) =% L7, KA T
Z EEREDSTERER PO b0, HEEEY EEFENSD)
R EE AR T ENTE D,

2.6. T, IR, HHOR, EOFERESR

+IERFL O BB L UES 0-5cm & 5-10cm D #E + 0
BFSIZ T TERILL 720 O R OFRILIZ 201047 B~ 8
HlZ1 ~38EEMRDOEMGTD T 0y FATHRIINGIIC
WAL SN HA RSN WS 1 s i Ciro7z (1
Word7z0 142 7)o BRI T 20cm X 20cm VU7 O
Ve 2 CTC, HNICH D ORI L 72, 810
PRI 2012 4F 9 A2 0 ~ 40 FFAEMG O 71 v b O IR,
A4 BT, IS0 4TV E Lz, 2B, 0,
1, 24EED 3 A2 DN TIE 2010 4F 8 H O S Tl 7
Oy FA2FELTWRWRD, #Hi72122m x 2m MO 7
Oy baRE L, OBERIL2HZICEL LS00
100ml BR M %2 W TR S Ocm-5em O #1584 2 $FRECL
FOHEEHDSES 5em-10ecm OFE + % FREL 720 #RIL
7o BRI 70T, T2EMTERESE L, O BoREL
IXH—-TH# L. EtoFEE 2Mm O Xy 20
S5VIIHT 7otk MR (EE 2mm DLT) % FIEH
THY By Tl %2 15720 HUD B 72 R I & 0-5em,
5-10cm DY > FhE 1212F Lo, 1o Hizh 147
Ve L, e LA (BR, B R L) 02012
AR L CHARE A IE L7,

2011 4F 8 AU 1 ~ 38 4ELEMFTI Y a T ofifhkx %
RATEEAEZIZ 10 RETOHEEL SN Y B 720 MY - 72
IV ITFHIE 60T, 72 KRR TR S 20, FREEEICS
W CHBEZHE L. Z LT, 1RO EEIZ D S
BLIEOBERZEONRAHS L ICEH L, TEEOH LB
WA FTRAEDEE ZNENMTH7-0) ORE, BLUED
Himk L7,

WREOSET L72 2010 45 11 A M2 6, 11, 16, 21, 26,
31, 36, 38FAMDFISHITIAF I L IVIFHTON%
BELRNL 720 I AT TOHEIILFL 70y boluEz
U2 2010 4R 10 ~ 11 HIZH% B2 E 26N B b O %R
WL7z0 ¥ IVIIBETRI Chansdob i, fHHICH
POFRMCTELLDEFIEEL L TR 72 SR L 72762
12 70C, 48 BFRCHIBE XY, I ¥V —THIEL 72

WMHL7- 0/, A% EEBIVCHE 2810
RFELEFDOWEE (%) % CN 2—4%— (Yanaco CN corder
MT-700,Yanaco Co., Japan) & i\ CTlll%E L7z, REEFE R,
EFREHRITI OB TIXRELZGEOHE LS, SEH LTI
BELMTIEOELLEEL, N7y —VdH) OmIIE
720

2.7. ¥iEHRIR

Ml A, HEOZLIIA TH Y, EFVIL
BOFEIPHASNL TS (Yang et al., 2011) o ARHFFETIE
MEIZ X 2ZALE S T A7z, HidEOEE (LB
ETRBREOM FH N, <A, HiEE MRS AE0R
TR, @FBE, ONM), BIUOTEOEER (REBX
DZEFEOELEE, CNIL) ZELH, Mz HHEE
ELTHRANSRECRUG T 21T o 720 SAEEMKIZBIT S
A OFEET 3, 4 FEEMRICBWC RO EEN1 <
AWMU otzzn, FEEOH RN A G A DO
BAX I NS OGO T — 5 5 Min bk L7z Aricida
VAT 4 v rEFIL (RD), TV (XE), maxima
function (3X®), Null EFNV (RD) ®4ODFF )N % fH
L7 (H2),

Soil and vegetation properties

Stand age (year)

M2 AWZETHHLZEFVOREKNK av 271 v 7R (=),
MIEA (FHAL), maxima 2 (AL, Null €7V (Ufy) O
4ODFTNVEMEHL, EFIVEREIT- 72,

AR vy v (R®)
y=at+0b (RX®)
y=atxexp? +¢ (®)
y=a (@)

2L I3k, a, b, c IXERIRETH B,

maxima function (& T @A O MKHEGIZ & 52 L% £
DIZHWOENTE/EETH S (Lewis 1989; White et al.
2004) o AFRATHL TIIAREDSEIN L TH TREOHEF =L 0
WX 50T, AT 23U EREEE IR 72
(:0), F 77, maxima function [T KAE, & 5V idHR/)N
fE% b OMMEER < EFNTH A, Null EFIVIEFHEH



6 K
TIHINEE A HHATE L VWET L TH VY DOADK &
% ho ETINOREFUIRMGERERLLE (AIC) ZHEHEL L
T, VRN ELDSOERBETIVE LTHERIRL, £
72, BETIVHEO AIC DL SAIC THEN DL, RIFET
i%, Burnham & Anderson (2002) ZfEvy, —DDE T IV
DSAICHS2 LY/ hswnk & EFTIVHICITENIEZWE
FIWT L 720 Null 7OV &8RS N7 iliE 7OV & O I
SAICNa & L7256
BROBICwE L5 2 5 RT2iHMii$ 5720, s, 1E
(I AXFF L3V ayy) 2HAEH, KFRRE, SRIBE
C/N F & IDEER L TEBGHI 21T o 72, FEOMILA

EBE 5

.8 B

3.1. Mih E M EE

MEEE B8 A —F DEFIVEIROERZ FE 2 IR
o EREEOM_EHSA A< ZAIRER IR LRI B0
FTHETNMERS N (K2, N3, SAICwu=634) T
& fE oM &N A 4 < A 1E maxima function A% E IR S
(SAICNu=16.8), FEMBIMED S TEERRICHAMZ b b,
20 4ELELIEIE 2.02 + 0.8 (Mg/ha) CTZRET A RSN
720 bREFEE TFREOM EHNA F v A2 s 5 &, 7Sk

