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Fagus crenata tree in Shirakami Mountains, Aomori Prefecture.

B RHROT T

Fagus crenata forest in Minami-Aizu district, Fukushima Prefecture.
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Noise measurement in the wooden house constructed in the FFPRI.
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Prediction of pollen reduction using selected less pollen variety of
Sugi (Cryptomeria japonica) propagated by clonal cuttings and
open pollinated progenies from clonal seed orchards

Satoshi TAMAKIY and Susumu KURINOBU?

Abstract

To evaluate the effect of selection for less pollen Sugi (Cryptomeria japonica) for alleviating the
social problem of pollinosis, reduction in pollen productivity was predicted in two ways; direct selection
assuming a vegetative propagation of the selected clone and indirect selection assuming seedling
production from an orchard of the selection. Abundance of male flowering was evaluated individually
with a subjective five grade scores from 1 to 5 and then the plot means were calculated for the subsequent
analysis. The measurement was done at 3 clone banks, 22 clonal tests and 5 open pollinated progeny tests
in the Kansai Breeding Region. This region was divided into three sub-regions, thus the data analysis
was done by each sub-region. Repeatability of clonal mean ranged from 0.47 to 0.64, and family mean
heritability were 0.43 to 0.82. Parent-offspring correlation was 0.41. These results suggest that the male
flowering ability of Sugi was under the strong genetic control. Genetic gain by direct selection of less
pollen clone was 0.34-0.46 on the five grade scoring scale, and the gain by indirect selection was 0.14-0.16.
Then the gains were converted to the male flower weight by the published quadratic regression equation.
The use of clonal cuttings of less pollen Sugi would reduce pollen production around 2.3-5.2% to those of
unselected Sugi, whereas the use of progeny of the selection would reduce around 45.4-47.7%.

Key words : male flowering ability, indirect selection, genetic gain, pollinosis, heritability

w5

e DD N AF iz FIH U AEWHER RO R ZMGEET B e R DDR N AF iz &
LARHED /70— TENTZ2HEBRIUOCEREHTERT S a2E L., wi&HlEra— 2y OEE
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1. 1ZC®»IC

ZFIEMIED IR Z X, KR & L TmEmicd %
T, RECHARNZEREZHIENTEST, €
P& Ozl 5 ENRBIERTMRE TS T
%o ZEIER OREURE & AEMHE DSEIR DO E & D EH
B OMRITEAFAEDORERN S L ARKIEOHE &
LTHMEETNTHED (Ozasa et.al 2002) . AFhH 5
RETZAFEMERD IR S T L3, HE2NTED
BEEL RS> TWVS, THICHT BMAERDEH TOH
DAL LT, 1) MESERD D THEWw T {ER
DY NAFEE ] (LR, DEMAF LT ) DFE
e 2) MEMEARRAFZFIH U 72 BRAERE O & (558 -
- 2005, Ak 2009) . 3) fEMHOT LIV VEA R
DEEDOWPE (BFEDS 1999) T ENED SN TV 5,
TD5bB, 2) DEMARAFIZONTIE., TEREEL
HE Rz, FMEREMIERRTH 5, TD—J
T, WEEZEERRMEEKIDODITOILIEREINTES
TEERMDPEONTVWE L, BXUTZTNLDKRE
KD ARG A, ROk & D N TR RS R = Al
W 2B NHEHeh 5, BT REICHTZ
AT B EENIEE S TVEY, 1) IKDVTiE, Th
FCICEET 131 MENMEKEENTED (MKREHL
Y &Z—2010) , TCICHEEENMEE > TWVS (HH
2007) o DIEMAF IR EB O 5RIKE N0
IR EEE R EDOMENREENHSENTH D, HE
Ffbicmi BRELEv, 20—5T. DIEMAF
BIEEDBE LRI DEVE OO ARAF L IFHk
. HELDIEHETEMZHT  EME, BIERED
HEMENEOWC ENEETH S, Tabb, DIEMA
FIT K BIEWEXS RN R ZHEE T 2 2D, — W
EEMNEE L IS, EERFHmEICH - 2 @Amic X o
REBD B2 BIn i BRSO BICEI L, B
BORKEETZHET 20BN H %,

TNE TICAFIBEB OMIEATEE OB TR
ZWMEL LT, 7a—VHICEREENH B T LI BE
CHETNTVS (FIZEHEES 1993, FH5 1996)
o FTc. AEEXMOLEIIEZHSE DD, FEFENX
Eoon—YEDRAEFEFRIEEERETEEWD (HEHS
1993, & - FEML 2006) . HETH > TEHF DK
E 7 a— Y EOSEBED & R T/hE T &G
ENTVDE (FHDS 1996) o 5T, JRFEDBEEHED
#E (FHD 1996) RBEMICE W TEERD DTN
R D LA 72 YIWNEK U 72156 O AR 1S5 2 O HE
ENEEINTWVS (EFEDS 2001) , T 5D,
HEEBE BN RN REVEETH Y, M
ICKXZUEDHEETHA T &R LD, DEMAF
FRIFHR LG EICEDREOUBMEND B ic DOV
T, AL TE3EMEEZICEE>TVERY, ik,
CTNETORAFR T OMEESEMICET 098 7
O—2VaEWNRELIELEDOMEEAETH DN, HED

TROBICIE 70— THbELAETE AL, aX
METENFHELZRINT 2 L ESIND, D
X0, DIEMAFERETHRL GG OEEHEERE
IKDOWTE T 2R0END S,

T TAWIZETIE., BEVEEMEAR AN THEM L 72 X
FREE /70— BRUOREOHERRHET — 22 H
W, EEGURMZ RS U@ X 2 8m/85 A —
REHE Lz, B, BEBREZHE L. MEH
AFZra—YTEN LG ERETEHE M LSS
DENFNICDWT, HAEEERDORAZ R 2 THl L
Teo DIEMAF OBILOBRICH W KH DO T — 21
YR 70— Y OBEMEAEICEIZEDTH S, LIh
ST, 7a—rTEKLIEGEOEERRIE, 70
—VDEERET —EZPERDIEIIRT A= EHNT
EEBEKICKOTRHTE S, —/. FETEKRT 25
BICDWTIE, WIERBHC X % B ki DENENEE
MICEELTWR L PRHENZDOT, R 7o—>
EZFDOBROKFERREDOB TFHEZHEBIL, 71
— > (X) OFEEHEAE (Y) IS U B K7 FH BE R
(Correlated Response : Falconer and Mackay 1996) &
Hix UicllBaEic K 2 8nEgRa2ilE Lk,

2. MRLE Jiik
1. MR EETEREDSE

HEAEFEIEMEFI A . 1994 £ 5 2006 i h 1T TR
FEMSG., LREGEAER B X CHEREGEERER O 3
OB EM 7R (7 a— 8T ) THML &
(Table 1) » F7z. TNETICHBFOEFLHEICKD
FEiE S N T AFRE SR O HEIES B ERE R NRE
NTVaZ s (KRBT 2002) . ZOHOBEERE
HARNTHES NI T — X ERATICHE Lz, 2TOTF
— 2k, T UARBEM 22 EAr, FAEMEMK S Eric
BT, 1996 FEH 5 2001 FICHHE LR TH 5.
A DORRENE. BHEMOAFE IR IE O B FIR R
HTHO., MEME 3 KEOEBETH > T2,

FHEMA L LT, MERTIRERENZKEZ R LT
k7% 5 ik, BEEEMREFRTIE, &#70y P05
3k DOFEE L, Bl Z B 5o, HEAIE
PEDFHM . MEF T (1994) @ THEAEEEMEICBI 9 %
A HEMEE ) ICHECTE Ao, TOFMTET
3. BRI EDBHEAEICDVT, BIELEREOEE L
K&z DMEORZIRMTREEL., TNEZHRA
THEZ LI 1 ~5D5EBEDOFMiZH %5 £DT
H2, FHEMEO 1 FHEDOBEERMFT LA LRV &
BHRELU, SIEDL IS > TEfE DS LR B & U5
LENEDZVC EEET,

DI AF ORBOYE K Z S & ICHHAEZ 3 il
BIcX U, kT &ic 7 — 2 2N LTz, SHEE
ZNEN, HARWBFIIBEMX & HARWE AR E X
ZE U HARME I, ERERX LA NS X

MG AT ZEmS 55 11 % 4 5, 2012
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propagated by clonal cuttings and open pollinated progenies from clonal seed orchards

Table 1 HEAEASIETEFIA 72 S U 7o A A th O 2
Table 1 Description of the sites used in testing of male flowering characteristic.
s A FREAE At HEhEpRE IR el i
Region Site Established year Experlmental Propagation Number of Location Altitude
Design Strain (m)
A LB AR 1963-1964 RP C 303 FSHUR A G 400
Japan Sea coast [P 1969 RBD C 10 ) IR EG T 225
P 3 1970 RBD C 10 A BRI T 300
Pifa 3 1970 RBD C 18 UL T 90
PHfE 6 1972 RBD C 19 FE IR RE 110
PEEEAT 3 1977 RBD C 21 W IR 2 T 640
PHIT 13 1973 RBD C 10 SRR AQNT 275
PR 1 1970 RBD C 20 S EUR TN 700
SRR 1981 RBD P 32 SR S HL 50
R - W N BAPE &R 1967-1972 RP C 492 f | L UL ST 140
Kinki and Setouchi P§= 9 1976 RBD C 7 —HIARERF T 480
Districts 7E=10 1977 RBD C-P C12 - P16 —HILKENT 120
PEEAF 1 1975 RBD C 18 TR IR A Ly 555
PESE 8 1972 RBD C 8 SR gy 200
PEEAFS 1973 RBD C 10 2% RV S IR 280
FEEAF 11 1976 RBD C 8 %2 BRI 650
P 27 1977 RBD C 35 e (LU SE AT 600
vEIL 19 1982 RBD C 15 (AN eyl 450
Tl 43 1980 RBD P 19 f | L U7 ST 520
[4iEs) P [ B (A 7 1969-1972 RP C 294 IR ET 50
Sikoku island Py 1-2-3 1970 RBD C 18 FR ST 775
Uz 53 1974 RBD C 5 FIRRG Y =Bl 450
Puzz 57 1974 RBD C 6 Bz UG 425
PuzE s 1970 RBD C 11 B UL AT T 600
Py 59 1975 RBD C FRIL N THT 200
Uz 54 1974 RBD C 6 R PESEIT 350
VU 4 1974 RBD C 7 B UL AT T 400
MU 27 & 1977 RBD P 14 AR A 420
MU 35 5 1980 RBD P 16 AR 420
RP, 5IREER X ; RBD, fLELEIC X ZaBRIX ; C, & UAH ; P, 522E1,
RP, Row Plot; RBD, Randomized Block Design; C, Clonal cuttings; P, Progenies.

FOUE - WP N, B X PRI EREX &
=] 7 7 B ML 72 5 5 P ] b ek & Lf:o k. BAMER
MO B K UEREMRD AR, SRIXD Uk
HJE N TR & T RS LRI & D*%EJZ%TL’CL\%O

2. BERINTA—ZODHRE

Ja—yDEELOMITIE., BREIEMEEFERE I L
ﬁ*ﬁiﬁi@fﬂ v N EEE BT, R D o Hi &

K FOMMET N ZREL TR ZIB %>
f:o

Xy = W F 8 7(8)+ ()t ¢ (ex8)y+ ey (1)

T Ty ld i HEOMEHD j BREHDORED k#HH
ORBEXRD IFHO 7O —>D 7Ty bEME, .
siv () Y el (eX8)y B X Ty ld T T N,
SR, A O R, A OKIE ] ORI,
A OFMEFEREDOME., 7 u—2I10%E, 7
O— ] LA i O GE R HAEM., iRETH 5,

X (1) OFENTREER & F S OMER D %2 S &I
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Bk EHEEL, 7a— Y FEEORER () %L
ToORICKOHEE L T,

hX2=cf/(02+ccf/s+02/rsy) (2)

TTT. o Era—2%h ’*Sz\ o k7o —r Lild
#ho> GE ZEAEH . ol EREAET L s A AL,
rid#ES 72D ORIEE. y IFIREFRTDH 5,

RERROBIMEORBRITIZ., HEHOBED DR
iz CHEMMOMRRMOBEEN DT> T T
B, RO EM T LICLATFOMMETIVEREL T

TETT R B ko iz,

Xk = H+V+y+ﬁc+8yk (3)

CCTx, B iBEADOKHED j BHEHOHAEERD k F
HORRZRO Ty FEEMHE, po ri yy fis BET ey
FENZEN, 2EFEE KB OB REFER O
IR, RREOWME, BBETHD, TOREIHTIEM
EMBNTEBIGoTlzd, ZTHhHRDIZELETHL
((Sf) X GERBAEH MO EENT VWS, T T,

LHAEM D EE RO I8 (o)) ZHEE T B 7
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O, ra—VOfi TR LN ERDEE GE R AAE
HAaBOEENRRETERCTHE EIREL, RED
BIZE (o) % GE 2 HAE DY (op) L AHAEM
BRU BRI L (o) I 08I L T

T LIEESH. GE R EEMDEMEB X UEAEY
e fHOT, RRPFEHEOBEE () ZLL RO &
DHEE L T2,

hyz = Gf’z / (Gf'z + cf’sz S s+ Gez / ry) (4)

TTT. o BRRDH. op BHRFR LA D GE
REAERATETH 5, HE. LLEDDEU I &
JTORSEX OB I, BMOKEMAEREG 2
—DEHENTY 7 F SASOGLM Fa ¥y vz,

sua—YDOFEEE (x) EREDHENE (y) DX
R Z XX TRD Tz, BHIHDOFEREMROEIE 1 ~
2T Dot D, KO EEEDOE VIR
RO BTz, KUK D 3 HIBGHS hATDT— & 7%
e LIt Z RS Tz,

ry = Xeov(xy) / (Fo,” x $o, )" (5)

sa—YeREOHBUMBIOEGHTICH B 5EIC
¥, iHEDOT—XZOMOBREHBIEIYO LAY
(Adams et. al 2001) , T D&, (5) A THT LTz £
BRI (r,) Z& 21, 70—V OB x) &EE
DHEAEN (y) OBEHBEZ XU K DRz (Burdon
1977),

Fexy = Txy /(B % hy) (6)

CTTC. hd7a— VP EORIEERDTITR, by
BRARATFEEOBLEROTTHIRTH %,

3. BEREGEDTFA

DIE A F OEKDBICIE, Jo—2DOEENRE
MRZELICHML, EERLTWD, 22T, MEWM
AFXHE S UAEHZEDO 7 O— 2 TN UGS O
B8 UG) X, yo—VoBEEERHRET—2z2db ki
BHLUENRNGA—=—2ZHWBLUTFORICXDFEL
7zo

