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i X (Original article)

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

345

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
R VINUNDH VN (5 hN, ORAH
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

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

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

HiAVEAE  FRUATY VR FRUAE YR FRUAY  MAYVEAY FRUAE

Hiuhs 245 AKh-3 44 18.7 20.5 0.89 79.7 1328 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

5% LA SJ-1 41 16.4 189 0.89 129.1 1292 8.55 8.57 152 153 0.37 038

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 2.77 6.02 18.7 19.2 053 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

SEHEHT SY-2 31 12.7 182 0.73 43.6 66.2 335 488 12.8 135 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 142 137 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 &

|Bulletin of FFPRI, Vol.18, No.4, 2019

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
5. WEIGIbEE ALK T ES (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.

Hhihs & yR U T
N — N — aire P
T RMERE P REE T
TC [gke™] 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 [g cm™] 0.60 0.20 0.44 0.12 5.75 <0001
TC, BRI ; TN, R . ON, IKEZEHLL  BD, Ml HARIE.
@) ns.
15— Od 20 -
S - =
? u .. E 15 —
W@ 10— " &
& . g
| £ 10 4
5_
54
° e & S L S whEE | BLE T emEH
0 10 20 30 40 50 60 1
HEIE

i (4]
Fig. 2. HUh& 277 71 2 SR bR & FRi s o 1%

Relationships between stand age and average
height of the tallest 200 trees ha™ for scarification-
regenerated Betula ermanii forests.

HIRRIEFEW S (1990) IC X HHIMEIC K BRNA
771 2 SR AR RO HLOER (v = 23.0018 —
24.6583 X 0.9805") %Z7/R9 o PLHNEUNE LR DRER

ZRY. biEEE K CINEBORTEIEIAT
S

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
FWILEDBRWETHYISHKE D KEWVWEEIND (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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Fig. 4. —LAIEE 7IUIC K 2 N FREL D Tl (a) HUDE
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
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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
M BB - B RED IS E N TV, HiIEORR
EHWY BT DOV TIREDZLDTF—RITED
WAL 2080 H 5 EEZ NS,

AN ELN AV NEOBBREZ RE MH T 50
BEME

HEAR (2003) 1 ZHIDYE X 71 N kRD R E DS JEH DY
XETHUINRE D BN R LD, FOMEII
DVWTIHRENEN o fe, HINE R T 523D
JE LB E A R A LA RICB L TE, i E
R h YISO EDN E BT 2 BHIC DWW TR DL IC
BRBEOHS M TERN D T2, AW TIIHID X
R 31V ISR MR R E D /N LRI LT
WA T EHURME NI (Table 3), HIBEIZVVIERE
BUORBLIBEMBARYCERET ZEXTHD,
ZRORBERIMNCFHFBH T L TERETHO ON &
BT EEEND D, HINXICKS C/N DKk
Frlfatkom Lz@ U Tl EREDREICHF S Lz .
WO I —AAENTH O, HiD 2 EZ OB
MEHTHEEREEREENEINL Iz VS BTo#HE S
% (Ozawa et al. 2001, 5EH 5 2007). L LAENS,
AW DL Tl tho LB k= (TC, TN, BD)
A Z TR T A0S L, ON TR R &
BRLHOMICHBER 2 ERD 5 Niah o7z (Table 2),
CHiE, ONIZBIFEZMH T LD 5 DENIEFICK
&< (K 12.1 —19.3, Table 1), HIABEIZK D C/N A
D ENREBTE Rz eEZIONS, AW
DFERD S HIA E D C/N ZMFOUZE % U TR E
HEICFEG LIEEIEE A B0, Mo OBEIIC KD Ky
MTEHEL ERELHZ STV C/N LN EH
NHROREICEELIZEEZ NN, #HiINE N
RO RREMNIEHIA & 77 23K 0 BN % B O fifiH I
SHROFETH %,

—J7C, B ER R 7 Ok EREZ T %
FEEES R E N o feo F1 27 NEEHMERS D 22 EOR M
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EIERIICE < (KR 1960), I EIC X B ERE D
PERR DS LB E 22 O EFE 2 U T h VNI EIC 2
THTEMETEINTWIE (FHES 2018b), LA L,
INZHDAZICEDARITEFLTWVWEICEHEDET
(Table 2), TN ZHIATFEEX DA EIR & L TEIRS N
Il o iz (Table 3), F iz, HIA = i 188 D B FE I
BT HERS O R & B O BEZRAERD 51 (Yoshida et
al. 2005), & A 71 2 NOHNFEEUR i3 AR
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TWICX->THMT 2T &h 5 (Table 2, FHES 2018a,
2018b) . HiAYE AVief & B K 2 I 9 % AT RE I AV F HY
ENb, L LAENDS, RIFZETIE BD I3 & &7
71V NROHIN IR B Z SIS 2 BN & L TEIRS Nk
Mo 7z (Table 3)o /1 2 /NHEHHDOTFIBD I 0.52 £ 0.14
gcm™ T 0.32—0.82 g cm™ DHIFHICH > 7z (Table 1),
T OEE AN Tl LY D S R E 2 H 5+
Moy, ThbbBHiE%DO BD AU
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FREOEMRERKEE LTHLETH S, £LBREIR
X BHN OB EEINTERLDN, <20 FELEDHID
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M2 RBTE2EDTHB, — /T SHHDEEED
PR HAENS N R Y AIHIZ, DDOTDERS
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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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F RV ATHO TARBICHID E IS K > TH VN R &S AR O KR E#H 2 X % B, MR
IR B NI T EREZRFET S e2HNE LT, JLiBEN 5 AAnciRBM 2R E Lz, Z LT,
N EDOFME, HEITAMEOREE. F12h Y NI DWW TIRE DR AR D B O P & MR g &
DOBIMREMNT Ulze ZORER, (1) A Z IIHEBIS EICIEORE R KIF U, (2) KEEDOBE & 13 HEAS
BEICADBEZNRIEL, ) HNEIIMHEEORESICADOREZRIFL TV, £z, (4) AN
MOMERIBEE T, SV NEARD B DN E L 52 1Z EEE> TV, L L. BV EHOHE
BRI EEE OB & LT % LK< SRR E RN B81F B H NI K B RIREHT DAl HE
PR Eidniiaholz, ZTOMEE LT, 8 FEENMED - TZa[GEMENE Z 5N,

FoU— KN BT, MO ORI, ekt

1. IL®IC

JEEICBONTIE N Ry AT TR EN X T
B, REBOEHHNOLDOOBELE->TWS (A
A5 2018, FED 2018), LArL. F FXY O
FEARRD O X ORI KD, R O K&
T H B, ZOXIBRIGHTOKI R NDEH A
e LT, EEzMHLRE TN ckoThHUN
$H (TN, ORA RN, B FN) ORIR
FHEMET E VS FIEEREZLSNTVS (AL 2018,
PHEDS 2018), %, TT TV HINE] Lk, ¥
VHEM NI SRETI2HMENTHZ (FEDS
2018), TOFEEF, IhERT L) ® MHhixE) &
EEIRENDH (PHES 2018), ARTIZITART M
WE] LR LTS, PRIV ANLMKOEICNE
T AEEESHIC BT EMRIRICY TN ELET B0
MELEN (BAD 2018). TOXK S EEGATIXY I
ZBRET B EMKITEHOI-DICINE LR S,

i & QBRI EEN R R E LI B(EL T
ETCWVDB, ROETE MEY a NV ER—ZATV > EL
T NNTy s, T39I, Ty T)IVb—F, 5
TIWTOPATHS L—FREEMEHEIN, M T
ENTYy N T Ty TIVEMATZHNRZ Y (BARS
2018), T 5 LIfi kM D25 kIc & K R
ERELS AL, ¥RRLERET S THELERIND
BE, MM EFICK D THADOEEBIIEN S NS HIC
H5 (FHES 2018), — /T, FRCRLAREILOHD

RSO 1 SERC30 4 11 F 28 H JREER @ ARUCHE 7 A 10 H
1) ZRMFR A BIFZERT A CHRE 2T \

2) ARMAFS S WIZEAT ARPARE L 2 R

3) BRAFREBIEZEAT JUNSCRT

* MR ST LS T 062-8516 AL BN X E 7

T LM FEROF IR « NITRDFAR « AR
EERNPZLEZRE, FAEULHE & BEAKHE ORS
ML 28RS EMEIN TS (FFIES 2018),
JEEENICHB T 2B EIC K ZEHORNKRIEES
LRFMNEREETNTNS (Z8F 1978, 1996), Tz& A
. =hF (1978) Tld, IR EHER 4 ~ 6 £ T, X
1 N O HE T HER RS DS 16 )T AR /ha ~ 123 JT AR/
ha k> TW5, £, =4 (1996) &, hEE L
KX BRI E <, HED-8e% L EELTWV3,
7272 U, koA E X, Y ¥ E7E E DT RH P
R 33 VISR HEME Nz fIN L < GEMI 1983, HEA
2003), HHBE R T A UNNNELET EHEMKE R D
BWZVEEINS (ZUF 1996, KEA 2003), ZD—J7,
F RV NI EICHT B EEGE T O E D
HHENE DI (FEDS 2018), EiEEthcZZY 79
SRECDHETEFIROKMBEARDHINEZRICTRA
L. RERDOHBOKEZTIT2E8ZNDH 25 (Fik
5 2018), ¥z, P RV AIMATREIET 2551
. JEFEICRR L5 XD Bl VNSRS DR L TR
BETORENFDICELONEVEVS ATEELEEH D
2%, DD, BHICHXRZX S &, bRV ALK
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T WS N, HEROHA E LRI BATF R HS R
EELEBTMHEIDICODVTEIREHELND B &1F
WA 7200,
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2.1 AEH

AWFZETIE. b RV N LMK EREIC DY & L 7%
KU I2hoy S AT CRAEZEM Lz, 25 3 HATE,
b RV A THRRIRBICEBRICK 2 HIROMT L 5 2
FREELZOBIC, PRIVHERKLIZMDTH S,
COXIBRMTU B ZZRENMU % OHIERDIRAE I H
MEELRETHEERETENETH S, LT
. TOXSEFIROMBAE I US 2% TR
HNE] LR L LT D, FiRAMOBE % Table 1
WRT,

22BEHE
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3% 55 5 B

B e b FE RS B 3 MREE A /NBE (2
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AR5 2018), 3 DDKXZ G HE T KR D RIKDEE
JE13 691 A/ha, 5Bk R WA 152 A/ha, TV UH
99 A/ha, 1> 7NHIE 20 A/ha TH o Tz ARD M v Wi

AiBR (e BHEBBIXUKIE  BECN) RECE) e m) RO R ) RO o i HERERE D

¥, FRif (4F) TR FNE TR (m?)

R 29HIER IR EARME RS 43,1843 142.6003  480-510  JkAbER 12 63 i 2015 448

M RETNT 3RREEA/NIE

HpE EpEl AR E PR 428359 1414819  170-175  (ZIFFHH T 75,79%  HAYE 2016 328
SISIFKHES - D /INE

OB RCERBRGENT SRS AR B 447930 142.5274 110 m 15 81 HITLSZ 2013 88
3164MR8E /)N E

B BJIERRIET BN E RS 443299 142.7827 300 Jkpy 25 74 HIZTULBZ 2014 88
238%9& &/NHE

) Wi AR PR 43.8362 1417921 270 W 12 56 HITULBHZ 2014 88
1 13Mﬂ}£va\IJ£

* BNEDYTSAE, D /NEDYT94E,

FMFR I EiS 25 18 % 4 55,2019



HiASEFEZED 71 > INFHEFAORN R 357

a) EF M

b) Bz

%XB

30m

30m

KXA

EUKX 30m
LEBNERX

ikt AYE X 30m
kit E X

SEMNEX 30m
KUK

% UK 30m

KXC

EpiktihY E X 30m

SEENEX 30m

50m

Frkih E X

c) AREEERME d) TR e) EipmERM
16m 23m 16m
39m < 38m > < 38m g

[ terte B s %hs L s

Fig. 1. #adBiith OEIAIX,

Wl it s EREL B S E

VIR OIS A X 2 2 L7, RO IR DU DI 208 S, Ko, MOIEASTRIE, MdE

K UHRHED T2 D DB K 2779,

HFEAEHE 40.7m%ha, 9 B h R YA 13.6m*ha, T
VYN 9.74m*ha, A 2 NHHIE 0.90mPha 2o fo, #
DMDOBFETIZ, S XFITHEh o7z,

FRKITE, b RUNEE I N T, 2016 F
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TAMNS 8 HICMF TR E N, ZT0%, RN E
KB KOkt D & X TR TR bz (BA
5 2018) ARBXUBR T, MiET 3 NVICED
NFeT Ty TINTry vERWT, THLEL) %
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~ B y T

Q01847 )

[ 1 L .'::?'.-'-' !
Photo 2. EEEAABRI O E 1% 2 4EH DR
Wi T5[&HFE ) BIECXDHIERNHEZITR o7, C
KTk, MEYaNVIClO =77y vz v
THERWI AT -7z (AAD 2018),

