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Initial evaluation of tree growth and silvicultural costs in low-density
plantations of hybrid larch (Larix gmelinii var. japonica x L. kaempferi)
established by seedlings and rooted-cuttings.

Kazuhito Kita, Kazuko UcHivama, Yasuhiro IcHIMURA, and Makoto KurROMARU
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IREBORAD LR )Y VY - REORELI L b &
W) RMPEREN TV D, ZO7DEERFIC L1 Fi7z
WCBEE R DML FNHIZET LI A MIOWTHLRIC
L, (REERERI S L 2R ML T 5 LD D 5o
Al TR SE R Y & RAR R ERY TlE, 7 A ~ Y R,
DOFIFEOMBET T A~ VR, OB T, i, SoEEk
MOBEPENT-RKRE B, CORR[POMWFEZEET D
PRARE % 19944F L 19964E 1238 L7z Lo L, F 7228 h% 1
L, EEMKCTEITFEEZH - ITHETEEAMHETS VIR
Zd %720 (RIS 2003), MRRSE BRI 233 v L LR 1 175
FALE & LSS L7e [ & LARIMIREA | % RO AR A 5
AR L, S LATARICEYVERRRAOEN % X5 T
bo TOHEIZEY 1 ROFEAAREY 7RO S LAREAICH
RFTZEDNTELNEDRD LD, — AN S LKA, %

AHARIZIEARTHIR DD 7 SRR DT IOV H 5 2 &,

BT B o T CE LW L HEE L TR
HMIhTni,

FoALMEE BT S S LAT & HvziEikis, diitho
v/ X7 AFTUOHEME R TITFET, BIEHERmNIC 8
LARH Ak L 72WfseEprdb b 0ATH L (BRI - R
2003) s = D7z OMERRE 1L S UARTIAR Z R L 7258k
Bl fEHTHI ENCRERRED D Do

DEDZ Lt 74 < v MfEE, & LA X 2%
MHREMR DL M E T 5 & & B2, B EERR 2
MY DI EEHEMNE L T20024E 5 5 20044E 12 AT T, AREE
MR SRR & 31 L 720 AR E, 1) S LARIA L SEAEA
DN BT B E%, RO IED S & LA A

DEEWEERGEES 5 2 &, 2) REZARTLEL SN DY
W ORESE & T NIZE ST 2 a A P 2WLPICTHIEEZHB
EY %o
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EIEMDOBIE

200242 5 20044E 122205 C, ERIAT, SRR, fiomy, 52
WEmT, SRR (BRI OEARNIC T A <Y HEFEF K5
FERHAR FEREAR & e L7z (R — 1) 5 2eAric 3k L 72 sl
FHE, FEEEARIE S LRI L EAET A 2 f3EHT, #he
NOWAROHFFE %6257, ha, 10004%, ha, 13334, ha?®d
SEMEL(FR-1). ZNENOWEOREKIL2 T, —
DOFEITMITEFN2O 7Ty b hBhkoTWh, HEEAD
WA, 625K halX A% 4 mx 4 m, 10004~ ha’s 4 m X 2.5m,
13334, ha* 3mX25mTh %o 7272 L, HAFEAM CTlEEE
AR & SEATIC A mIERRE CRIA D Midfi 2 21T 5 72720, T
OFEXTHIMZ 4mE L, WlZHZL5Z & THIEE S
FARE 72 (6254 halX: 4 mx 4 m, 10004, halX: 4 m X 2.5m,
13334 /halX : 4m*19m).

