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tBEICE BB ELTH Y NEHRBOBEERRE
KETIEB(LFEDORR

O JIAI VT REA DL AR N YL R AT ke e

s

KO X N EHMBEETHZHMAE (hERT L) 1K 2 H VS MERAILEED b K<Y ATk
TIRBOEMEING E LT SN TV, — 4T, A& X 2 RELBEORRE I & Bt E
B LUIBAROREZ MG 206N D %, MW EIC X 2 TEBELN I VN EHO K EIC MIET EHN
WERIHSMNICT B2, 1970 ~ 1990 FFARIC IR & 21T > Tz LB N O X 7 71 2 7S HTFK 17 #&
DENRICERE 5 cm HEOMLAEEHE L, X7 2 NORRE & LR EME O R R LTz,
20 ~ 44 FFEHEOHMNE R 51 SO REBEEROMMNEIC L SEWE T I UMK D BIFTH - T,
THEHTH B AR Z I TIIHAERHOAR LS THRUFICE A VNENEHR L THE D, ZOBEK
E (MAHRE) BN EHICHF LIz GEEEDN N> Tz, —RILBIET TV X DN E X
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71 VSR ORI R BUI K CN HLSRAE R e R R CRW T EAVRE Nz, ON ez FR < L
PEICH L THIN ZIC K 2 WENRD SN, D EMNE T 71 VRO RIS RIE T B IEAHR T
Holeo MM EIC KB LBEBFELIETH A > SO RN RIS EZ REET RO EEZ BN,

F—U—F i E MR, LEBMEAE. N FE. ON B

1. XTI

HimE (hERT L) 1 1960 FEFL LI, JbigE
TILL AT NI EHHERXTH S (I 1993, F%
5 2018b), HIAYE FMRIRICHE AT B 5 & KA AR
THART LBRET HHE UM ©, BELEN EH L
HiAS E BRI & 2 NEDME T S TR R L T2
(W 1983, 7)1 1993, =H&F 1996, HEA 2003), HiN &
DE IFVHHEICE DN E RO ML E BN &
LCirbNnizh (HW1983) ., J4E Tl h - i A .
AMF v THM., EDOTHKHBIMEARE LTH Y
IMTREMIERL TS (RIS 2013, ISHH 2014b, X
H - AR 2018), &SIk TR ILAEMIAICIL <
MR SNz b R A THO TR - HIEADBLE O
MTHD, RaX SN EIT K2 H 27 ks D b
R BREDOEMERE E L THREIEN TS (ff
%5 2018b),

/N ZIC K B 7 2SR RIS K D ARA AL PR RE 72 5
BB DI, BHEINCIMA T, ZD%OBEFRK
E&EMF LR 5, JLiEE oD & o7& 5 it
MNE R 71 SR O MR 28 S % BRI A 72 fift
FrU7eMiAR (2003) &, T, DRI TF
HICHEL, EFEOBRENHOVEMERKENEVE L
TWb, LMLEMNS, MK (2003) & [E1F O HRIE
BUI/NE W (R?=0.12) TEICE KU, HHEERMNFHI

RSN 1 PR30 45 10 A 30 B FRSRZEL - Bt 6 A 17 H
1) MRS AT JLihE S
2) ARMAR T WFZEHT A HUBR T ek

ZRHICHEENTOVERENWC EZZORKNOD LD L EL
LTV, HHERIGHMIEBICEE S 9 % E B R
K& TN (BT 1969, Skovsgaard and Vanclay 2013)
R AH INOHNERIE LR - B - LB OHEE
ThEDOMEHRATES LOWELHZ (HFK - H
[H 1990), Z& Z & diEmz EBENEIT L,
BOBELAERELEE HRET 5 LV KiEAEEL
EESIEETH S (PHEDS 2018b), BEFEOHE TIE ™Y
BAHNOHAIRED T OISO B, HARE &

LT 108 gem? HMERENTWVS (R - EH 1985),
KON T DEZB A % £ LIBAREE
MEERENTED (FHEDS 20182), ABZIRZET 5%
WHID E DD VN O R EZ EFINICHIfT s &%
WaEND, AT, HEWETENE Y2 i T
YONHOREICIE TIBL AN ERE L TS 7 (R -
B 1985), THEEMOHEZB U E DNV
NRENDHELHONICT 20ENH 5,