T OFHE L L
R 1 L L7,

A RPN L o T o 72,

fA & BEO KRR, EFRE
HEAERGEORH & LT, EBMOERER - TEMEOM T

IXFTDOEER O,
S OFEIR L AIC Z Wz AT v 7

B OMGRE

NAFTT A, YHOREFEDONAL F< A, THOMBEE,

FH DS OMARE, b s IR, 8%
LAEE, ONILE OB#R % Pearson DABERIIZ X - T

L7z

2012) %M L7,

A COMEHHITICIE R 2.15.0 (R Development Core Team

VIO

WD 72012

9|
£8 0 coaPecamP o
O, F=cF0

\E/o_ OO"-O(’)

U’F O

n -

©

€ - i ] m N

o / ') ]

@ =

° - |

%O

3 o)

(o)) i

2

8= 1%

o

<o ! ! ! I I I I
°o 10 20 25 30 35

15
Stand age (year)

X3 #ihEHh EENA A~ AL OBMR IZ R UMIETE
FEDONAF < AZHET.

F 2. M T BN T~ A, MENA AR, BEORE, ERICETELET VI L O AIC B L UHR/AD AIC & 7o 7o 7V
KETRBEET I (/N AIC) BIURBEETIVEDEVA/NIVWET IV (§ AIC<2) *ET.

i E 7V Logistic Liner Maxima Null

BN A v R Li: y=-12.54+2.79¢ 297.2 292.9 NC 356.3
TRENA + < A M: y=1.49r¥e 0181147 NC 142.5 131.2 148.0
FEfEE R Lg: y=2.67/(1 + ¢ 6:52-0580) 82.1 93.0 NC 129.2
HIE CIRIE Li: y=44.84 NC 111.7 NC 111.4
HEBE N EE Li: y=2.14-0.0051¢ NC -15.1 -12.7 -13.8
ATE CIN L Li: y= 20.9+0.065¢ 160.8 159.7 160.5 162.3
MRE (=) N: y=343 NC 555.5 NC 555.2
AR () M: y=48.0r* exp(-0.161) +73.4 NC 459.4 453.6 464.8
AidRE (DAL Li: y=82.85+1.52¢ 424.2 423.7 NC 425.2
O JgE = M: y=-9.07r¢e*4"+14.5 221.3 225.3 216.5 226.8
O J& i Fi B Lg: y=38.39/(1+e!40-102) 221.5 240.6 NC 246.1
O JB&EFIERE M: y=0.064r%e0%39+0.98 22.2 23.6 22.1 34.7
O Eir FEM= M: y=-6.46r¢ 5%+ 5.44 141.1 151.8 139.3 157.1
OBHEHHEERE M: y=0.0261%¢ %2+ (0.022 -83.5 -76.9 -84.0 -70.2
O & CIN It M: y=3.23rFexp®154+21.32 244.4 244.3 239.5 2442
0-5cm i+ 7 & Li: y=419.39-1.28¢ NC 449.6 NC 450.8
0-5cm JRFEEE M: y=-2.55¢%¢ %4+ 9.95 168.1 166.8 165.4 167.6
0-5cm ZERIEEE M: y=-0.17r%e*%¥+ 0.63 -49.0 -50.1 -52.2 -49.5
0-5cm jikFEHE R M: y=-4.53r¥e050118.11 185.2 183.3 181.4 183.0
0-5cm EFEEME M: y=-0.33 rFe 0%+ 1.15 -16.0 -17.8 -20.1 -18.3
0-5cm C/N It N: y=16.06 NC 151.3 152.0 149.4
5-10cm Al 1 # FE & N: y=492.92 NC 451.7 NC 449.9
5-10cm f i e N: y=6.14 170.1 168.8 171.6 167.7
5-10cm & KR fE N: y=0.39 -40.4 -41.8 NC 435
5-10cm jxHEHE = N: y=14.32 NC 215.1 217.3 2134
5-10cm &EHEEE N: y=0.91 NC 11.8 13.1 9.8
5-10cm C/N b N: y=16.08 NC 163.5 164.3 161.6

Lg: logistic model, Li: liner model, Maxima: maxim function, N: Null model, y: Z1L-ENDISEZEL, t: Mg NC: JUR L o 72 €TV
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o8 EEE i Zﬂ: } . TR =~ gIp- AIC
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7 M SLE T (0-Bem) O a) FIRERE, b) KEFME,
RENTZETNVEIRT.

HAAEERZRL L 1.0 £ 0.2 THER L7z, it THEMEE 12
SEHDSMEHBEDIIEE > Tz,

MEEOBIIN AR5 I XF 5 HEFED RIFTFEE T Null €7
VAR S, MEGIC & o TR SN o7z (F
2)o MREHIZH 3 2 BHFIERE I BV TZHFTR A O #EIE R A
BINEN225, Null EF NV E DEW IR Do 72 (SBAICN,
=1.3)o C/N MIIHREG OB AR S BEREEIN ORI A58 R
7z (SAICNw=2.6) o

DR, BRIEFB XU CON L2k EED
HTEFELTAT Yy 774 B BEREIR o2 &
A, BEHORFIREL ONLTIHEOENILLHEER
HEPRON, IXFTOREIVIOZNIY kKRS
CN A E o7z (323)e —J7, SERIEE TIIME, L
Hh e Sl e L CRBITN 2 0o 72,

MAREAFL AEICH L TNl ET VA RER S
Too & F DM MBE LMl E OBRE KSR
9o Y O MR E 1L maxima function 23 IR S L (2,
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c o) BRIEE, D ONILEIRY. FEildE

JEFEH D NA F < A LU IEI AR R L 7ze S LISk
MR DWTIE, 8, 14, IS4FAEMRIZBVTY ¥ DR
Z AN, MEAEE L TRKED - 272D L TN %
To72& A, MBI LEFEMT 2 HEX05N 8RS
7275, ZOEIRK E Null EF VO OENITIAR S NG Do
72 (%2, SAICw=1.6)c YV DHRNA <AL, BLZ
20 4E13 & TH DAL oM E A VR 5 72,

3.3 TENZ1L

0 J& @ Z & & 1% maxima function 2% R S L7z (£ 2,
SAICNu=10.3, 1 6 (a)) o M 1 ~ 2 4 H TIXIEA L7225,
D HHEINCES U T 10 45 H TIERE L 720 IFERE
O A7 4 v 7 AANEIRE AL (SAICw=24.6), 1~ 344
WT Do 7255, BB sk 4 H BRI LE L.
22 R R ¥ 1X maxima function 25 R & 1172 (SAICNu=12.6,
6 (e)) #% maxima function & XY AT 1 v 7 3 & DE
WiE o7z (BAIC=0.1)0 WITNOBGAEIZH ERIEEIL,
WML 30 £ H £ TIEBn Ll T w228, Enliiziziz
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8 Mkilin & L T (5-10cm) D a) FIREFE, b) kFEEME,
WENTZET WV EIRT.