MR O EFIRI Z AT 572, 2018 4EIC 82 fHD
FIEIK 2mX2m) Zi%E L (Fig. 1b; AL HIEIX
38 M. MM X AIEIK 44 (), i 2% 2 £ H DRI 2
Photo 2 IZ/R 9,

& - T - BEgEERM

I CROHBNEHE 3164 RIEB/NIE, BBk E
H7) « BT CENNICE AR BEE 238 MRBE & /NBE. BT
HSRINET) - BEEA (BRI W ma AR PR L 113 FRBEV /NI
W) o 3 iR (Table 1, Fig. Ic, d, ) (&, HEHIC
KB USAZITEoltkic b RV 2R L 72
W Thz, FikEic, YDA mEERT S K
INCTAVZ2ARREL, T4 Y FITHBOT, 2mX
2m DK E S DX ZHK N & 5y & 5% LEn o
ZTNZTNUCKRE LTz, Sl e JEANE LT, Wik
A XMEIE 3m, UL 4m THo Tz, WE T, &
T A IR EE A s, U A 6 H, T

JNBXCEW T, BT A VIR &5 5903 6 .
BUSOMWsHlTH-z, Lieh> T, WITNORE
HMTE AIEROBITEF 22 Eoiz, TIN5 3 5l
M DWW T, RS & 2 9206 U T2 30 R Hh s &= 5
ERELT, BLE 2RO AGEX L L THRk-> T,
Tk, MU S 2B T, MRS TEbN TV
e, BEIETMNODNEBENSDD, T4 5l
3m OFAPHTIE TN D 25 L Tz,

222 1K - BERRR - BEOA VN - BFHAEORE
FHEXDERZENFERDOFRE

JEPHD A1 2 NHEROR & B TTEK L Ozt R 2
fed (&), GPSIC X BNMEMNE. UAV I X B,
FriFcnsEZHAEDLERES 2T HIEXEOML
MZAMEMFREFIHL T, SRt OnT, REL
e AKX O HE A SR (12 R) B 5 Bz
Bl T, GISY 7+ 27 TH% QGIS 2.18
(QGIS Development Team 2017) ZfHH L 7z,
BB EES N 2mX2m D FIEXZ Im X 1m
DINAEKIT 4 7EL, FNEND/NHEX THA &
Mt ORAZTTR > 7o, A&, St e & gD
52%D6~7HIc >, BAANITIELTD L
BOTHS, %ii:2017H 6 H28H. 7TH3~4H.
HEE:20184E7 A 10~ 11 H., #E: 201546 H 10
H. 22 F. FJl:2016% 6 H8~9 [, 21 0. &8
2016 456 H 10 A, 20 H,

EES

Y OEIEIRGP. AR -« BEAL EDIREZ RS
B, BAHRKICHBW T, MAEDHK &S X OHE,
BhMEE ZTOMEZRAE LTz, BEmIEITTREREa
YRy ZAT, HERHBICKDENEL 72,

HERG

IVAF AR EDBMAZBRS AREEZ /MG E LT,
FITEK NS FAEDN RS N T HERS O 16HRE & (R 55 7% 5 &%
Liz, 72720, VYFFHEBLXUOH N, BH£L<
HIY A XAV NN ENE S NIz, YEESR
E7Z2BRS, WE Sem LLLEDOEkZ G L Lz, T,
Mix, YEEZZFLITXRTOMEKENRE Uiz, Fiz,
30cm L EOEIKICOWTIX, @ zZllE Lz, £z,
NI - BB BV Tid, 1 >N FEO MRS I B R
DD R E DB Eho Tl AN/ FEOH
EF DT TAVNHE] &L, o 3 il & Z nic
TAAT, THYNE] EF oM., FHRICZE
WEMTTHUIN e TRARUIN B 128D 3 f
EEZLND, TODIBEYTHYNERTHNTD
W, BT Y NOFNK D EE - @iE i o fh
U, THICEFDORIREE & OBEN RIS N T2
(Tabata 1966), TR T NE. ¥ ThVNKDE

B BRI 55 18 % 4 &, 2019]
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BB EN TS T & (M - J5 2015), HIFED S
BICBIEDREDUEZ BT /xS THEERE] MR
EREERFOC & OIS 2010) BIEFHESN TV 5,
TOEN UEAAYNGMMO 2L & LT
LR ZRENIME W (EL KRS 1990, Osumi and Sakurai
1997), TOEKIIC, TNDH A N3 FIEFEREIC A
BHZEOD, D ZHBICE ST ZEBEE VS HT
BHETH R EEZLNS ((FES 2018),

BOOAVINEOBARAS

BakBaic BT, R LD 5 % 5 VI NEHO K
D ENMBEZIET 2720, (KKOREBHICH B H >N
FOMAZHRE Uz, KT ZHAPIIMEENIC 25m &
Ulzo 722U, FIERERH e EO M E T2H 0
FEMAARETH O B F51E 15m ETOHEK L L,
B ESCTREREITD RN T, TT T, VN
JRAR & E S B @ E R 20em DL ED# & Uiz, &
feo Y NEMEBHCOWTHBEORRZ LT & &
Licledd, ZThICHDOELL IO TH HEAIE U TH
DORFNIET THVNH] L TEEDR, RLE
BICDOWTWE, MERBEZSREMEERTHEL,
ZOMEEMEARTHRLTHEERZ KDz, 51T,
HONMNEZ GPSICK O ME LTz, TOFEIELL RO
HICiT72 o7z, #8: 20159 7 H 8 H. & : 2018 4E 5
H30H., #E 20159 6 23 H. FIl:2016 47 A8
H. 9H7H. ®#:20164F7H6~7H. 9 A5 H-.
COMREANT, SmlBHic B 3 0D H 2N
FRARK DB E 2 RD Tz, Tz, WE L 720
(WGSS84) 7, QGIS 2.18 Z i il L C ¥ i 14 £ FE #2 %
(12 R) B 2 BRI U Tz, L T2 LDl 7z
FIFHL T, SAEXKNSRED AV INERAKE TORR
Ht 2k Tz,

AV NEOBBFHAEDAE

B ERH T IE, 2016 E8 A 25 HM S5 10 A 19 H
£T, £/22017FE8H 2 HNS 10 H 25 HE T, B
CAE 0.5m> O+ by T EHREL, FHEICBIT S
KV NHOR AR ZHE L., Sy 7D
B 18 AT, ARERHAICIZIE —RICRE L, &5,
015 FICHEMM T Ty TRRE LD, BEIC XS H
EDROHEFERBINT S ENTERNS T,
Mgt e, 2016 4EF8 H26 HM 5 10 H 27 H
EFT, £72217F9A1HNMS 10 A2 HE T, [H
CHOM Ty T2iE U, A 2SO -3 IR
MERE LR, MThoy 7o 18 H<T. idbttho
KX ABXUBIZZENZFNOMT DO, FIKXKNTIFE
—RRICEKIE LT,

B, FHIOBICIE AR FOH 2 ERT 5 L
Thabiaholz0T, LWk« RPFEF - LEMFX
EONERMTFHAEENTVELHRENEE H 5,
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2.3 fRETRRMT

BANTIE KIS B 2 MERHE (R 72 35 & 7o HE R 24
BRUA NEHOHDOHERED I8 7% M IE U T B
ZRHiid B 72, NA XREHET V2R L, vba
THHE YT A E (MCMO) Ik D, ETIVOIR
T A== HE Uiz, #EEICIE. MEtETY VTV
7 b 27 TH% Stan 2.17.1 (Stan Development Team
2017) ZfH L7z,

ETIV

A VN2 E TR TORHED MBI LT, Hh
MENHOE MBS X TR S EDORIEDME 2
MIELTWE 02 e 5728, LIFO#MeHETIVIC
KBt 217758 > Tz

N ~ Poisson(/)

logD)=p+pr T+ puH+es+ep+eq
&s ~ Normal(0, os)

&g ~ Normal(0, o3)

&q ~ Normal(0, aq)

C T C. Poisson &R TV V434, Normal (& 1FE #4574
THO. NIZS/NHGEXKTHIN S NIHEBEL 1 13H
B OWIRHE, 73D SN OEH (0/1). HIEHEE
HEE (), YA, prv pnl@ZENZENT L HOR
BTH2, B ARG L WE L FRNHENSD -
elz®, TTTRRHEEORZHHERICH Wz, £
7oy es WWREBRHNIC X % 5 2 B LI H, e (ZikBRHEN D
TAVHBZNETaY TICKBET U RLR, g &
BIAY - Ty ITHNOHERTEDT VX LEERT
BB, INTA—=R— g5, op. 0o l&. TNETNHINT 2
FURLRRS B VR DIERERETH S, Bk
Dizs, AR OEM « Ty 7 - FIERERERERT
WFEEBLTVEDN, TUALNE enld s 1T, g
BeallZTNTNIANTEE5GMEELTVS, Yl
FBXUCHREBOFMmIE, SFERE &R ED
ffi f ~ Normal(0, 100%) & U7z, SAEHE(E 22 DH R4
ISR o ~ HalfNormal(0, 10%) & L7z (T C
T HalfNormal &P IEH ). 723, Stan I KX D Fdab
L7zET IV List S1 TH %,

E7IL2

KIS, H 2V NEDO B OREBBUT T U T, Hih & L
OFEME X UWAERE . 2 NBRARD 5 OB
EDREDFEE NIE L TWVWBE M 7T % 7z 8 Ofif
WZiT7% > e 712 NADOHER DR S N o Tz /)
HIERNZ >l b, T OfHT TR
TYVETIIVEME L, POEERTY VETIVIE.
BEORTYVURHEIDEEANEZLEENE T —X
IZDWWT, BEZEL OB DOMERDEICHE > THERE
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NZEWRELTETINVILTZEDTHZ (Kl 2016),
BRMICE U FOX S RETIVE L,

N ~ Poisson(z 1)

z ~ Bernoulli(w)
logA)=p+prT+PuH+PpD+es+epteq
logit(w) = S + flop D

T T Ty N@ESNAEXTBINE Nz > N EHEEHES
A A NSO IARHME T H B 2 1d 0 > NJEME
WEAEL D 2D RTINTA—RZ—=TH0, 2fE (0/1)
Tl B, =0F, LA XEBE N EMTH S M,
FTHHHAENTOAREVWEEDOHHATZLZEEAELZ
BNT ERRL. WIEN=0 L7555, ThMVBRELZYO
EETFTIWVL LB TH B, —J. =11, IV
HERE DS D72 L B BIEMICIZFEIE LS 5 T L BR T,
TOEEL. MRHE L ORT Y oM KD RIS
N=0 L7 585E60H %, Bernoulli [NV X —A 7534 T
HD., 0lF 0D 1 OFOEZ & BEMT, =1 L&
SR, TRDBAVINEHBDNGFEIEL S R TDH
%o DX INEBARN S OHEE (100m Z2 1 AL & T
%) Thd, £le, uVy FEHLE 0 IZDVT o B
YK, B DD DFREL 752 X5 R IE O RE EH
Lize TOMOEBBIUNTA—Z—EETIV1 &
MU TH5B, Stan I KD FiB L7z E T I)VIE List S2 T
H5,
ETFIVHDEINT A—R—F, MCMC JEIC & D H#EE
L7z BTV TIREZ 2000 D)L 7 #gEE LR L,
%D 1000 HEY > TSIV LT LTz, €TV 2 T
FEX 30000~ )L a7 2K L, %D 20001
DNWTIDBXICY Y TIVELTHALE, TV I,
208, FNEFN 4ROV A THEZER LD T,

EBICY U TIVDKEXTIZ 4000 TH S,

3. MR

Rk BRI JE P D A1 > ONFEH K O % ¥ 72 Table 2 1R
T o HVINHRARBKEEE L, 7.9 ~ 40.0 A/ha OHIPHTH >
Too Flo. BEAEM & BB A VN O M T
U DRI Fig. 2 1SR3d . MBI TIE 2017 4
282+ 188 fii/m? (¥ +EHE(R7E) D> T VN T
M. BERBR T IX 2016 F1C 196 + 180 Fi/m? (P15
HHEHMER ) OV T AYNETFRZENTNEmEINT
Wiz,

FARBRIIC B RO WE L RS . B
Table 3 1C/RT . FHAEDHTEEIZ3E (Photo 1), HE.
FIND 3 A7 CLeigry i <. BEEE (Photo 2). ®HAT
FEEG IR E WD S D D - Foo 2. W NORKER
HilcB T, N EFER THES X URE R OF
EMEONE o Te, RGBT, A E AR
FICBA IV Y IR L TV, 2EHDUBET
BIVAFIRIIAPY, Iy eI RUHBHIID
K917z (Table 3). MHAIfIE & DB TIE. &<
WICHHEZ TR E WIS S NED o T, BIEREH TldsE