AR T, A EH TEBE O ZE T T
HYNFDOREICE Z 28825 MNCT 578, i
BRI S MF N R I N2 20 ~ 44 FHD X T A
VONBEHMZ R R E LT, M E & HEEY A ORM
Ry BEROHEE LA & B K E O BIRIC DV T
Wi Ltzo FiRHEN EHEDHiA Z 4y (EHIC K b it
B — O T S L HERR U 72 A m OFFIRX

* IR ARSI ALIE SR T 062-8516 JLHEEALIRT BT Xy 1 7
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B LA (MW Em e AN ERHOMICERITF LN
WU 7 D TR W IE R m OHFIRX ) 1BV LR b
HOL SR EZITV, BB IS AT E
DREFERPSMIC Uiz, —. —RILEIEET IV
VTR E ORI T & 2 ORI U T4
VI & O R AL 2R M O B R D N E TR B R Wt
L. MRS 2T % L b 2 o g2 Il S H
L7z, U EZBDE T, i HIEI LMD W
ZREUCTHYNHOKREICG Z 3 BEOHEEII DN
TEH LT,

2. A& ik

e N O EE R, FZe o LIS - L) - &
WARETE - ALZEH0 - 2251 - GRPEIEENICEIT S 1971
~ 1996 EICHPIRHI N Z 217> 72 & 71 7Nk 17
Moz e Uz (Fig. Do MW E/EEOMLAEDH
HR & & LA OFETT % Table S11ICE0T . A X
20154 6 HM 5 2017 4 10 HE TOMRMICITo 720 i
BHIRFIC B BHE A O E D 5 ORGEERI 20
~ 44 TH > 7z (Table 1), JLiFEAN O MDY Z Plthic
RTINSO N (T H N, UEALH
UN) BHEL, HERMEETE2Mr RO END
W (FHED 2019), RIFFRTIE X T A N\HELELT
HH LMD OBRERGE Uiz, TTTET YD
B 5T 3 LI Bibd % HARFEIC K > THHER D7 AR
B S W RS ET O TIT BN T X7 71 2 3H K
DHOERKIER RS T & & Uk, & o EHIRN (67
AREPE, T EERE, &g ash) & Table S11C
09, PHEHIARNIC 20 m X 20 m DI IEIHEN &
Tl (2L 2 8B TIZ 10 m X 20 m AW LI 10
m X 10 m, Table S1), AHEMHNOHINEH - R LA 1E

Table 1. SO TP & P E2A 1

WA Oz G E N S #5572 iR LTz - CHH
BEEICBOTE m BIROWIRMHIE 2R E 35 T &I
Ko THII L., BiHhTHUAY & 45 D53 X 7 5 5 1 7 K
Ufe (MiAdEmh B A THIHIC &b - 7z SJ-14

0 50 100
[ B N E—

Fig. 1. AN
Spatial distribution of the 17 study stands across
Hokkaido, northern Japan.

Attributes of birch regeneration and soil physicochemical properties for study plots following soil scarification

WERS | o

e
WG WY M SR gy © ™ N 5D
U] [m] [m] [gkeg'] [gkeg'] [gem™]

