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A study on the multiple evaluation of heavy thinning
for production of large-diameter medium-quality logs of Cryptomeria japonica

in Tokushima

Kazumi O1suka®, Hisashi Hasegawa™, and Tadashi NopucHI™
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“Senboku-ikurin” is a local silvicultural system which was proposed more than 30 years ago in western part of Tokushima
prefecture. The noteworthy features are early selection of trees left for the future at stand age of ca. 15 years, and heavy
thinning at ca. 25 years. Its goal is early production of large-diameter logs. In this study, we tried to evaluate effects of the
heavy thinning on the growth of Cryptomeria japonica, forest ecosystem, and the profitability of thinning. The evaluation
was made by comparing characteristics of stands that experienced heavy thinning and those that were treated by normal
thinning. The results of vegetation survey showed that the heavy thinning enhanced species-diversity of woody plants.
Additionally, stem analysis and estimation of income from heavy thinning suggested that early practice of heavy thinning is
superior in tree growth fo late practice, but inferior in its profitability. We concluded that the heavy thinning of “Senboku-
ikurin” had positive effects for planted trees, forest ecosystems, and forest management. However when we try to put this
system to practical use at the present time, we should introduce some operational flexibility by making changes in the
timings of heavy thinning and final cutting , and innovate more appropriate logging systems.

Key words: production of large-diameter logs, heavy thinning, diversity index, stem analysis, relative stem curve
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Table 1. Guidelines of Senboku-ikurin method for Cryptomeria japonica plantation

T BAFR ZHF - EEHIgD
- @Y BHE BRI BN AR
W E 3,000 A</ha (FEAH) 3,000 A/ha (ELE)
BAREAT O Bri 15 SR Rtk ER
L OBORENE BB TELEAR 620 A/ha 238K METAEERBERETELKR
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LrprTommEy 2 °H e BESLE
IRERIR SR s 25 £ 50 £
B—E &7z » AR ESR 30%38 50%LL 20~30%Hii#%
LERROARGE - IR OTME bk
ATy S il - IR ERRTIC 1,400~

Efu st

1,600 #/ha FEE TIAK

EERELLTEL
- FEARE 80 LI T bk

(B2l (1987 ; 1996) % TITIERR)
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Table 2. General description of the surveyed stands

FHEX BAHHEA BAFHREB EEBEMEE C ERXK D BRAFTHE E EEMEKEF
WENE HHERAEHT (2004) M ARHT(2005) BipAzHT(2005) AT EATE©006) BARWE
GHES) A (2004) A (2006) A (2004 (2005) i ) (2006)

FRER(2007 EBE) 49 46 39 BLTB2 48 45 43
SKREEE (R /ha) 540 550 775 1,200 477 1,094
i (m) 800 900 800 900 1,100 1,000
SO & SE S SW S S NW
EEFC ) 38 30 36 40 25 26
FR R (%) 8.15 5.39 15.49 1.65 - -
M RIE 1973(15) 1971-1976(10-12) 1985 WAL Brik 1 E B+ PR TR
bRt [E354 AT H(3~4m) h AR 1986(24)
1988(30) 1973-1976(12-15) 1996 SRR
SREERA{X [E354 Baliiiled AL 64.4%
AR R 49.0% 1978(17) 1,940 &/ha
1,060 #/ha 5374 —690 #/ha
540 #</ha 1977-1982(16-21)
FIRSIC 8m 34T 5 BRHFEARD L.
8m BT H
1983(22)
SREERIEK
FERUERE 45.6%
1,360 #/ha
—740 #/ha
2004(43)
PRI
IR 25.6%
740 #F/ha

—550 A/ha
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BT ORBARE LT #ATHEX A (2004 F 126
$93& (A1~3), EAFEHKXB (2005 £ &E) &
D 34K (B-1~3), @EHEXC (2005 F&E) L0 3
A (C1~3), EMEKX D (2005 F4&H) L9 24K (D1
~2), FE Ll AzEE L. RERIERER BEb
JUBTEzHZEL, #L%03m, 13m&, 13m»5H
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3 BHREATHREARORE