AG, =ixhlixop  (7)

TCTT,iRPIEMAFOREBEE, hZZ70—
B D RER, op 1d 70—V FEEOREHEE 2 T
B2, VEMAFOBKOBICTIE, EEUEN DEBUE
ICRABEINE I O0—DHh bR LIz, 2Dz,
PIEM AF OEYEEORINICH > TiE, HELK
Ju—YDHTI DGR Lic7a— i d
2. PEMAFOERBOE AN SFHE L T,

DIEMAF R RETE MR LIZGEOEE R, o
OB 70—V EEZE IR KL TWVWS T2
O, REOEEMRET — 2 ZHVWTERIEIT 5D
Y TIE RV, COBRESE (4G) k. Fu—r
(x) OBIRITPENTE (y) ICAECBMHBENIEE BT L
T. U TMoMEEKO THIRIC K DFHE L7 (Falconer
and Mackay 1996)

AG,=1% hyX hyX Fg % Gp, (8)

TCTTC. ilRDIEMATOREME, hi37a—
EHED KGR OV, by BRRTFEEOBIEED
TFR. opy FHRRTEMEDOEEERETH 2,

B U HESTERROBEESRZH VT, 71
— > E PR U A Ok % O M O EEE B
BOTFHE (P,) & MEEER U255 0REDFEE®ZO
O TR (P) ZLL FORXIT K DRD I,

P,=p, — 4G, 9

P,=p, — 4G, (10)

T T, n EEKATOEMOBEEEETRE DI 1
— VYA, AG X7 a— 2 OEEEIKIC X 3 E5E
.y ORIERT O LM O ML S EIE B O R R R T
i, 4G, \FMHFGERIC X 2 FREDOHEBEHRTH 5.
R AT DOWVWTIR, 7a—rOiHEHOBBZ \Wizdic i
BT eI Z TR LAY,y iSOV TE A DM
IO DI NIz, Mz RE L EEME LT
o LRHEYITHEVWEEAZ, 32X O TR
RPEZRFIE L T,

BERBEOEMOEEE LD TREICDOWT, &
B - AR (2006) D kA2 -V TR D 72 © D1
fEEE (V) ICHEBEH LTz, &, =@ - Ak (2006)
DFHEFRMETIZI0~3 D 4BRBEOIRBTHZDITHL
T HRNE 1 ~5DSREDIRMTHRAEZ R L T\ 5,
Tligadit & U T, 4 BB DOIEE (o) & 5 BEDHRE (B)
D 2 FEFH D FLHEIC X O B D A — Ml 1A 72 K G A5 6
BTV, WEOBGREFANIAER, LU0 —X 0
ATCHELTEE (r=0.93),

a=1.068 — 1.02 (11)

X (11) Z& &Ik - B D X\ G2 — B2
L. UTFORZHWTIHEER L,

Y=264.14(P — 1)*+ 73.539(P — 1) (12)

2T, PR Icks P, HB0EX (10) ok
5P, THO, P, DFEREE Y. P, DRI Hufl
%Y, LELT 5,

3SR EER

1. BIEEBTREHOLRARTHERKEOER

rua— v FEEDHIEE RO 2R T-HME, T
Pl R — 2 D FEHE (R 72 35 X U E B {R 5% Table 2 1Z/R
T, T Dy m— 2 EEEIE 1.20 ~ 1.56, K%
FEEE 1,16 ~231 TH O, WINE PUEMIE TE
fEENZ WEMD D -7, T, 77— EFEDT
iz ttigd 2 &, HAREREE TR 7a—2bd
IMT R D Fo S TRk - W N & P [ U T
KEDNED o Tz, —WRICREDWEMM & LEXTE LA
BRI TR EEEN DN ENIISNTED, SH
DT =25 EMARZ OB RENT, RHEB O
LOEDRESEZERTEZHFRLZI. 7u—2TiE31.1
~428%. FEETIE115~194% LI NEFHOE

MG AT ZEmS 55 11 % 4 5, 2012
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propagated by clonal cuttings and open pollinated progenies from clonal seed orchards

Table 2 HEAEAE{EFREOD THIME, FEHERR S K ULTREL

Table 2 Mean, standard deviation and coefficient of variation of male flowering scores.

Jua—y FE
clonal cuttings Progenies

s e Opy ZEHRE (%) P Gpy ZEBIREC (%)
Region Mean Coefficient of Mean Coefficient of

variation variation

C.V.(%) C.V.(%)
H A+
Japan Sea coast 1.39 0.43 31.1 1.16 0.22 19.4
T« W i
Kinki and Setouchi districts 120 052 428 1.59 021 13.0
PUFE
Sikoku island 1.56 0.53 34.2 2.31 0.27 11.5
ik
All regions 1.38 1.69

Gpvs 7 = S RN — R DR ; o, SATIIEN— A0 BEFEli 22,
o, Standard deviation based on variation among clonal means; o,, Standard deviation based on variation among family means.

ThHO., Flic7o—VTRERBICKEEERDID S
T EhRENT,

EEOFAEMZRE LIEET VR () ICKD Y
H—YDHEET — R %270 H Uiz H % Table 3 1
R, Za—VEEARETOHIBTER TH -7z (p <
0.01) o —/7. HARWFMUS LT E - 5 N T,
su—rEeiREMEO GEREEHEERTHD (p <
0.01) . ZDNHERTIE 7 a— VB EUR Y & [FF
WICRKREMN -T2, Me— GERAERMDEETIE -1z
PUEM T, A ERIR & SRR OB 5 2
BIZEPLTWDIIH LT, BETH- 2 il
1. ALK L Tz (Table 1) » —f&HY
HEME LT, AEMBORBENEENSICIES T, H
HOBRBEEKHOEWHRKEL EDZEEZLND, AF
DIFEEFERIZ. EF ORISR SEM DB 22T
BT ENREENTED (KBl - £45 1993) . MK
TREEMEDEOHRZINE, BlcX-> TEER
DBXNCEFNEL 2 EEZ SN, ALK
LTz 2 HilKic B Cid. FAEHIRE T B XIOR
—HMWEC, ThICKDEBEERO 70—V EITED K
TINARYE—IcED, GERHEEH e LTHRE S
AHEMED D B

REDENRT —REMEETIVA (2) ITX D85
Hr U7z R &2 Table 4 IC/Rd . T OFMEH THRIM
ZEIAETH-72 (p<0.01), LI TZHEFIC XKD,
REDDTEE D2 7O — YOI OEEE &
IZ o & oop] I EI L AR, HA R T 16.9
% & 18.5%., & « WP NI TIX 5.5% & 4.8%.
PUEHIER Tld 6.5% & 0.6% & 75> Tz,

2. BIENTA—ZEBIERDEDFH

DEH RN SR 27 0 — 2V FYE O 18R
(h?) 1% 0.47 ~0.64 TH O (Table 3) . KR FHMED
WE% (b)) 13043 ~0.82 TH- 7 (Table 4) . Th
FTIC. AFHKEIER 70— > OEIEBIENEDEIE/R S
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A= ilBih & Ll kT EFl & LT, JRBEDEE
13 0.076 ~ 0.263 (M5 1993, FHS 1996) . 7
00— 2 B O K IERIE 0.667 (EED 2001) &5
MEDNDZ, COXIGHHBHT L D7 va— 2 Ok
WKIMA T, SHOEBEBZHKES LIz n— 2 Dfif
i, BEORERROMHTICBNTE, HEEBEMER
BN Z07E0 OREZFTVWEEETHA L
MR E NIz,

BRI A—2 LBILEGR, BXUTDIERAFOD
BERIC K B HEIED A E D T lFE R % Table 5 12/R7,
R TcH2 70— ZDOBROEEFKROB FHIE
ZH (5) IC KD RD AR HHBREL 041 TH o Tz,
5, #EEMAEZR (6) ICK D RDIIER. HBEIFR
13 0.56 ~0.86 TH > oo AFHG UK DMEIEEER
BT —ZICDODWTH FHBEZ kO @ & LT, H{H
5 (1993) I FAHBIMRENS 0.532 L RELTEH DO, 75k -
B3 (1998) 1% 0.271 ~ 0451 LRELTWVWB, Tz,
D (2003) d b/ FHEMOB FHEBICDOWVWT,
FHEIMRE0Z 0.119 ~ 0.834 LHE L TV B, SREIEH
U7 HBE R B . BE & IR DETH > T,

PIEMAFZ 0 — 2 TER LGS DEEEETE
HOBEESR UG) LRETERLELGGOERK
HFE (UG) X, TNTN 034 ~046, BXU0.14
~0.16 £L7x>Te DIEM AF OEKICTHB N T,
HEHOPCHEEERIERMDN N E W I o — 2%k %
7, AT AHADOREKTH B, TDRD, #Eifitk
DHEMOMIEB LR O TRMEG RHEM 5 T h
LOEEBEREZWCIMETHL, 7 u—2O Tl
il (P) 1 0.74 ~ 1.11, E4E O Tl (P,) & 1.53 ~
1.55 &7 > 7 (Table 5) o TDO X DI, FEHREM DM
TEAERE O TRIME I BEMATFEE L LEXTIR T L,
{EFHEX SROREDNIAFFTE S T LW RE NI,

X 5T, RHEMEEE &R IEE M O TG 2 fEE S
TEfRE D DIEfEE RICEH L. HEIEE 5 T OIERE X,
WENRERF Lz RHEMORBEHBORFEER, 7o—
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Table 3 7 00— DEEIED I HOIMRR, TN OFERE X7 00— PO KEH
Table 3 ANOVA results for male flowering scores of clonal cuttings, percentages of variance components and repeatability of
clonal means.

HA T - W N Py ]

Japan Sea coast Kinki and Setouchi districts Sikoku island
LA df MS vC h? df MS vC h? Df MS vC h?
Source of variation (%) (%) : (%)
Jyua— - - -
Between clones 316 0.88 189 047 535 0.77 19.5  0.54 294 1.18 252  0.64
At - - o
Between sites 7 5.04 11.7 8 2.89 27.2 6 5.55 13.6
AHIN 1 . . .
Between blocks within sites 14 0.51 0.9 16 0.34 0.6 10 0.35 0.0
AN AER e - o
Between years within sites 34 3.56 14.0 43 2.92 12.3 18 4.03 9.0
Ja— Xt (GE s2HAEH]D . . s
Interaction between clones and sites 87 0.76 206 83 0.47 19.3 46 047 24
s 1961 0.16 339 2014 0.11 21.1 1051 0.36 49.8

Error

df, I s MS, S5 5 VC, DBULG OFF 55 5 h 2, 70— FED K ; **, p < 0.01;ns, p > 0.05, X (1) OFFLETIVIC K B 08057

Wiziscizolz,

df, degree of freedom; MS, mean square; VC, percentages of variance component; 4 2, repeatability of clonal means; **, p < 0.01; ns, p > 0.05.
ANOVA was calculated by the linear model of eq.(1).

Table 4 FEAEDBIEIEDTHOIMHRER., 0 H DF LRI L CFRTEO AR
Table 4 ANOVA results for male flowering scores of progenies, percentages of variance components and family mean

heritabilities.
Hinksk AL ZTHH df MS e o) 0,2 h?
Region Site Source of variation (%) (%) (%)
EENTES S B AR 5% Family 31 0.91* 353 16.9 18.5 0.52
Japan Sea coast R Year 5 0.10m 0.3
<18 Block 2 2.75* 10.6
#%7% Error 537 0.06 53.8
T« WA g =10 K% Family 15 0.43* 7.7 4.1 3.6 0.39
Kinki and Setouti districts R Year 3 6.98" 51.5
<18 Block 2 0.34* 1.4
#7% Error 163 0.13 39.4
Pl 43 F% Family 18 0.95** 13.0 6.9 6.0 0.48
X Year 5 2.81" 13.7
<18 Block 2 11.07* 28.1
#47% Error 316 0.19 452
w 55 48 0.43
Jus]Es| P 35 %5 F% Family 15 1.06* 7.4 6.8 0.6 0.83
Sikoku island ER Year 4 32.59* 79.0
<18 Block 2 0.83* 1.1
#3472 Error 218 0.09 12.5
VU 27 = K% Family 13 1.07* 6.8 6.2 0.6 0.80
ER Year 4 29.16* 76.3
15 Block 2 0.67* 0.8
a: Error 190 0.14 16.0
p;ggn 6.5 0.6 0.82

df, FIHE ; MS, *H3 15 ; VC, TERURD DGR ;5 02, TR 0,7, GE ZHIEMNH ; b2, FRHIAEDBESR ; **, p <0.01; %, p <
0.05; ns, p > 0.05, 2 3) DFBETINC KB DM EB T ix->72, 2 (1) DFBETIVIC K 208N SHEE LTz 7 n—2 e
GE R MORE R FRROMMES 02 KB L, o7 & 6,2 ICHEILT,

df, degree of freedom; MS, mean square; VC, percentages of variance component; o %, variance component of family means; ¢, ?, variance
component of GE interaction; hyz, family mean heritability; **, p < 0.01; *, p < 0.05; ns, p > 0.05. ANOVA was calculated by the linear
model of eq.(3). 5,>and 5,2 were calculated by the ratio of variance component of clonal means and that of GE interaction from ANOVA
result of the linear model of eq.(1).