FERIEREA (REERTHE D D &y — 101 IE41-43/)
) (F424FE 7 5~y BB OB LI 20024E 5 H 1235
L7zo 170y P72 0 OWFEIL0.4ha, FEFEAREKOHERE L
48haTHh 5 (K- 1), HIARZMZRLT T 2HMIEHEDOH
WEZZATY O ) IEL5m) C, fEFkBEO TA DL 1 KEH
AEAY | 2R E DAY (A D IEL5m) T, M4 4F =
THEM L2 (E - 2)o FM D THERMEARIS 125k - 72
LA (BEE) KXY Ih N, I XFTEQIEEROR
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£—1 REHOBE
FEEEAR  EfE(ha)  ERAE RHEEA RK Tl B (A/ha)
el 4.80 2002 BLA  HEM 625, 1000, 1333
Fk HEM 625, 1000, 1333
SHERX A} e "
TR F2rk HEM 1900
4531 3.60 2003 LA HEM 625, 1000, 1333
F2E BEREFESR 625, 1000, 1333
22K 2.19 2004 SLAR BEZESR 625 1000, 1333
FiE ERFESR 625, 1000, 1333
e 2.40 2004 LA EEZEAR 625 1000, 1333
g2k EBRFESR 625, 1000, 1333
S 2.40 2004 XLA  ERZFESR 625 1000, 1333
g2k ERFESR 625, 1000, 1333
RER X HE e
e F2H: HEM 1750
DM EIMRORIRX T, RBEOHRERGE L, BEEEERLHEL W
R\,
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A 2 TOA ) A A oA (EYNIN 1) 59
el 1 A 1~44EH - &A1) 2 [0 1~44EH - sl 1 1m -
5 4EH - Zefi 2\
2 A D 1 ~44EH - fHAY 20 ” 2RBHDA - 64EH
FIRIX ALY ” P _
il 1 TIvvahvy— 1 FH &A1 1~54EH - #b k1 H -
oA 2~ 44EH - &MY 28]
5 4EH - 4AIY 1A
2 TN R—F—4HL 1 FEH - A 10 1~44EH - #l1[[ -
23FH - XY 2
4 4FH - E&X0 1H
Hi= L2 fAlD 1~34EH - HAY 1 1 ~46EH - i1 H 64EH
S 1,2 TUR—H—&fL 1344H - @AY 1 L24EH - # k10 -
2 FH - NY 2MH 3 4EH -z 2m
4 4EH -zl m
B L2 IR X)) 1~44FH - 2Xh 1k 1~54EH - 221 0 -

A, 2RSS OB FEERHL RN, 6FEARICR
TR otptor FEE L 720 REHIEC (3 5 AE £ THERML 72,
TRISEREA (ENAEEARD < ) & > & — 3LIARTEZT/INIE)
X75E b By BB O BB 12 20034F 5 T IZiER L 72,
1770y M7 0 OMiFE120.3ha, FZAEAREAOTHFF133.6haT
HoH(FE-1) BWEZZ1IRKEILRTI v a2y ¥ —
TRH-100 (#+ %, F=Z - < 7%k), 2REHD 7N F—
P—ZI V7o (F-2)s 79 v aH v ¥ — TRH-100
X, 78—=5% A4 FTOWMEY 3 NVIZEF SN, FHRomH

PRI L 5 & & TG R i L i 2 2479 . 2 FUEH
DO THEBREDL TV F=F=DBADLIENTE R Do
7o 2AHE, BTSN WERIC L 232 2L 720 7
T v ad vy — il Z DI AIRERAELE QBT 1
FAEH O TR (&A1) AT 1 FEEL 54ERT, 2)EH
14 AEIAT o 700 AEAECT S FART 1 SR H 255 41, 2]
HEH» 4 F AT 72

A SERERR (JEIRFE D < D & v & — 119MIE60/NE) 137k
T ¥, NV L EOIRTERD LIE E TR A L 727044 b



LR I ZE i Nod7

N~ RO BR# 1220044 5 BIZER L7z 1 70y by
720 OFIEIFE120.18ha, FEAEMREAKROEFEIE2.190aTH %
(F- 1), MWIF 2B L OHHKEO FAI Y (ZA Y 1FL5m, BE
IH2.5mO AN Y C, TR Y I3k 3 4E F CHEIEL 72 (F - 2).
BEWICY I o NFEORIEBOBRAITL {, 485,
KOWEZWGTF D & FEENTZDT 6 FFERIRALITER O
Ak 2 M L 720 ARG 1 5 4R A & B S Ak 6 4F £ T
WL 720