HVEG FRUAT M X FRUAE HbYERAE FRUAT MY ENT FRLAY

Hihs 255 AKh-3 44 18.7 20.5 0.89 79.7 132.8 6.03 10.93 132 12.1 0.41 0.56

SJ-7 39 13.5 16.1 0.72 116.9 141.6 8.68 9.98 13.7 144 030 039

AKc-2 37 11.5 143 0.66 76.7 119.1 547 8.72 13.7 13.5 034 0.56

SJ-8 37 13.7 17.0 0.48 145.9 1973 9.48 11.95 15.6 16.7 0.28 0.32

AKh-2 34 16.2 215 0.89 97.7 137.4 7.15 10.60 13.7 13.1 0.42 0.55

AS-1 31 14.1 203 0.70 733 100.8 5.63 8.08 13.1 12.5 038 0.51

ARs-3 24 115 20.8 0.42 26.6 52.0 2.05 3.73 12.9 13.8 0.59 0.82

ARs-7 20 10.0 21.7 047 50.7 128.7 325 8.15 159 158 031 0.58

% Uity SJ-1 41 16.4 189 0.89 129.1 129.2 8.55 8.57 152 153 037 0.38

SJ-11 38 15.8 193 093 753 1013 6.23 8.30 12.1 123 051 0.63

SA-1 33 14.9 204 0.73 54.8 1352 395 7.68 138 16.6 0.44 0.55

SJ-5 31 145 20.9 0.94 120.4 137.1 8.17 9.65 14.8 14.3 037 0.42

AKS-3 30 11.0 163 0.62 522 1145 277 6.02 18.7 192 0.53 0.77

ARs-2 30 8.8 129 0.45 26.2 86.0 1.75 440 15.0 19.3 0.59 1.07

AT R SY-2 31 12.7 182 0.73 43.6 66.2 335 488 12.8 13.5 0.63 0.78

AKh-1 28 12.3 19.3 057 44.6 58.7 2.63 320 17.6 18.6 0.59 0.75

HMNEHA  g5-14D 39 16.7 19.9 0.74 1458 170.2 10.33 1245 142 13.7 0.33 0.38

D SI-14 T (IFEHT) Oz 4 (FR LD Bilcid Lz,

FMFR I EiS 25 18 % 4 55,2019
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ZBR<) o AVNEHIMNZWICHEGT S VI FERTO
FHNSK U, FRUSICE AV N EH LTV B0 H
ZHRD N, HIEFAERNOHMNEHBXTEL
WIS 50 NBEHOA M2 B TR L., i
B ONEHNE TR U (Table 1), AL Lz
HIASE A 2 NHEHMR T M DS B D EH ORI
MLTWIDMN Mo, HWUEORICHEFT L TWVizD
W6 Moy, HID & LR URORTICHER (R EH)

LTCWzDM 2 Moy, I ERAHN 1 K3 TH - Iz,
TAERN ORI EESE 5 cm DLLOENTAKRITDONT, fBiff
ZHAEL, MEERZERERICKD 1 mm AL THI
ELe (BARE. £iaz /7)) AL L —Y—
HEERE 7 > 2OV A (L—=Y—=F7 7 /ny—t) ZHV
10 em B THIE Ule, BN O & Hidk X UK
LHICBW T, 100 ml FREMEZEA L. A, BZERE
LTEMLURELE MELEOERE0~5cm) &
PRI U Tz SI-14 TRHIA TR Y T 2 K m D &
KDRFETE T, A 2N &5 T IR R Z R
U7, kNI E 5, BLUE&2590ZFNnENn2
EHTE 7213 3 WA ORI LTz (72720 2 R ZBR< .
PREGGEH % Table S1 123097,

FREL 72 LBIZERENICEIRT AR ERE L
THREZIREEE L, M+, . B BWHARMA I 7
‘iR E R ZRE Lz, flo—&Iic DWW T 105°C
T 24 Rz & ¥, M Ea 2 E U Tzl Rz R
Oz, TNHEOEEZMNWT, HEYHEEOREL L
THI AR E (LUF BD, SR EMEORRDN S - i -
JEFIARM Fr OUREZ RO Tl LA H 72 0 Ol LD
W, g em®) ZRH LU, - BEED SEFEAOH
HIEEEZEHA L, ABORELELE L T2.65 2V
GRIE « ZNE 1979, BRI HIGR AL EE R B2 2010),
TR LTeRE - REHERTHEK (gkg),
CN &R U7z (LR, TC. TN, C/N), &pR#E - %
HHTICIE vario MAX CN (Elementar, Germany) 7 il
W7z,

MM EIC KB HIEH L PO L ZHEMNCT 7
O, SHEO T EE e N =5, SR URRT
FIEDH % ¢t MEZ AWV TLLEE Uz, A i A Bl
THIBIAREETZ 572 SI-14 DT — ZIIMED 5 RH L Tz,

MO LER . FREHEEENIC LU T2 R
72 R B ELS S X D DM A 5 200 AR ha!
IS 2R E TOMEEAEE Lic, HiHhEX T
71 NHROHATIEEIC 2T 2 IR B IR 72 fiff by L 72 5k
T2 CTdH B A (2003) 1BV THEAR 200 A ha' I
49 2 AR E TO/E I EZ VT FE a7z
HHLTW oo nicliiofz. 78 &% % mEiE
MER KR UNOR D 2T T HERER DR EE
ALz, FEeBEEOBIc s EH - 5B LIHFOX D)
Birbaholz, TDzh, HiHEH &5k LH O NIT
WCHH LT Wik (SY-2, Akh-1) O FEEIZHIA &
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W EEF AR & U AR OB MMEC > 7286 DT
HB, Tz, eirnvepihh o HESH 5 Nz filikis &
U S D #EIREEIC & % TR BEmE I W
Thoiz,