B SIS 5 11 %4 2, 2012]
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VDL 136.8 ~225.3g TH D, HEDFIHE
1% 30.8 ~566.3g ThH-oilz, FETIE, KB OLH)
A E IS Feteth, 3 Ml E & o7 D 248.7g 7 3
HORMEMPE & U TR OEITIC Wz, IR
THZVEMAFDO I O—rOFHlME (P) DFRKZE
Hafi (Y, W&, HARWREHIETIE 3.7g, MY E M T
11.7g L7z o7z, a - WP Wil Cld~ A+ AD
lBLxo. EfZTRHENESNEh 5T, DERM A
FORED TR (P,) OREAEHAA (V) & 112.9 ~
118.6g L7x o7z, TNE D & FLEEH U T- RHE M F
BEEOlRIZ, 70— Tld23~52%, FHET
3454 ~477%ThHolz, ThabbH. VEMAF%
Ju—rTEKRLIEGHI, —ROAFEMA GG
D5SBLLTREEIC, FETER UEEAICIE S0%LLT
FBEIC, ThZNHEEREZRADTE2 T ENREN
oo 70—V OTFRNCHBWT, Tk - W7 NI T
FIEHER PHENME S NI > Tz, ZORIKE LT,
HET —2ICEENDZIMEEDOT— 2D EICK DR
EHPEIENENCHEES NIz EABEZ B NS,
- K (2006) &, T o — U RREM & FERE

MIC B 2 BEEIEMOSZERE T — X MM L.
HEEN DRV FN R EE K LG EOEEERD
WOMBIZOVWTHELTWS, 3 BREED K %5k
A THAE LR, BEEMOMEERIE. 70—
UHUEMTIE 8~53% 1T, HEAEMEMK TIE 37~70% 1
WHTBTLEMELTVS, TDS B, Kz LH
FEE D BEHCENAITHIYG 9 % FEHE (BB RER 5% Al )
THRBE UG R T, 70— ek T igo i 2
FD8WIT, HEMEMTIZIAFD 37%ICFNFN
HEEEENK DT B 2R LTS, SO
BT, 70— D20TiE, BESORELIEL
REGHES WM S T2, FER DO TIFERED O
HEEX10%1F EWPNEDI D E B I N, EAE
TOMBEMREOE N, EHEEK & BEEREOENIC
K2EDLEZENS, Txbb, HkEDIXHEEME
MOFEMMZ S &1 EMOFRREEEZEKRL TV
BOICHR LT, AT 7 a— 2 OEEEOR %
LEICHRREMERKLTHY ., #H MO s %
HELTW A RITEEESEN NS CHIIENEL
DEEZBND,

Table 5 1E¥ DD A OB R, 7 10— > L GEROBIFHHE LBAHHBY, 3k 0 REER O EEEREE & M EE &
D, LIS RIS K U kR QUM OIEESTER R & HEE R = O Tl

Table 5 Intensity of selection of less pollen variety of Sugi, phenotypic and genetic correlation of offspring and one parent,
genetic gain and predicted value of male flowering scores and male flower weights from response to selection.

ra— e
Clonal cuttings Progenies
REEM DT B R DL O T HIfE REEM DT S R D O T
Population Predicted values from Population Predicted values from
mean response to selection mean response to selection
S B FHEE T & b 414 RHEI T £ bt
Region i ry Tn, M4 Weight 4G P Y  RatioofY, /mean n, Weight 4G, P, Y, RatioofY /mean
(g) (g) (%) (g) (g) (%)
H AR+ _
Japan Sea coast 1.71 0.83 139 159.1 0.34 1.04 3.7 2.3 1.16  30.8 0.16 1.53 1129 45.4
T - W
Kinki and Setouti 1.67 — 0.86 120 136.8 0.46 0.74 — — 1.59 149.1 0.14 1.54 117.7 473
districts
VY[ _
Sikoku island 1.30 0.56 1.56 2253 044 1.11 11.7 52 231 5663 0.14 1.55 118.6 47.7
itk
All regions 0.41 1.38 1738 1.69 248.7

i, BTG & LTe 7 b= 2 HUSHTS 2 IER DR AR DB G 5RO TEEIRGRE ; r, |, 7 01— ERROBIFM 5 v, |, 70— ERARDIE
EHABE 5, HEEAERR B 27 0 — 2 B0l ; 4G, 7 10— 2 OESERIC X 28 (Z81E ; P, 70— Yz 88k Ui a okt o LMo
TEFHESR RO TG ; Y, P, Z A8k T2 D ORHERRICTBEI LI | 1, BHESIERODRFR I ; 4G, FEDORHZBEIKIC & 2 BT
[ P, SRR L5 0 OB O KB OBIEEHER MO T ; Y, P, 2 Wtkd b OBERRICIEER LI, PR (9) 12&D. P,
F (10 ICXDEME LUz, BHEATERED SHHERERAOFEZEWIZ X (12) 2RV, Gk, FETRMIT & ORFERITLN D a7
fes. RO FEMER 3 iz /HiG LTk,

i, intensity of selection of the less pollen variety of Sugi which is calculated from the proportion of the population included in the selected group; 7, ,
phenotypic correlation of offspring and one parent; r, , genetic correlation of offspring and one parent; p, population mean of the male flowering
scores of clonal cuttings; 4G, genetic gain of direct selection of clone; P, predicted male flowering score of selected clones; Y, converted value
of P to male flower weight; p, population mean of the male flowering scores of progenies; 4G, genetic gain of indirect selection of family;
P, predicted male flowering score of selected families; Y, converted value of P to male flower weight. P was calculated by eq.(9) and P, was
calculated by eq.(10). Conversion from the male flowering scores to the male flower weight was performed by eq.(12). Since progeny test sites per
region were few, population mean of male flowering scores of progenies were calculated with pooled data of 3 regions.
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3. EBOBEMNERITHG LT RIERDORER

PIEMAFOE K e UTiE, HREERED S LA
WzRHT 5. BROMEMAFITKORREN
ZI=F a7 REREOREZFIMATZHRAEWS N
TWa (HES 2007, - 58 2010) o A& DK
HEICDODWTE, SEO 7 a—2OFRRERNEDE
FWMATEXAD, BEICOVTIE., SRIOFEED T
FREBIIELTOWERWETDH %, SHOEEDT
T TIVIC Wz d A RS DR R A 3 P O H RS
HRATH D, BT DOV TIRIGEEOEMTH S,
TORS, TIhoROIEESRRZ. BIBETED
PRBRREOBENEFOHZEE L TCFELTE
D, THUTRHEORESRICHYT S, L L, FE
DI =F o 7 ERMEFEORE . WH L BICDTEM A
FTH3D, SEHEE UT-BHE O BRIz ¢,
TEMHOWNEN R AT TEZ 0T, FHEREMKR Y 0
— U ERYRLUIBOBEEEERIE., KB ORMERT
HELEEDD 2 HEMEAENS (Namkoong 1966)
Lo T, DIEMAFTHREINE I =F 2 7 H#fE
REEREIC DWW T, Y80 5 DIEM OB RN EL T
ENE, SEHEELEREO TRHIME LEXTESIC
RKEGHAEEERDOBDNEDIAFETEZELEZ LN
2o

KETEKR LG EOTATIE, HHOMEZ £
EDTRIMNTE R, Bzt GE KA
ER D EDEECE o s ZTDRE, REIKDOV
TREMOHORIEZO— VO SHEEE N b
RERUTHBERELTRIAE LR, —RMic, &
D BB H T 2 EEH T EEERNKEVIEZ EE
WeEZLNSTS., GERAEHDOE LT X idE
fh, KR, 7o—VOIHICKELZRZE0DbNTWVS
(Kleinschmit 1979), L7z > T. EBEEEEMREN
DIE 5 M GE ZAIEHDEMNNE L, Bianlo#Es
NEnc EDHENG, coky, EETRHRELE
BRI, BBEXD & THEEZ D REOREMEMN
»H %

AT KD, HEEEETHIETREMERPRKENT
& (Table 2) . BXUEBWSZENKZWVWIEETH S
TEMRENTz (Table 3, 4) , Tz, DIEMAT %
AR U2 i, £ O E O EAEAE E & 72 ) AT EE b
WZDWT, 7 a— & REDE N FHEINC RN T T
N 7Z15 2 C LD TEF (Table 5) » TNHEDHIAIX,
DIERD A F O [ 7 HEHE T 2 17 BB 5 D B A F
DIA—P—AGFHHTZEOHHRE LT, ARICIEHE
N3 NP/ ENS, LF. SEBROERREE
DEZRY VIHET —ZREAHFEDOLRRT—2h 5
BHHET V2R L. MTEICmET 5268 D74
L M R HEE T BAlA DD SN T WS (T
2009, {15 - #3K 2010) » AFFRORERE RN S, D

TEM AT " 70— T8N UTIGEICHETED k&) 531
BRIICEW T EARENTZT &5, fEMmFRAETR & H#
EINAHIICIT T UREZEBELTERT ST EN
RN THBEEZONS, SHBOMEL L TIE, ¢
TICEEDIHE > TV B DEMAFOEEEZE =X
VY72 eNRETHB, £io, HEEAERIZH
HEOZEFHMRKENT ENRETINT VDI EMD (
FREF T 2009) | HUIC X > TRHEMEMN A S C &
WP ENG, Liehi> T, SEfiEl L7z E fE
ARRL ORI DWW T &, DER A FZRF L7235
BOMIEEEEOWPIREAB T S B LE
ABo

o

AW TRITICH W EIEEIEERHET —2D 5
B, BEEEELY, (LB E R AR F5 K TP B G AR A
FOEDIE, BENEREGOBENRE L, £k,
DD 7 —ZIT DV TIE, )RR, I
ma s -z — ZEERRERIET. W ER
Mt > &— SR BRMMMES > 2 =ikt > %
—. REEGKEI 22— SHUR R & UL
MEERABRYE . B LSRR MOKPERR & & > X — RARIEFE T
IR AR RS B Bt 2 > & — . BRI R MK PET IS i
MEMIEL > 2 — @ARLARMEAN 2 > 2 —T17b
NIEAEEEERED T — X ZRTICHVEE TV
Wiz, LLEDOBBREMICIREBHH L LT3,
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Carbon stocks of dead wood, litter, and soil in the forest sector of Japan :
general description of the National Forest Soil Carbon Inventory

Shin UGAWA"", Masamichi TAK AHASHI?, Kazuhito MORISADA?, Manabu TAKEUCHI”,
Yojiro MATSUURA”, Shuichiro YOSHINAGA®, Makoto ARAKI?, Nagaharu TANAKA”,
Shigeto IKEDA", Satoru MIURA", Shigehiro ISHIZUKA®, Masahiro KOBAYASHI",

Masahiro INAGAKI®, Akihiro IMAYA", Kazuki NANKO", Shoji HASHIMOTO",
Shuhei AIZAWA?, Keizo HIRAI% Toru OKAMOTOY, Takeo MIZOGUCHI”,
Atsushi TORII”, Hisao SAKAI'”, Yasuhiro OHNUKI", Shinji KANEKO"

Abstract

The aims of this study were to report the C stocks of dead wood, litter, and soil at 0-30 cm in the forest sector of
Japan, to clarify the spatial distribution of those C stocks according to prefecture units and to determine the ratio of
soil C stock at 0-30 cm to that at 0—100 cm. To achieve these objectives, data collected by the National Forest Soil
Carbon Inventory Project, which surveyed the C stocks of dead wood, litter, and soil at 0-30 cm and at 0—-100 cm
throughout the forest sector of Japan, were analyzed. The C stock (mean + sample standard deviation) of dead wood,
litter, and soil at 0-30 cm was 0.42 = 0.67, 0.49 + 0.32, and 6.94 =+ 3.25 kg m”, respectively. This study did not detect
any clear tendency in the latitudinal distribution of the C stocks of dead wood and litter, although the litter C stock
was lower in prefectures with a higher annual mean temperature. On the other hand, the C stock of soil at 0-30 cm
was higher in northern Japan and lower in southern Japan. Exceptions to this pattern included a high C stock in some
prefectures in the volcanic regions of southern Japan. Thus, we suggest that the soil C stock at 0-30 c¢m is regulated
by a macroscale factor, i.e., temperature, as well as by the distribution of volcanic ash soils. The soil C stock at 0—100
cm was 14.29 + 8.38 kg m” (mean + sample standard deviation) and the ratio of the soil C stock at 0-30 cm to that
at 0-100 cm was 0.59 £ 0.31 (mean + sample standard deviation), suggesting that the soil C stock at 0-30 cm in the
forest sector of Japan accounts for a larger portion of that at 0—100 cm compared with worldwide average.

Key words : carbon stock, dead wood, litter, soil, national forest inventory, systematic sampling, Kyoto Protocol

1.Introduction

The carbon (C) stock of a forest is the basic datum
for evaluating the C sink function of the forest ecosystem.
Therefore, the parties ratifying the United Nations
Framework Convention on Climate Change (UNFCCC)
were asked to report the C stock in the forest sector of their
countries. The C stock of the total area of the forest sector
is estimated using a model that describes the relationship
between actual measurement data and external data
prepared for the entire mesh area of the country. Thus,
recent, transparent, and verifiable measurement data should
be collected throughout the entire forest sector of the
country for accurate estimation of the C stock in the forest

sector of the country.

RS2} PR 24 43 A 12 H Received 12 March 2012

The main C pools in forest ecosystems are aboveground
and belowground biomass, dead wood, litter, and soil
(IPCC 2006). In Japan, measurement data on the C stock of
aboveground and belowground biomass have been collected
throughout the entire forest sector (Forestry Agency of
Japan 2012). On the other hand, the C stocks of dead wood
and litter have yet to be surveyed throughout the entire
forest sector of Japan, although C stocks of dead wood
and litter in forests dominated by major tree species were
summarized by Takahashi et al. (2010). The C stock of soil
was estimated by Morisada et al. (2004) throughout the
entire forest land of Japan using soil profile data collected
from 1950s to 1970s, but these soil profile data cannot be

said to be recent. Therefore, measurement data for the C
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stocks of dead wood, litter, and soil should be collected
throughout the entire forest sector of Japan, and the mean C
stocks of the three pools in the forest sector of Japan should
be determined.

As a subsequent step, the heterogeneity of the C stocks
of the three pools should be determined because C stocks
of the total area of the forest sector are estimated using a
model that explains this heterogeneity. The heterogeneity of
C stocks is a result of many factors of site environment and
tree community. Thus, the factors that strongly influence
the C stocks should be delineated. Many of these factors
can be classified as macroscale factors such as temperature
or microscale factors such as forest management.
Therefore, it is prudent to determine whether a macroscale
factor strongly influences the C stocks, that is, whether a
macroscale pattern exists in the spatial distribution of the
C stocks. This study focused on the heterogeneity among
prefectures to detect any spatial patterns throughout the
entire forest sector of Japan.

The UNFCCC requests reporting of the C stock of soil

from the soil surface to a depth of 30 cm. However, soil

C is also stored in deeper soil layers, and this C storage is
related to the C sink function of forest ecosystems. Soil C
stock generally decreases with depth as a result of C influx
from decomposing litter and dead roots in the upper soil
layer and low decomposition rates in the lower soil layer.
Moreover, the vertical distribution of soil C stock varies
with climate, soil type, vegetation type, and volcanic ash
content (Batjes 1996, Jobbagy and Jackson 2000, Yang
et al. 2010, Imaya et al. 2010a, b). Thus, the vertical
distribution of soil C stock indicates the character of soil C
accumulation in the forest sector of Japan.