Table 2. #5 ik PO 71 > N RA

HIE O /ha)
et S HUN BT AUN
e 269 0.7
Rz 13.0 0.0
e 20.0 0.8
il 16 6.3
B 0.0 40.0

T RAAVNEBEEE NG o T,

b= BE
300+
“g 200- i1
~
® |:| HEA NN
% |:| S5 HUN
M- 100+ |:| Fr RN
e
= —
2016 2017 2016 2017

T

Fig. 2. 3 H{adliith & S it o B il 14
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Table 3. il OWEDWEE & BEEw. B LRE

AlBal e b 1ic FE& S (m) (o
T R TS R
R REALEY 0.92 0.18 0.78 0.20 TVAFI
= 0.86 0.15 0.68 0.17 IVAF3d
T R 0.90 0.09 0.43 0.12 AP
= 0.56 0.26 0.28 0.13 sl &
Brees HEQILER 0.84 0.12 0.86 0.26 AP
i 0.76 0.17 0.58 0.16 IVAF3
Il JREQLE 0.87 0.15 0.77 0.38 IIXAYTY « FITYI
i 0.57 0.19 0.41 0.14 VA5
WA JREQILER 0.23 0.15 0.24 0.09 T XYY
Hhih = 0.09 0.07 0.15 0.07 Z 7YY
MEREICIE B EamERHEOHEHNET. 2FHICE OATEH, HIDNEUIE I T 7% - 2 )51 K THER %

MEHTEX TR AT AT « e 757 EDRTHM,
I ALK TR 7 A PY D ENL o 7z (Table 3), 7%
B. KA - AR (2014) &N, b5 B4 =
W)Y TEZ R I HOAREGHEAEY) . N Lsto T
VAF D IAYY - IYNNeIRY « LT AF -
td 7V iEVTheERBEMICEITEN TS, EiE
KBTI, ATHEALICYACEBEDEEDN S
BEMRD SN,

i X Efit%k 2 FH OB FEMICEB T S, WHOHF
I 2 & o 3= RS D FE RS 435 1 7 Fig. 3SR T, F Tz,
F Ak BRI 350 B SR Fl OO HEAN 24 % Appendix Table 1
BT 5, MRt 2R &, e ETE AN

ERKDEWEBEMNSD - o, WEOHZ T —)L LTz,
IR T ORI Z & O TR L & 71 2 7N O A D HERHS
BIE, 7@ E 30em B EICER o 72 F N Z D HEf 2%
&7 Table 4 IC/RT, & o &L HEBMBHEDE N> 728
WRRER I Tl BIFERNC A2 & b By O HEfe 55 BN
Eo bt @, 181 A/m THo oo RICHEREEDN
Fo i PGB T, FNTOMBEENE > &
&<, 6.2 A/MmA, WOBREBM T N Py DR
ERE > e m<, 9.5 A/m? 725 fz, et &
JERABRM Tld . A1 2 NHD LR DRI @ h o Tz,

NA ZFFFETIVO MCMC GHEIE. TV 1, 2 &
% . Gelman-Rubin #7f& (Rhat; Gelman and Rubin 1992,

e BRE E
204
KifE
107 BEPE:
t\’l-\ =i
= — —— bR
> 04 E= =_ —
o mOIE A g
s il B BEEE
-@ ——
E RyAvFE
% — R
204 Y iy N |
Z 01t
10 A
O- I I
WAL A E WA A E
ALIg

Fig. 3. #adRHIC 51 %, His & PO A7 & 0T 2 4F H o) 32 SRt RE D HER )% & D BIfR
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Table 4. Pl OHERSHE CAm?,  EBUE T N TORY
Fi, FBHRSIAE A > EDH)

A TEXFHR 2RO B &30cmbl, D
A 32 0.52
(1.2) (0.35)
iz 34 0.06
(1.8) (0.02)
e 149 0.59
(2.3) 0.22)
il 20.6 0.92
1.7) (0.00)
g 25.4 0.03
(2.4) (0.01)

Brooks and Gelman 1998) D{EMNE T DINT XA —X—IC
DT LI XD E/NEL b a7 E R i mic
N LIz EZONT, XA XK ETIVDOET IV
WK OHEINIEEERNRTIA—Z—DFZIHOE
KM AT R OMEZ Table 51, E7 )V 21 DWW T Table
6 ICZNZIURT,
EREORBEE 2R E LIETIV 1 OFRICD
WTHBE, HIDEITK 2 HEBEZDRNE pr D 95%
fEHXMEIZ 0.07 ~0.51 THH (Table 5), HiM X 1IHE
BEERZHENS 2R 2> TWVWEEEZENT,
BB FHEIX 029 TH- A, T OfEIZ. A E 7% fii
T EICKDHEBEENBXZ 1.3 15 (=exp (0.29)) &
BT EICHYT B, Ko, MAERER (m) ICKDHE
RSB E DRI pu D 95% (5 X -1.04 ~ -0.01 TH
D, FEEREEDSE L RS EHEBREN DTS LW
ISEBRND B LEZ NIz, FHFEEIE -053 THo
Teid, T O BEE S A 1m 5 < 7% & HERHEODS 0.59
% (=exp (-0.53)) L7225 T LICHNT %,
AYNEOBRERZE LTIV 2 OFERICDONVT
HBEL fr D 95% 5 HKMIE 0.02 ~0.67. FHi%LFH

flil% 0.34 TH D (Table 6). H1A X% 71 >/ NJEHER %
JEEREINE TR E>TWwE EEZ BN, Mt
B E B QmXx2m) T & DA 2N HER 35 )5
E DR Fig. 4 1CR” T fu D 95% 5 XM E -2.05
~-0.54 T (Table 6), WHAEHE @I ELEB EH Y
INEHERBIEDN R DT 2 VWS BENHZ L EZ SN
Too HHETEMEIZ 129 THO ., THEHEED Im &
{75 &. AV INEMEBIEEN 0.28 15 (=exp (-1.29))
KPS BT eZRT, &2 L&MW Y INEHBAD
5OMEE (100m % BHAD) 1 X % HER B E AN DR By
D 95% E XML -4.85~-1.00 TH O (Table 6). 5
ONHRARD BEEND & A1 MR S DR T B
IR S Y RO 7 N OY (PR S Wl SP AL S AVVAY 1515 % N
(DBH 20cm L ) £ TOHEEE SRR T & DH 23
HERSH 1S & ORIR% Fig. 5 1CRd . HHB I -2.86
Tholzh, THE A YNHEEARADS 1lom B s &,
HE A6 25 2 S 25% A9 % (0.75=exp (-2.86X0.1)) &
WHOMETH %o H1 NI S OEREEN 71 > N JEHE
R DAL R AFAENT RAE T HIR Bop D 95% {5 X R 1E
-2.42 ~3.70, FEFEMEIX 0.54 THO (Table 6). K
K5 OPEEER 77 > 7 NERERK O TERTE A ARIC K Z 723
RERFLTVWS EERBDENED ST,

4. BE

SEIOFIR T, A1 2 NHOHERHHEE (BHs Sem 2L
) 1 1.2 ~2.47/m? (Table 4, Fig. 3). $745bBH 1.2
~24JiK/Mha TH > Teo BEFEOWIHITIE, M E
J2iits 4 ~ 6 R TD Iy > NEHER ST 1E 5 /5 A /ha
M5 100 T ARMa L ETH O (ZhF 1978, FaM - 7@l
1985, [FH S 2008). TN b5 Lk T 2 &, S RIOFER
TIREENEI 2Tz EZDND, BN EREICD
WTHBE, Bl --HE-PRBETETTHNNDBEDNS
7z (Appendix Table Do FJI| « HHHIC DWW TIEEFHD
AR DIRIL (Table 2) MEHR T, X7 WV INHNEZho
fzeEZBNS,

MEtETV VT ORI, EBFEICOWVWTHT

Table 5. )V 1 D185 A— X —DHH% 5071 O BRI e

INTA—=H— FHiH Y R FANIASY Rhat
2.5% 25% 50% 75% 97.5%

B IR 2.17 0.92 0.41 1.73 2.16 2,61 3.95 1.00

St LR DR EL 0.29 0.11 0.07 0.22 0.29 0.36 0.51 1.00

Bu K2 i D25 053 0.26 -1.04 -0.70 -0.53 -0.36 -0.01 1.00

os SHERI D S > 2 LR 1.65 1.06 0.66 1.01 1.35 1.93 451 1.00
DFFHER

OB Ty 7ML kD5y 029 0.09 0.15 0.23 0.28 0.34 0.49 1.03
R LR R (5 7

o0 HERDS R LG E 0.65 0.04 0.58 0.63 0.65 0.68 0.73 1.01
DFEHE (2

FMFR I EiS 25 18 % 4 55,2019
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Table 6. E7 )L 2 D 18385 A— 2 — D H4%57 41 O BRI Ha
ISTA—=H— FiH Ty EEEE pANAY Rhat
2.5% 25% 50% 75% 97.5%
B 7 2 NEEHERHE DY 1.45 0.52 0.54 1.14 1.42 1.73 2.50 1.00
Br VaNZAY =V (s e 0.34 0.17 0.02 0.23 0.34 0.45 0.67 1.00
BB DRI
Bn 1 2 NFERERSHEI S 4 -1.29 0.39 -2.05 -1.56 -1.30 -1.03 -0.54 1.00
FAE S DR ER
Ao 712 NEEMER OO RS -2.86 1.01 -4.85 -3.56 -2.83 218 -1.00 1.00
A VN E TORFE
DIFEL
Bo 77 > ) NEEHERS O LEAAE 1.73 0.40 0.99 1.45 1.70 1.99 2.56 1.00
DY
Bop 77 > ) NEEHERS O LEAAE 0.54 1.52 242 -0.49 0.54 1.48 3.70 1.00
e S R VAN W, N
TORHEDFREL
os HERI D S > R LR 0.50 0.51 0.02 0.18 0.37 0.63 1.78 1.00
DOFFHER
oB A=V AN 0.57 0.15 0.32 0.47 0.56 0.66 0.92 1.00
2 LB R 0D REEHE (R 22
oQ FERDT >R L5 0.87 0.06 0.75 0.83 0.87 0.92 1.00 1.01
DI 72
#eE Bz &
[ ]
10

NV INERBIBE (2/m?)

o
1

o
1

0.0

il 2
101
® e
5- (
;j) = OO M
01, . | L8 . :
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
LR ES(m)