FHE&SE KRN SRS (1990) DHINZICK SR
W I Y SHRO M IR B AR AT A RS 1 X (X
J1N) WG THIINE B J1 2 7N hRgy 0 FRHE pRii 72
50 EE T HHNIERERE Uice BT NOHA R
F4 v GBS 1990) ZLLFICiE T,

H, = 23.0018—24.6583 X 0.9805"
TTTxEMiER, H A RI A4 B %R x I
BISLEETHS,

B DEAEVE & AR OB GRE BT %
Te&, FHEM OULE LB 2 SRR S ZET TR L
BRy#HEI Q7S L) ICEOEHLE, #ARXLKE 17
M0 5 B 14 T E 7 F1 > 3DUAN O KR & 3
L CTWizh (Table S1). BT H Tz > TO/FERISZ
A—=2ty M TIuEEEAKZ 7 72N ] ZiEH L
Too WEILEOBEHICHW FE G EINCRE > THt
[EARSRHIEARZ BRNT2AT RO MgE & U, Ao
NFEBHEE M O FEm 3R %, F I r AR
JEARSDHGIEA 72 B o AR A DN AR E 2 75T i 2 X D
R TR U7z iz v iz,

HiAS & X7 73 VSR O RN R R & BT L T2 Hr D K 53
(MW EH - LA - 2mEH) OBFRZIHLNCT S
fe&, BHHIC K BHAIR B D B 2 — TeBdiE 73 B
¥ (ANOVA) THHt Uiz, BT EHHHH]C &
7m0 Tz SI-14 M B BRI U 7,

AN & X 73 2 SR DBt RIS RS B IR
TN OB 2R T 570, —RILBEET
JU (Generalized Linear Model) 7 W CHENT L 7zo IS
BEB MR E U, SIHE e TR o Bk
£ (TC, TN, C/N, BD). BX UV %M (5. &K
KEEZE, FEHXOR. SR, B g, i, #
H) & Uz, LHE(EAMEIE S O LI 22 Mk
iz 7z (Table 1o PG &/ LR LA D
ZNFENTHEICATO, —ALKIE T T IVIRATIC I A
YNOHEFHRD SN S RINE Nz TR O
T—R2DH, ThbBEHNER L) ORITHED
LTy cidttih 4 GELA) THELUZ 11
D F— 2 Wz, SI-14 T A 2 NEH S TR
WUEREOTF—2ZH W\, HIpNXE LR LEDON
FCHH Uy (2HEEH, n=2) WD SR L
720 THUTHEHHENHIA ZH - LR TR —T
Ho, BEKEDORTE L LBEMOBGRE RIS % 7z
DITIE, N EH - FRUHD BV ARARE T U258
OLERBAERNT RETH DN, APFHED LHR
RN NI E RN TeDTH B, LHERDS B
e CERHI BT OWEIC K O, FEEAE ERK
BH/EREICERT (2002) ZHWTHEZRD T2, FHfi g
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MFIHMTRIE L72D B EIL B XU ERN S DA EIC
DEIUTBEERE UTHWz, B Rm e R
HHTEHO 2 73— U, Bl A7
U — I LR RN LERLAHIC BAR R BB £ 1
%, WEIGIbEE ALK EE S (1982) 1K Bk
I E Y 0 A K O HIFIC K& O BEMIC 1 2 KILEE )
DAEMZHIE LTz, SO #iZ& 7% Table S1 1
A9 A HT Tld /)y Bayesian information criterion (BIC,
Schwarz 1978) 7Z&Jk#E & U C MR FHIAD Bif s €
FIVEFEIR LTz (I 2015), BRI NTZaHHEZ O
MROREI 2T B 7201, FitHERNZ REZL
U7cHEEmE CFAa%Z o, #iPRZz 2 I RIE(R U2 BRI
T %) ZHEHI LT,