FPRFREA (FEREHE DO Y & v & — 9ARIF41-43/NFE)
WE31EE A T = BEHR OB AR 2 20044E 5 28K L 72,
170y b7 0 OEFEIZ0.2ha, FEAR RO HFEIX2.4ha T
BHH(FE~-1), IEAIETVF—F— 12k L Th b
(F—-2)o WERBEOTAYIZENY) T, Hilh44EF THEMBL
720 REHIAT (IS 4 5 F CTHEML 720

BHEREMR (TBHED 0 & v & — 2490 IE3/NIE) 1246
A T~y BB OSBRI IZ20044F 5 AIZiE L7 1
70y b7 0 OHiFEIZ0.2ha, FEAEAR RO HFE1£2.4ha T DH
5 (E—-1)e F72, FFHROBEFIZTHEHEOCD Y 7 =
W TWLERELT50R/MaT 7 A ~ Y MR, FZAE AR %
gL TBY, 222X ELTHREL, HiFZBLIT
RO T A Y IEEA Y T, FANZARHES 4 4 F THEE L 72 (%
- 2)o BEHIBCAT IAREG 5 4 F CTEML 720
REFR L 72 R1E, @SSR & LR, 24, LRl o
S LA, IR B X D FEAE TR DS — Bk IS A &
NTWD 7 A <V HEF, & URH (LUT, THER] Ev))
T(EE-1), REEAREEEDSEN L. TN OEARIL,
T ARG O P 35 (A — 83— F, O8H) F7013h
A5 (7)) =T —FTON) 2R E T AT, db
MBI ARSE B O (SEIHT) CHB L7z, fiFk L7z
AKOREEZHR S LAREEELT G AE, SLAPKEL
BREREFEH T AT E BRERDPKRE o7 (-
3o
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R BORFERMAIX, 1, 2, 3, SELEORENKT L
FRICHERE L7z S50, B, HCIEREMR TIE R % i R
il L7z @, ERIEREMCIE, &7 0y OS50
HEZ N RITBEOSARTEL FEM L7, 1 EAFRORAT
IR OWAROB R b &b TR Lz, F72, MIEERT
HHEE T E LHIEARICOWTIIMICE R Z L8k L, 547,
ik T|d MR FOMO 5 XG5 TR L oo [
Wi, A RXI0EE, YHI0RE - AZTH, vHFoORE
MEEN T D, HMFLERPIARHOMMEIL [Zofh] 1254
U720 MRRKEAENC X 2 BT R %L, 24RO RIIFEE T B
BHARIEEHEEZRET 22 D8 <, SNsOMIBMEEE,
[Zofh] 12&o72,

E - REREIL, HO) vy y = EIARO SR, #
B x2AT ) 472 o THEIERONR S S g\ CFE L7255
BHEEBRL W, BAELER - REREOHE L, Hhif
AR, WA, MR, TAL R, REAIEEED
520CTh b, LHFETHROMIEZ o7 T Ty ahv s
— IR SN TV AT, EEMRICRERILA 2
Wi, 7T v ah vy — i 2RI TOV K= — i
AOWEZ MW7z, $7z, EHVEIATIE, BET /N RICHE
FA 190074 /ha CRIFEHNC AR L 72 7 A ~ 7 MEFHF Ak % &)
WX e LTREZHL LA (FE-1, 2),

HEEtEER

5 AR IOV CASEIEM R R & L7223 &8
DI X RIZ L1208 24T > 720 HIE TIE, FERE,
SRR, BIAR, B, FEAEA & RO ZCHAE, FEGE
MEBEDICHAEM, WAREEEOZEHAEN, HEibk, Bk
HEOLHEREZER & Uiz EEEMAEE LR, €
OMOER Z B E LT L7z, 3RETIE, KHE, mA,
W, WAREEEOLHEMN, #HEKNEL, Kz LR <
DORBDZEN = B & L7z,