MR e tpE e MmN

Fig. 4. WIZERE& R & 1 2 SEIHERS 3 & O BIIR,
RO FIEHID ESTIE X ORPEZ . Bk SIS LI T B X O RMEE ZNZIUoRT, i,
Hifid, XA ZHRHETIV (BT 2) THEE S N/ 8T A— X —DHG Pl AE VT, Hih
EHEK GR) BIXTHIFRHEX (F) DWW TOD, &5 & 8002 N FERAK E To
Z 10m & Uiz & &0 2 NEHER R EE OMARHE & OBfRZE R LEEDTH B,
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Appendix Table 1. 7% iREEHIIC 31T 5, HiHs & DAMET & O BIHERT O & 21
P o SLE itk il I e
it LR i E Al SRR MR E  BEF IR HiE A LR MiNE  Bef MEILEE MiinE ARb "
AR (m?) 224 224 448 152 176 328 48 40 88 40 48 88 40 48 88 1040
i 4
I HUN Betula platyphylla Sukaczev 168 332 500 203 368 571 81 124 205 - - - - - - 1276
var. japonica (Miq.) H.Hara
U RA TN Betula maximowicziana Regel 17 28 45 9 11 20 0 0 0 - - - - - - 65
R H N Betula ermanii Cham. 3 3 6 0 0 0 0 0 0 - - - - - - 6
FNJ @Gt Betula spp. 188 363 551 212 379 591 81 124 205 31 117 148 127 80 207 1702
rR=Y Abies sachalinensis (F.Schmidt) 14 13 27 5 11 16 296 537 833 76 316 392 759 835 1594 2862
Mast.
FNR Phellodendron amurense Rupr. 26 24 50 43 41 84 82 160 242 222 326 548 156 139 295 1219
25 )% Aralia elata (Miq.) Seem. 137 261 398 33 178 211 0 0 0 65 147 212 23 29 52 873
YFRE Fraxinus mandshurica Rupr. 93 99 192 5 0 5 0 0 0 29 17 46 0 0 0 243
Ny aAYFF Salix caprea L. 8 27 35 1 32 33 5 23 28 27 93 120 4 4 220
YAty N | Sambucus racemosa L. subsp. 20 18 38 1 0 1 0 0 0 70 46 116 0 2 2 157
kamtschatica (E.L.Wolf) Hultén
A2 Hx 7t Acerpictum Thunb. 3 4 7 7 4 11 1 0 1 14 37 51 0 2 2 59
IAFS Quercus crispula Blume 4 2 6 18 19 37 0 0 0 4 7 11 1 0 1 55
Y77 Morus australis Poir. 12 28 40 6 2 8 0 0 0 0 1 1 5 0 5 54
* IV FF Salix udensis Trautv. et 13 31 44 0 4 4 0 0 0 0 0 0 0 0 0 48
RAF Magnolia obovata Thunb. 4 5 9 0 2 2 0 0 0 2 1 3 20 14 34 48
FrROATY Magnolia kobus DC. var. 1 4 5 8 7 15 0 0 0 3 15 18 0 1 1 39
borealis Sarg.
TARE Fraxinus lanuginosa Koidz. f. 0 0 0 9 0 9 0 0 0 11 17 28 0 0 0 37
serrata (Nakai) Murata
FAHIAF Viburnum furcatum Blume ex 0 0 0 0 0 0 0 0 0 22 6 28 4 2 6 34
Maxim.
NUFY Kalopanax septemlobus 2 3 N 0 1 1 2 0 2 0 2 2 12 5 17 27
(Thunb.) Koidz.
IYIYIS Cerasus maximowiczii (Rupr.) 0 0 0 15 9 24 0 0 0 0 0 0 0 0 0 24
Kom.
avryIgs Chengiopanax 0 0 0 3 0 3 0 0 0 2 5 7 5 8 13 23
sciadophylloides (Franch. et
Sav.) C.B.Shang et J.Y.Huang
NV= L Ulmus davidiana Planch. var. 6 11 17 0 0 0 0 ] 0 0 6 6 0 0 0 23
japonica (Rehder) Nakai
vr/F Tilia japonica (Miq.) Simonk. 1 2 3 1 1 2 0 0 0 5 9 14 0 0 0 19
YAV Picea jezoensis (Siebold et 0 0 0 0 16 16 0 1 1 0 0 0 0 0 0 17
Zucc.) Carriére
HIY Larix kaempferi (Lamb.) Carriére 2 8 10 0 1 1 0 0 0 0 4 4 0 0 0 15
Fryagt Fraxinus sp. 0 0 0 0 0 0 0 0 0 5 6 11 2 0 2 13
AL 2 Maackia amurensis Rupr. et 0 0 0 10 1 11 0 0 0 0 0 0 0 0 0 11
Maxim.
IS Cercidiphyllum japonicum 0 0 0 0 0 0 0 0 0 7 4 11 0 0 0 11
Siebold et Zucc. ex Hoffm. et
Schult.
IAF Cornus controversa Hemsl. ex 0 2 2 2 0 2 0 0 0 0 5 5 0 2 2 11
Prain
A<= Cerasus sargentii (Rehder) 0 0 0 10 0 10 0 0 0 0 0 0 0 0 0 10
H.Ohba
FFH< R Sorbus commixta Hedl. 2 0 2 0 0 0 2 0 2 3 0 3 1 0 1 8
AYADNES Eubotryoides grayana (Maxim.) 0 0 0 0 0 0 0 0 0 7 0 7 0 0 0 7
H.Hara var. grayana
VAPAV S Euonymus oxyphyllus Miq. var. 0 0 0 0 0 0 0 0 0 4 2 6 0 0 0 6
oxyphyllus
Feaw Ulmus laciniata (Trautv.) Mayr 3 0 3 0 0 0 0 0 0 0 0 0 0 0 0 3
N/ )N Euonymus macropterus Rupr. 0 0 0 0 0 0 0 0 0 0 3 3 0 0 0 3
RHf Unidentified 0 0 0 1 0 1 0 0 0 2 0 2 0 0 0 3
7 RFF Aria alnifolia (Siebold et Zucc.) 0 0 0 1 0 1 0 0 0 0 1 1 0 0 0 2
Decne.
rX =Ny /% Alnus hirsuta (Spach) Turcz. ex 0 0 0 1 1 2 0 0 0 0 0 0 0 0 0 2
Rupr. var. hirsuta
IxHhTT Acer tschonoskii Maxim. 0 0 0 0 0 0 0 0 0 1 1 2 0 0 0 2
RBH (Y aFFh)  Unidentified (Araliaceae) 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 2
F=TI3 Juglans mandshurica Maxim. 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1
var. sachalinensis (Komatsu)
Kitam.
DA Padus ssiori (F.Schmidt) 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1
C.K.Schneid.
VAR Hydrangea paniculata Siebold 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1
INYFTHILITF  Acerjaponicum Thunb. 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1
Yr¥E i+ Salix sp. 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1
it 727 1270 1997 604 1088 1692 55 969 1519 616 1195 1811 119 1119 2238 9244

* FNBXUHB T, ¥ THN e IRAH N B 7 NSO ONTREE TREE S, AN/ F@e LTl
T ZVARZYRTHAZYEGE, ML LTD A2V HLT | THb,

t IBETORELNTEED ST ED, BTN TWBHITH 2]
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Effects of soil scarification on regeneration of saplings of birches and
other species after clear-cutting of Abies sachalinensis plantations

Hiroki ITO "*, Atsushi NAKANISHI ”, Tkutaro TSUYAMA ", Takeshi SEKI ",
Shigeo KURAMOTO ?, Shigeo IIDA > and Satoshi ISHIBASHI "

Abstract

The aim of the present study was to determine which factors affect the natural regeneration of tree species such
as birch Betula spp. after clear-cutting Abies sachalinensis plantations in Hokkaido, Japan. To achieve this, the
relationships between sapling density and the factors such as the presence/absence of scarification, the height of the
undergrowth, and, in the case of birch saplings, the distance from adult birch trees were analyzed at five study sites.
Sapling density was positively correlated with scarification and negatively correlated with undergrowth height, and
scarification suppressed the height of the undergrowth. In addition, the density of birch saplings was negatively
correlated with the distance from the adult trees. However, the density of birch saplings at the study sites was lower
than has previously been recorded in preceding studies, indicating that the natural regeneration of this species may
not be successful. This will have been due to a lower density of dispersed seeds.

Key words: birch, dispersed seed density, scarification, natural regeneration, saplings
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Fig. 1. BB WP ORlkZ BRI L 72l iy
Localities where the edible wild plant samples were
collected.
@ A, By BAREY) AL
@ Municipalities, number of samples/number of
sampled plant species.

EARZMALUzo BEKIGIKTRIVE> THEREDEN
EELL, FVFUR—)S—TKkEH > 121, £EEH
WMEL, ZERTHE Lz, 1 BIKDEEIZ 2.5 ~249 ¢
TH-ol,

T R ORMAD B AN D DI X 7R WL BR
ETB5 2 TMHEE LT/ UTzs TN DR 25T
fio7z, BREFMMEMIAL Lic, V7Y (n=2) &,
EAE GERD ZRERSAM. (e (BrER) 280
ik Uice 7FDHEM (n=13) AT TEELE
oled U GEEHR) ZH &, RELT L2BEXRGN
R L TEEDTREI I E Lice 7F/ MU OK
Nk, v ROREMELBVERIZDVETH DT
IO > THRTMECHES A > Tco A2 FY (n=6)
BT TCEDOREZHE, v a— bDSim, YL L
EILE D THRETHNME Lize I8 (n=3) &5t
(BEL) ZBXXGVWHIE G H S &b, SeiE, BRI
i (FREFSDVER)., < ERICHEE Z W EERREED
(FE L o T2 IKnidie, <A (n=3) &L
CGEL) ZBREGBA. EWzZ B E Uz, # (FiE)
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BTk, TEIVHY, NIV Y, X5 /F, O
7T IINE R O T Ui I U o T,

iRl THELIEAZRY (n=35) OHEEZHIE
LI, AT TH2mEICY DA, HEC 2 7E|
LTERVWEIICAN, BGZH2 < BVE THEWT B
(12 ~ IS ERD) BEWTKkAB5|E EF, DL &3
BKICDOWT, m®ICE-> T/KELIED, EE%HIE
L7z, Alic, R L Lk ZznZgnicxind 2, [\
U N 22 il U 72 38 U WA 2 E R L 72,
WHTc:T7F /by k=2, YR W=3), EIV
HY (n=2). 25 /F (n=4), A7 T5 (n=2)
DRk BEERIE LEZIC, MRS EICIic 1 ~15L
DGz, L. BEE3I~5gix. BikEALT E A
NT, XML EDETI~2704i T, WKIZBELT
3~57ME 5 Lictk, Kb BTz, &1 ~20
BRI DWT, mbIciE->TkELIED., EREEE
U7z, Bllic, AT LMk zNZTNICHIGT 5, [
U R 7 fili U 7z EE U WA & MR L 7.
HARETHEMLIZTSE (n=1) ZEHERE L
%, R (BRI ZEH g bMELEBE 15L
WK AN, U EZELB% KRS T8 (10 B X,
KRB ZTCO LA B I, WiKICKE LT 2 KiE
Wizth, Kk 551E BT, TOL EBDICE > TK
ZLELY., BAOERZHE L, B~ A1E23E0D
DHLIkERM LI, =DV IR ULHIEE
(n=2) TH%, FTHMHZICERNE L ZHEWNZ K
B THILEL, 1 BKIcOVWT, HLEDEE.
KN BE[&E LFBIC, 58DICE-> TREZLIED, &
BEWE L, €9 DRENREHOHIhE (n=
2) T, FYUEfFZRICERINELZERZEY 6 ¢ &b
LEeBE 1S5 LICAN, OCEEITBE, AEIEDT—
M (10 BERED) BV 728, K S51& BT, ¥,
B LRSS IRUIEAT, AT TR LR X
HTHhDE, EZ—)IVRICANTH 4 D AREL 2%,
HTKISATTHIE LS5 E FTF TR TER 2
[ 0K U721, KD B4 C TR 30 REE &,
KM EHE BTz, TDEEIRIKIZOWT, eI
FEoTkzLIFD, EREZHE L, Hlic. HIKE
L7zt ZznZznicx)nd . [\ U N2 i L 7238
BU WA ZER L 720

HE-ERE  FEHLIZTIE h=2), €V~
4 (n=2). FERAEDONYTIYYY (n=2), ¥
775 (n=2) ZEEWE LZIC, SHAKICHKE
HO /4 HEROBEZESL, AT LI F iz =—
VBRI ANT, WEEDI¥= 3~7°C) TH4MH
BT Uiz, 2%, MOEKDSKICEZEDDS 8
~ 2BFKICE S L CHEEDEKICR 2 FclEikE L
Tzo TOEERM 1 MIKICDOWT, MOICHE > TKE
LD, ERZE LU, ilic, \ET-EkE Lk
hRENRZNICHINT B, WU FHEfZ 5 L 72308 L 7%

|Bulletin of FFPRI, Vol.18, No.4, 2019

WRRRZ R U Tz,

RKES I FUHEFLETF /Y =2), 25/ F
(n=2). A¥77F (n=2) OFFeHEENE L%
WK EE B U, THUCEEN 1 (F60 g) IC
FHLTK 150 go #HITKY 200 g (BAKICE L T2 E &)
DEETHENTEKZ DT, # 170 CICBAL XM T
B tc, 25/ F BT BICHEZERBLTHME, 7
F/bY (Fig. 2). aAv7 7 IDEICHE Tz, KEH
DFEFINR/NZ R TR T, 2D VCs IREIR M > T
WIRWAY, HRse#IC K B M RERME 3 Bq kg ' LARDH
FRECTHEME LYY LB E N TV R (https:/
www.pal-system.co.jp/item/radiation/?via=j-item-top) o
C DT, FIBL/NEH D PCs OBIIIM L 7z, HI
I, RESIKLEREZNZNICHIET 5. AU FHE
fifi 72 it U 72 dEE U7 WA Z2 R U 720

Fig.2. KEBICENTWAETIF/ Y
Flower buds of the wild butterbur, Petasites japonicus
made into tempura.

2.3 7Cs & YKEREDRIE

TR L RS G 22 AT TRAREZ IR ARIC K D 75°C.
48 WERILL DR THzl 2% D EKEK 4 %, #%
BiE) ¥, ERER. U8, U9 BaEiF 07
LYUXUARICAN, A7)V~ =T LY
it (kA a3— - A=V =7 Y RV —HREH
GEM40P4-76) TH Y IMAXRT @ X M VI K DM
ot L 134 (PCs, 604.66 keV D 1 E— 7 TH
Hi). "7Cs (661.64 keV). 71U 7 L 40 (YK, 1460.75
keV) DA V<RI 3 )V F 250 (RERFRTHIERFD /Sy
I Y RMEAD) L, GHIGRZE. Bt FIRMEE
EBICHEKE 0 % B0 DREZEM Ul FHllDZ
FEULTFTOO~@ & Uz, @ "'Cs IFEHAIERAED 10 %
DIMNITE U RS ffie L, @ ™Cs WEEHIEEZED 10
% UTICERBRWEETEREMMS Ny 775> R
FHUT3c THREICKRERMOEE Lz, @2 HD
S 2 i T2 R WG A FHINIREE 24 R O & U 7z,
@ K s R MCs DM ZITB Yo T L Eofik
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L7,

PACs JERE I 118 MR 42 BRAR DR HY R BRAG A 36 T
i TRRELL D 76 MK DEE 1 4 ~ 38000 Bq dry
kg THo, VCs WEIXBRUMEZE Lz Z R
1 #fAD R RRRME (6 Bq dry kg!) AR T. flix 4 ~
150000 Bq dry kg ' Th o 7zo FRRERIED 1 BiiADIE
JE . B RIRME AR Utz PCs R AR TR
PLE®D 76 HifkD, Bq dry kg™ {HD *4Cs/'¥Cs Lhi 0.25
+ 0.12 CE¥{l + SD) TH o 7zo YK BT 36 Mifk
M TR AR T, M TR F o 82 #ikD iR
JEIE 10 ~ 4250 Bq dry kg ' TH o7z, VCsIBEIZ LT
201549 A | HZHHEHICREHIE L.