FREHRATICIE IMP ver.10.0 (SAS Inst., Cary, NC) 7%
iz,

3. R

iy & L UIRIC B % L BB bt e
Table 2 IZ/RT o FIEDH % t EDFER, HINEHD
T EP LR [ — PR DFR Uic tE X T, TC & TN
T/HhEL, ONTEDNEL, BD TREWEI DR
547z (Table 2),

MW & X 723N L JEE i RsE S (1990)
IZ & B IEHIAY & X H > 7N bR D HUQT 5 250 R A UD AR
TTHENS FEEXD KEhoT (Fig. 2), S
(1990) DU & 2 HIfTHEECH ORI HR R (GEHERK
Wi S0 HEAERFD FEE) 1 13.8m 72, WA E X T v
NN IR Y (£ SD) AY18.7 £ 2.5 m, #ipH
312.9~217m7Zo7 (n=17), Mils— EJEEmoR
REMD DIRAEVEDIERT H 2 IR A DI
PR BRI R W28 Rbh o7z (Fig. 2), &Moo L
JE . MR EEE. IR L ECE Table 11CR2T S

Hiihy & 24 F7 > 7 SpRG3 O B i Bl O M 8 2 Fig. 3

Table 2. XEDH % t BRI K 2 HA &7 LIR LA I % HEPIHE AT bhilg

Soil physicochemical properties in soil-scarified and non-scarified bands

and results for paired z-tests.

7S E 45

5 Uity

T EeRE T e
TC [gkg™] 75.9 36.9 114.9 36.8  —6.69 <.0001
TN [gkg™] 5.32 2.57 7.80 266  —7.11 <0001
C/N 14.5 1.8 15.0 2.4 -1.61 0.129
BD [gcm™] 0.60 0.20 0.44 0.12 5.75 <.0001

TC, RRFIRIE ; TN, RERENE ; ON, [KEEHLL ; BD, Ml 1 AREH.

20—

LtES [m]
=
|

i [5F]

Fig. 2. Huh& X7 1 2 SO bl & L O Bf%
Relationships between stand age and average
height of the tallest 200 trees ha™ for scarification-
regenerated Betula ermanii forests.

B D (1990) IC K AHINEICT L EHVE
771 2 SR AR RO HLOER (v = 23.0018 —
24.6583 X 0.9805%) /"9, FLENEIN & LA DS

ZRY. biEEE K CINEBORTEIEIAT
S

25
n.s.
20 -
=
15
:\'IE
E
£ 10 4
5
wrE®E | BLE " c@EEH
BEHE

Fig. 3. Ui C & QM & X 71 > ShhH i £
Site index of birch trees regenerated on soil-scarified,
non-scarified, and both bands.

FMFR I EiS 25 18 % 4 55,2019
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Table 3. —fRALBIEET T X HHNHRENCE RS % 1hE - S7H 1
Fixed effects of the final Generalized Linear Model to test
for the effect of soil physicochemical properties and site

349

environmental factors on site index.

FRE DR AL U7 HERE 1]

R*? e
RMSE F i,
(4dj. R*) 8.7 48
CN e D
—0.69[244] —1.17[1.17
0423 525 44 0.0370 2441 471
(0.327) ~2.45,0.0306 —1.96,0.0733

DR O 2R R FEBO MBI HOHENE U CIEAMNHORIETH %,

IR, HINEHICHET LM LR UMmICHER L
Mo OB OBEEEZERDLNEI > T
(p =0.8349, ANOVA),

—WALKRIE & T IVIC X B @b TRt & X 7 N
Mo e E BT 2 €TV E LT C/N EHEZ T
HZEE T % ET VD BIC /& 7o 7z (Table 3),
BIC f/NE 7 )LD RMSE (FRZDIHERFZ) 1& 2.25 m
THO, YIF7ZIDOET IV (RMSE =2.74) &L T
#10.5 m OHEEREE M EARSH SN, ZTORMBITHE
TH-7z (p=0.0370, Table 3), ETIVIC K B Hi{ii5
BT HIE & RAE OB R 7% Fig. 4a IR T . HINIFEEK
DT R Z N FRED N E WA TR E W ERDER
HHENTz, CONDORELENIHEEMEIZ-0.70 TH Y,
TN CON DEDPFRIMETH 5 123 HHIRKETH S
193 IC2 b L7 Hmaic, AR O AN 1.4 m
WP»d 2 L®RT (Table 3), HIEDRELE N
EME-1.17 TH O, Pl B el pimm i R & o Hifi
TR OMHEA K 2.3 m DT % T &L Z2/R”T (Table 3,
Fig. 4b), 73 C/N L HIE DL BERICIE A =&
SIRDED S NE o T,