TET AEMEIR LT, KELHE, EREHEIL LI
maxima function 2GEIRN S 7z (FEERE . SAICN=17.8;
EHREME: SAICw=138), kK ELTHE THERI N
maxima function [FHT I AT 4 v 7 E DEWIINE o7z
(BAIC=1.8)0c WTNDEFIVDOEETYEH, RELHEILE
MEHOWY 34EE F TORWEL ST, EhEB
LZ10EHDREITRET 2EM AR L (K6 (b)), &
FEMEE T maxima function & @Y A5 1 v 73 & DI
DEWIZ/NE VA (BAIC=0.5), LD ET IV EHE 20
FFTHINLELT, ZNLRRIEEINER 2R S 2 h o7z (K
6(c))o C/N i maxima function 2% S 172 (SAICN=4.7,
B6 (f)o EMEE ~10FHTY =7 |2E LRI
5 0 30 4E H LIRRIZ e A A2 7R L7z,

WS 0-bem DOELE A BV B IEERE & MG & OBIfRE
B 72 d e Ml rnE ] s, 384EMTHY
PAIA LTV 7z2s, Null EF IV E DENEAS LG D>
72 (32, 8AICNwu=12, X7 (a))o WHEEE (SAICxu=2.2,
M7 (d), @FiEE GAICw=2.7, 7 () & &I
maxima function 29BN S (F2), HEHRBEEMIIL R
WA L7278, F0h S8 L T 10 FE A TR oK
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FERE, ) RFIRE, o) BRIME, D ONHEZRT. FEHLE

HWF TR LEL. kELHE BAICw=1.6, X7 (b)),
EEEHEE BAICw=1.8, X7 (c)) 1%, maxima function
ARSI, MEIIT R, BREFEOLA LR L2ZH
Null E7I)V & DENIZE AR o7 (R2), CN i
Null & 7V A58 & 1L (y=16.06, AIC=149.4, X7 (f)),
IS & > TR SN o7z (R2).
FEEB-10cm DEE LT B 2R, RERE £
B, REERE SETHEE BIUONILEHKBOM
FBIZWFID Null €7V TEEIN, KBz L > TED%
HEnhzehro7z (M8, F2).

-

34. MEBEP TEORE, BERIC5AEE
rFEHEoOEESL OBoRELHE, EREFHELOM
WZIEOFZE LRI ON (B4, TEMOH H/ N1
FTYAZOBOERLHFEOMIZAED, CNILEDRIZ
EOHELRMEBBYE RSN O BORZELEED LB
Pl A5 TE R | 203 5 YR R2=0.278 TH A DKL, T
JERE/ N A F < 2126 L CTIE R2=0.043 TH V), LIBfi5ELEE
OFWTRENA <AL BFEGPKEP 720 OBOD
SZREMETH LEMEAEER IS LT R=0425, TE/NA



10 Kt
F4. fAEOEEL OBORELEMHE (Cm), EXREEE (Nm),
C/N & OMBERE (n=38). KF1d P<0.05 TH &2 BEFRIZ

HbHIEERT.

(o)1

Cm Nm C/N
RS 0.527 0.652 -0.445
TREEOH FENA F < A -0.209 -0.400 0.549
FHOFNA F < A -0.169 -0.355 0.521
FHOFENA < A -0.247 -0.440 0.570
FRAIAR -0.127 -0.063 0.081
R -0.146 0.155 0.116
- DI o liAR = -0.080 -0.004 0.042

#5. MAEOERLIFELIE0-5em ORFEERERE (Cm), BRE
i (Nm), C/N & OMIBRE (n=88). ARFix P<0.05 T
FRRMRIZH DL EZRT.

#E 1 0-5cm

Cm Nm C/N
[ NEIOF =5y 0.157 0.208 -0.139
TrEfEOH FE N A F < A -0.098 0.132 0.063
FHOFNA F < A -0.092 -0.129 0.065
FHDENA F 7 A -0.103 -0.133 0.059
F AR 0.117 0.159 -0.131
aR IS -0.278 -0.379 0.307
- DI o AlAR = 0.120 0.082 -0.029

F6. MAEOEE L FB1IES 10cm O RELERE (Cm), BFE
T (Nm), O/N & OBIRE (n=38). KF:% P<0.05 T
BERERICH D EERT.

818 1 5-10cm

Cm Nm C/N
[EUNEIY =5 -0.002 -0.069 -0.135
TREEOH FENA F < A -0.020 -0.046 -0.071
FHONA = -0.041 -0.059 -0.074
A DN A F < A 0.002 -0.032 0.067
FRAIAR 0.001 -0.063 -0.118
WRURIILiS s -0.263 -0.333 0.299
4 LI o iliAR = 0.114 0.091 0.056

< A% LT R2=0.160 & jkFHHER = & RO EmA R
Hit7ze —7F, CNHTIE LA TR I8 L R?=0.198,
TRNA F< AR L R2=0301 &, TRENAF<YADE
BOHBREDP>720 TRBANA T ATHTOR, B L
DONA T AWML D 0BOERER[MELOMIZAD,
CN & OBIZIEDFBIS R 57z F72, S 0-5em,
5-10cm OFLE TIC BT 2 @ HRER T L OMiiReE & o
WCHELZEOHBPR SN (5, 6). T, #E+
BoRkFLEERE, EHRLHEE, ONILE LEMEEEERT
fEfdth N A A~ AL OBIIEZ BRI RS Lk
Mo T AR & AL OMRE L O R, S8 T D %,
BFELER, ONHWITNE L AEEHBEERIEIRO NS
Moz,