£—3 HEHULABAAOFHEERCEERE

HEE  WAROHE Ak fiti £ 5 ST R + BEER 2= (cm)
2002 LA HEH el 60.2+13.1
FEA HEM el 514+11.2
2003 XLA HEM +-531 63.4+154
FEA BERESR L5 754+14.3
2004 SLAK BERRA FHAC, e, B 89.6+21.4
g2k BRESR Wi, B, L 744+18.0
HIEH B PR X) 456% 6.0
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R—4 2FRAMEXRE L 5FEBS OB TRER

N HHE  F9F) Ffl fllER
FEREAR 4 3086411 54 0.046
FERERRA S 5 569363 634 <0.001
EES 1 281302 313 <0.001
AR 2 169843 189 <0.001
FEREAR X AR 4 132987 14.8 <0.001
FEREAR X HlAE 7 8 215665 240 <0.001
B X R 2 46066 51 0.006
SERERR X B X R 8 54257 6.0 <0.001
R 8527 8978
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tx £z £z £z CZ ow E% FE tf EE tf t% ow
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TAIY XY TAIYEHAIY EEPPERE TILR—F iR

XK—2 FEIEMEBISRLAELK -  REJIES
HO, HI, H2, H3, Hb I IZFN-EIVEFRE, 14F4E, 2484, 3MEE, SFEOBELRT,
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x—5 HEXFMOS5FEBSOTHIMRER

e B M HE T Ff# faks
B R 1 105945 96 0.002
A 1 102147 92 0.002
Tl 2 199188 180 <0.001
FREAR X HA 2 16084 15 0.234
AR 1745 11077
ER K 1 3734 03 0.594
WA 1 2032 0.2 0.694
A 2 191617 146 <0.001
FERERR X HA 2 32070 24 0.087
e 1637 13127
HAE S R 1 272 00 0.867
HiAR 1 295404 30.7 <0.001
THAR 7 B 2 153930 16.0 <0.001
FEREAR X AR 2 139384 145 <0001
AR 1440 9611
e [ ) 1 72166 110 <0.001
A 1 266156 406 <0.001
Tl 2 475266 724 <0.001
FRER X HA 2 57763 88 <0001
AR 1880 6561
TR KAE 1 2664699 508.6 <0.001
HA 1 90671 173 <0.001
A 2 15302 29 0.054
FERERR X HA 2 2572 05 0612
R 1825 5239
L 72,

NI R G 3R & b RO SR L 34F
H~ 5 EAD 2 FEHOWTERDOFHEAM AT o720 71w b
TEOEFREMCT, FEiEK, R, BWE, SR E ER
DEEHAE, S & BEOHAEM, AR & BEDOIHNE
M. FEREM, IR, BWEOZHENZZR & 2 080 2
Fi L 72o FEATICIEACETALE X 7 — U SAS (ver9.1) % L H
L7zo F72AAERE, MIEROT— 7 1%, EBMEEZROOI1Z
MR GEA A AT BT & FERG L 720

B/ R

EAREEFZEENOBSHK R

5 AFRAM i 2 0 A L7293 BT Iic & B & BERAR R 120
FEEEMRM  (F=5.4 ,p=0.046), HWiARM (& LAvs F24:, F=31.3,
p<0.001), HEAREHER (F=18.9, p<0.001) |24 T 455\ 75 -
72(F—4), Z I TUFICIHRFMREIZ AR - Al R

A SRR O 5 AF R i IR ER IR D12 ) R E <
(ANOVA; F=18.0, p<0.001), & LAK2%6254/halX, 10004/ha
X, 1333%&/halX T % it Z 1, 405+11lem, 389+118cm,
361+ 116cm, FEAEA%62574/halX, 10004/halX, 13334/halX T
ZFNEN, 390+128cm, 364 +86cm, 355*92emTH - 72 (&
=5 M-2), A—FEX TGS, FAELIDHS LA
WK EMo72 (ANOVA; F=9.2, p=0.002)