2.4 SAEDOLE D

T2 F LT OZEZLL D (1) ~ (8) X THE
fiiL 7z :

T HEf

N HE G/ T HE (R AT AR LR R R b = AL AR
H/ (BRAIOI R E S + B RER) (dry kg/
dry kg) (1)

Tel2U. WeIRE R E/KER 0 %D EDHEE (dry kg)o

THEfR VCs Pf = T UEfRTR / T UEfR AT AR AR Y
72D VCs R = B R EE Y 72D VCs R/
[(BREGBOIFZERE R Y 72 0 VCs I X BREFAIEZ IR
HiE + B RER NS0 YCs IBE X B
VR E ) /(BREAMNI R E R + BN R ER) ]
(Bq dry kg™'/Bq dry kg™ (2)

N f 7Cs Fro= N 1R/ Y i AR K VTCs B =
(BRI R Y72 VCs RIE X B AR
)/ (FRETBAHZ R ER Y 72D WCs JE X BREFAI
MR + BHMAEREE YD VCs IRIE X B
Nz ER) (Bq Mifk '/Bq Bk (3)

FHEfR YK Fr = FHEfERR/ FHEMMATIMA YK & = (8
MBIz Y 72 0 K B X SR EER)
J(REFNZIEE R Y /20 YK R X REMRNIRE
B+ BT 20 YK IR X BRI
EHR) (Bq Mifk /Bq #fk ) (4)

iz L, AT, HIE, HET-HEE, K5

JREE/ARBLRT R A R E R LE = JAPNEE G R
HE/MAELUBEVREO BB EER (dry kg/dry
kg) (5)

iU, EEGIR L. AT, H<IkE. HED-
BRE, RESDW N, P MK DR O &
FEA A FE & = SR L R 0Bk O B S A B &

FHER YCs Pf = FHER /AR B AR R R R Y Cs 1
g = FRER B AR E R Y T2 D s /AR L
BODRAD B R E RS 72 D YCs IR (Bq dry
kg '/Bq dry kg™) (6)

ABE TCs Fro= S EE/ AR PTRROK Cs B = GREERR
BN VCs W R RGO IRIE X SHBRR B BT
FefRE D)/ GREE L2 WA BN R E R 72 D
ICs JRIE X B LR WRIA D B ISR R E E) (Bq
Rk Bg BRiA D (D)

AE YK Fro= PR BE TR A K B = GHERE
FIERAL K ¥etg i 72 D JRE X GREBER & N5
R D)/ G E U 72 W RRIR D B ERAL K IR X 2
LiaWRADO BN R E R (Bq Bk '/Bq Mk )
(8)

25 BHELTORSELY YV LEDHE

HHR TR E NI Cs/¥Cs Bq kb= 1 GAH - 1L
M 2012) TH3T M5, FHRLIATO RGBS
D ¥7Cs DEE /NS WHIK T, T O BER
ECRTMED © B4Cs/YCs L OHIFRME 2 FHE L. P7Cs
END HCs mAHEETE S, AR THEEDE L
201549 A 1 HOMGRMEIE 0.25 T, KAWL DML T
BoENz025 £ 012 FZNICEVETH>Tzs LIF
Tld, B D=8 VCs DAREL S D, REIRE S,
BICs/VCs LEMZIEF -ETH BT EFIAL, LLFD
B1Cs BT 1.25 28N T v Y LR HEE L
TERNP O EYEORMEEL & L IR TE %,

3. R

3VABE LR UL 137
3.1.1 F#fE

MR O TG 1% / TUEM ATz R E s (Table 1) &,
V72 0.81 +0.04 CEEEE SD) CHIEDH % ¢ ME ,
P=0.091,n=2), 7FHEM0.73 £ 0.03 (P <0.001, n =
13). £ 2KV 037 = 0.05 (P<0.00l,n=6), EU=<
40.52 £0.16 (P=0.036,n=3), 7FE 0.57 £ 0.09
(P=0.014, n=3) T. VIIUHND 4T, 5k
(P =0.007, n =5, NHEf§TE / T e al ¥ 45 85 & Hh O Ff
TE O ZER) T FHEFIC X D EEERIT 16
~ 65 %P Ulzo Fiz. TUEH 'Cs Pf (Table 1) &,
V72072 & 0.14 CE¥EEE SD) GHIEDH % ¢t ME ,
P=0219,n=2), 7F+EEM0.93 = 0.16 (P =10.164, n
=13), 12KV 1.03£036(P=0862,n=6), B
<40.76 £ 0.13 (P=0.080, n=3).7 T ¥ 0.84 + 0.14
(P=0.092,n=3) T.\WINDfL, £z, 5 ek (P
=0.063, n =5, NUEfECs PrOFRT & O FEEZEH)
TH FEOFERMETIEEDEEEZ X ko, TD
L RUEQE Fr (Table 1) &, Y 73 0.69 £ 0.004 (3¢
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e SD) (RSO H B t#iE , P =0.005, n=2), 7
FHER 0.69 = 0.13 (P <0.001, n =13), A X% K1 0.38
+0.15 (P=0.001,n=6), T2~ 039 £ 0.14 (P=
0.016,n=3).7FE0.53 £ 0.05 (P=10.003,n=3) T.
WINhofEes, £z, sE2K (P=0.002, n =5, M
fiii Fr OFEZ & DOFIEZ ) TE FHEfFIC K D ¥7Cs
RIFAEICHD LT,

BB, UILCDEZR 1 L LIz ED YCs HIRHERE
WEEERH B3 (R EEIcBX5E870) H10.84 & 0.14
(P=0.196,n=3), RiBH0.40 £ 0.12 (P=0.014, n =
3) T, HIBRISEWIZE E YCs IR IZED o 72 (ANOVA,
P=0.0023 ),

31220

THEfHEZDO A 2 FUBHEBMOEGIRLKLIEFD %/
BiR UniEERLIEO FHfE + SDF 1.03 + 0.03 (n =
3) T, BRLOWETHEOEDL A>Tz, BiZL
%/ BRUNMEZEERIZ 052 £ 0.03 T, HBiRLIC
KO RE T o mIc o Tz GHSDH % t MAE, P
<0.001, n=15) (<, Fig. 3)5

BiE L YCs Pf O + SD X 0.15 + 0.08 T,
BRLCKX> TR YCs IBERAEREICIEK N LE (P
<0.001, n =5), TORE. &R L "'Cs Fr (O, Fig. 3,
Table 1) 1 0.08 = 0.04 T, HIRLICKD "'Cs ED 9
HILLEDRD NI (P=0.001, n=5), %3, fehoi@ o
SRR T RRARE s 2R FRRIETHRA L7, C
D1 EZFENLTE, FRICKREZENTEN -T2
1213 532 L 1Cs P13 0.14 £ 0.08, P <0.001, n=4),

3.1.38#T

WAT/KUIE D%/ BAI TRt BB E ERE LD
Yl £ SDIE7F/ F 7 115 £ 017 (n=2), EIY
AP 094 (n=1), YR 1.0l (n=1), ZF/F 1.04 (n
=1, A¥7751.05 (n=1) T, WA TOFEBTK
TR EDLE TN > T, WAITHR / Bai Tl &AL
B ELE (O, Fig. 3) 7%/ +Y 0.89 £ 0.06 Cif
DB B VY LEik T B ¢ ME , P = 0.236, n = 2),
EIVHYETRMNEEIC0.97 £ 0.00 (P <0.001, n =
2), 25 /%097 £0.02(P=0.107,n=4), A7 7
Z0.93 = 0.04 (P=0233,n=2) T, HETH-7ED
WBEIVAHY Y REFTHoH, LHL, 5k
(P=0.030, n =5, ZIREEILOR T & OFEEZ D
TIHETMEANER T, HAITT 2 i ERIERS
HrAH % LR ENT,

41T YCs P OFHEE SDIFEI VAT 041 +
0.13 HEDBH S t E , P=0.096, n =2), 7 F 0.58
T 0.18 (P=0.058,n=3). X5 /F0.87 =023 (P=
0.351,n=4). 22775070 = 0.04 (P =0.054, n=2)
T WVWINOEEEATT S LRERI TS K> TH-
TEREBEICE RS RN T, 4 R TIXEEK R

HETH-T (P=0.035,n=4, AT ¥Cs PFOFET
EDOFIEERMER) . —75. 7F/ MU TIRIREERTH
Honkhoiz (1,15 £ 004, P=0.115,n=2), TD
I, AT Yes Fr (O, Fig. 3, Table 1) & 7%/ b
7 0.99 & 0.09 (P=0.857, n=2), EITIHY 041 £
0.14 (P=0.109, n =2), 7 F 0.56 = 0.18 (P = 0.0509,
n=3). 27 /F085*£022(P=0283,n=4), I
775 0.65 & 0.004 (P =0.006, n=2) T, YCs ED
BODEETH->EDRZAT T TSEFTHBM. 5
R TIREATICE S Y Cs2DOBDIFEERTH-
7z (P =0.039, n = 5, 4T ¥'Cs Fr OFEC & OFHHE
ZMRD . HAITU THIZEEENKE RDMIEICHB W
T, VCs ®HOBAERMNE S| AT Cs Fr h/hEL
7z B EEDERD 5Nz (Fig. 3)s

3VAEEICEEHKRE

HAEEKLIFO®K/ A EmMBHAMMNERERL
B, MEHEHIIEEOTUIL 1.06 k=1, [HEV
<A 1.04 (n=1. EMRFHOEEL <A1 0.85 (n
=1 T, " MEHHIKZTREOHEDEZDS TV,
EMREH TR IEEHROERNNESLSEBE LI T
Holz, BT/ B EMBHEMZEERIL (@,
Fig. 3) @Y I ED—Wdb <Kz 080 (n =1, WL
<1 0.87 + 0.08 CF¥{E + SD, SILDH % ¢ MiE, P
=0.272,n=2), ErADEMRED D EE
HHiEIZ0.66 £ 0.04 (P=0.052,n=2) THIIZ
WK D BERZRS XS THoh., HAIEEET
o tz, 3MEEEIR (P =0.270, n =3, HZIREELILD
I & O Z M) TEHEETEN >,

HIEECs PAIFT T D —HEEH IKE 0.11
(n=1)., EAE>Y<A 037 £ 0.01 CFE4E £ SD, His
DHB tHE, P=0.0083, n=2), ¥ A DO IEEH
HL<HE0.014 £0.019 (P=0.0084, n=2) ¥ A
DOREFAE R T, 3 ULk (FEEEZEH, P
=0.016,n=3) EHETHoTz, TORE, HIIE
¥Cs Fr (@, Fig. 3, Table 1) 3TV S D—MEEDH <
% 0.089 (n=1). RAEY~YA 0.32 £ 0.04 (P=0.027,
n=2), T A DfEHH <K E 0.0088 + 0.012
(P=00053,n=2) T. BEDEZIIHON., VWITNE
BICs BREDEIRMNH O, 3 WA (P =0.012, n = 3,
HLIREYCs Fr QT & OV F ) TE1E
MIEEETH -,

315 18EIF LiRhE

o4 HOHIETRIFHZO, HKEKLIFOEK/E
BURMBHAMMEERLE. Y5E098 =1, ¥
URA093(n=1), A¥T7 75097 (n=1, N>d
V7079 (n=1) T, HEEFIEHEEICKXD, LHE
BIINELEDZ LI TH-oTz, BWIREBATEITEH
ordzeE R (X, Fig. 3) OV £ SDIETVIE
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Processed/unprocessed sample dry weight ratio

Fig. 3. BB L A Ottt & Cs il
(*'Cs Fr)
Dry weight and “’Cs mass ratios ("*’Cs Fr) of
processed/unprocessed samples.
Oz L, Ol T, @FEH H Ik E, ®EMRE
DIzHDFIREE H AR E, XIEET - HikE,
RED, TRz,
<> Soaking in hot water, O Boiling in hot water
with salt, @ Stringent removal using baking soda,
@ Stringent removal using baking soda and drying for
long-term preservation, X Desalting after prolonged
salting, Tempura. Data of preparation were not
shown.