HEBE S

4.2 =

APATHL D 40 SER O LA & AT 382 L, e
OHFREIME, WO TR O5EED S Itk -
THPT L) —RiEETL-7- (K3, 4, Ih
WZRL, OBIZBIT A%, EFEoLHER, 9 (10~
20FFT) WINLABRICLEL, HILRESTEFRHEEY D
EWVIHIRELEAFEL: (M6), ONHITRE, ZHROKE
WCELBEMOEWISBMAELZ & 537 — U DRRWZE N
72, 204EIZETEEL . OEALEETOFENHIIW
CNFEMEGIZ X 2 TIEADEEOESVI/NS D LW
IR Y, kFE, BEBREME, ON IO O RZENIL
MR ZBWTRED 7228, #E + 0-5cm, 5-10cm T
X EOEEINE o7 (M6,7,8) . HWHOFEEL D
MBS, OoOELRZ/IEC, NoFREIZIZ LiE
FEOBEERDIEDOWENKE P -72205, CNILIZASLNS
BIZH LTI TIBEDONA +~ ADEDWENRKE o7
(F4), TIHEORE, BEOFERFOLALE KOS
FEEHbETEZLE, BEMRBEI0FEHHZY TIE, N1
T AZBWC EEES TEMEL LR 2 EEICHZD, 20
EHTHEDHESE T T A ML 725720, KM
2B O MIIZA LS kE, E@FRoERFERICIE
TRBREO ) LR, WEDIEE & v o 2R 021t
NEETHLEEZ LMD,

4.1. # EEOMPBEEDFHKE

AT BT 2B T ERE R IIE T EED N1
= AN LERloCTwizds, TAEBDEIE EBEONAS <
A ER 572 (F3), HAERERIZB S HBAHRS 72D
DRE N A T = AT S E D S AR O FE I B
THEPWTNIHAIT H I 5 Z EDBHHINLTWAD (Barnes et
al. 1998) 0 HAD A X N TR TITHON/WIFETIE AT OH
FERN A T AEFEMRER 30 4~ 60 SED M THHITH 124
% (Shutou & Nakane 2004; Tateno et al. 2009) . — /5, %
WRERCTH L 7T OZRMKRTIZ 75 EM 2@ L THARD
H EE N A A~ 2B LAl Tz Z et iE S Twn
% (Kawaguchi & Yoda 1986) . AR Tl FEED /N A
F~ AL 38 AEM I LAtV Tz B O 2B
VA BAEARAR Y A4 1%, 150 4£ 4 o FE 5 C DBHSem % F
ELTBY, 40 F S TOF % DBH & 14.5em & 7% > T
2% (Imada, 1996). ABFZEIZBIF 5 38 SEA M4 DBH
1, HAEARE D THI 10cm, kT 18.8cm TH V), 1k
PRFEARICE L TG A X2 KRB IE
AT T OTRM A B L TARKE % 2o 72 KB o
MEFTH TH S 35 FICBIT A 1321 A% 30 FAL EoM
43T 2300 A5 4600 A & KIFIZ B> Twa (T 1; 2,
2013) OO, FEMEROBEIIKE HIBRE =TT
WHDEEZONDL, HE-o CRIBDE Y IZEMRARD I XF
IOREETIUE, GBIV LTS 2 ErTFHEENS,
KRFFE o 72 0-40 SELEMA 1L, 1650 SERME T ET L E
WIETE 2 6 T IUL F 2 EHRER ICH D, mlERICB VT
FEFMLERE ORI L 2 REDIE (Gower et al., 1996) X



I AF T IEMRMIC B B O 11

B4 2R (Yang et al,, 2011) 1213 FE o TW v,
BRI 2 i & WRTEBR IO W TR 2 D 5 72
DIZIE, BIXEXENEE ISR - EkofkE E=5 )
YIUNEETHLEEZ SN,

TRED/NA F~ ADHA SRR MRk L %
D, ZOBRWAN I U C—EDOHPANTEET 5 MHEIMIE,
i L TREEDNA F <A L OBERE k- 72O
MERE —F9 5 (MacLean & Wein 1977; White et al. 2004) o
WERTE 11~ 12 FF H 23812 EIBREC X A8 0 B A:
U2 (K4) Z&ns, TREOBARORMMZZE/IE
MEDZEBEZ T L TWEHDEEZ SN,

4.2. F, IR
RFAMICBIT D I X F T 0OFEERIT, BEREI04ED
FHOFENIINTEEL (M4, 2D EIL, EONA
T ANIMOZRE & L O 58 O T B LR oAl
WEL7-R—EDMAI S 2 & (Barnes et al. 1998), 7
TIRMIZBWT 12 SEAEMD LAl S W% 7R L C 75 4ERK
FC—EDMHEZIY, HhEZ 12ETOREHIEER L2
g2 (Kawaguchi & Yoda, 1986) & &% L T 5,
KRR D I AF T EEOEFIRE L, HEEOBINIx
L CAMEIN %2 7R L7255, Null BTV & DFEWIZ/NE Do
7o (R2)o IXTITOEFEROR T HOLEEZ DN
LRI, WEBSHICABMICEML, Foh—EL%b
o, BEESOERBIZI0FEH T TEFINES L, K
RS CABICE R E = BN S /2%, WEM#EE
PR, &2 \VIE—ETHERT AEALH S LR LT
W5 FREIEO CO/N I 1T o 28 F ML ERE % 3
T5HEELIEIECTH S (Hishi et al,, 2014) o fit > T, #E
+o /N ARG £ A/ swze (K7 (), X
8 (), LD S OESMHEIMIGIZL > TELL T
WEIRET 2 &, RFEMIC BT 2 EIEOMEI LD 2535
EEOEALZ I XF T O HEWINOZALITRK T 25 2 &A%
EZOND, 7275 L 2 OEDOERFIEE DA Null £ 7V
CLlFEAEEDLRd o7 (F2) 2EaE2HE, AR
BRHL T 10 4 & 72 1) ORI BASH o0 IRE fi CTHIZE D 88 FR 2K
EHBOEFMESH EoTVBON L Lz, iR
MIZ% < OERHRTIE, BEHNREHEALEOMER (Yang et
al,, 2011) B E N TV D, HRICBWTYH, TEEOE
SHERRATIR S5 TV B IRFET, MBI X - TH O
R EREREOMINASEL, TPV ERHIELY
ZVF72HREARD Y & — CNIOETHR L2 EAVREN
Tw4 (Fukushima et al., 2011)s Tateno et al. (2009) @ A
FhHoFNz L, THEoSERMELEoERERDO Y 1
IVTIENEE IR TBY, ZoFhasEiEoERGIR
EROLBERELLEENTWE, 29 L7z ¥ —Dasy
HETIE, BRUMCHEOSZSEMBOKTICETD, 85
W) —EEBIUESEOK T2 74— KNy s
BHHbHEEINTVE, LALAETIEIZ ) Lckidns
FETEIBMEZLOTHY, 40E0OSTHEDRZE LS
FOBWNTG v AR ERBAIR SN o720 H D