FEMRFEIARD 5 FABE L, I S 3R % ) 6254
/halX T/ & < (ANOVA; F=14.6, p<0.001), & LAA6254/ha
X, 10004/halX, 13334/halX TZN 27, 370+115 cm, 423
+120cm, 416 = 130cm, FEAEH6254/halX, 10004/halX, 1333
AmaX TZNZFN, 382+116cm, 403+103cm, 417 +100cm
Thotz (-5 H-2). SLALFEAED 5 FAEBEICE
Wi A o7z (ANOVA; F=0.2, p=0.694) o
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-3 KAMBHLULREMNE FHU LERNEFEOHS

IHILRAR O 5 4R MR A T o B 7 i VW DSERD
57278 (ANOVA; F=16.0, p<0.001), HHKFEEDL A2 X
% —EOMEIIE 7 <, & LAA6254/halX, 10004 /halX, 1333
A/halX TZILEN, 349+9]1 cm, 371+108 cm, 373*97 cmo
FEHEAY6254/halX, 10004/halX, 13334/halX TZ L€, 336
+11lem, 297 =85cm, 358 +95ecmTdh -7z (F -5, K- 2),
F R EEX TS E, EAELD LS LAFRE 2o
72 (ANOVA; F=30.7, p<0.001) o xR X IZHHEFk L 72 F3E 5
AEHARD 5 AEAER 13206+ 82emTH V), ERFADIE) A
KEhpoiz,

HEREAR D b EABTEIE, M (BE) LHARICX
BEVDRRD 572D (Z1LFIANOVA; F=11.0, p< 0.001,
ANOVA; F=40.6, p<0.001), TAI ) 2S&R ) O, S LAE
FENZNZENA07 £72cm, 383+80cm, MR Y OE, &L
AREEENPZFNFN408+82cm, 375=96em T, fisEHEX D
DUAKRICE DENDOFNREN -7 (Fe-5 K-2), /2
SAEABMBICIIMEBEEICLLZEVEED L LA

(ANOVA; F=72.4, p<0.001), fl3#IED LT L 5 —E DM
fE 720> 720

LRI 5 EAR L, RSk (BUE) (ANOVA; F=
508.6, p< 0.001) X HiK (ANOVA; F=17.3, p<0.001) |2 & % &
WD B, 7T v ah v ¥ =Wz BT 2O S
LA & S2EAZF N2 N244+ T5em, 260+ 73cm, 7 )b F—4F—
WA 2 24T o 72T O & LR & FEA D Z N2 1323+69cm,
336+ 73emT, HIFR HETRERENHH -7 (F-5,
= 2)o SAAMEIIIMREEICLIAEEREVT D5
72 (ANOVA; F=2.92, p=0.054) o

B, SLARTLIELITHESE SN AEMEEZR L2,
FTRTCOFEFMM TG SN Do 72,

EFEOHRE EHEER

EHEFEM A IR & L 72RO G AT R T, 34
AT R R E V0 7 5 o 7225 (ANOVA; F=0.73 ,
p=0.491), HIARMIZE VA H ) (ANOVA; F=12.03, p=0.002),
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xK—6 L2FEAMENREL L IFEEFROIRHMIER

DA HbE PP h Ffiti [
FEREAR 4 0.0900 19.77 <0001
HIAR 1 0.0547 1203 0.002
Tl 8% B 2 0.0033 073 0491
FEREAR X B 4 0.0091 2.00 0.119
FEREAR X R FE AT 8 0.0132 291 0.016
AR X AR B B 2 0.0015 0.33 0.720
FEREAR X B AR X R R 8 0.0057 1.24 0.309
A 30 0.0046
R—7 EEAMEHREL -5 FEEFEROSEHS R
DA HlE P s Ffi RS
FERERR 4 0.0903 7.35 <0001
AR 1 0.0702 5.72 0.024
THFR R HE 2 0.0189 1.54 0.231
FEREAR X AR 4 0.0204 1.66 0.187
FEREAR X FE AR B 8 0.0065 053 0.823
B X R AR B 2 0.0089 0.73 0492
FEREAR X A X R 8 0.0064 052 0.830
A 29 0.0123
K—8 ABFIAMEWNREL T 3FE~ 5 FEOREERDOIHIMTER