The goals of this study were to (i) report the C stocks
of dead wood, litter, and soil to a depth of 30 cm in the
forest sector of Japan, (ii) clarify the spatial distribution
of the C stocks of the three pools at a prefecture level, and
(iii) determine the ratio of the soil C stock in the 0-30-cm
interval to that in the 0—-100-cm interval. To achieve these

objectives, measurement data collected by the National

Forest Soil Carbon Inventory Project, which surveyed C
stocks of dead wood, litter, and soil at 0-30 cm and 0-100
cm in FY2006-2010, were analyzed.
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Fig. 1 Location of survey plots (solid circles) in forest sector (green area) of Japan. Forest sector is
shown according to National Land Numerical Information provided by the National and Regional
Planning Bureau of the Ministry of Land, Infrastructure, Transport and Tourism.
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2.Materials and Methods
The C stock of dead wood, litter, and soil was surveyed
in the National Forest Soil Carbon Inventory Project using

the survey methods described below.

Survey Plot

The 4x4-km grid points over the forest sector of Japan
were systematically selected for the Forest Resources
Monitoring Survey, in which tree censuses were conducted
during FY1999-2003 (Forestry Agency of Japan 2012).
One-fifth of these survey sites were selected in the National
Forest Soil Carbon Inventory Project, giving a total of 2919
grid points (Fig. 1). A 1000-m” circular plot was established
in each grid point (Fig. 2), and the C stock of dead wood,
litter, and soil at 0-30 cm was surveyed in each plot. The
soil C stock at 0—-100 cm was surveyed in 992 of the survey
plots, which were selected from every third survey plot on a

north—south grid line.

Dead Wood C Stock

According to the IPCC guidelines (IPCC 2006), dead
wood includes coarse woody debris, dead coarse roots,
and standing dead trees >10 cm in diameter. However,
in this project, fallen boles and branches, stumps, and

inclined dead stems >5 cm in diameter at the point where it
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Fig. 2 Two lines (solid lines) for surveying dead wood C stock
and four points (solid circles) for measuring C stock of
litter and soil at 0-30 cm in a survey plot (dotted line).
The diameter of the circular plot is a horizontal distance
of 35.68 m. Dead wood C stock was surveyed along
the north—south and the east-west lines using the line
intersect method, and the C stocks of litter and soil at
0-30 cm were measured at four points, in the northern,
eastern, southern, and western parts of the plot.
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intersected a line (see below), were defined as dead wood
because non-commercial thinning felled stunted trees,
which usually are <10 cm in diameter in plantation forest of
Japan (Sakai et al. 2008).

In each survey plot, a north—south line and an east—
west line were established, and their horizontal lengths were
measured (Fig. 2). Dead wood that intersected the lines at
heights between 0 and 150 cm was divided into four species
categories: conifer, broadleaved, unidentified woody, and
bamboo. Then, the decay class of each piece of dead wood
was determined according to appearance using Tables 1 and
2, and the diameter at the point where it intersected a line
was measured (Fig. 3).

The C stock of dead wood was calculated for each
species category and decay class by Formula 1 using the
line intersect method (Warren and Olsen 1964, Van Wagner
1968, Brown 1974), where D (cm) is the diameter of dead
wood, L, (m) is the horizontal length of the north—south
line, L,, (m) is the horizontal length of the east-west line,
M (g cm”™) is the wood density of each species category and
decay class (Table 3), CC (kg kg ') is the C concentration
of the dry wood (equal to 0.5), and the subscript i indicates
individual dead wood, respectively. The dead wood C stocks
of all species categories and decay classes were summed
to give the dead wood C stock in a survey plot, although
dead wood C stock was not calculated for survey plots with
missing data.

Dead wood C stock for each species category and decay
class (kg m™?)

% ZD,-Z

i -1
T 8L, L) MxcCx10

[Formula 1]
Litter C Stock

The IPCC guidelines define /itter an organic horizon
(all leaves, twigs, small branches, fruits, flowers, roots, and
bark) on the mineral soil surface (IPCC 2006), although
the term /itter differs in soil science, where its meaning is
restricted to fallen dead leaves (e.g., Wild 1971). However,
in this study, /itter was defined as an organic horizon that
is divided into four litter types: fine woody debris, which
includes fallen boles, branches, twigs <5 cm maximum
diameter, strobilus, and bark; fresh leaves; the fermentation
layer and the humus layer. We defined the humus layer as
continuously stocked humus >1 c¢m in depth.

In each survey plot, slope inclination was measured at
four points, one each in the northern, eastern, southern, and
western parts of the plot (Fig. 2). At each point, a sample of
each litter type was taken from a 0.5-m square (Fig. 4).

These samples were oven dried at 70°C for 48 h, and

weighed. Then, the samples of the same litter type were
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Table 1 Criteria determining the decay class of dead wood for

UGAWA, S. etal.

conifer and broadleaved species

Decay class Appearance of dead wood

0

No decay

Branches, twigs, and leaves remain

Slightly decayed
Only cambium decayed

Branches and twigs remain

Most bark and branches present

Some parts of wood are softened by decay

Moderately decayed

All parts of dead wood are softened by decay

Some bark is gone in conifer species

Moss has sometimes adhered

Some parts of wood are gone
Initial form is recognizable

Brown rot is observed in conifer species

Fig. 3 Field survey for dead wood C stock. The diameter of

dead wood was measured where it intersected a line
(white tape).

Table 2 Criteria determining the decay class of dead bamboo

Wood collapsed
>50% of wood is gone
Some parts of wood are buried in soil

Some bark remains in broadleaved species

culm

Decay class

Appearance of dead culm

0 Culm separated from ground surface

1 Culm in contact with ground surface
Culm is still hard

2 Culm is soft

Culm is destroyed easily by a stepping

Table 3 Wood density (g cm™) of dead wood in each species category and decay class. These
values were determined by data from Forestry Agency of Japan (2007) and Sakai et al.

(2008)

Species category

Decay class

Conifer Broadleaved Unidentified” Bamboo
0 0.347 0.495 0.421 0.224
1 0.347 0.495 0.421 0.209
2 0.278 0.399 0.339 0.154
3 0.206 0.303 0.255 —
4 0.148 0.207 0.178 -
5 0.112 0.112 0.112 -

" Dead wood that was impossible to identify as a conifer or broadleaved
species was categorized to "Unidentified."
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Fig. 4 Litter stock in a sampling point. Litter samples were
taken from a 0.5-m square.

mixed across all sampling points of a survey plot and
ground into fine particles (<0.25 mm) using a cutting mill
and mortar. A portion of the fine particles (0.4-0.6 g) was
put into a weighing bottle, and the bottle was weighed.
The weighing bottle was then oven dried at 70°C for 24 h
and weighed again. The water content of the fine particles
was determined using Formula 2, where W,,,,. (g) is the
weight of the weighing bottle, and W, (g) and W,
(g) are the weights of the weighing bottle containing fine
particles before and after oven drying, respectively. If
the resulting water content was >20%, the sample was air
dried, and the water content was measured again. These
steps were repeated until the water content was <20%.
The C content was measured from a different portion of
the fine particles by the dry-combustion method using
elemental analyzers. The C concentration was calculated
using Formula 3, where W, (kg) is C content, W,
(kg) is sample weight, and WC (%) is water content. The
C concentration was measured for more than two splits of
fine particles, and the C concentration of a mixed sample

was determined by obtaining an intermediate value of two

repeated measurement values as long as the values met the

requirements of Table 4.

Wbefure_ I/Vafter

Water content (%) = -, —
Wbefore_ W voute

x100 [Formula 2]

W,

carbon

W,

sample

wc
C concentration (kg kg™) = (1+ m) [Formula 3]

We calculated the C stock of each sampling point using
Formula 4, where W (kg) is dry weight of the sample, CC
(kg kg™") is the C concentration, @ (radians) is the slope
inclination, S (m®) is the sampling area (equal to 0.25), and
the subscript i indicates the litter type. Then, the mean C
stock across sampling points was calculated to obtain the
litter C stock for a survey plot. Sampling points containing
a litter sample with missing data or anomalous data were
excluded from the calculations (see Quality Control of Data
section).

Litter C stock at each sampling point (kg m™)

= Z(M%X CCi) [Formula 4]

i

Soil C Stock at 0-30 cm

Soil C stock at 0-30 cm was surveyed at the same
points where litter was sampled, i.e., the northern, eastern,
southern, and western parts of each survey plot (Fig. 2). At
each point, a soil profile of >30 cm depth was made and
then divided into three soil layers, 0-5, 5-15, and 15-30 cm
(Fig. 5). For each soil layer, the ratio of gravel area to the
area of soil profile was recorded, and a volumetric sample
and also a sample for analyzing C concentration were taken.
For the volumetric samples, a 400-cm’ cylindrical core
(height, 4 cm; area, 100 cm®) was sampled from a soil layer
having low gravel content, whereas the soil sample was
taken from a cuboid space (including gravels) in a soil layer

having high gravel content (Fig. 5).

Table 4 Accuracy criteria for measuring carbon concentrations in litter and soil samples. The criteria

were applied to two repeated measurements

Intermediate value

. . *
Accuracy criteria

>0 gkg ' and <10 gkg '
210 gkg ' and <50 gkg '
>50 g kg ' and <600 g kg '
>600 g kg '

Difference between two values is <1.13 g kg71
Coefficient of variance of two values is <8%
Coefficient of variance of two values is <4%

Re-analysis as anomalous data

" The criteria were based on the data of Ugawa et al. (2010).
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Fig. 5 Field survey for soil C stock. A soil profile of >30 cm
depth was made (a). For the volumetric sample, a 400-
cm’ cylindrical core was sampled from a soil layer
having low gravel content (b), whereas the soil sample
was taken from a cuboid space in a soil layer having
high gravel content (c).

The volumetric samples were oven dried at 105°C
for 24 h and then weighed. The soil particles in a sample
were washed out through a sieve (2-mm mesh) using water.
The remaining gravels and plant roots were oven dried at
105°C for 24 h and weighed. Bulk density was calculated
using Formula 5, where W, (g) is the total weight of the
volumetric sample, W, (g) is the weight of gravels, W, (g) is
the weight of plant roots, and ¥ (cm’) is the spatial volume
of the volumetric sample, i.e., 400 cm’ of cylindrical core

or the volume of a cuboid space that included gravel.

. W,
Bulk density (Mg m °) = 7 [Formula 5]

The samples for analyzing C concentration were air
dried and sieved (2-mm mesh). The soil particles <2 mm in
diameter were ground into fine particles (<0.25 mm) using
an agate mortar. A split of the fine particles (2-3 g) was
put into a weighing bottle, and the bottle was weighed. The
weighing bottle then was oven dried at 105°C for 24 h and
weighed again. Then, the water content of the fine particles
was determined using the same methods as described earlier
(see Litter C Stock section). The C concentration of a soil
sample was also determined using the same methods as
described in Litter C Stock section.

The C stock of each soil layer was calculated using
Formula 6, where BD (Mg m™) is bulk density, T (cm)
is the thickness of the soil layer, CC (kg kg™") is the C
concentration, G (%) is the ratio of gravel area to the area
of soil profile. The ratio of gravel area is taken as 0% for
the soil layers from which we took the volumetric sample
from a cuboid space containing gravels to avoid double
counting of gravel content. Additionally, we considered
the soil C stock as 0 kg m™ for a soil layer from which a
soil profile could not be obtained due to bedrock or a large
boulder. The C stock of each soil layer was summed for
each sampling point, and the mean C stock across sampling
points was calculated to give the soil C stock at 0-30 c¢cm in
a survey plot. Sampling points containing a soil layer with
missing data, anomalous data, or outlier data were excluded
from the calculations (see Quality Control of Data section).

Soil C stock in each soil layer (kg m™)
= BDXTXCCX(I—%)X 10 [Formula 6]

Soil C Stock at 0-100 cm
Soil C stock at 0—100 cm was surveyed in the
representative soil profile of >100 cm depth. A

representative soil profile was made at a point with
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significant microtopography and vegetation cover after an
observation of the survey plot. For the representative soil
survey, a soil profile was divided into generic soil horizons
(e.g., Al, A2, B1, B2, and C horizons). The thickness of
each soil horizon and the ratio of gravel area to the area
of the soil profile were obtained. A volumetric sample and
a sample for analyzing C concentration were taken from
each soil horizon and bulk density, and C concentrations of
these samples were determined using the same methods as
described earlier (see Soil C Stock at 0-30 cm section).

The C stock of each soil horizon was calculated using
the same methods as described in the Soil C Stock at 0-30
cm section and these were then summed to give the soil
C stock of a representative soil profile. Representative
soil profiles containing a soil horizon with missing or
anomalous data were excluded from the calculation (see

Quality Control of Data section).

Quality Control of Data

Criteria have been established to detect anomalous data
for C concentration of a litter sample, bulk density, and C
concentration of a soil sample at 0-30 cm and at 0—100 cm.
Criteria have also been established to detect outlier data for
bulk density and C concentration of a soil sample at 0-30
cm and at 0—100 cm.

The C concentration of a litter sample is considered
anomalous if the value is <0.2 kg kg™' because organic
material is defined as having a C concentration >0.2 kg
kg™' (Soil Survey Staff 1999). For soil samples, a bulk

density >2.0 Mg m™ is considered anomalous because a

bulk density of sandy loam compacted by heavy traffic, i.e.,
1.9 Mg m™, is considered extreme in the forestry field (Lal
2002). According to Soil Survey Staff (1999), mineral soil
contains <20% organic carbon. However, in this study, a
soil C concentration >0.25 kg kg™ is considered anomalous
because a C concentration of >0.2 kg kg™' is often observed
in Andosols, which are distributed widely in the forest land
of Japan.

For soil samples at 0-30 cm, outlier data were
determined statistically. Outlier values of bulk density
were detected among the values in a survey plot using
the Smirnov—Grubbs outlier test (upper-tail probability
<0.005) and taken as outlier data of bulk density. Outlier
values of C concentration among the values in a survey plot
were also detected with the Smirnov—Grubbs test (upper-
tail probability <0.005), and outlier values in soil layers
of 5-15 cm and 15-30 cm are considered outlier data of C
concentration because the soil layer at 0-5 cm is frequently

disturbed, and the C concentration varies largely.

Results

Carbon stock of dead wood, litter, and soil at 0-30
cm were determined in 2438, 2432, and 2404 survey plots,
respectively. The C stock could not be surveyed in 457
survey plots (Table 5), and the C stock of dead wood, litter,
and soil at 0-30 cm could not be calculated in 24, 30 and 58
survey plots, respectively, due to missing, anomalous, and
outlier data. The C stock (mean + sample standard deviation)
for dead wood, litter, and soil at 0—-30 cm was 0.42 + 0.67,
0.49 £ 0.32, and 6.94 + 3.25 kg m ™, respectively (Table 6).