132 < OMEE % o 72 ZIRMROWIZE T, Elek» S84
F =T RE, KIROILZEBMR D 5 EE O B & B R
HHED BIN L oIk L, REAEM ClE I X T 2k
Mo I AT TS B SE L T nZ &)
TEAOREPNSVERE L TEZOND., WIhE
L, @RMEHEEOM/TIE, —ICENZRAICBN s
LOTHALI L, 40FEVIHIBIAI X FIHIZE > TE
fLic+aaEEcidrzurdb Lnihnwi ez E25L, 4
BERGIRPEL L0 L9 2, RN RBIA 215,

WIEDRFRE L ONIIIHEIZ L 2 FERECER LT
(£3)o AETIEIZAFTLY IV IFTOHED ON I
W&o 7228, 24t Kaneko & Salamanca (1999) %37 L
7o) ¥ —ORFREN DT T (Quercus serrata) £V 7
< A W (Sasa veitchii) OFHME &) FEHE & LB
bo TOEVIIERBEDENLDL, FLLTHYED
FKFBREOKSIZLEELDEEZ 5D (Watanabe et al.
2013),
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W ORI 5 & v BEE O FFE (Fukuzawa et
al. 2006) & —H ¥ %, MIROKEIIMETICHT L T—EDMHE
wLoTEBY) (322), BKREIMEKE T 59T DA OMIRE
I, HRERICR L TIE S LSIE—ETHY, 0FEB %K
EHREAE VB CIHRWETH o 72 (2, K5), Th
5 (XN B2 [ T A MIAR 28 0> 28 70 BN 2 AR 43 O AR 1
OMFICERETHLZLERLTVDLEEZLND,

43. M & EEDC, N, C/NH

ARFAATHLCUL 40 SER OB OB LE D Ik E, EFD
FHEBOZZ oI ETORRE, EELiEL B
DNTEADNE (oo 7z (K6-8) . WFEDOWIFE TITAN
JEDFER L FMRICRE, BFOLRHERSE L TIRZL
LWHEBIDB LV EHE SN TS (Yang et al. 2011) 2 &
E—HT 5,

0 B o8l 38 4 BB e % 7% L 72 B RIRRE % I
< LEAQEME 10 ~ 20 H £ TOEALHPBEE 2o 72 (M
6)c OOy E, KEFLMHE, SBRLHEICOVTE
SEME % R L 72 BEEOMIERERIZB VT, ZE T TORM
R TI124E, BUWHEIZ60EMULETHE I L 2EET
L, R REERE SRERELOLEREL
EDECOFHDE»ro7z (KT MAT, KELERD
EREO/NNY — VIGEVDH D), FFICRFZOSHREITE
FOERBE LN IRETH L TORMIELr -2, LB
DEFER L RE, BRE/EICBOTIEOMBE (£4) »°
RoN-Zens, BEEDOOBIIBITAEBRYEHED
BN, REAH EEBOMETEE L TV EEADY ¥ —
MG HAEDORIFIE VTR SN2 12X 5 L 0 LR
T& 2, L LEBORELHMEORBEILENREBLZ5
FIZETRELTBY, FEADY ¥ —MHEL ) bixsh
IRz, 2o kid, REABTIERRBICTREET
& B AEEICHEIN L, ) ¥ — MG EIAR TR L 72
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KT MmO, ARSI LE,

EBE 5
F72IFBIT B2 7% B M0 2R L 7R OB ZE .

TREL 723
A B A HITHLETO 5 IH H SCHK
5
Temperate Chamaecyparis obtusa 12 C, N Sakai et al. (2010)
Temperate Cryptomeria japnica 20 C Shutou & Nakane (2004)
Tenperate Alnus , Robinia Pinus densiflora 20 Organic & (1963)
matter

Boreal Pinus banksiana 40 C, N Yermakov &Rothstein (2006)

Boreal .
“Temperate Populus grandidentata 40 C Gough et al. (2007)

Sugar maple, pin cherry, beech, Organic .
Temperate birch 60 matter Covington (1981)
i . Organic .