Table 3. Characteristics of sample trees for stem analysis

Tree No. DBH(cm) Height(m) Crown height (m) %
A-1 38.0 21.8 10.5
A2 33.7 19.8 ) 9.6 RE M
A-3 34.3 24.2 10.5
B-1 41.3 28.0 9.3
B-2 44.8 28.2 9.0
B-3 40.7 25.1 6.8
C-1 32.9 24.4 4.2
C-2 30.5 22.3 8.9
C-3 34.6 23.6 8.0
D-1 32.2 21.4 4.8
D-2 25.8 20.8 5.5
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Table 4. Prices per cubic meter of three-meter- and four-meter-
long round wood

kAR 3m #1 4m #F
(cm) (Yen/m®)  (Yen/m?3)
~12 9,942 9,605
14~16 12,461 12,232
18~22 13,196 17,685
24~28 11,917 15,826
30~ 10,834 13,704

(ZF - ERHIZO 3 0OARMTH (ZHAM £ 5 —HERHREE
& EREBAMBRMEEG BRI S Y RZ) 02003 4EE, 2004
FEREBEEEROBRMTELHER)

5 #R
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Figure 2. Changes in annual growth of stem volume (Average of sample trees)
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Figure 5. DBH distribution in each plot
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Figure 6. Relationships between average stem volume and Stand
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Table 5. Results of vegetation survey (herbaceous layer)

BATWRE A BEBEXC
& HERTER 30 31
INT oy MO HERTER 5.2 5.1
= A aXF A/ 2 ZF(Achyranthes japonica),
R IMRHE (Achyranthes japonica) F ¥ J F{(Camellia sinensis)
ERESE 3 1
B EEDFHE S RO RRHE%) 202.8 36.0
BREE 3 2
REEE 30 6
F£6. k- BEARRBORBAENERE
Table 6. Results of vegetation survey (bush / sub-canopy layer)
BARFTWHE A EEEKEX C
M B RS 111 72
B 34 16
et ARRESE 2 /U oYX (Hydrangea paniculata) (11) Fx /% (Camellia sinensis) (28)
(EHFE0) 2 X% (Swida controversa) (11) a7 #Y (Boehmeria spicata) (13)
HF 2 ¥/ &(Lindera erythrocarpa) (9) ¥ % (Zelkova serrata) (8)
Y= 77 (Morus bombycis) (9)

BeokHE (em) 780 (7 A H T, Mallotus japonicus) 500.9 (3 X%, Swida controversa)
BRI ERZCm) 10.2 {(#F+2 ¥ %, Lindera erythrocarpa) 4.0 (2 X%, Swida controversa)
B R HIBREZE (em) 11.2 (ZF 27 X%, Lindera erythrocarpa) 7.4 (2 X%, Swida controversa)

S R (em) 315.8 114.4
FHM s E 2 (em) 4.26 1.51
T HIBRE AR (em) 4.42 1.99

®7. EEBERRORTEHR
Table7. Values of four species diversity indices
Species diversity index BAREHREK A BERKK C
Suanvon-WieNeEr DEREEE H 4.60 3.00
Prrov D—#REREE S 0.90 0.75
# Srveson FEEK 1/D 18.8 4.9
Bercer-ParkEr FEEXL d 0.099 0.389
350 350
Thinned ~1 T ]
= 300 | Plot A ¢ 300 Plot B Thinned
g rees és trees
2 950 B Unthinned & 250 & Unthinned
g trees ] trees
= 200 @ 200
I 3
= B
s 150 i 150
= 8
5 8
é 100 JEJ 100
=t =
Z 50 Z 50
0 0

10

18

26 34 42 10

DBH size class (cm)

18 26 34 42
DBH size class (cm)