Table 5 Reasons for failure to complete survey and the breakdown in the number of plots. The number of plots
included in soil survey at 0-100 cm is shown in parentheses

Reason for failure to complete survey Number of plots
No way to contact land owner 70 (23)
Refusal by land owner or law regulation 113 (39)

No way to reach survey plot (e.g., collapse of road or snow coverage) 111 (40)
Land use other than forest (e.g., building site or orchard) 27 (10)
Failure to complete tree census (Forest Resource Monitoring Project) 131 (44)
Others 5(0)
Total 457 (156)
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Table 6 Carbon stocks of dead wood, litter, and soil at 0-30 ¢cm and 0-100 cm

Number Carbon stock (kg m ) Coefficient

Carbon pool of Mini M Maxi Sample  of variance
plots inimum ean aximum D (%)
Dead wood 2438 0 0.42 8.67 0.67 158.6
Litter 2432 0 0.49 2.84 0.32 64.6
Soil at 0-30 cm 2404 0 6.94 35.66 3.25 46.8
Soil at 0-100 cm 676 0.99 14.29 48.94 8.38 58.6

The C stocks of dead wood, litter, and soil at 0—-30 cm
in each prefecture (and each district) are shown in Table
7. These C stocks are classified into four groups: <25th
percentile; >25th percentile and < median; > median and
<75th percentile; and >75th percentile, as shown in Fig. 6.
The C stock for dead wood in each prefecture ranged from
0.08 kg m* of Kagawa Prefecture to 0.66 kg m > of Akita
Prefecture. Dead wood C stock was high in the Hokkaido
District, the central highland of the Chubu District, and
the northern part of the Kinki District, but dead wood C
stock was low in the eastern part of the Tohoku District, the
Hokuriku area of the Chubu District, and the Shikoku and
Kyushu Districts. The C stocks for litter in each prefecture
ranged from 0.25 kg m™ of Kanagawa and Okinawa
Prefectures to 0.63 kg m™ of Wakayama Prefecture. Litter
C stock was high in the Hokkaido District, the central
highland of the Chubu District, the southern part of the
Kinki District and the Chugoku District, but low in the
southern part of the Kanto District, the Hokuriku area of the
Chubu District, and the Kyushu District. The C stock for
soil at 0—30 c¢cm in each prefecture ranged from 2.95 kg m™>
of Kagawa Prefecture to 9.16 kg m > of Ibaraki Prefecture.
High C stock was observed in the Hokkaido, Tohoku, and
Kanto Districts, whereas low values were observed in the
Kinki, and Shikoku Districts. Soil C stock was also high
in some prefectures located in the volcanic regions of the
Chugoku and Kyushu Districts, such as Tottori, Shimane,
Nagasaki, Oita, and Kagoshima Prefectures.

Soil C stock at 0—-100 cm was determined in 676 survey
plots. The soil C stock at 0-100 cm could not be surveyed
in 156 survey plots (Table 5) and could not be calculated
in 160 survey plots due to missing and anomalous data.
The representative soil profile did not reach 100 cm in 136
survey plots due to bedrock or a large boulder. The digging
depth in these plots was 62 + 22 cm (mean + sample
standard deviation). The soil C stock at 0—100 cm was 14.29

+ 8.38 kg m~’ (mean + sample standard deviation) across
the 676 survey plots (Table 6). The ratio of soil C stock
at 0-30 cm to that at 0—100 cm could be calculated in 667
survey plots and was 0.59 + 0.31 (mean + sample standard

deviation).

Discussion
Dead Wood C Stock

The mean dead wood C stock, 0.42 kg m™* (Table 6),
was within the mean values of forests dominated by the
major tree species of Japan, 0.42—2.47 kg m~> (Takahashi
et al. 2010). The mean C stock of dead wood >10 cm in
diameter was estimated to be 0.69 kg m ™ in Asia (FAO
2006). This value would be higher if dead wood >5 cm in
diameter were included. We therefore suggest that dead
wood C stock in the forest sector of Japan ranks low in
Asia.

Dead wood C stock is higher in regions with higher
altitude or higher latitude because of lower temperature
(Woodall et al. 2008). In this study, high C stock was
observed in some regions with low temperature, including
the Hokkaido District and the central highland of Chubu
District; low C stock was observed in regions with
high temperature, including the Shikoku and Kyushu
Districts (Fig. 6 and Table 7). However, some exceptional
circumstances were observed. These include low C stock
in the eastern part of the Tohoku District and the Hokuriku
area of the Chubu District and high C stock in the northern
part of the Kinki District. Additionally, the dead wood
C stock was not related to annual mean temperature and
annual precipitation in the prefectures (Fig. 7; p = 0.069
and p = 0.893, respectively) when the data in Table 7 were
analyzed using the Spearman rank correlation coefficient.
Dead wood occurs not only by natural disturbance but also
by forest management (e.g., Fridman and Walheim 2000,
Siitonen 2000, Gibb et al. 2005, Lombardi et al. 2008).
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Table 7 Climate condition and carbon stocks (kg m™) of dead wood, litter, and soil at 0-30 ¢cm in each prefecture
s Prefecture  Prefecture Mean X Annual B NumberDead e Number e Number =
District number name temperature  precipitation of Mean Sample of Mean Sample of Mean Sample
(°C) (mm) SD SD SD
plots plots plots
Hokkaido 1 Hokkaido 4.9 1254 487 0.53 0.88 483 0.54 0.34 470 7.57 2.98
Subtotal 4.9 1254 487 0.53 0.88 483 0.54 0.34 470 7.57 2.98
Tohoku 2 Aomori 8.2 1520 62 0.37 0.88 62 0.43 0.25 60 7.91 2.82
3 Iwate 7.8 1434 102 0.30 0.37 104 0.57 0.36 100 8.58 2.98
4 Miyagi 9.6 1450 42 0.21 0.37 43 0.38 0.26 42 7.00 2.52
5 Akita 8.4 2001 94 0.66 0.73 95 0.54 0.26 94 7.97 2.90
6 Yamagata 8.5 2189 58 0.44 0.77 59 0.47 0.30 57 8.53 3.17
7 Fukushima 8.7 1508 89 0.25 0.39 91 0.46 0.25 87 8.14 3.20
Subtotal 8.4 1673 447 0.39 0.62 454 0.49 0.29 440 8.11 2.99
Kanto 8 Ibaraki 11.9 1397 24 0.35 0.50 24 0.43 0.22 24 9.16 2.95
9 Tochigi 9.3 1597 34 0.48 0.67 34 0.48 0.28 32 7.96 3.29
10 Gunma 8.1 1489 40 0.39 0.80 40 0.53 0.37 39 8.66 4.45
11 Saitama 10.5 1401 14 0.57 0.53 13 0.35 0.19 13 5.07 2.18
12 Chiba 14.2 1676 17 0.47 0.43 17 0.37 0.23 17 7.37 2.21
13 Tokyo 12.0 1877 9 0.48 0.49 9 0.40 0.21 9 4.09 1.91
14 Kanagawa 11.9 2138 10 0.18 0.11 11 0.25 0.16 10 4.80 2.92
Subtotal 10.3 1577 148 0.42 0.61 148 0.44 0.28 144 7.56 3.65
Chubu 15 Niigata 9.8 2504 63 0.31 0.68 63 0.37 0.19 63 7.11 2.82
(Hokuriku area) 16 Toyama 8.9 2732 20 0.30 0.37 19 0.57 0.38 21 8.00 6.93
17 Ishikawa 11.2 2454 35 0.26 0.27 35 0.42 0.20 32 7.52 2.31
18 Fukui 11.3 2518 33 0.44 0.42 33 0.34 0.11 33 5.91 1.92
Subtotal 10.2 2532 151 0.33 0.52 150 0.40 0.22 149 7.06 3.49
Chubu 19 Yamanashi 8.8 1693 32 0.28 0.42 31 0.46 0.49 32 7.89 3.84
(central highland) 20 Nagano 7.5 1765 93 0.53 0.81 93 0.53 0.28 89 6.56  3.58
21 Gifu 9.2 2474 81 0.63 1.03 80 0.53 0.42 80 6.05 3.59
Subtotal 8.3 2001 206 0.53 0.87 204 0.52 0.37 201 6.57 3.66
Chubu 22 Shizuoka 11.7 2594 49 0.44 0.59 48 0.54 0.44 49 7.23 S.11
(Tokai area) 23 Aichi 12.7 1958 20 0.33 0.54 19 0.51 0.35 20 5.31 2.58
24 Mie 13.0 2402 35 0.26 0.30 35 0.45 0.20 35 7.19 3.40
Subtotal 12.3 2440 104 0.36 0.50 102 0.51 0.35 104 6.85 4.22
Kinki 25 Shiga 11.6 2044 22 0.50 0.82 22 0.48 0.34 22 5.55 2.39
26 Kyoto 12.3 1757 22 0.58 0.69 22 0.51 0.26 22 5.51 2.34
27 Osaka 13.2 1447 3 0.10 0.04 3 0.45 0.10 4 3.27 1.07
28 Hyogo 12.3 1672 38 0.46 0.57 38 0.46 0.27 38 4.58 2.26
29 Nara 10.9 2206 32 0.44 0.46 32 0.57 0.44 32 4.94 2.19
30 Wakayama 13.3 2416 41 0.47 0.67 34 0.63 0.38 41 5.06 1.74
Subtotal 12.2 1961 158 0.47 0.63 151 0.53 0.35 159 5.01 2.15
Chugoku 31 Tottori 11.1 2089 25 0.59 0.69 28 0.51 0.32 28 7.17 2.82
32 Shimane 12.2 1910 65 0.29 0.32 65 0.61 0.37 63 6.92 2.61
33 Okayama 11.7 1478 50 0.46 0.65 50 0.60 0.35 49 5.59 2.89
34 Hiroshima 11.6 1656 66 0.41 0.51 66 0.62 0.36 66 6.53 3.91
35 Yamaguchi 13.1 1955 49 0.35 0.40 51 0.49 0.26 51 4.70 1.68
Subtotal 12.0 1783 255 0.39 0.51 260 0.57 0.34 257 6.15 3.04
Shikoku 36 Tokushima 12.1 2414 33 0.40 0.44 32 0.52 0.42 33 6.17 2.29
37 Kagawa 14.0 1207 9 0.08 0.11 9 0.37 0.29 9 2.95 1.27
38 Ehime 12.9 1900 45 0.32 0.53 46 0.48 0.34 46 5.42 2.58
39 Kochi 13.0 2820 57 0.33 0.51 57 0.53 0.28 57 6.34 2.06
Subtotal 12.9 2301 144 0.33 0.49 144 0.50 0.33 145 5.80 2.39
Kyushu 40 Fukuoka 13.6 2062 33 0.46 0.35 34 0.51 0.25 34 6.16 1.51
41 Saga 13.7 2233 14 0.30 0.23 13 0.36 0.14 13 7.84 3.04
42 Nagasaki 14.9 2103 29 0.20 0.29 29 0.45 0.18 28 6.06 2.45
43 Kumamoto 13.0 2489 57 0.34 0.54 58 0.29 0.17 58 5.81 3.18
44 Oita 13.0 2054 61 0.35 0.36 61 0.29 0.14 59 7.49 3.76
45 Miyazaki 13.4 2749 71 0.25 0.37 70 0.35 0.18 70 6.04 2.98
46 Kagoshima 16.3 2687 62 0.55 0.94 62 0.36 0.17 62 7.05 3.11
47 Okinawa 21.9 2405 11 0.26 0.28 9 0.25 0.09 11 5.02 3.02
Subtotal 14.4 2438 338 0.36 0.54 336 0.35 0.19 335 6.49 3.10

" Mean values of forest sector in 1971-2000 (Japan Meteorological Agency 2002).
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Fig. 6 Distribution of carbon stocks of dead wood, litter, and soil at 0—30 cm. Carbon stocks of the three pools in
each prefecture were classified into four groups: <25th percentile; >25th percentile and <median; >median and
<75th percentile; and >75th percentile.
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Fig. 7 Carbon stocks of dead wood, litter, and soil at 0-30 cm in each prefecture with annual mean
temperature and annual precipitation of the forest sector. The annual mean temperature and annual
precipitation are the mean values for 1971-2000, which were calculated using data from Japan
Meteorological Agency (2002). The C stocks of litter and soil at 0-30 cm decreased with increasing
annual mean temperature (Spearman rank-correlation coefficient: p = 0.004 and p < 0.001,

respectively).

The amount of dead wood also varies among stands with
different dominant tree species (Takahashi et al. 2010).
Thus, we speculate that the dead wood C stock is influenced
by microscale factors such as tree community structure and
forest management rather than by macroscale factors such

as temperature.

Litter C Stock

The mean litter C stock, 0.49 kg m™> (Table 6), was
within the mean values of forests dominated by the major
tree species of Japan, 0.42—1.15 kg m™> (Takahashi et al.
2010). The mean litter C stock was estimated to be 0.29 kg
m~ in Asia (FAO 2006). We therefore suggest that the litter

C stock in the forest sector of Japan ranks high in Asia.

|Bulletin of FFPRI, Vol.11, No.4, 2012

Litter is decomposed easily in regions with high
temperature but is decomposed with difficulty in regions
with low temperature (Cofiteaux et al. 1995, Aerts 1997,
Trofymow et al. 2002). This pattern is consistent with
the high C stock in the Hokkaido District and the central
highland of the Chubu District and also with low C stock
in the Kyushu District (Fig. 6 and Table 7). Moreover, the
litter C stock was lower in prefectures with a higher annual
mean temperature (Fig. 7; p = 0.004). These results imply
that the litter C stock is influenced to some extent by a
macroscale factor, i.e., temperature. On the other hand,
some exceptional instances were noted. These include
low C stock in the southern part of the Kanto District
and the Hokuriku area of the Chubu District and high C
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stock in the southern part of the Kinki District and the
Chugoku District. Litter C stock varies among dominant
tree species (Takahashi et al. 2010). The exceptional
results in the spatial distribution of litter C stock may
be caused by microscale factors such as tree community
structure (Takahashi et al. 2010). Further study is needed to

determine these microscale factors precisely.

Soil C Stock at 0-30 cm
The mean soil C stock at 0-30 cm, 6.94 kg m™ (Table

6), was lower than the value of 9.0 kg m™

estimated by
Morisada et al. (2004), who compiled soil profile data
collected from 1950s to 1970s in national forest soil survey
projects. In previous studies, the soil survey point was
chosen by surveyors as a representative soil profile in
which genetic soil horizons were typical in the survey plot
(Government Forest Experiment Station 1955). Thus, well-
developed soils with high C stock may have been selected
in the soil survey, resulting in a higher mean value for soil
C stock in previous studies than in our study. Additionally,
the methods used to measure gravel content, soil mass, and
C concentration are different between the previous work
and our study. Therefore, it is not necessarily appropriate
to suggest that the difference in soil C stock reflects the
passage of time. Careful discussion is needed to interpret
the difference in soil C stock.