0.75 & 0.0058 (P=0.010,n=2).¥ <A1 0.65 = 0.28
(P=0.329,n=2), A7 75 0.82 + 0.047 (P=0.120,
n=2), NIV 70.66 001 (P=0.013,n=2)
T, BETH-12DIRTIITCENYTVVTTHBH,
4 figtk (P =0.0063, n = 4, §ZIEE RO T & DY
fd7zfif) TEmIEARET, BET-EkE TR ESR
BIKA AN DB T EMNRBE NIz,

BT E Cs ProFEfE £ SDIZ Y T E0.022
+ 0.016 (P =0.0074, n =2), €2~ 0.022 £ 0.013
(P=0.0059,n=2), A7 750050 £ 0.011 (P=
0.0054, n=2) LIWEIFFELIMEFLE, LML, N
V713036 £ 024 (P=0.163, n =2) THhHRIFZ
NIEFERELL G oTee NIV TIE 2 H O
WINGE AN U, EETRERKE YCs P
0.525,0.187 L K& Bix o fefz o, HET K S0
HOAMRMETHEFEEOENERICES TN >, TOD
FEHL MBI E 'Cs Fr (X, Fig. 3; Table 1) (&
7 Z ¥ 0.017 £ 0.012 (P=0.0056,n=2), E2=<A
0.016 £ 0.015 (P =0.0066, n =2), A7 75 0.0415
+0.012 (P=0.0055, n=2) £ LW 'YCs BREZNRMN
HoteH, NIV IiF 024 £ 0.15 (P=0.090, n =
2) T, MREZNFEEREL G oTee NIV YY
DIE IR E FrfiDEREICE S GEh > T8 iliE Pr
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Fig. 4. iHPIEE / B L OBk D s itk (YCs Fr) &
“K htkt (“K Fr)
Relationship between the *’Cs mass ratio (**’Cs Fr)
and “’K mass ratio (“’K Fr) of processed/unprocessed
samples.
O L (A2 FY), OfiT (EIVAY, &5
JETEREY), @—MEEHEL kT (Brv
1), ORRGEDO DO EEEH ihE (B
<), X\EED -EikE (BrvA UoE, a
CTTINAVI ), ARES (TF/ FY),
FRRE Cs Fr & “K Fr OBIRO AR T HEfi
& K RED B RSUYELL R OB A T — 23R &
NTWVEW,
<> Soaking in hot water (Fallopia japonica), O Boiling
in hot water with salt (Parasenecio delphiniifolius,
Aralia elata, and flower buds of Petasites japonicus),
@ Stringent removal using baking soda (Osmunda
Japonica), 4 Stringent removal using baking soda and
drying for long-term preservation (Osmunda japonica),
X Desalting after prolonged salting (Osmunda japonica,
Pteridium aquilinum, Eleutherococcus sciadophylloides,
and Senecio cannabifolius), /. Tempura (flower buds
of Petasites japonicus).The solid line is the equation of
the relationship between Frs of the '¥’Cs and “K. Data
of preparation (removing the less edible parts before
processing the remainder) and the samples whose *“K
concentration were below the detection limit were not
shown.

TbRTzDER U TH %, 4 Mk (P <0.001, n = 4,
WE - E Fr O L O @2 M) OMEmiE
HET, HEF-HKE T VCs BRIKAEHAND % C
EWRBENT,
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3.1.6 X&X5
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KEBE BCs PFOFE + SD Ik, 7F/ B 0.088
£ 0.018 (P=0.0087,n=2), ZF./F0.12 £ 0.019 (P
=0.0096, n=2), A7 77 0.19 £ 0.08 (P =0.046,
n=2) TOWITNEFRITNELE o7, KD YCs &
B RIS ¥Cs Fr (A, Fig. 3; Table 1) 3 7F/ b
1.12 £ 0.19 (P=0.548, n=2), X5 /% 0.83 £ 0.19
(P=0.422,n=2), A7 7 1.11 £0.02 (P=0.071,
n=2) & 1ITEWVET, YCs BIFREDICT 0114 T
HEVEON N ST, 3K (P=0879, n=23, K
S5 Cs FrOfZ L Oz H) TH BT,
RKEHTYCs @MWS & IEF 2B > T,

32ABEILFEDAY UL 40

AEZUEL, “KIBEZMML L 720 MAEOHE
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Holz, HEPFHHEOMHAGE T ITRD I YCs Fr (OF
“E) &Yk Fr (F) oM. sBWIEDOHERBE (r =
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& 0.51SEVME, 7F/ MU ZEAITT 5 L YCs HY0.99
+0.09, “KH1.81 £ 069 (n=2), KEHICT S
BCs AV 1.12 £ 0.19, YK A 1.88 + 1.64 (n=2) & “K
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4. B

41 AL LFEFOBES LY T AICRIFTHE
4.1.1 T#ME

THEH IR Z R T3 D0OMBT, IO
KXo THRESNZ NN EIR D, TDz, FHE(H
D VCs WHEADFEEIFLCTIEERNEEZLNSD,
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SEZDLL RN T,

75 CDOFEED PTCs WL IR IS TV IR TR D o
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2014, HHF RIS ETA L 2016, EA)I - T 2016,
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FERTROPICEEE>TWVE ERBNE, BT
Yo LI RESHITH Ty (d B R s s
2016) DT, KE5 WCs PAAVNEWVDIF, KEED
REFEFMMDIMb o2 EICEB2HFRICEE RV, A&
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Cesium-137 food-processing factors and food-processing
retention factors of 11 organs and 10 edible wild plant species
from Japan: recipes for long-term preservation reduced the
radiocesium mass the most.

1)*

Yoshiyuki KIYONO "* and Akio AKAMA”

Abstract

To clarify the effect of cooking on '*’Cs mass, 10 species and 11 organ samples of edible wild plants were cooked:
the spore stem of Equisetum arvense (Ea), petioles and flower buds of Petasites japonicus (Pj), and sprouts of
Fallopia japonica (F)), Aralia cordata (Ac), Parasenecio delphiniifolius (Pd), Senecio cannabifolius (Sc), Pteridium
aquilinum (Pa), Osmunda japonica (Oj), Eleutherococcus sciadophylloides (Es), and Aralia elata (Ae). They grew
up on the land exposed to the 2011 Fukushima Daiichi Nuclear Power Station accident. Soaking in hot water reduced
the "*’Cs mass of Fj ['*"Cs food-processing retention factor or *’Cs Fr = (processed/unprocessed sample '*’Cs mass
ratio) = 0.14 + 0.11 (mean + SD)], and boiling in hot water with salt also reduced the '*’Cs masses of Pj, Ac, Pd, Es,
and Ae (range *’Cs Fr=0.41 £ 0.14 to 0.99 = 0.09). Stringent removal using baking soda reduced the '*’Cs masses of
Pa (*"Cs Fr=10.089) and Oj ("*"Cs Fr = 0.32 £ 0.04). Stringent removal using baking soda and drying for long-term
preservation markedly reduced the "*’Cs mass of Oj ("*’Cs Fr = 0.009 + 0.012). Desalting after prolonged salting also
markedly reduced the *’Cs masses of Pa, Oj, and Es (range *'Cs Fr =0.016 = 0.015 to 0.041 + 0.012). However, the
effect of this recipe on Sc was smaller ('*’Cs Fr = 0.24 + 0.15). Preparation by removing the less edible parts before
processing the remainder and making tempura had no significant effect on the '*’Cs mass. Cooking using baking soda
and drying markedly reduced the '*’Cs mass, as did desalting after prolonged salting. Both recipes are for long-term
preservation.

Key words: boiling in hot water with salt, desalting after prolonged salting, Fr, Pf, stringent removal using baking
soda, soaking in hot water, tempura
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Population responses of rodents to the mast seeding of dwarf bamboo
Sasamorpha borealis over the Chubu region of Japan

Takuya SHIMADA ", Daisuke HOSHINO ”, Tohru OKAMOTO ¥, Tomoyuki SAITOH *,

Kazuyuki NOGUCHI > and Takeshi SAKAI”

Abstract

In 2017, the mass flowering of dwarf bamboo (suzutake, Sasamorpha borealis) occurred throughout the Chubu
region of Japan after a non-flowering interval of 120 years. Concern is growing that an abundance of seeds produced
by the mass flowering could cause an outbreak of rodents and, thereby, damage to the forests. To investigate whether
the rodent population would increase from the mast seeding of suzutake, trapping surveys were conducted in the hinoki
cypress (Chamaecyparis obtusa) plantation forest in the Dando National Forest (Aichi Prefecture), located in the center
of the mass flowering. The estimated rodent density did not prominently increase in the fall after mast seeding. The next
spring, the density of voles (Microtus montebelli or Eothenomys smithii), which cause gnawing damage to trees,
remained relatively low (3.3-23.3 individuals/ha), whereas the density of two wood mouse species (Apodemus
argenteus and A. speciosus) was greatly increased (53.3—80.0 individuals/ha). These results indicate that the possibility
of a widespread vole outbreak caused by mast seeding is low. However, further attention should be paid to population

fluctuations in voles because populations may increase in other areas suitable for vole growth and survival.

Key words: mass flowering, pulsed resource, suzutake, vole, wood mouse

1. Introduction

In 2017, the mass flowering of suzutake (Sasamorpha
borealis), a monocarpic species of dwarf bamboo, occurred in
the Chubu region of Japan. The flowering area was estimated
to extend over 200,000 km?, from the southern part of Nagano
Prefecture through Aichi Prefecture to the eastern part of Mie
Prefecture (Kobayashi 2018, Okamoto et al. 2018). Reviews
of ancient documents have revealed that this mass flowering
occurred after an interval of 120 years (Okamoto and Saitoh
2017), and it resulted in the production of an abundance of seeds,
from late July to August, following the flowering months.

In recent years, the importance of evaluating the responses
of rodents to pulsed resources has been recognized in an effort
to predict and control the risk of rodent damage to agriculture
and forestry, as well as zoonotic infections (Schnurr et al. 2002,
Ostfeld et al. 2006). One of the typical examples of pulsed
resources is the mast seeding of dwarf bamboos, which is
accompanied by mass flowering. The seeds of dwarf bamboos
are large and highly nutritious, consisting of carbohydrates as
the primary nutrient (Iwata and Nakajima 1942, Kiruba et al.

2007). Thus, they are considered an important resource for
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rodents. Accordingly, it is expected that the population of rodents
will increase after the mast seeding of dwarf bamboos. In fact,
outbreaks of rodents have been frequently observed after the
mast seeding of bamboos or dwarf bamboos (Ito 1975 in Japan,
Gallardo and Mercado 1999 in Chile, Belmain et al. 2010 in
Bangladesh, Douangboupha et al. 2010 in Laos, Htwe et al. 2010
in Myanmar). In most cases, the rodent outbreaks cause severe
damage to trees and crops cultivated near forests (Belmain et al.
2010, Douangboupha et al. 2010, Htwe et al. 2010). Therefore,
studies undertaken to investigate the possibility of rodent
outbreaks caused by the mast seeding of suzutake are urgently
required.

Two types of rodents inhabit the forests of mainland Japan.
One is the wood mouse species, which includes the large
Japanese wood mouse Apodemus speciosus and the small
Japanese wood mouse 4. argenteus that mainly feed on seeds
and small invertebrates (Ohdachi et al. 2015). The other is the
vole species, which includes the Japanese field vole Microtus
montebelli, Smith’s red-backed vole Eothenomys smithii, and
Anderson’s red-backed vole E. andersoni that mainly feed on
grass, herbs, and tree bark and roots (Ohdachi et al. 2015). When
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the population density of these voles increases, they often cause
severe damage to young planted trees and crops. According
to a previous report, a large increase in population density in
response to the mast seeding of dwarf bamboos occurs more
frequently in vole species than in wood mouse species (Ito
1975). This observation is likely related to their reproductive
characteristics. Voles can mate post-partum, and thus, if other
conditions are suitable, many generations can accumulate in a
short period (Ando et al. 1988). In contrast, reproduction of
the wood mouse species is highly regulated by the ambient
temperature (Murakami 1974), which may prevent their prompt
response to increased food availability as a result of mast
seeding. Therefore, particular attention must be paid to the
population dynamics of voles.

In the present study, we conducted rodent trapping surveys
in the Dando National Forest, located in the center of the mass
flowering area, to investigate whether the rodent population
would increase with the mast seeding of suzutake and whether

the rodents would damage trees in the area.

2. Materials and methods

2.1 Study site

The field study was conducted in the Dando National Forest
(the 96th compartment; 35°11'N, 137°46'E) in Shitara-cho, the
eastern part of Aichi Prefecture. This area is located at the center
of the suzutake mass flowering. In this area, mass flowering
occurred from May to June 2017, and the culms began to
decline after flowering. Then, the mature seeds were dispersed
from late July to August 2017. A small non-flowering patch of
approximately 0.5 ha, in which no flowers were observed and
the culms were still alive, was found in this forest, surrounded
by flowering patches. This patch could not be used as a control
for examining the effects of mast seeding on rodent population
dynamics because rodents could easily enter and leave the non-
flowering patch. Instead, in order to investigate the habitat use
by rodents, two study plots were established for rodent trapping,
one in the flowering patch and the other in the non-flowering
patch (Fig. 1). In the trapping survey performed in August 2017,
the flowering plot was set adjacent to the non-flowering plot but
in the surveys after October 2017, the flowering plot was newly
established about 100 m away from the non-flowering plot. Since

the original plots were relatively small (0.2 ha each) and only

one animal was capture in the first survey, we decided to enlarge
the survey area not to miss the small changes of population
fluctuations in rodents. The information on the trapping survey
is shown in Table 1. Both plots were in the hinoki cypress
Chamaecyparis obtusa (about 50 years old) plantation forests

and suzutake was dominant in the undergrowth.