DA HHEE  FIEEs Ffi RS
FERERR 4 0.0525 527 0.003
AR 1 0.0190 191 0.178
TR B 2 0.0149 1.49 0.242
FEREAR X B 4 00113 1.14 0.358
FERFAR X FEFE A 8 0.0046 047 0.870
B X R AR B 2 0.0065 0.65 0529
FEREAR X A X REAR R 8 0.0072 073 0668
Eo.o) 29 0.0100

(F—6), WARPFEFEIL, S LAS0.86, FEA20.89T
Hotz(M—3)o 5EAEFRD M CRRBEREMIEVE
%705 7275 (ANOVA; F=1.54 , p=0.231), HARMIZEVHH Y
(ANOVA; F=5.72, p=0.024), (£—7), HARBIFIEAAEERIT,
ELAD071, FEENODBTH-o720 LL, 3EENS 5E
HEO2FEMOMBEIZIIHABICENIRD S NT
(ANOVA; F=1.91, p=0.178) (F:—8 ), HJHFAFM & H I FEE
MOFEL 1 TIEE LR L) FEADELFZRDMEAD 5 72,
T35 AT SR O A TR 72 2 HE I F2REA & 151925
T, MSETEICL S S FEAEAEFEROE AL L, FRIE
REARCIEHESE 1S & 2 BB 22 1A 1d 2 <, FAID 254A1 )
DO, ELARD0.76, EA230.70, TR ASFHAM Y D4
S LARAD0.75, FEAH0.76TH-72 (K—3). —J, EHIE

ARV 5 ARG, TV =208 LR EFE
MENZFN086L089TH 72D LTTIv oy
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Summary

In Hokkaido, northern Japan, more and more artificial stands of
Japanese larch (Larix kaempferi) have been logged lately, because
of their maturation and increasing demand for domestic timber
due to the recent decrease of imported logs. Reforestation of these
stands, however, tends to be delayed, since the relatively high
costs for silviculture, such as planting, weeding and thinning,
often discourage private land owners from regenerating the stands.
To promote the reforestation and maintain the resource of this tree
species in the region, silvicultural costs are expected to be lowered.

The F, hybrid of Kuril larch (L. gmelinii vat japonica) and
Japanese larch exhibits various superior traits, i.e. rapid growth
and high survival rate at the juvenile stage and straight stems.
These traits are all desirable for low-density plantation which
could contribute to the potential reduction in silvicultural costs of
the species. Furthermore, as the rooted-cutting method has been
established for propagation of the selected families of the F:
hybrid with high wood quality, future production of high quality
timber are also expected.

To evaluate the growth performances of the F, hybrid planted
at lower density and assess the costs of this new silvicultural
system, we set up five experimental stands in the various regions

of Hokkaido during the years between 2002 and 2004. Planting
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densities were 625, 1000 and 1333 trees/ha and two kinds of
planting stock, i.e. seedlings and rooted-cuttings, were used.

At the age of 5 -year-old, trees originated from rooted-cuttings
were taller than those from seedlings. Mean survival rates at this
stage were 4 % lower in the rooted-cuttings than seedlings.
Silvicultural costs for the initial six years, i.e. costs for site
preparation, purchase of seedlings/rooted-cuttings, planting,
weeding and application of rodenticide, were reduced by 30-40 %
in the stands with lower planting density (<1000 trees/ha) as
compared with those with regular density (1900 trees/ha).
Although the partial weeding by the striped-way allowed some
broad-leaved trees to invade into the non-weeded areas, the cost
for eliminating these trees were quite low and, consequently, the

striped weeding contributed to reduce the total silvicultural cost in

the initial stage of stand establishment.

Key words
hybrid larch, rooted cutting, lower planting density, height

growth, silvicultural cost