We suggest that the soil C stock at 0-30 cm in the
forest sector of Japan ranks slightly high in Asia because
the mean soil C stock at 0-30 cm was estimated to be
6.61 kg m* in Asia (FAO 2006). Soil C stock at 0-30
cm tends to be higher in regions with higher altitude or
higher latitude because of the lower temperature (e.g.,
Batjes 2002, Liski et al. 2002). The results of this study
are generally consistent with this pattern. Soil C stock at
0-30 cm was high in northern Japan, i.e., in the Hokkaido,
Tohoku, and Kanto Districts, and low in southern Japan,
i.e., in the Kinki and Shikoku Districts (Fig. 6 and Table 7).
This tendency was also supported by the lower soil C stock
in the prefectures with higher annual mean temperature
(Fig. 7; p < 0.001). Thus, we suggest that the soil C stock
is regulated by a macroscale factor, i.e., temperature.
Exceptions to this pattern included high C stock observed
in Tottori and Shimane Prefectures of the Chugoku District,
and Nagasaki, Oita, and Kagoshima Prefectures of the
Kyushu District. Active volcanoes (i.e., Mt. Daisen, Mt.
Sanbesan, Mt. Unzendake, Mt. Sakurajima, and Mt. Aso)
are located in Tottori, Shimane, Nagasaki, and Kagoshima
Prefectures, and at the southwest border of Oita Prefecture,

respectively, and have supplied volcanic ash in the last 20

years (Machida and Arai 2003). Soil derived from volcanic
ash (i.e., Andosols) is known to accumulate large amounts
of organic C (Shoji et al. 1993, Morisada et al. 2004). This
indicates that the exceptional instance of high C stock can

be explained by the existence of volcanic ash soils.

Ratio of Soil C Stock at 0-30 cm to Soil C Stock at 0—100 cm

The mean soil C stock at 0—100 cm, 14.29 kg m > (Table
6), was lower than the value of 18.8 kg m™ reported by
Morisada et al. (2004), and the mean ratio of soil C stock
at 0-30 cm to that at 0—100 cm, 0.59, was higher than 0.48,
the value estimated by Morisada et al. (2004). However, as
discussed in an earlier section (Soil C Stock at 0-30 cm),
the survey methods may explain the difference in the soil
C stock at 0-100 cm and in the ratio of soil C stock at 0-30
cm to that at 0-100 cm between the result in this study
and that reported by Morisada et al. (2004). On the other
hand, the mean ratio of soil C stock at 0-30 cm to that at
0-100 cm was estimated to be 0.52 in Cambisols and 0.44
in Andosols worldwide (Batjes 1996), and these two soil
types are distributed dominantly in the forest land of Japan
(Morisada et al. 2004). Therefore, the ratio of soil C stock
at 0-30 cm to that at 0—100 cm in the forest sector of Japan
is higher than the world average, that is, the C stock of soil
at 0-30 cm accounts for a larger portion of that at 0-100
cm compared with ratios worldwide. Jobbagy and Jackson
(2000) reported that the ratio of soil C stock at 0-20 cm
to that at 0-100 cm increased with increasing annual
precipitation. The high ratio of soil C stock at 0-30 cm may
reflect the monsoon climate and high humidity of Japan
(Kottek et al. 20006).

Organic Soil

In this study, we excluded a soil layer with C
concentration >0.25 kg kg ' from the calculations of soil
C stock due to anomalous data resulting from a mistake
in the field survey. However, according to the criteria,
some organic soils were probably excluded from our
count, which may have decreased the mean soil C stock
at 0-30cm. Organic soils are not common in the forest
sector of Japan: the soil C stock of the Peaty Soil Group
(Forest Soil Division 1976), corresponding to Histosols,
was estimated to be 13 Tg at 0-30 cm depth and occupied
just 0.6% of total C stock in the forest sector. On the other
hand, Histosols are a major global soil type; the total extent
of Histosols is estimated to be 325-375 million ha, and they
are mainly observed in the boreal, subarctic, and low arctic
regions of the northern hemisphere (IUSS Working Group
WRB 2006). We therefore need to identify organic soils
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using a description of the soil profile and evaluate the C
stock of organic soils in the forest sector of Japan in future

studies.

Conclusion

In this study, we found that the C stock of dead wood,
litter, and soil in the forest sector of Japan was 0.42 £+ 0.67,
0.49 = 0.32, and 6.94 + 3.25 kg m °, respectively. For dead
wood and litter, this study detected no latitudinal tendency
in the distribution of C stocks throughout Japan. However,
soil C stock at 0—30 cm was generally higher in northern
Japan and lower in southern Japan. This is supported by the
lower soil C stock in prefectures with a higher annual mean
temperature. On the other hand, high C stock was observed
in some prefectures of the volcanic region of southern
Japan. We thus suggest that the soil C stock is regulated
by macroscale factors, i.e., temperature, as well as by the
distribution of volcanic ash soils. Additionally, our results
indicate that the soil C stock at 0-30 cm in the forest sector
of Japan accounts for a larger portion of that at 0—100 cm

compared with forest soils around the world.
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Leaf water relations of residual trees in heavily
thinned hinoki cypress stands in Shikoku, Japan

Kazuki MIYAMOTO ", Shiro OKUDA ?, Mahoko NOGUCHI ?,
Takeharu ITOU ", Shigeho SATO "

Abstract

Leaf water relations derived from pressure—volume (P-V) curves were compared between two hinoki
cypress (Chamaecyparis obtusa) plantations at low elevations (210 and 320 m a.s.1.) in Kochi prefecture, Shikoku,
southwestern Japan. The objective of this study was to evaluate the effect of heavy thinning on the leaf water
status and mortality of residual trees. Our study sites included a stand with a northwest-facing slope and no
dead trees after thinning (called “Karakawa” ), and a stand with a south-facing slope and many dead trees after
thinning (called “Kochi-west” , ca. 23% of trees died). Mean values of dawn and midday leaf water potentials and
the P—V parameters did not show any significant differences either between sites or between treatments (thinned
vs. unthinned for Karakawa; upper slope vs. lower slope for Kochi-west). However, a significant difference was
found in regression intercepts between the two sites when the relationship between osmotic potential at full
turgor (™) and water potential at the turgor loss point () was plotted at the individual tree level, suggesting
that the surviving trees at Kochi-west were more drought-resistant than those at Karakawa. Our results basically
suggest that there was no clear difference in the leaf water status of hinoki cypress trees between sites or between
treatments in this study. However, the signs of higher water stress observed at Kochi-west at the individual tree
level may partly account for tree mortality in hinoki cypress stands at low elevations on south-facing slopes.
Therefore, heavy thinning of such stands should be avoided.

Key words : hinoki cypress, thinning, water potential, P—J curve, water stress
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and Shibata, 2005; £ 5 , 2012),

PV gh#Rik (Tyree and Hammel, 1972; Suili « #&JI,
1983) IZ KD EENBZEIKIEDIRBRT V¥ vIb (p™)
RERTF VX I ELEIBEOKETF VTRV (p,") &
W o TEIEDIK IR I S R DFRER L L THRAITH D
K7k, 1988), MWEZIRICT L ENTWABIAIFECN
5DKRDFEEEMESHERF I N TR TN TREIN
%o AU TREMEEOL /F N THERIC, HER
RIRIHRAFARDME My (KK & X)) &7 h
K FeA Uebhsy (R e R I8 0T, o
IKRT Vv )VIIEB LT P-V hifIEIC XD BEN S
IR REPEAE 72 LRI U, SRR DY A AR D HEDIK 77 R
P& 3B AN O FEAENT I E 3 B R 77 010 R
i & W o T AT BB O 50 S 31 U 72,

2. i & )5k
2.1 A&

AWML OFRMEHIE HHIEN2 DFTO L / F ANTHKT
b2, D HEEKTOFE)NLEEMKD 35 F4:
JEqMDTHSB AT, TEIND, &5 0 EDid G
PEERIC AT iE L, RIS TFE RO BN FEAE L T2
#1140 RO S Fy (DUF TEHIE)) THhd. F
N KR AR RIEZFNZEN 14.1°C, 2,964
mm, &HPE T 15.3°C, 2,707 mm TH 2 (KR,
2002), aRA MO EEE)AY 320 m, &HITHAY 210 m
T, IR E R L EB I E L Tv 5,

) OJEVERIC I 2007 1S 58 1 ARG BR I AV RR 1
ENTHEL ABHINOE / FI DWW T, B mE e, 6 e,
MNoOGEEEZEELGFLU TV S, F/OR IR
(32-41°) THbH. PEO FHIZEE &/ F Ok mh
KELZBMEMICH S (Miyamoto et al., in press), A
HFECiE, Rl T EBIC B9 % MR X & X (2
NZN20m x 20 m) ZHW Iz, WIARKEIEIANT Z—)b
Y720 1700 ALLE LB TH - 72h, 2008 41 HI
AERKEER 60% DR E KA FHfEE Nz (Table 1,
HXATOMERANOMEIEERICHABEL THE D . AL
RV INZ TRV T INF O 2 1d U kL A
ORI L RAEDETAEBELTVEE0D0D, k& LTH
NORE DI -7z (Noguchi et al., 2011), KX
Tld, BURFEMERICT AL > Tix & OJelifEz F 4k
EUTHIRREAEDREMEM LTz B, REICHEAD LT
o 7z (Noguchi et al., 2011, 7x3., MEERMKE 5 4
BWHICHT5 2012 F 7 ARRICE S LT, ¥/ DM
KX TR AROVZEMNDFEEL TR, ZDIEN
) IE BRI OFRAE X D FEMIC DOV TR, BARS (2009),
Inagaki et al. (2011), Noguchi et al. (2011), Miyamoto
et al. (in press) %= EZ BRI NI,

= AIE IR E R 38° D E RIS A7 L. 2002 T A
BTCERK 40% DR EMEE N7zpirTH % (Table
Do SO ZHRT 57z, 2010 £ 1 HicHm
EEDS FEISHF T 25 m x 21 m DX EZFE L,
WARMEZIT o120 M DL BRNZEKITH 23% £ £ <
HHEN, FRCRE EERTZEOHEED EV (Table 1, 1k
5,2012), i M TRMENMZIFEABEL THize D
ORI EETIEIAMIERICE > TFr v ITHEKEINT
Wizo MIRICWEY T Y HIR L, Frcptm L8 T
LTV, BKRETD VI ARE LS & UMK ZREAR
EYIDENLHEE L, BEANCDODWTHESER., #ak
KOERDAAE - WisEZFdEk L7z (Table 1),

AWZE TR, N OMEKX. MK EB X T EAED
TR S VT R (el AT N 2 5 g e = W AN i
K& XU, KDRHEMEZHEXBTHR Lz, 2hick
D, RERBETYAUTEHEID, TNENOY AT
BED IR RFPEAEIC B I R D A S Wit I D 528 2
A U 7z,
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Table 1. SRR
Summary of study sites.
SEAKE JE
Tree density (trees ha™)
EEECS RS A bkl (2009 4REIEE) IR k% k=R MR AR ORGSE=R
Plot Area  Slope  Stand age Before After Thinning rate ~ Year of ~ Mortality after
(m?) aspect  in 2009 (years) thinning thinning (%) thinning  thinning (%) *
=£)Il Karakawa
MERHI P Unthinned 400 NW 35 1775 1775 0.0 — —
%X  Thinned 400 NW 35 1700 725 57.4 2008 0.0 (0/29)
AP Kochi-west
#HA 3 Upper slope 262.5 S c. 40 1714 1143 333 2002 35.7 (10/28)
AHE N Lower slope 262.5 S c. 40 1714 952 444 2002 8.0 (2/25)
oy AR Total 525 S c. 40 1714 1048 38.9 2002 22.6 (12/53)

IO OB, [t OAFEAR DR R/ [ & DR FARDRFERE] 274, BIERTFENSEI L T D, @ElEOT —213

EfES (2012) 12k %,

[number of dead trees]/[total number of remaining trees] is shown in parentheses; suppressed trees were eliminated from the calculation. Data in the

Kochi-west stand is from Sato et al. (2012).

2.2 BIEAE
WIEBEOY YT ) VI REBADRREN
AWFZETIE, 2009 £ 9 H 8 FHICE/II. 9 HIC &Ky
THEDOY YTV T RFER Uiz, IKKRT V¥ L0 P-
VHEERD 515 5 2 7K 53 e P V& A2 6 oD 7K o i R
KR, B CREARENIC X 2B EZIT 5T LN
MoNTWVW3, MEOY YT 7k, KiRCHT 3
REMHTOFE RO TE51E ., ENRALTVS
TEDEMOENC KB HEEEZZTIC WVETHM TS
pEZH6ND (UKkik, 1986), F)OMER{LX & R

RXICR®E Uz Lk >3 — (ECH,0, Decagon
Device #t) THIE L7=2009F 4 A1 HH 5 2010 4F
4 A1 HE TcoLHkyOFHZ (Fig. 1D I X,
YT VTR H G E R TR G SR A TR O
IR EMLE DT 5, LEEKEE 2009 4 12 A M
M5 20104 1 HOWEELRAOM & [ARETH -
Too MH2 HEOKRMEIERT, ENHhLREFODT
AZZAKEBNM L TH 2 DT — 2l XL, 9
H4 HER 1:00 EYHET, 0.5 mm U EDX & ZE
o BRI S Nah o (K587, 2009; Fig. Do

0 &R Thined |
------ % inne
2009/9/8
%Fﬂﬁﬁzz Unthinned | 700
50 .
) IS
o\\°/ - 600 £
~ = 40 ~ =
SE s E §
" 'E ~ 4(—6
E“i 8 30 a0 O F
~ o X ©
4“1 -oq-J- o (0]
W © c30 ¥ 5
L 20 m 2
H = : >
o) - 200 ‘©
n a
10
- 100
0 . . | : ‘ . ] : ; | | Lo
N N ~ N N NN N N o Ny o
o o B O G
& & S $ o o N S

Fig. 1. )1t / F AN THIC BT 5 HEE/KE GHR. D BRU=R (RE D OXGEIIMED 1<kl 5 HikaE () OZHiZL ;
BT —D DIk > — (ECH,0, Decagon Device #1) DHlE(#EZ /19
Seasonal patterns of soil water content in the hinoki cypress stand at Karakawa (solid and broken lines) and daily precipitation at Misaki (bars),
the nearest meteorological station. Each line indicates the soil water content measured by soil moisture probes (ECH,O, Decagon Device Inc.) .
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222BBIFFEHFDKRT Vv b