4. B

AN MR ELTHY I \MOBEEDRE

iy & B2 73 2 73BRD 20 A NA O ERBEIC 350 % kit
AR, AR ER I H 0 LA SRR HiIC BaT U 7z Ml
FWILEDBRVWET YIS E D KEVWE NS (AR
2003), RMTRICBWTEHDBE X7 5 3D g
FE. WS (1990) I X BMNXICXBRWE T A
YN O IR FEEAR K O EoTichiiE L, HiNE X
YN EDHDNEIT X SRV 3R bk L
THZEMIRD S NEh -T2 (Fig. 2). HiA (2003)
313 ~ 22 FEAEDOMMP E X7 H Nk T feE (O
HEBRHS 50 4E) 13 17.0 £2.8m T, S (1990) I &
HHIMEIC K SRR WR T F1 7SRO S B AR A0
FROMMIEEL 13.8m KD KEWNVWE LTS, KD
N & 2 73 2 NFHE M O EE 18.7 = 2.5 m
THO. #HEDS (1990) &HEAR (2003) DMIT XD K
EMoTe, 13~ 22 FETRD SN ERKEDBER (M
A 2003) A, 20 ~ 44 FFEDERBETE RN ZENLLE
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(a)

24
| P=0037
22 _| R? =042 1
| RMSE =2.2476 C o
@ 20 _
=
En i
18 _|
& 18
El i
43
;5‘ 16 |
14 _|
12 T | T | T | T | T | T
12 14 16 18 20 22 24
AIfER FANE
(b)
24
i MNELtid @
MEHTEH O
2 HERTH -
20—
5 i
B i
16—
14— . \\\\
] ©
12 T I T I T I T I T
10 12 14 16 18 20

C/N

Fig. 4. —RALRIEE TIUIC & 2 MBI O P (a) Hufi
FRBDOE TV T & T OB (b) C/N Ll
Pf RO DB R
Scatter plots on the final Generalized Linear Model
on site index for scarification-regenerated birch
forests. (a) Relationships between model-predicted
and measured site index, (b) Relationships between
CN ratios and measured site index
(@) FHIC 111 OERRZES (b) KHOERES K
U RRIEHIE R O - 7 3V — T 2R FEb
BERUORH EEICHT 2 BRERZ RS, KON
BINC & D FFAEHOHEIX 752 7RT



350 PHETRI T fth

WRENT, 727 Uy AV NEOF RIS A R
MM TR E S 22 ~ 32 cm (IS 2014a), N 2EH T
RIAEE 20 em BLE (IBHS 2013) RV LIE R 14
~ 30 cm (Bkit 2016, R - 57K 2018, £1)1] 2018, iH
2018) & &N B, HEA (2003) DI DA EI
W12mTHO, BIRO7 A MU (RS 197D D
WS EREHEET D E 10 cm RiliTH B, F ALY
DN E X 71 2 7SRO RS ER S 6.9 ~ 15.4 cm
DHIFAICH > T (Table S1) . W F N & FIHFRICIEE >
TV, K24 em L EBXT 14 cm WA EDJFAR
BZNZENT10ELEBIUT 50 FLEOMDICEZERL
TV EHERENTE D (KT 2018), (KIICES X
TOREDOHRZE|EHTEHT 20ENH S,
RIS BN THIDA IO LA ICHET Lizh >N
HROFEEDNRD O N, O URED A > RO IR
M, A EZIT> TR WIZT O H-ICER L &
VI ERICBN T, JEHIYE A NSRRI E £ E X
5N, A (2003) OFHRZEH I 4EE, FRUAHE
Hi 2 71 2 SR O MR RS A Z A B 2 A 2N
MoZFNIDEVWETEINS, LA LEDS, Hifi
BRBEERL-HOBBETERERENREOLNT,
UHICEBg LI B NG D ERIICEG L2
A NERAEDOREZR LU (Fig. 3). BHES (2019)
B UBICE LI RIS B W TIZED O =
MrbNl R L, ZOBIELERKBORY (MK
IRMEAE DT Y - HEREBY) - X8 HEN S5 5 HHK%
Y& BB HIEOREEGIEAY) DR UMICKE SN
Tenl etk Z 5 L T\ 2 JEHIAY & A oS pkicid e -
T2 R DEFEENFR URICEH LIz X h N0 Bifix
MEICEHSG Liehd LNy, RN LIBT3 HHTO
FReB XA D B LA B KO ED R KE
WEORINTSHOFETH %,