2.2 Trapping survey

Trapping surveys were conducted three times, in August
2017, just after the dispersal of suzutake seeds; in October 2017,
and in April 2018. Twenty trap stations were constructed at
intervals of about 5-10 m in a grid pattern within each plot and
two Sherman-type live traps were baited with oats and sunflower
seeds and placed at each station. Trapping was carried out for
two or three consecutive days in the surveys of August 2017 and
those after October 2017, respectively. The species, sex, body
weight, distinction between adult or subadult, and reproductive
status of the rodents were recorded upon capture. Reproductively
active females were defined as females with perforated vulvae
and/or developed mammillae, or in pregnancy or lactation,
whereas reproductively active males were defined as males with

testis descent. A small portion of the fur of the buttock was cut
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Fig. 1. Trapping plots for investigating rodent abundance in
the Dando National Forest.
Suzutake (Sasamorpha borealis) flowered throughout
this area in 2017 except for the non-flowering patch
(shaded area). The flowering plot (grey area) in the first
survey (August 2017) was set adjacent to the non-
flowering plot. In the subsequent surveys (October 2017
and April 2018), the flowering plot was newly established
about 100 m away from the non-flowering plot.

Table 1. Summary of trapping surveys in the Dando National Forest.

Period Trapping days Area (ha) No. of traps
Aug. 8-10, 2017 0.2 40
Oct. 16-19, 2017 0.3 40
Apr. 17-20, 2018 0.3 40

These settings were common both in the flowering and non-flowering plots.
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off to distinguish re-captured from newly captured individuals.
The population density was estimated using MNA (minimum
number alive, Krebs 1999) and expressed as the number of
individuals per hectare. The methods of animal handling
conformed to the Guidelines for the Procedure of Obtaining
Mammal Specimens as Approved by the Mammal Society of
Japan. (http:/www.mammalogy.jp/en/guideline.pdf, accessed
2017-7-1). Our trapping surveys were permitted by the local
government (permission Nos. 29Shin6-1-4 and 29Shin12-1-4).

Four species of rodents are known to be distributed throughout
this area, A. speciosus, A. argenteus, M. montebelli, and E.
smithii. The two Apodemus species were able to discriminated
by their appearance. Contrary to this, it is difficult to distinguish
M. montebelli from E. smithii by appearance. We adopted the
mark-recapture method in this study and thereby did not sacrifice
captured animals. Consequently, we could not examine the shape
of the skull necessary for species identification. Only females
with developed mammillae of these two species can be identified
by appearance because characteristics of their mammae differ
from each other (Ohdachi et al. 2015). For this reason, we treated
both species as voles in the present study. Both vole species are
listed in the Red List of Aichi Prefecture as near-threatened
species (Red List Aichi 2015, http://www.pref.aichi.jp/kankyo/

sizen-ka/shizen/yasei/redlist/, accessed 2017-7-1).

2.3 Nutritional analysis of seeds

To evaluate the potential of suzutake seeds as a food source for
rodents, the nutritional composition of the seeds was analyzed
using samples collected in August 2017 in the Dando National
Forest. Two different samples of about 100 g (samples 1 and

2) were collected at different locations in the forest to serve

as analytical replicates. The seed coats were removed before
analyses and the crude protein, crude fat, crude ash, and moisture
compositions were determined. Nitrogen-free extract (NFE) was
estimated as the remainder of the nutrients. Carbohydrate is a
major component of NFE. Energy content (kJ/g) was calculated
using the following formula: crude protein x 4 + crude fat x
9 + NFE x 4. These analyses were performed by the Japan

Functional Food Analysis and Research Center, Inc.

3. Results

In the whole study period, 47 A. argenteus, 43 A. speciosus,
and nine voles were captured. Two of five female voles were
identified as E. smithii from the mammae formula. In August
2017, just after dispersal of suzutake seeds, only one A.
argenteus was captured in the flowering plot, which indicated
the low density of any species of rodents (Table 2). In October
2017, A. argenteus showed an increasing tendency especially in
the non-flowering plot (over 20 individuals/ha), but the density
of other species remained low (Table 2). However, in April
2018, an increase of population density was observed in all
rodent species except for vole spp. in the flowering plot (Table
2). The population of the two wood mouse species grew up to
50-80 individuals in both trapping plots. In addition, most of
female mice were reproductively active in this period (Table
3). Contrary to this, the density of voles increased only in the
non-flowering plot (Table 2), and the female reproductive ratio
remained at 40% in total (Table 3).

In order to examine whether the rodent population structure
differed between the flowering and non-flowering plots, the
characteristics of captured in the different locations were

compared (Table 3). The data for all rodent species collected

Table 2. Changes in rodent density (ha™) in the Dando National Forest.
The density is expressed in MNA (minimum number alive, Krebs 1999).

a) Flowering plot

Aug. 2017 Oct. 2017 Apr. 2018
Apodemus argenteus 5.0 (1) 10.0 (3) 66.7 (20)
Apodemus speciosus 0.0 (0) 0.0 (0) 56.7 (17)
Vole spp. ' 0.0 (0) 3.3 (1) 3.3 (1)
b) Non-flowering plot

Aug. 2017 Oct. 2017 Apr. 2018
Apodemus argenteus 0.0 (0) 23.3(7) 53.3 (16)
Apodemus speciosus 0.0 (0) 6.7 (2) 80.0 (24)
Vole spp. ' 0.0 (0) 0.0 (0) 23.3(7)

Numerals in parentheses represent the number of captured individuals.

" Two vole species (Eothenomys smithii and Microtus montebelli),
which are difficult to distinguish by appearance, are included.
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Table 3. Comparisons of rodent population characteristics between the flowering and non-flowering sites of
suzutake (Sasamorpha borealis) in the Dando National Forest.

a) Apodemus argenteus in fall (Oct. 2017)

Flowering plot Non-flowering plot Statistics ¥

Number of captured individuals 3 7

Sex ratio (female / total) 0.33 (1/3) 0.71 (5/7) 0.50
Proportion of reproductively active females® 1.00 0.80 1.00
Proportion of pregnant or lactating females 0.00 0.60 0.27
Proportion of reproductively active males® 1.00 1.00 1.00
Proportion of subadults 0.33 0.00 0.30
Average body weight® 193+04 196+1.9 t =028, P=0.79

b) Apodemus argenteus in spring (Apr. 2018)

Flowering plot Non-flowering plot Statistics ¥

Number of captured individuals 20 16

Sex ratio (female / total) 0.50 (10/20) 0.50 (8/16) 1.00
Proportion of reproductively active females® 0.80 1.00 0.48
Proportion of pregnant or lactating females 0.30 0.63 0.17
Proportion of reproductively active males® 1.00 0.88 0.27
Proportion of subadults 0.05 0.00 1.00
Average body weight® 16.1+2.3 17.5+24 t =1.75, P =0.09

¢) Apodemus speciosus in spring (Apr. 2018)

Flowering plot Non-flowering plot Statistics ¥
Number of captured individuals 17 24
Sex ratio (female / total) 0.41(7/17) 0.50 (12/24) 0.75
Proportion of reproductively active females® 1.00 1.00 1.00
Proportion of pregnant or lactating females 0.17 0.33 0.47
Proportion of reproductively active males® 1.00 0.89 0.36
Proportion of subadults 0.24 0.25 1.00
Average body weight© 389+3.9 37.6+6.9 t =0.61, P =0.55
d) Vole spp. in spring (Apr. 2018)

Flowering plot Non-flowering plot Statistics ¥
Number of captured individuals 1 7
Sex ratio (female / total) 1.00 (1/1) 0.57 (4/7) 1.00
Proportion of reproductively active females® 1.00 0.25 0.40
Proportion of pregnant or lactating females 0.00 0.00 1.00
Proportion of reproductively active males® - 0.00 -
Proportion of subadults 0.00 0.00 1.00
Average body weight© 325 29.7+£2.6 t =1.00, P =0.36

; calculated without subadult individuals. Reproductively active females were defined as females with perforated
vulvae and/or developed mammillae, or in pregnancy or lactation.

Y: calculated without subadult individuals. Reproductively active males were defined as males with testis descent.

9 expressed as mean = SD; calculated without subadult individuals.

9: Fisher's exact probability test except for ¢-test in body weight comparisons.
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Table 4. Nutritional composition and energy content of
suzutake (Sasamorpha borealis) seeds

Constituents Sample 1 Sample 2

Crude protein (%) 9.1 9.3
Crude fat (%) 1.7 1.2
Crude ash (%) 0.9 0.9
Nitrogen-free extracts (%) 76.3 76.9
Moisture (%) 12.0 11.7
Energy (kJ / g) 14.9 14.9

Constituents are expressed as wet weight basis.

in April 2018, as well as the data for A. argenteus in October
2017, were analyzed because sufficient numbers of captures had
been obtained. The ratio of sexes, proportion of reproductively
active males or females, proportion of pregnant or lactating
females, proportion of subadults, and average body weight were
compared but there were no differences between the two plots.
The nutritional composition of suzutake seeds is shown in
Table 4. As predicted, the main nutrient was NFE (carbohydrates),
comprising an average of 76.6% of the seed content. The content
of crude protein was relatively high for plant materials. The two

seed samples showed nearly identical results.

4. Discussion

The population density of rodents did not show a significant
increase in the fall after the mast seeding of suzutake, however,
a large increase was seen in the density of two Apodemus species
the next spring. In contrast, the vole density over the entire study
area remained low even in the spring and increased moderately
only in the non-flowering plot. Ishida et al. (2018) also conducted
trapping surveys in 2017 in the same region, the eastern part of
Aichi Prefecture, and found results similar to ours. They found
an increased density in Apodemus species in the fall (10-30
individuals/ha) but no increase in voles. The two results suggest
that an outbreak of voles after the mast seeding did not occur, at
least not in the study area.

Suzutake seeds were found to be nutritious. The nutritional
composition was very similar to that of brown rice (crude protein
6.8%, crude fat 2.7%, NFE 74.3%, crude ash 1.2%, moisture
14.9%, and energy 14.8 kl/g) according to the 2015 Japan
Standard Tables of Food Composition (Seventh Revised Version,
http://www.mext.go.jp/a_menu/syokuhinseibun/1365297.
htm, accessed 2018—6—1). The nutritious composition of dwarf
bamboo seeds, together with the vast amount produced, may
have facilitated the increases in rodent populations that have
been frequently observed after mast seeding (Ito 1975, Gallardo
and Mercado 1999, Belmain et al. 2010, Douangboupha et al.
2010, Htwe et al. 2010).

Ito (1975) investigated the population fluctuation of rodents

|Bulletin of FFPRI, Vol.18, No.4, 2019

in 17 areas after the mast seeding of dwarf bamboos (Sasa
kurilensis and Sasa kurokawana) which occurred in the Kansai
and Chugoku regions in 1967-70. Of those 17 study areas, we
reviewed data from five areas where the number of trapped
individuals was represented by each species. In four areas, M.
montebelli started to increase the fall after the mast seeding
(40-240 individuals/ha) and a high density of this species (20—
120 individuals/ha) was maintained until the next spring in two
areas. An increase in 4. speciosus the following autumn was
also recognized in two areas (40-80 individuals/ha), whereas
no noticeable increases were observed in A. argenteus and E.
smithii populations. Similarly, another qualitative observation
has reported large increases in vole numbers in the fall after the
mast seeding of dwarf bamboos (Inukai 1955).

Compared to those observations, the population fluctuation
of rodents observed in this study was quite different. First, no
noticeable increase in the vole population was detected in our
study. Although there was a moderate increase in the number of
volesinthe non-flowering plotin the spring, the population density
did not seem to increase over a wide range. The observation that
majority of voles were reproductively inactive also supports this
idea. Both vole species, E. smithii and M. montebelli, are rare in
this region, so the source population that would respond to mast
seeding may have already been diminished. Accordingly, no
noticeable increase in the vole population occurred. Voles were
more abundant in the non-flowering plot than in the flowering
plot. This is probably because they preferred habitat with a dense
understory of dwarf bamboos. Forests with dense understories
are, in general, a preferred habitat for rodents (Tanaka et al.
2006), because the vegetation can provide both food and refuge
from predators.

On the other hand, the two Apodemus species markedly
increased their density the next spring. Was this phenomenon
related to the mast seeding of suzutake? Since there are no
data regarding rodent density in this study site in normal (non-
dwarf bamboo flowering) years, it is difficult to discriminate the
effects of the mast seeding from commonly observed, seasonal
population fluctuations.