Temperate Quercus crispula 10 (C), 20(N) matter, C, N This study

CLIZEoTORmOKRE BREBEILEBANTCEERT
HEIRBIZES LN D, ONI (61 1dRFEE

i (Meb) LERERE (M6e) OLEREICES T
TOERDE L CERERD 10 EMTIcE—7 %
bh, AP LB EET H/NY — YRR LIz, W3
D AT TOMFEFI I, il B EHRT P2 IR O Z TR
HOWIMAA SN, V& —0 CN IZHEH#EICE L %
N, TOBRBTESHVIRELZ RO Z L HUR S/ (Tateno
et al.,, 2009; Fukushima et al., 2011), F72, T X 9 %k
@ C/N oI A E FIE O ON IS K S5 Dl
TEMFS 40-90 FEIZERBL TH S TH o720 KHFZETIZO
D CO/N HIE, #BEOWZEICR S NS X9 2 BRI
THO/1 8 =2 TiERl, MoEEo LA TREME,?S -
JBREICZA LT 2 T HOBERICE — 27 2o Twiz (I
3o 2F N, R TIREMWLMAEDERIALIZLS C/
NILOZA LTId % <, RO LR TEED) ¥ —
OFFF L = OEWIGER L7z ON ILOZ/LERZ TWD &
EZZ6N5b,

HEE0-bem DILETIZBWT, REBIVOEZRITE, &
JEE D ICEMBEOBEM Th T2 L%k, 104EH
FTITIRTICOKIEIZR S L) F AR L7225, Z D%k
I Null €70V & DFENHHFITE LR WERETH - 72 (F
2, Kb, c)o BHBICHEBMED DY L Tl E Lok
I ES U CHRRATOKEIZR S L vy Az O @ THR
SNDLHEBNL L, SEETORERRIIITIEAER Y (eg.
Shutou & Nakane 2004; Diochon et al. 2009) . & #k £ o #k
RGOV OERE LCTIE, HFEoED FAH 5
W EEIK G OB X o> THBPARES S & v
HCHI & LT & 72 (Covington 1981; Chapin et al. 2002;
Shutou & Nakane 2004). Yanai et al. (2003) (X HRFERIZ D
RA Y ORI 2O T Lo b T, HiF
BHIRERE (0i-Oe ) TIXEET 272002 > THBRMN
FEL B, MKERE (Oe-Oalfg) T3k 5 & i

IR DI & > THfEAMEE SN2 TREME 2 /RIE L Tw
%o RIRAMIEERZOBAER L O B w0, Kig
DEVE - ARRIERG A ST B 5l F 72 LS8R, A
WD EDEE S N/ REMED D B0 T DRIRTE L EHRN
HARTT DK £ TR - 72DI3HA D EIZHE-> T 0 BICHE
FEENT-AEYO—EANE S 0-5em OFLVE T F THREIL T
K L THBWBEREIE L2 EZ N5, SHEOH
KT, T LB NSV D TH o7,

S B5-10cm (2B 5 88 oo LRI I D RS
WX o TEEDFHMEN o7z (M8), #hE LD,
ZEROEEZIEEIOEEBETCOELAFTLClEL 2
e, M £ 2L R o e wWEFlIZZ v (Yang et al.
2011)0 LA LEES 5-10cm D & 9 (2 LAY G 1230 W81
ToWE, ML 2R RTONIEA R L v (B 1963;
114+ 1964; Gough et al. 2007; Wang et al. 2011; Bruckman et
al. 2011) o AFH A Hb I 75 AR ET O KIS EAH A 2% 78 AR A &[]
LIRF TR o722 bR, LS L T 5 R
IEEA T OIS 2 LD & 5T, #EFRIC L 2 BRI
E LB BEOBE L LTI ol l b EZ LN,

14. EEBEDHRELLEORSE, EREHEEO/NN2—2
DR

REfFECldfiED B (LEME TRE), BX0%H
BROGRE, E HR) TY Y —ofRomE s S g0 R%E
EREMBIIRE LG 2 2RTF 2 EHT L7z RAEH T,
ORBOKRFLEMEBLVERLHEE L, BHOGEERL
DOICIEOFHER RSN (4), ZTIUTEER OB
) 7 — ORI L > T OB RE, BIREHEN
WiNdvAsZ 2L TWb EEZLND,

—F, IV AFHFOH FEHANL AT RE, OBOREE
GEEDOBICAD, ONLEOMICIEDHE 2 HEAR S
Nizo RMETIEIVY IV EIXFITIDOEE) ¥ —D O/
NILZ B L 724ER, S Y aFIoE) ¥y -0 hnI A+
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TOLDEN VEP oI —J, IVIAFHOHNAF
Y AL OEONROBIZIE, &DEWVIEOMHEANA LN
72, I AT TIEBRY) Y — 3T 0iE) ¥ —RBRDE
) 7 =12 T O/N JLidE < (Watanabe 5, 2013), I
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REBEHIE LTI TTHHI L2 EZ2 L L, HEAOHHE
PHEE LB TIIEALRILEEZONL, ZNHD
ZEhs, TEETHLIVIVIE, FIEYVF—-LD
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NHOLRICHELZEZ TWEEEZLNLE, VT —DC/
N ISPkl Ic & - T2 be3 (2, %3), TEMHE: hE
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75iE < (Fujii & Takeda, 2010), JEHHTZBIZHR & B FHAS
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HHEENTH S ENL S VWO 2 CBEELT 50000
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T LM BRI ENOZE NS,
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ERIZEG LTV LOPIZOWTHRFETALENRH L7725
F4
UM KA W & DR BR B RL 7 I R A IR - TR 2 oD £
YON—ICIE, AmalE AR THE, HHTofEE BF LR
TH 720 ARFZE O — B IE SRR 4 B IF # 25850111 O Bl

B o

WxZFebnTY,

5| A3k

Alberti G, Peressotti A, Piussi P, Zerbi G (2008) Forest
ecosystem carbon accumulation during a secondary
succession in the Eastern Prealps of Italy. Forestry 81
(1):1-11

Barnes BV, Zak DR, Denton SR, Spurr SH (1998) Forest
Ecology, 4th Edition. John Wiley & Sons, Inc., New York,
pp. 515

Bond-Lamberty B, Gower ST, Wang C, Cyr P, Veldhuis H
(2006) Nitrogen dynamics of a boreal black spruce
wildfire chronosequence. Biogeochemistry 81 (1); 1-16

Brais S, Camiré C, Bergeron Y, Paré D (1995) Changes in
nutrient availability and forest floor characteristics
in relation to stand age and forest composition in the
southern part of the boreal forest of northwestern
Quebec. Forest Ecology and Management 76: 181-189

Bruckman VJ, Yan S, Hochbichler E, Glatzel G (2011) Carbon
pools and temporal dynamics along a rotation period
in Quercus dominated high forest and coppice with
standards stands. Forest Ecology and Management 262
(9): 1853-1862

Burnham KP, Anderson DR (2002) Model selection and
multimodel inference: a practical information-theoretic
approach. Springer Science+Business Media Inc., New
York.