HEDOKRRT 2 ¥ )V OREICHH T 2RO
PARIX, SRR X 3 K O s Ea O R b & Rl -5
MHZNZTN3EKT DEEE LIz (Table 2), ALK
DY A X, @HIVEORE FEBIC I8 % 18 A D i & i
BN DORMLIX & MEKKICHNTHRICKRED >
7z (Tukey ® 2 & LiigiE, p < 0.05) & id. B &,
FTaBlXUBEERICEREEEIALN N>, Y
HOBHT A (5:50-6:40) & HH (12:10-12:50) 1T,
BEARORBE EHOH Y20 ORWIEHT, EXH
20cm fEEDOFIFED iy 2 3 T DY T T
Lice YU INWVRERICT Yy S TREKZEAALTZEDD,
TIVIRAINWTHED Z LRV RICANTZ, E5IC,
ZOHITIKZE G E R TR 2 AN Z&Ez il U 7z K Re
THIEETCHRE Lz, KKTFT VY vy IVOREICIE T L
WYy —F v 23— (PMS600, PMS %) Z=Huwiz,

LYY TIIEKRT Vo v VIIERICAF v
FCHEmEZ RS, g EE (75°C T 72 KDL L
B ZHE L, ThHOMEML S, EDOEX DR
e G2 E B Oz lEHER (LMA) ZKRDT,
LMA Z52 0% U7 i B E 9 2 K13 & @iz R
IHiIcH D (Pooter et al., 2009). P-V Hifih 515
BNBIKDFMEE & IS T &M DE WIS U2
bz Ed % HINTHIE LTz,

223 P-VHIR E KD FEMEE

RO 75 DKKT > ¥ v )VORIEIC WS FED Y
VYT ORI, P-V IERE R O R IE 2 2R A O R
i EHOHY 720 ORWEGFmNS 1 D3Oy ST
Ulzo o7V KRBTV v VIEHOED XD &
PRRKEDICY TV T U, YTk b L,
C o —)VS M SERE K UTIRRE T 5 RFBIRR S oK & &
Db, HEEIN 20em 2 E DL E 7 Z Y O ELD |
TLy oy —F v UN—Z2HOTKRT V¥ v )Lzio
B UNGE U PV g2 ERR U 720 FEEROWE TR AL -
A (1983) It o Tze fER LTz P-V HifED &, ER
TFUVXIVERSEEOKRT Vv b (p, "™ EHXRE
KR (RWCP), BkBEOREBERT V¥ v b (™ B
KUHIEDAREEHMSER (o) ZRDz, TN D IKMNTZIE
DEELZD, p, P & p ™ DEMENE EBEDEIKEN
KRELHETLUTCEERT V¥ v )V EHEEF U THZEBRICTH 2
2 EMNTED (KK, 1988), iz, —fRIC e DEM
FOE EAMARBEDE < RIS Z LWk DK
ICKBWEZNRKE L KIS ¢ DENMEWIE EAl T
BEDZMEN G KK DR FIC KB WELLE /TN E
TNTWVWS Gus - &I, 1983), AR MERITWVWD
MOBEHTEDMERINTWVSM, AWIZE Tl Jane and
Green (1983) O JTHEICHE > THRRERER DR AME (e
iRz,

Table 2. fiEAARDOMEER (DBH). #m (H). & & (Hy) BXRUHEHE®R (CLR)
Diameter at breast height (DBH), tree height (H), the height to the lowest live branch (H,) and
crown length ratio (CLR, [H — H,]/H) of sample trees.

AT X No. DBH H H, CLR
Plot (cm) (m) (m) (%)
) X 127 20.4 160 103 35.6
Karakawa unthinned 128 23.8 17.8 9.6 46.1
136 19.4 142 10.1 28.9

) 60%[FEEIX 290 26.9 15.4 7.1 53.9
Karakawa 60%-thinned 292 19.5 158 94 40.5
294 23.8 158 94 40.5

EEIVE A B (40%[#1%) 1 22.7 157 103 34.4
Kochi-west upper slope (40%-thinned) 2 29.2 16.8 7.4 56.0
3 23.2 16.5 8.5 48.5

EENPE R FE (40%MH 1) 4 29.2 17.9 8.7 51.4
Kochi-west lower slope (40%-thinned) 5 333 17.3 7.8 54.9
6 32.5 179 7.6 57.5
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3. R0
3O BBIFAEBRRDKRT VY v Ib
B 7 DKR T > ¥ v JVIE S O E T - 0.45
MPa /» 5 0.43MPa DfiZz/R Uiz, HHROKKRT >
¥ )VIE—1.62 MPah 5-1.49 MPa Dfi7Zz /R~ L 7z, B
F5. Hec, U o FEBXUHEXBTKRT >
vy VICHERE IR LN -T2 (Fig. 2).

3.2 LMA &K EMEE
LMA XU P-V #ifih 5155 N5 k0RO
25 X AISE Y5l % Table 3 12759, LMA E°F)11 D 60%
R X DM O FH & KIS IR THEICE W EZ R L 2
(Tukey D £ H L#giE, p < 0.05; Table 3), /Ko7 Fek
fHICOVTR, WINOEERAARM THEEARZADL
N&Eh >t RWCPIZ0.76 5 0.78 Z/Rm L. 4D
DRBEXRBTIES DENIERITNES o Tz w™ E-
1.23 MPa » 5-0.97 MPa, " 13— 1.70 MPa » & —
1.46 MPa Z /s LTz, ™ & p,P30INE, EJT
R X O AKX K O EEMEL . @HIE T
B Lo AR FER K D BEMED 5 7o e 1
4.82 MPa 5 8.45 MPa &£ 72 0 /| TIRRIXX T,
EAIPE TR AR R E TRV 2 R U ze 22D 60%
RSB T B p ™ & w P d 4 DOFEXDED T
EE <, WHT ey EIREIRWEZ R LU T2,

AL XIVT ™ &y, EDOBGRETOY FT %
ELuOERICHEO p B ERT B —UDEDS

ZHREREHSE SNz (ANCOVA, p = 0.038), [l
ERROYIFIZE) O EAITEE D & & o s ¥
DISZ—=VICHFEHT B &, 60% BRX DT X TOfE
Oy DERKK DA XD & @R Z R Lz, —
B @BAETE p™ & o, WS NO KRG B
e RhE N TIHRIE N IEA S NIEh o T,

4. B

/) FEADIKKRT Vv VB XU P-V iR, 515
5N KRBT % P E O Tk, Y7 b
ML CUBMKETHEZIRIBEhah > (Fig.
2, Table 3), L7z > T, RWFED 2 HhFiDE /F AN
THIZBOTREEARMIC, A MHE, LHEXEWT R
DEBAEICHBWTE RO ZIEICHBRZEWN IRV &
EZ6N5%, LHAKEROETF/$Z—> (Fig. 1) %
YTV U TRTOK 4 HRNZBERDMEH S N aho Tz
TE, BRUY VYTV UV ITHBHIZER Tz &
HERT DL, SRIOKET VY v )UK KD R
flix, LEESRIEZIR UTe R Ic B % &/ HEtk Dk
REZKMLUIzEDEEZ OGNS, LHL, ZTOKI
SICHZ M HER, 10 HIRICH O — 7 2l 2 T
Wiz ehb (Fig. D, TOE—=JHIcYH 7Y v
JhERLUISGAEICITSH EIERRERMESNT
AREMED B B, 722U, w0 p " IZHIEE D AL
SRS TR LRI E Uiz R"d T & kK,
1986) @A - & FE O I AE T 5 DKK T

Nz (Fig. 3), &5, ¥4 METYU R MERICH VU IICENRENTE 8L S FHMOHER] (iR
BA(775 Dawn
0.0 =]I| Karakawa EHE Kochi-west
-0.2
'0.4 — p—— — p——
-0.6
. -08
[0]
a
E .
= H & Midday
; 0.0 = ]|| Karakawa =8 Kochi-west
-05
-1.0
-1.5 —— —1 - p——
-2.0
AL 60% 1% #m\ LR 40%mR k) #HE T A (40% M%)
Unthinned 60%-thinned Upper (40%-thinned) Lower (40%-thinned)

Fig. 2. ¥ MHEFB X CLEIXHOIATT (1) EHW (F) OIKKT > v VoL

Comparisons of dawn and midday water potentials between sites and treatments.
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Table 3. &/ FDLMA (gm?®) BXU P—VHIFIC & > THS NI BEDKDRFEMO M GEHER) | FIRE D s
T FREDMRERR RWC™) EKKT V)b (p,”, MPa), BZKREDIZERT > v )L (p*, MPa) &
CHIRD AR R DI KAE (60, MPa)

Mean (SD) values of LMA (gm™) and leaf water parameters of Hinoki cypress trees calculated from P—V curves;
relative water content at turgor loss point (RWC™), water potential at turgor loss point (", MPa), osmotic
potential at full turgor (w,*, MPa) and the maximum bulk modulus of elasticity (¢, MPa).

BEDOKIFFMEIE  Leaf water parameters (7 = 3)

FHAX Plot LMA (n=21)* RWC™ P w™ Emax

)RR X 176.6° 0.77 -1.63 -1.23 8.45
Karakawa, unthinned (16.4) (0.06) (0.13) (0.11) (3.51)
EN - 60%MIR X 158.0° 0.77 -1.46 -0.97 4.82
Karakawa, 60%-thinned (12.6) (0.04) (0.07) (0.15) (1.79)
EEE BhE B (40%M%) 182.7° 0.78 -1.70 -1.22 7.94
Kochi-west, upper slope (40%-thinned) 9.5) (0.03) (0.14) (0.28) (3.98)
T R N (40%R%) 179.5° 0.76 -1.62 -1.03 5.27
Kochi-west, lower slope (40%-thinned) (12.3) (0.07) (0.06) (0.15) 2.51)

TEATE ORHE RS =20, BAR LT T 7Ny ME 4 HEXMOAEE (TukeyD 2 E L, p < 0.05),

“n =20 for lower slope at Kochi-west. Different letters indicate significant differences among four plots (Tukey’s

HSD test, p < 0.05).
-1.2 | o #&@ LER(40%FIH) Upper (40%-thinned)
* m TER(40%MH) Lower (40%-thinned)
2 60%RAEE 60%-thinned
4 FRIEE  Unthinned
-1.4
A
E /1|
= Karakawa o7 e
=  -1.6 7
:5_3 A . '6_..-”
1.8 e
& =N S [ei]
Kochi-west
-2.0 1
| | | | |
-1.8 -1.4 -1.2 -1.0 -0.8

w:" (MPa)

Fig. 3. SUKEDIZBERT > ¥ v )b (5™) EERT ¥ VAL S BOKRT > vib (p,?) &
DOBIfR G, B EAITEORIRERD
Relationship between osmotic potential at full turgor (,*) and water potential at turgor loss
point (). Solid and dashed lines indicate regression lines for Karakawa and Kochi-west.
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IR, 1983) £ HAHT e, BERANY IS
IKRDZAL 2T TlE— A DK A N L A DIRRER
HETTERNVEEZISND,

HIFFBECHPOKRT Y ¥ ILiE, WEFho
FAEREChECTe /FTRESNTVSME UKk,
1986; BIADL ,2009) &[FEFEE TH >z, BT HDIK
BTy VEVTNOFHEX TE - 0.4MPa fRE T,
/) FTKARL RIS KB HAREBES DK FOhEE S
EVWbNTWVB-0.9MPa 55— 0.8MPa (K7 , 1986)
EOEhEDEhoTz, TOTENL, HEROIHAE
WRARIFZKA LA ZZIFTCHEST., ZBUC XS HM
DKKRTFT VY VOKFhSEETETCVWIEEZDS
Nz, —FH. HHICHNTKIDEH Clhe % KD 7KK
T VY )V, HRRETEER T 1.8 MPa A" 5 1.0 MPa
(FHIF , 1978), L HiEpEME DRV Z /L BICEB T %
11 446 J FHTIEH-1.5 MPa UKkik, 1986) &R
HENTHED, SHOHHEDOKRT VY v IVDME & iZ
F—HT %, Lieh>T, RABOFHEX TE HAHIE
SELBAEZEC T EEZ SN, KD+ T
L RHTH> LD ABENBKTH>TT NS
DA%,

SEESNZRWCPIZ, ThETICe / FTHE
ENTVRHEORHANTIZ D BN, LLEIEH <.
4HEXBTOIESDEMNIEFICT/NE o7 (Table
3)o RWC™ IZZ DEMMEVIZ E, ENDKDDEDN
THLENENZ N EERTH (BEFES, 2002), /K
RACHNT BMMEEEZ ZBITE, w," Ry 5
I RWC OZLICRH T 2WEDZELZ EZERT %
DENH D, RWCP DA THMAZRIETERY L
e ZRJ, 1984) Fz, w, " Ry LEHZO, K
RO CERBISME E O A BEFREMAREBEINTY
W KK, 1986; ALILS | 1996),

—HT w," &y OBBRICOWTHEA T & D%
Jay U, AU ™ THELZEEICE., malo
EARZENEDE p," DEBEICEL 20, WEED
EWER D S DA Tz (Fig. 3)o 1 HADEWIEH % WY,
HIEHE TOXRRZEMOERLYHDOKRMEL 2 DDOY
A MTCREL BES o7z (FiEBE,; Fig. D. L
Feo T SERK X O F R RK D B O REE B B
BBED—MIIEEZABRVE DD, (A U & D
MK T, JEPERHE O] & He TR RHA o &
PHDHFMIKA R L RICE S ENRT WEHAIICH S T &
TZREL TV,

MO EMEF D X = X LITid. RN DR %
RTF 2y v )VOZEIC X i GREFE) &, M
DRI X ZHET DO 2O008H . w, P&, &
RT VX VT TaAEEER (o) ICXkoTH
#7721} % (Saito and Terashima, 2004; J5 5 , 2008),
[ U w™ OFIPATRIZSEIC, v, DEHE RN
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Ehs, 2O EREFEEZNR., SEFHEE L EA
TIFRFEMREHT L O & LU A EBEHMER O HHIIE DN
JEOHFFICEBRL TV B & THEINS, LAHL., w™
Lo DBBRBI T e, & v, OBZEEMAL LT
Ty bLTHBE, ke L TIdAERREERD
BENZE0D, WINOEBTEY A MO E
BHENEIhoT, TOLIIC, SRIOFERIZT T
[ FEHERFIC X 2 12 B A T & AR E R O B D A&
WZRET A LI TET, SBOMZHET 55T
%