The present study suggested that the possibility of a vole
outbreak over a wide range caused by the mast seeding of
suzutake was low. However, attention should be paid to the
population fluctuation of voles because vole outbreaks may still
occur in areas where voles are not rare or in habitats preferred
by voles, such as orchards, grasslands, and young plantations,
or in cases where mass flowering lasts for more years, gradually

changing the flowering areas.
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The Fusarium root rot on Larix kaempferi containerized seedlings

Hayato MASUYA "*, Yuho ANDO ", Tsutomu YAGIHASHI?,
Tomoyuki SAITO > and Mahoko NOGUCHI”

Abstract

We investigated the cause on the rapid mass mortality of Larix kaempferi containerized seedlings at Iwate
Prefecture, northern Japan in 2014. In particular, seedlings transplanted in current year were dead massively. The
result of isolation test showed the main causal agent was Fusarium oxysporum. Thus, we diagnosed the disease
as Fusarium root rot caused by transplanting. The rapid mass mortality may be related to the root damage by
transplanting and various factors such as water and soil conditions in production of seedlings.

Key words: containerized seedling, mortality, Fusarium, root rot
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- e Photo 2. FEZEH (Z3H0)

The board for measuring snowfall depth

Photo 1. - FIMT A o) S GBI Dbk v
Meteorological observations of Tohkamachi
Experimental Station, FFPRI
(a) &at GREED &dkRkERT (aBRT
Le—2—f) (b) i X I HNE (b—%—
) (o) BIEPR S AT
(a) Thermometer in the ventilation pipe, and snow
and rain gauge with heater and windbreak (b)
Tipping bucket rain gauge with heater (c) Ultrasonic
snow depth meter

iibji

Photo 3. (a) MM Z / —5 T I —Z MR KR
OWE (b) A Z)VT = 7 7 — AR H A
(a) Measurement of snow-water equivalent using
the Kamuro-type snow sampler (b) Metal wafer
snow weight meter

AR 277~
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Table 1. %5t - RiH BN S514

Observation methods

5 H ik (EilIERAl
K& HAH B 9IRF

] R UASURR. S E 40m

= 6 kX 2 734 FERS
WK (ZKID® & 3.5m)
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R EE AR R S UB-011
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WA Z ) —Y > 75— (WG 20 cm?) (2018 EZMAET) 9~108F"
BEKE X&) o7 7 REEE R (2019 441D ol

B B S R MN-301R

*12016/02/29~03/03, 2017/01/04~02/091fHif1]
2 RERAERIERHA

HIZBNT 75 FLL B S N T E 72 O IS B IR H
FIF 10 HE (BHS, 15, 25 HEZIEZDRi%DH)
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RGBDOEL) ZNTTHELEEBES Rz e L T,
2) Hil

Y—I XX —REE (7fERE 0.1°C) (Photo 5) TZH
HHEICEE 10 cm BOFEZWE L, HEEFX
THOCOWEZL, WEMOMEITAFETHE L
ZHERLTWVWS, FmEE Y —D0HHZZT %
WEIBFERLRETREZDL > THIE LT,
3) G - HE

HEBINC KO BEZOREME &S EOFE 25 i
Lo SHBHAZKZEHMEDH (HAZKES
1998) ICHE> T Table 2 DX SICHHIL, G5 TEILL
Too [El—DFICTRD M RIZ 2 FEMNEMEL T3
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Wi kil Ulee £z, BN OH b Nk FNEHE K
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Photo 4. A5 Wrim Bl

Snow pit observation.

Photo 5. KD
Measurement of snow temperature
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Table 2. HHDIHIL LS
The classification for
grain shape of snow and
the graphic symbols

EY ]
ClE ++
TLEDLH / 7/
LExOh= o0
THBHE (e]e)
CTLEETHHE oo
LEEH0H AN
TKAR —i
K7 VvV

o e

-now Grain Size Toauce

TypE LR

Photo 6. (a) 7IVA XKIET —2 (b) 1T A — AR
Yy
(a) Snow grain size gauge using sieves (b) Snow
grain size gauge using glass beads

TR L7z, EE. Rl LT i ko,
5) M

BEOEEIZ., ST 3cm. B 100 cm® O [ %
YT HOTIRINLEEEOEE 2 E K
(TFREE 0.1 g) THIE L TR (Photo 7)o HIE X 3)
THER LT i, FHAlE UTHEO R RATT O E
STHIE L, KRR MEHRNK 51T Uik,
CEDDEMNECKITIE 5 E TAD 2 7l ETHl

Photo 7. #EDYE (a) #IEY > 75— (b) FRINL 72 100
em® OFEOP R ZE
Measurement of snow density (a) Sampler for

measuring snow density (b) Measurement of the
mass of 100 cm® snow

ElTz, BEY Y SI—DhROGIEAES T &L
720

6) EIKZHR

2) DFERMDOCOBIZOVTIE, BEDEKKREF
FEITRDEIKEEE (Denoth 1994) Tl L7z, Denoth
REKFEHE, A=A RNV T DA VAT IV 7 KFEH
BR W P22 B % Al 1 C Photo 8 D & S ICHIRD & > ¥ —
(12.5cm X 14 cm, JEE 1.5 mm) ZREEFEICAE LIAK,
AEEBENET % BKRFFAKITIE TV v P EIEK
MAS>TWVWT, MEDBIE 2 DDX A VILZEHEL.
BRERT T F AT A= —NR/N IR EDE
RUZEE, TOMHIR ) DU LKxB, AEEKE
Wk, EOFEBER e ERDITHFRL (D & ) %
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Y—% 0COELPICB VL EOREME, kIdEKE
HFOBBTHD. U ® kIFEKEKFH T L DOREA DM
Th 3,

e=1+1.92p+0.44 0>+ 0.187 W, + 0.0046 W,> (1
e=1+klog (U/ Uy 2)

HATEBEEOE/KE 2z BEREKE (FHEORHERIC
X9 BIKDHERDOEIE) TEDTDN—RNZDT, 19
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Photo 8. Denoth /K452 WO 73K OWE
Measurement of liquid-water content of snow
using the snow wetness dielectric device developed
by Denoth, A.

B NTARRE G KR w, (FE ORISR 9 % /KD IkHE
DOHEE) B G) KXW EEEKEWITHE LR pue
& P Li%b 7kk%§%§®%’§‘?% D N Pwater — 1000 kg II'I-3 &
LfCo

W= Wv (pwater /p) (3)
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H5 MTAS 2005, @kRE, KL (1) »xL Q) HrR
TXICHBOBICEE L REEZDT, 5) OFERNE
ERUEETHNE Lz,

7) THEE

REOMERX Sy v alr—y (FY VA EE
#8) THlIE L7z (Photo 9; Takeuchi et al. 1998, TN 5
2001), HHLEDE 7 Aa—T Y I=7 ) v FiHo
FYRIWVT WY a T IV —Y MODEL RX-10 Th/h 3
/R 0.0IN, I AME 100 N TH 5, EFE 15.30 mm DY
BERDT 2w F A2 S ZREEWICEEE (B em s
T1~2em I LIAR FMZEZW D & E OUHERIE,
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Tiiaw, ACEE T2 ~3 e L TEYE LT,
HEM (N) 27 2y F A2 sOWHEE (m>) TRLT
i (kPa) & L7z,

8) FiT/KE

2.1 OREF/KERE & EHNC WrmEo—E8 e LT,
MERZ ) — T —fibIIcHmh Sl x T
OEEEEKEZIE L, $4hbb, OS2
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INKTR 0.1 go lRRA R 1200 ) THlEL., AFFL7,
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Photo 9. 7' v ¥ 27— BT MEORE
Measurement of snow hardness using the push-
gauge

Photo 10. 77 7 VIVHOMIIEA ) =¥ > T F—Z v
FeRER R DR
Measurement of snow-water equivalent using the
acrylic cylindrical snow sampler

KFEICHELUAN, ZTOEEOERD SHBEEA S —Y
V7T — (EE 50 em. Wi 40 cm?) Z2HX 5 ICE
TEHETHEICE LIAATHES 2RI, EeEZ2illE L
o ERLEHE FOMYEMEICALEZ, 1RIEHD
EREDNMBENE R/ =TT —FREIAE LIAR,
FAMOEEEZRODERL TEMBEOERZNE Lz, &
BOGRHEZEY VTS —OWEBETHRT &, BEkE
(mm) MEH5N 3, EHICTOMEZBBETHRLTSE
& E (kg m?) bR,
9) T L

LML, R ERE 4 em, THA 60° O #E
FEIROMEWERBESA T (LY VT 5 Photo 11) I
BEOEREE LU THEREZE5 2, MENNEHALRZEZT
FHELTROEMETH S, EX 1 m DA T2
BRILUCTHELLAENS, FEMhSHmHE TD T
LEEZHGE L TCNET ST ENTES, BEOODK%
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Photo 11. T LYV Tz Vi 5 LEEORE
Measurement of Ram hardness using the
rammsonde

TNHESE

TEE h (em), EREEn BIXOTTLY VT DOE AL
T AX (em) ZRIEL, X @) I X > TT LE R (kg)
FiBE Lk, 2CTT. 0 (kg BILVVTDERET,
MER LA ZINE 0 WNT %, M (kg) &
BHOOERE, m (kg) EHA FEOHETH 5,

R=0+M+m+(hnM)/AX )]

THICEEDEHEAET LWHE (kgem) T3 (AXR)
ST LR (kg) WEAE D LEE 2RSS HS (cm)
THRLUTE (AXR)/HS E LTEH LTz,

3. BLIHR
Fig. 11C 5 £ O H KR, Fig. 2 ICHETB IR E HEF
BYEER LT, 72 Table 3 ICX MG DOES LHED
WRABXUAREE &z, BT (BHFES) oW
HEH & IR H BT KT (2018) I 5> TRD &K
NSRBIz, FEDOFHIE 9 RFOREBFHEICK > Tk
Bz, BHIZ, BEEN 30 HY LISz > THREE L 7255
BE L. 10 HY EfkFE LN 2250, ZOMD
HWEEHNEE s HUADOLAIKIE 2 DO MR Z5m U
THEPMEE LIz D L Bix Uiz, KHAR O RS R
HiEB X UMEBERCMEB /KR DR KMHEIE Table 4 1 F
Loz, TNEDOLE RS 11 H~4 ADKREZOH
AlE CR&. B UE. HERKE., HEEHE. 9RO
BEE, HEKR) ZLWANC Table 5 ITBE Lz, &

Table 3. [ LARFOHFHB LT HE
The first and last days, and the numbr of days on which snowfall
and continuous snow cover were observed

CENCT P wE

s BEOE HIH FEH PIRRIE
2014/15 11.18 75 12.05 04.25 142
2015/16 11.27 55 12.27 03.27 92
2016/17 11.09 67 12.10 04.14 126
2017/18 11.16 71 12.12 04.06 116
2018/19 11.22 63 12.09 03.30 112
AEAE 11.21 69 12.16 04.11 117

SOEAEAIE 1981 ~2010 FED30 Ll

Table 4. ZWIDORFLIRATME, B ARIHIR, BRI K E
Total daily snowfall, the maximum snow depth and the maximum
snow-water equivalent during the winter periods

=7 (cm) (cm) (mm)
2014/15 1341 297 1144
2015/16 636 112 323
2016/17 918 191 661
2017/18 1086 239 784
2018/19 816 148 523
SEARAE 1060 214 718

MR AR KR 201 7/1 S LIETE B L 72 H D 5 B D i Kl
MOPAEAEZ 1981~20104E D304 -1l

FMFR I EiS 25 18 % 4 55,2019
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Snow pit observation (2015 winter period)
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Snow pit observation (2015 winter period, continue)
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Fig. 3. FEGWNmBIN (2015 4ELMW], D)

Snow pit observation (2015 winter period, continue)
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Fig. 3. FAHWmBi (2015 40, DO %)

Snow pit observation (2015 winter period, continue)
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Snow pit observation (2015 winter period, continue)
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Snow pit observation (2015 winter period, continue)
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Snow pit observation (2016 winter period)
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Snow pit observation (2016 winter period, continue)
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Snow pit observation (2016 winter period, continue)
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Snow pit observation (2018 winter period, continue)
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Snow pit observation (2018 winter period, continue)
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Snow pit observation (2019 winter period, continue)
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Snow pit observation (2019 winter period, continue)
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Snow pit observation (2019 winter period, continue)
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Snow pit observation (2019 winter period, continue)
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Data of meteorology and snow pit observations at Tohkamachi
Experimental Station, Forestry and Forest Products
Research Institute, Japan (IX)

(2014-15 to 2018-19, five winter periods)

Yukari TAKEUCHI "”, Takafumi KATSUSHIMA " and Yasoichi ENDO "

Abstract

Meteorological observations have been carried out at Tohkamachi Experimental Station (37 ° 08" N, 138 ° 46’ E),
Niigata Prefecture, since 1918 in order to obtain data for use in disaster prevention and studies on earth science.
Since 1939-40 winter season, snow pit observations have been carried out at about 10 days intervals. In this report,
we present data such as daily weather, air temperature, precipitation, snowfall depth, snow depth, and snow—water
equivalent, and snow pit observations during the recent five winter periods from 2014-15 to 2018-19.

Key words: snow pit observation, meteorological observation, Tokamachi
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