7. BAEFHEABLIUBICB2BERKBOBMERS L OREROEERS A
Figure 7. Diameter size class distribution of thinned and unthinned trees at the time of heavy thinning treatment in plot A and B
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BEAROEEREIH 2 7I5RT. BRBHOEARLE
& [IBERREGEAREELS | OTIERL [REORWE
BARZERTIZETHLD, LT LS TRBEEICIE R
Twhpdofz, AHERHERE AV TER L ERERX
ABLUBOMBBHEIERIZZENLEFN 426%, 35.9% THo
oo EoHEMRIZEAKRERIX A T 1659m3/ha, #EA
EMEX B T9.5mé/ha TH o7 FEMBEILEREFTHR
X A T 124.8m%/ha, BAFHKX B T 606 m3/ha &7,
BB E D IEENENTE2% 635% Thotz. HEESH
B O dm MOKOERER LR 8IIRT. #RE
ME AT 12ecm B & 18em BRI/ O — 7 25H b,
Hem FRICE -2 OB 5B ABRE BIHTEI YK
B E T LTz, 2003-2004 4E B o VS HLAE &
Wiz B 058 LA, BAREFHRIX A T 2,565,591 H /
ha, EAFHE B T1,057,120 1 /ha & %2 b, TELRE
HEBTEUEOEFE L. HEESNFLEZ R
M (MHTOWBEMTE) TEH-E ThbbEEK
M OFHEAML, EABFHRKX A TI5459 H /m?, #EA
EFWRE B T12,360 M /m* THo 7.

350

B Plot A

Plot B

Number of 4 meter-long round wood
(/ha)

6 10 14
Diameter size class of top end (cm)

18 22 26 30

8. BAFHEK A B LU B OEEMN 4m ¥ oMK OER DA
Figure 8. Diameter size class distribution patterns of top end of
four-meter-long logs produced by heavy thinning in plot A and B

6. EE

6. 1. BAEM - RHE L UBXKEMARB L UMKRLD
3%

MR R RIREROBEE R FERIBEOLK IR DO LN
T, BHMREOEERERICS MEIRTRE 2E{LIEA
biedrorz. TEATHEIZEFHMEX XD b HK
MRRBKE WD, EARBEPMRNZOIIHTERE LT
BhSwEwHEEFEL:. 22T, HEREE
MTHoHheELbE, —KIIE, BRALLKEZH
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BT s eI MR OBESIREEBAML, I
NCwiBELZEESYE, FRODNEHEOBEMEZRT
ZtlE3NTwE, L LEKRER  BEMLETFEEZC
LTI, BEKRKIFIEACPESRKRTHY), S510H
ICBREI IR TwAEZ Ehs, MEM2SFhEE
BEEZHHENTE LT, —ROLERTOBEME
HEVHFTELRVWEEZONS, BAEH - BHH4E
TERICE— TS s BRI RE L, BEA—FR—
ROMELZBRARETH Y, MOBHEORRETIEEL
HAMBORKLTH S, FHIR (1981) 1 BEEMEL [
XY BEERIGELLARRSCEETAIE] &
#LTBY, BEMEEZSWNT 210H 725 TG DOFE
YEZICHETAREOATREIA T THL I 2L
TW5, BAFHK - BEHAETEED XS 58Kz h
L LBEREOSS, BMESROFEIEHLLT
INERDPBRENE Z LI X o THGOEHERIFHT
KEL GBI EDS, BIIIORMEZELRTEL
BRVWTHA). LXoT, RFROKEESLOBAFHREK
OFVHBR LD SEHWEEEIAKE Y, HEWVIEE
RENZARATR Y, &) 22 TR R ZHT 5 DR
+45TH L.

FIT, WBEEZEOKEVL O SIEICREROARK
ERELTVWE, EREARXSHERIGEVERINSE
MOBBAKZ BRERROEREAABTEH-2b 0
DESEE [HEERE] LEHL, BAEHKOLLW
Thb [REREE] PEOBEERINOPIZDON
TEEETRAAL. Bl WEEZR (cm), #HiZZ0
MEEEL)IRECHKADO had/z ) ORERE (K
/ha) 2 o275 7%FIRT. BAEKE B &
BEX D Tid, WEEZE233.0cm D& 2 5 TEKREFHK
K B 29422 A& /ha ok L, #EEEX D 13425 & /ha &
%, KX DL EAFRE B 0 EEE
X D233 2 AR S0 BEE R 1 94.2% & 72 o 72,
—%, BABTHREXE L BFHEXF T, WEEED
284cm D& T ATEAREWRX E 27437 & /ha Ik L
WHMEE FI24604 /ha & 72 ), BEBEEF 5%
L% BAEMAXEOBEEER FICHT 5 HAERE
HOBEEREIZII% & ol DLoERIS, #
AEMH - BHAEFBEROERIC L > TERFARDOH 9 &l
R EREEREEEEEL D DK RS, Thbh,
ENBTELOREMPERETEAI EIRINT.