4.2 MATIERICHE T 511 - ITER

HihS & X7 7 SO N IR R AT 2 b A%
R HNIE C/N TH -7z (p=0.0306, Table 3), C/NITH
B cBD 2 VEHROEESIFE TH S (Berg
and Ekbohm 1983, EXF 1994), & C/N O #5) Tld HEHE
REZEHEDAKAREN/NE < BHFEMMNE > TVl hE
MRH %, I CNICRNTCHNRGHERE LT
—IbIE T TV NS N, Rl BBl pimh F
K 0 MR B W E DV R E Mz (Table 3), —
RIS O/N & RHEI B IS X B BT HBENED 5N TH
D, CO/N ERH LE TR E R FE Al T/hE v
W (5 1988, @GS 1994, 5 2010), —fRILAE
EFIVOMERIZ, WU CNEZRIMDTH->TERMH
LIRS E B MRS TR I ATE T S M &
DI R EMEL R B T B RB LTV (Fig. 4b),
P A7 E O WD YR 7 ISEB S S Lk
DEMEDBEBNCHHEBET R EEZ NS, HINEXT

71V ONEEERRA (< 20 E4E) OREICH BT 2 RETHK
Z AT U7z B R G ClE . REICE R ED BB L
THEENEL H 2R FETHRERFTH > 72 (MR
2003), Eiz, A FHBHICER LIz XA NE
EnbR (R 90 4E4) T, Bl FESTHEEA N L ADE
BICK O ERARDOHBIERDNE N ENRENTVS
(K% 2011), T HITHEAR (2003) &5 A S 7 HODR
ki & HIRIER 2 D TR U e SURINZIR S (SPiEE -
I 1987) Z4RRL & U CAbiEE N O &6 &1 72 Hilsk 1
TLeg U, B SUREME T THIWN & X7 7 2 3o
BERENRWE LTV, TOXDITHTENH 2N
FHO K E 72 IS 2 nlREME X R A 7 — )V B K U b
BHNAT—)IVTREEINTED., AMEOFREE N
LOMEMAZE T Z2EDTHoTz, L, At
ZLTIIM B DOHIFRIC & D Mgl KE I 2 Ky (B
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Association of soil physicochemical properties following scarification

with regenerated birch growth in Hokkaido, northern Japan.

Eriko ITO "*, Toru HASHIMOTO ", Shuhei AIZAWA”,
Naoyuki FURUYA" and Satoshi ISHIBASHI "

Abstract

Soil scarification is a natural regeneration practice that has been developed as a low-cost birch reforestation
technique on Hokkaido, the northernmost island of Japan. Scarification practices may play a significant role in the
treatment of Abies sachalinensis plantation facing a final cutting period in Hokkaido. Scarification removes forest
floor organic matter and surface soil, therefore it has been a concern that it will adversely affect the regenerated
birch growth. To clarify the long-term effects of soil disturbance due to scarification on regenerated birch growth, we
investigated the physicochemical properties of surface soils (depth: 0 — 5 cm) at 17 scarification-regenerated birch
forests treated from the 1970s to the 1990s. Tree height growth of 20 — 44-year-old Betula ermanii were higher than
in stands regenerated in other ways. In the strip-scarified stands examined in this study, some stands had regenerated
along non-scarified lines. There was no significant difference in site index between stands regenerated along scarified
lines and these along non-scarified lines. A generalized linear model indicated that site index in scarification-
regenerated birch forests was larger in conditions with low CN ratios and lower slopes. Some soil physicochemical
properties changed due to soil scarification, while CN ratios did not. The effect of the scarification for the regenerated
birch growth was not clear whereas the soil physicochemical properties, except for CN ratios, were different. The
results of this study show that soil disturbance due to scarification might not affect long-term birch tree growth in
these stands.

Key words: soil scarification, site index, physicochemical soil properties, Betula sp., CN ratio
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