Chapin III F'S, Matson PA, Vitousek PM (2002) Principles of
terrestrial ecosystem ecology. Springer, New York, pp.
294-295

Covington WW (1981) Changes in forest floor organic matter
and nutrient content following clear cutting in northern
hardwoods. Ecology 62 (1): 41-48

Diochon A, Kellman L, Beltrami H (2009) Looking deeper: An
investigation of soil carbon losses following harvesting
from a managed northeastern red spruce (Picea rubens
Sarg.) forest chronosequence. Forest Ecology and
Management 257 (2): 413-420

Enoki T, Kawaguchi H, Iwatsubo G (1996) Topographic
variations of soil properties and stand structure in
aPinus thunbergii plantation. Ecological Research 11 (3):
299-309

Finzi, AC, Van Breemen N, Canham CD (1998) Canopy tree-
soil interactions within temperate forests: species effects
on soil carbon and nitrogen. Ecological applications 8
(2): 440-446

Fujii, S., Takeda, H., 2010. Dominant effects of litter
substrate quality on the difference between leaf and root
decomposition process above- and belowground. Soil
Biology & Biochemistry 42: 2224-2230.

Fujimaki R, Tateno R, Tokuchi N (2007) Root development



14 K
across a chronosequence in a Japanese cedar
(Cryptomeria japonica D. Don) plantation. Journal of
Forest Research 12:6-16.

Fukushima K, Tateno R, Tokuchi N (2011) Soil nitrogen
dynamics during stand development after clear-cutting
of Japanese cedar (Cryptomeria japonica) plantations.
Journal of Forest Research 16 (5): 394-404

Fukuzawa K, Shibata H, Takagi K, Nomura M, Kurima N,
Fukazawa T, Satoh F, Sasa K (2006) Effects of clear-
cutting on nitrogen leaching and fine root dynamics in a
cool -temperate forested watershed in northern Japan.
Forest Ecology and Management 225 (1): 2567-261

Gholz HL, Fisher RF. (1982) Organic matter production and
distribution in slash pine (Pinus elliottii) plantations.
Ecology 63 (2): 1827-1839.

Goodale CL, Aber JD (2001) The long-term effects of land-
use history on nitrogen cycling in northern hardwood
forests. Ecological Applications 11 (1): 253-267

Gough CM, Vogel CS, Harrold KH, George K, Curtis PS (2007)
The legacy of harvest and fire on ecosystem carbon
storage in a north temperate forest. Global Change
Biology 13: 1935-1949

Gower ST, McMurtrie RE, Murty D (1996) Aboveground net
primary production decline with stand age: potential
causes. Trends in Ecology and Revolution 11 (9): 378-
382

Guo LB, Gifford RM (2002) Soil carbon stocks and land use
change: a meta analysis. Global Change Biology 8 (4):
345-360

Hart SA, Chen HYH (2006) Understory vegetation dynamics
of north American boreal forests. Critical Reviews in
Plant Sciences 25: 381-397

% HRHE (2013) JUMIKED I XF T N AR SE 5.
LR 65: 39-43.

Hishi T, Urakawa R, Tashiro N, Maeda Y, Shibata H (2014)
Seasonality of factors controlling N mineralization rates
among slope positions and aspects in cool-temperate
deciduous natural forests and larch plantations. Biology
and Fertility of Soils 50: 343-356

Hughes JW, Fahey TJ (1994) Litterfall dynamics and
ecosystem recovery during forest development. Forest
Ecology and Management 63 (2): 181-198

MHEK - wfEHE - LB (2006) AFXFANTHE v/
FANLARTOMEGZ & 2 AEWEIRROZ ORI . H
R L 88 (6): 525-533.

AHEEA (1976) JUN KSR G H A E A I X F 7 04
T EZOFTE | HE A 26: 31-50

Imada M (1996) Management System for Japanese Oak on
the Kyushu University Forest in Hokkaido: 20-year
Report. Journal of Forest Planning 2: 43-50

fts 2 - ERHIEA (2003) PHE NI B THRE D

EBE 5

RFEIFEEB LRSI RITTER: L H+
E-B - FHH (1973) OF =5k bR
BMISHIBIZE 12: 7-14

NI 352 - = 5 - IDH %% - N 3ETE] (2002) 1Y E Hbis
IZBWCTHAREDP AT &/ FHROEREEIIRITT
ROE . BRARALH 44: 9-13

Kaneko N, Salamanca E (1999) Mixed leaf litter effects
on decomposition rates and soil micro-arthropod
communities in an oak-pine stand in Japan. Ecological
Research 14: 131-138

R (1996) 7 % i CoOWYE A E L 201k . A
B HER () #RPRARES: . pp. 224-257

Kawaguchi H, Yoda K (1986) Carbon-cycling changes during
regeneration of a deciduous broad-leaf forest after clear-
cutting I. Changes in organic matter and carbon storage.
Japanese Journal of Ecology 35: 551-563

Lewis CE (1989) Herbage yield response to the maturation
of a slash pine plantation. Journal of Range Management
42:191-195

Li D, Niu S, Luo Y (2012) Global patterns of the dynamics of
soil carbon and nitrogen stocks following afforestation: a
meta-analysis. New Phytologist 195: 172-181

MacLean D, Wein RW (1977) Changes in understory
vegetation with increasing stand age in New Brunswick
forests: species composition, cover, biomass, and
nutrients. Canadian Journal of Botany 55: 2818-2831

McClaugherty CA, Aber JD, Melillo JM (1982) The role of fine
roots in the organic matter and nitrogen budgets of two
forested ecosystems. Ecology 63 (5): 1481-1490

Millennium Ecosystem Assessment (2005) Ecosystem and
Human Well-being: Synthesis, Island Press: H# % [E 37,
Kz 21 ikl COE BMIfRZE R K TAERIR (2007) A:RER
P—Uv AL NEOFKR  F+— A%

Mitsuda Y, Yoshida S, Imada M (2001) Use of GIS-derived
environmental factors in predicting site indices in
Japanese larch plantations in Hokkaido. Journal of
Forest Research 6: 87-93