BREMRBEOREEDY XA 7I2202WTIE, EAEHK
A B X U B OFEFEAR DR A5 B 4% 5 5l 4 ¢ 70
MHTHY, BARMWICREZELLBETH -2 &%
P SN, HEERE TR DK E BB LR
FRERIFIRP T AL E, MARAEOEZAEVIRL
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Figure 9. Relationship between DBH and accumulated number of trees which are larger than the DBH

B LEPEOBREREEOREVAIZEDDHD
A, F7z, MARPEICE o TRELIEShAZEICE S
TAEESEOMERTHREDOEELE LSO EIZDON
TiE, SEFMERESLETHS.

6. 2. BAEM - B EURIKRE TEBEEDRE

HABCIHENC, Kk BEEKECEE -HLbIC,
BARABEHRX A OF P EEBEEK CIZRTHRAEN S
THhotz #BS (2002) 1+ F=y ATHICBWT,
Hor—ERENLEOBEEBIRoTd, HEIERD
TRHEAOZHBEICKREREVERONARPo/ELT
Wbk, KRR CTEABOBLHEICRERM TEL L
ol l, BREMREK CTEAREOKRRNZ S FDOOHN
Tl hREZEDESLE, BUEREITRVLZ & AMEK -
EEARBOEMEEELED DI TR, TRHEED
AETELNREFRIBEREL, B2 ANANHEEL
DFEIMED 5722 I X o TERDHES, Kk B
KEOBEHEN G T oL HEH IS, T2bb, &
K- HERABOBLHEORE 3, TREHEAEIERNIC
HMEREINTETHBOEIZREBLTEY, FoMIiICiX
%A% ) &b TRMAN LRI O AR ES
BELTERDIDEEZONLI NS, KKk BEK
BOBLREEIIATHROBOARWEEOFHRIHOR
FEELTERTHSL EHEEINL. LHL, TEHEAED
BRER & REIEBREO KRN L ORI OV T EMRHA
DEHL VT2, RN LREAENLETH 5.

6. 3. BEAREH - RHL LB EMERE
0FETHEMEE B 2o LBAEREX A DFDS,

WAELETHEREEZBI 2o ERAEHREB L L
B OFE LN ML EE» o . T, BAFHREK
ADHHFHAMOMEOY — 7555 18 ~ 22 FH DM
B EELEATO D EEZLND. dm M OEF]
BAMBEICED BRI 18 ~ 22 B 5D 5 EEIRAT
X AT57.9% BERKEHMEKBT23% Thol T
Zens, BMEMROREELED D20, FEM
PERCHRETELERI LI THRETLORF ST
ERTHIEWENTHA . L LIS HERM199%4)
IS FEAD AN T ATHICBI 5 MERERBROZ
BOBPT, BEMRICELVEROKRE2BR~NLIIZ
COMBREZRSTH0RPEHECEL OD, 20
RSAHEEE I\ CHN D OB E R R 2 BRI S
NBEASH, LlBRTwW5D, FBA (20000 1, 32
FEEOMBEBNS T~y NTHCTHEBEE 45% DR
BEREEBI R o7:%, WEMKEZHEVELLHALE
KRB ENES L LV 2o BRI TH
D, ThooHREFTRERROERFNLESY S LH
BANEDFG T AR D H B Z & ZRBLT WS, AHF
FOBBBITO/RTD, BRFKREKX A, B IILEEC
BIZIZASOREZRLTWY, BRAEKEX B T 22
SEARRCREE AT EM S TR 4 ICHR ORI
ENAEL, BAREREX A T30 ELBRICRERKIER
ENTRLLZFDOEEHEE S Lh ot LihiaoT,
FERRBARORERZ XV ERT L5, KBERORLE
EEAERTEPICL- T, WEMKROEBRFYE L R
HTRETHB.
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