PV /O N 2K FEMEMEIE., Fato Rk
KL 558 72 52\ . oKDY > T )L e XS &
PRy, P E D O, WIS RWC™ 0 2 13 K6 0D
HERTENEHEINTVS (Bvans et al., 1990;
Kubiske and Abrams, 1991), AKHFZEIC 35 TR
TR EEIC ER R > HEROO EDE LT,
COWERERTZEND B, ARUFETIE B (12
REIFREEE) KD &5 5 KRR EE D WKk IR ] C LB 7%
Fo =M, N OFE T 12 BRI R O WK LR & 17
SleEADL (2009) DFREREHNTIFEALEEIAD
Nixhole, BEOEFI T, KOFMEMEICH T 20
KR D BENHZICH S NS BMNH S (Evans et
al., 1990; Kubiske and Abrams, 1991) —/5C. %% %
WK ALER R NS K B A A 5 Nz (Harayama
et al., 2006) L H O, BIEICK>TETEIETH B,
AW TEEMLU AN >, & 5IEORER (1-2
REfE) T OIS MK LB D 1575 72 F S 2 BN
%

E N D8RS R DIKKR T > o v )b & SRk
FRMEMICB LTk, AT THE (5AR5,
2009) & [EBRIC 4 [ UL O A 56 Tk 5 R fE
ICEDNAR LN S To, oD X ST, FIEIRAE D i
JESW KRR OB EEBINNELAEH DL
DD, FNDOFEEBAMDIC BN TIE, BKEEEAR
WKHZRKA R LABEC TV RN EBRBEIN
%, T, FERHDREMKK, AKX & &I
HIChELTWB T & &y ML Rimic 7@ LT
B, WBEOEE R ZHIC DIt Tthi T en
ROV EDEEZOND, £, BIFEORRE R
Sl LT, EDOREIDFIETH S LMA HHEKK
THEICKLS BT e F5NS (Table 3), T
N, BEEZZEI>T2600D, FEIOBKKXICH T
oy by OENEAEED AREXM TR
mL W g BWERBMEDN ST EEBEFBLTWVS L
FZ 5N (Table 3), WIMRIC & 2 Bt iR HI Tl 2 1t A
KT 2HEmICH S EHREI NS, ®ERIKEDMKD
O L BRI AT HB Tl B LBk A K
B EHNRNTZED SR (HARS , 2009; =5, 2012)
E L EEMT 2EZRE LTS (EES, 2004,
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2006; fgtE 5 | 2008),

BAHIPEIC BT, MEMEOEWICEH Uz g
Lixo M. MSEARDNZH o FphE LEB & g7
Mo Te i FEB & THEAFAR DK REEMICIH S s
BHINE N ah - o, BKTE R R A7 OEWVIC K
STKARLVRAREWHEL, Bl EHTEoEZLD
AAENEIBRL, SAX IR AILYDXSI B R
HOFERICKEHWHERZZIT THIEICE ST LHEREN
20 (EEDS , 2012). AW CIEBKEZONE T
— 2R HIEOER 7O AEWH ST % T
R TERD o Tz, EHIVEIEMIRE T ENREL TEH
D, MEDOMBESVZIZ CHBIKER & SRS
MEESTETWVWBEEEZILNS, BIEEAFELTWVS
AR i R D EZ IR L3 W ar g I 9 I EIG L
HEMEDOBNVIEZZ T TVE EEZLNZN, Thic
DVTESEZDOMANRBETH %,

SENEY Y SIVEN VI S REHNICEE T A >
7278, Table 31CHT % p, P & ™ DEICEHT S &,
FEEITE T RNE FE K 0 & R L5075 MKW 2
RLTW e Tz g (& BHE EE TRV EN Z /R L Tz,
TAE, B LI & W D R LSS DAL ISR RIS g
LEDHISDERNTHD EEADND, F/IDOEKKX
WX 9 2 MR IK DR RO EINE TN 5 & Rk
L#Z % 5N% (Table 3), Saito and Terashima (2004)
W, 3T EIXF TR E LIEHFNERNS, K
PIEN —H VKA B LA BRZ T A, R
HER (o) 2K LTIEEZHRFT 2 X5 KBS %D
Kxfl, KA ML A RCEDNEMTZXIBEMETT
. e 2@ LTHERMICIEERZZ(L S 3 W%
MLTW2, TOTEMBE. )10 MR X S & AT
DR FEIC B B 550 0, &0 T2 HIS A I
K9 ZKA LA N CENEMLERREEL LD X
5N5DMhEHNITV,

DEDXSIT, RO RN S IEEARMNIT, Y1
b DEWRBMKOAE, BHEDENICESE /F
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Near-infrared hyper-spectral techniques for the quantification of starch
and sucrose in the leaves of cool temperate deciduous broad-leaved trees

Satoshi KITAOKA"", Hajime UTSUGI"Y, Osamu MATSUDA?,
Akira UEMURA”, Hisanori HARAYAMA", Hiroyuki TOBITA?, Koh IBA?

Abstract

In the presence of elevated CO, levels, the accumulation of sugar and starch in leaves induces the
downregulation of the photosynthetic rate. Therefore, it is important to develop a rapid and convenient
system for the measurement of the concentrations of sugar and starch. This study evaluated the use of near
infrared (NIR) spectral analysis, which is based on wavelengths longer than 1000 nm, for the determination
of the soluble sugar and starch concentrations in the leaves of the dominant deciduous broad-leaved tree
species in cool temperate forests. We analyzed three tree species that were grown in the presence of 370
ppm and 720 ppm CO,, and we compared the mass base sugar and starch concentrations determined by
chemical analysis with the concentrations based on the light absorption rates in the NIR spectral analysis.
We found that after removing the water by freeze-drying the leaves, there was a strong relationship
between the light absorption rates and the soluble sugar concentration in the leaf dry mass base (r = 0.80).

Key words : near infrared spectral analysis, deciduous broad-leaved tree, soluble sugar, starch, elevated CO,
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Sound insulation performance of wood (Larix kaempferi)
sound barriers constructed along an expressway twenty years ago

Shuzo SUEYOSHI", Masazumi SHIODA?, Jun SAKATA?,
Naoaki SHIBATA? and Anri YOSHINO”

Abstract

The sound transmission loss of Japanese larch sound barriers, which were constructed along an expressway
twenty years ago, was measured to investigate their acoustic durability. When large gaps at the joints of the wood
sound barriers were filled with oil clay, their sound transmission loss increased and complied with the sound barrier
regulation for Japanese expressways. Moreover, filling all the joints with oil clay further improved the sound
transmission loss. These results indicated that the solid part of the wood sound barriers showed sufficient sound
insulation performance. Therefore, wood sound barriers, which are well-designed and maintained to ensure no gaps
emerge at the joints, will perform adequately as expressway sound barriers for at least twenty years.

Key words : Wood sound barrier, Japanese larch, Sound transmission loss

1.Introduction

Installing barriers is one of the most efficient and
frequently used methods to control road traffic noises (Ekici
et al., 2003). The theoretical concepts of noise attenuation
by barriers have also been investigated. Though field tests
involving sound barriers are expensive and require careful
monitoring of many variables, they have been conducted
to determine the actual sound barrier performance. Various
kinds of sound barriers have been developed and many
standards have either already been implemented or are
being drafted in Europe. Such concrete and metal sound
barriers have been developed as permanent structures.

As for wood sound barriers, wood is a basic building
material which can be used as an acoustical insulator (Bucur,
2006), but we should always consider its durability, which
is affected by weathering and decay. The properties of
wood sound barriers were reported as follows: Weathering
causes gaps to develop in the barriers due to dimensional
changes in the wood, while decay causes the wood to
decompose. Preservative treatments are commonly used
to resist weathering and decay, both of which affect sound
transmission loss. Wood sound barriers have an expected

service life of 15 to 25 years when treated with preservative

RN AR 24 45 9 F 28 H Received 28 September 2012

(Boothby et al., 2001).

In Japan, most expressway sound barriers are
constructed using concrete, metal and/or combinations of
the two as permanent structures. Wood sound barriers along
the expressway have been constructed in certain locations
on a small scale and trial basis. Although the initial sound
insulation performance of wood sound barriers has already
been confirmed as meeting the sound barrier regulation
for Japanese expressways (hereinafter referred to as the
sound barrier regulation, stipulating sound transmission
loss of 25 dB and over at 400 Hz, and 30 dB and over at
1000 Hz respectively.), few experimental results exist
showing their durability as stable structures (Machida et al.,
2007; Sueyoshi et al., 2007; Shibata et al., 2008; Sueyoshi
et al., 2008; Machida et al., 2009; Shibata et al., 2009 and
Sueyoshi et al., 2011).

In this research, we had the opportunity to measure the
sound insulation performance of sound barriers made from
Japanese larch (Larix kaempferi) twenty years after their
installation. Measuring the sound transmission loss of these
old sound barriers based on Japanese Industrial Standards,
data to facilitate the maintenance control of wood sound

barriers were obtained.
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Experimental

Some of the Japanese larch sound barriers (hereinafter
referred to as the wood sound barriers), which were installed
south of the lida Interchange of the Chuo Expressway in the
early spring of 1986, were replaced with new sound barriers
of equivalent specification and used for this experiment.
Each sound barrier unit consisted of five components of
Japanese larch timber, which were sawn and fastened with
bolts and nuts as shown in Fig. 1. Wood components were
treated with preservative (PF3, Phosphorus trifluoride).

Fig. 2 shows a schematic diagram measuring sound
transmission loss as an index of the sound insulation
performance of the wood sound barriers. Acoustic tests
were performed in the experimental facility, where two
reverberation chambers specified as type I in JIS A 1416
(JIS Committee, 2000) were connected. As shown in Photo
1, this involved installing H-shaped steel frames, with
openings 1990 and 720mm wide to the space (2710mm
wide, and 3600mm high) of the portion connecting the two
reverberation chambers. The test specimen consisting of
wood sound barriers 1960 and 680mm wide were set in the
space of the connection portion. One reverberation chamber
was used as a sound source room, in which 1/3 octave-
band noises were generated using equipment consisting
of a noise generator (RION, SA-28), amplifier (ONKYO,
A-977) and speaker (ONKYO, D-77MRX). The other
reverberation chamber was used as a sound receiving room.
The sound pressure levels were simultaneously measured
using five sound level meters (RION, NA-20) and sound
level recorders (RION, LR-07) in each chamber. The
sound transmission loss, R was calculated by the following

equation:

R=(L,—L,)+10log(S/4)

where L, was the average sound pressure level in the
sound source room (dB), L, the average sound pressure
level in the sound receiving room (dB), S the area of the
specimen (m’), 4 the equivalent absorption area of the
sound receiving room (m?), ¥ the volume of the sound
receiving room(m’) and T the reverberation time in the
sound receiving room(s).

Filling the gaps at the joints of the wood sound barriers
with oil clay step by step, the sound transmission loss
was measured to investigate the influence of the gaps on
sound transmission and determine the sound insulation
performance of the solid part of the wood sound barrier.
The oil clay was temporarily used to fill gaps during

experiment.

Results and discussion

The sound transmission loss of the wood sound barriers
is shown in Fig. 3. As a reference, the sound transmission
loss of the initial wood sound barrier measured twenty
years ago via a procedure equivalent to that of this
experiment, described in JIS A 1416 (Takei et al., 1991),
was plotted. The initial wood sound barrier was offered
for an experiment to determine the specification of the
wood sound barrier before the on-site construction and
had the same structure as the wood sound barrier in this
study. However, the units of the initial wood sound barrier
differed from those of the wood sound barrier used in this
experiment. The initial sound insulation performance was
close to the theoretical line of a mass law (7L = 18log(fm)
- 44, TL: sound transmission loss, f: frequency (Hz), m:
surface density (kg/m’)) and satisfied the sound barrier
regulation.

When the gaps at the joints of the wood sound barriers

were not filled with any oil clay, as shown in Photo 1, the

A=0.16V/T sound transmission loss was lower than that prescribed by
680 1960 ca 100
< > K > > |«
7 B f
Joint = | : \ N [:] §
H A “ ) : ﬂ 8
SN i : A
N
Component Fastening bolts and nuts Unit: mm
A cut unit An original unit

Fig. 1 Schematic diagram of units of Japanese larch sound barriers.
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Fig. 2 Schematic diagram showing measurement of sound transmission loss.
M1-10: Sound level meter, L1-10: Sound level recorder, SP: Speaker,
AM: Amplifier, NG: Noise generator.
The sound level meters are connected to the sound level recorders, respectively.
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3600

Unit: mm

Photo 1 Japanese larch sound barrier without oil clay at

the joints.

Photo 3 Japanese larch sound barrier, the joints of

which were entirely filled with oil clay.

Gaps filled with oil clay

Photo 2 Japanese larch sound barrier of which the gaps
allowing light through were filled with oil clay.

the sound barrier regulation. Where the gaps allowing light
through were filled with oil clay as shown in Photo 2, the
sound transmission loss exceeded the level specified in the
sound barrier regulation. Furthermore, when all the joints
were filled with oil clay, as shown in Photo 3, the sound
transmission loss was further improved and attained the
level of 20 years ago up to 400Hz. These results indicated
that the solid part of the wood sound barriers satisfied the
sound insulation performance provided by the sound barrier

regulation.

Conclusion
The results obtained suggest that the sound insulation
performance of the wood sound barriers, which were
properly maintained to suppress the gaps at the joints,
would satisfy the sound barrier regulation. Therefore, if
Japanese larch sound barriers are adequately designed and
maintained to eliminate any gap at their joints, they can be

used as expressway sound barriers for at least twenty years.
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Performance evaluation of the wooden house constructed
in the Forestry and Forest Products Research Institute
- Airborne and floor-impact sound insulation -

Shuzo SUEYOSHIY", Seiichiro UKYO", and Masaki HARADA"

Abstract

The Forestry and Forest Products Research Institute (FFPRI) conducted a wooden house design competition, emphasizing
safety, comfort, durability and energy saving, and then constructed the best work as a two-story wooden house. Sugi
(Cryptomeria japonica) thick structural plywood is used in the walls and floors to improve earthquake resistance. The beams
and subfloor of the second floor are visible in the first floor, while the first and second floors are sharing the space built in
a wellhole style. These house configurations not only made a visual impact but also had favorable natural lighting and air
circulation. However, several sound transmission paths were detected by measuring both airborne and floor-impact sound
pressure levels. This wooden house is, therefore, one of the full scale models of a detached single family house where high

sound insulation performance is not required.

Key words : wooden house, airborne sound, floor-impact sound, sound insulation
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Photo 1. The Omnidirectional speaker and sound level meter which were installed in the dining & living room to
measure the sound pressure level difference between the rooms.
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Photo 2. Impact ball (heavy floor-impact source). Photo 3. Tapping machine (light floor-impact source).
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