Ostertag R, Marin-Spiotta E, Silver WL, Schulten J (2008)
Litterfall and decomposition in relation to soil carbon
pools along a secondary forest chronosequence in
Puerto Rico. Ecosystems 11: 701-714

R Development Core Team (2012) R: A language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-
07-0, URL http://www.R-project.org/

Ritter E, Vesterdal L, Gundersen P (2003) Changes in soil
properties after afforestation of former intensively
managed soils with oak and Norway spruce. Plant and
Soil 249: 319-330

Romanya J, Vallejo VR (1996) Nutritional status and
deficiency diagnosis of Pinus radiata plantations in



11

Spain. Forest science 42: 192-197

Sakai H, Inagaki M, Noguchi K, Sakata T, Yatskov MA,
Tanouchi H, Takahashi M (2010) Changes in soil organic
carbon and nitrogen in an area of Andisol following
afforestation with Japanese cedar and Hinoki cypress.
Soil Science and Plant Nutrition 56: 332-343

AR - @GR - BAET - REsEkR (2008) HAZ
B AXHEERGHBEOEMESR . HARFEARES
5 90: 182-189

Shutou K, Nakane K (2004) Change in soil carbon cycling for
stand development of Japanese cedar (Cryptomeria
Japonica) plantations following clear-cutting. Ecological
Research 19: 233-244

Takagi K, Kotsuka C, Fukuzawa K, Kayama M, Kobayashi
M, Watanabe T, Nomura M, Fukazawa T, Takahashi H,
Honjyo H, Ashiya D, Naniwa A, Sugata S, Kamuira T,
Sugishita Y, Sakai R, Ito K, Kobayashi M, Maebayashi
M, Mizuno M, Murayama T, Kinoshita K, Fujiwara D,
Hashida S, Shibata H, Yoshida T, Sasa K, Saigusa N,
Fujinuma Y, Akibayashi Y (2010) Allometric relationships
and carbon and nitrogen contents for three major tree
speicies (Quercus crispula, Betula ermanii, and
Abies sachalinensis) in northern Hokkaido, Japan.
Eurasian Journal of Forest Research 13 (1): 1-7

RHEE (2002) MY AT OEGH —TIEEHY S Wk
MRARER—, FUEB R 2 |, p. 163

Tateno R, Takeda H (2010) Nitrogen uptake and nitrogen use
efficiency above and below ground along a topographic
gradient of soil nitrogen availability. Oecologia 163 (3):
793-804

Tateno R, Hishi T, Takeda H (2004) Above-and belowground
biomass and net primary production in a cool-temperate
deciduous forest in relation to topographical changes in
soil nitrogen. Forest Ecology and Management 193 (3):
297-306

Tateno R, Fukushima K, Fujimaki R, Shimamura T, Ohgi M,
Arai H, Ohte N, Tokuchi N,Yoshioka T (2009) Biomass
allocation and nitrogen limitation in a Cryptomeria
Japonica plantation chronosequence. Journal of Forest
Research 14 (5): 276-285

Tremblay S, Périé C, Ouimet R (2006) Changes in organic
carbon storage in a 50 year white spruce plantation
chronosequence established on fallow land in Quebec.
Canadian Journal of Forest Research 36 (11): 2713-2723

BRI (1963) HMOBALE L OBEELSTIED 2 - 3 0%
BIZRAZTREIZOWT B LI HFHROMAIIZ L b 7%
9 TEEOMWE QAL . BRSBTS 34:
37-64

5 A (1964) HKOKB L OEELTED 2 -3 O
BIIRITTREIIOWT 52 i BRI & 2 IHhEs
W DOZAL . GRS B B AR 35: 110-126

AF T WM BT 5 T3EOE(L 15

Vesterdal L, Schmidt IK, Callesen I, Nilsson L.O, Gundersen P
(2008) Carbon and nitrogen in forest floor and mineral
soil under six common European tree species. Forest
Ecology and Management 255 : 35-48

Vogt KA, Grier CC, Vogt DJ (1986) Production, turnover, and
nutrient dynamics of above- and belowground detritus of
world forests. Advances in Ecological Research 15: 303-
378

Vogt KA, Vogt DJ, Moore EE, Fatuga BA, Redlin MR,
Ecmonds RL (1987) Conifer and angiosperm fine-root
biomass in relation to stand age and site productivity in
Douglas-fi r forests. Journal of Ecology 75:857-870

Wang WJ, Qiu L, Zu YG, Su DX, An J, Wang HY, Zheng GY,
Sun W, and Chen XQ (2011) Changes in soil organic
carbon, nitrogen, pH and bulk density with the
development of larch (Larix gmelinit) plantations in
China. Global Change Biology 17: 2657-2676

Watanabe T, Fukuzawa K, Shibata H (2013) Temporal
changes in litterfall, litter decom-position and their
chemical composition in Sasa dwarf bamboo in a natural
forest ecosystem of northern Japan. Journal of Forest
Research 18:129-138

White LL, Zak DR, Barnes BV (2004) Biomass accumulation
and soil nitrogen availability in an 87-year-old Populus
grandidentata chronosequence. Forest Ecology and
Manegement 191: 121-127

I #F— (1964) WIEAGER O H7ZERERIZOWT . FHAK
VH5 (2):9-13

Yanai RD, Currie WS, Goodale CL (2003) Soil carbon
dynamics after forest harvest: an ecosystem paradigm
re-considered. Ecosystems 6 (3): 197-212

Yang Y, Luo Y, Finzi AC (2011) Carbon and nitrogen dynamics
during forest stand development: a global synthesis.
New Phytologist 190 (4): 977-989

Yermakov Z, Rothstein DE (2006) Changes in soil carbon and
nitrogen cycling along a 72-year wildfire chronosequence
in Michigan jack pine forests. Oecologia 149 (4): 690-700

Zhou G, Liu S, Li Z, Zhang D, Tang X, Zhou C, Yan J, Mo J
(2006) Old-growth forests can accumulate carbon in
soils. Science 314 (5804): 1417-1417

(2014 4£ 10 A 30 HAF 1 2015 4F 1 A 27 H#)





