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BIZOWT, 7TV ANAH VY a0 THERPHEAIZ & 2 FEOZ A RRET & ATy 5 30 W hNeels 0mamme
2 X CTHE¥E & AMMEEIZ DOV CRRET L 26z, BEEEO 520 K 2 FlmihE 02z >0 TG L flns 5
724 T p i Ay KRB ICB T 2 MR & EOBIRICE R L IS EETH S, £ T, A
RCIIHEE L AMME IS 2 HENRE OBIRE & - & S EAN A HEER T Td 2 WA #HIIZ L > THRE
FTHREERAD:, 22T, WREEE IR Z CAX 0 — v ERERL 72 S HRE L 2260 & 5 TK
MIEBEIZB S 2 BRI & OBk & MG L 7.

RBRICANIR CRZHENMERRERE L, MELMEEIESEL CRIRICEL 2AMEEET S5 A TH
BEEDEI B TS TX200, £/, 22 TEDLILHRERBETEZ DN EERT S,
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L7zhi»C, XKETIHI IR LAMAENAER T 5 9 A TREAMRM EERHERIOVTEAT LR
il 5,

3 WRFI&E

IREFTOREIIBWT, BR, REFELEDORUABEDORHMA L, HLOAMTFRIINIET 51213, [AH
RIEMRE ] R4 R CRAIL T, WER - EIIEEICR I L, 5% T EICREN LB E D SHME DT
linEFE LI EARLA. ZOBME»L ZXMEMAT S5 2 THEAMELBEROBOAMMERL LT, ¥
vOR KHEE, OMOEMEKE, MEEEE ST, KETEZFMORMEEIZ DOV TOFRMROF
i BEREIZ L B/57 Y FORIAE L OCZORE, 7L TIhoHENBEROEFEOMEANDISHIZBET 5 %D
7= DELAME & EER A LA TR T,

3. 1 #EMHE
3. 1. 1 NSUYXOREBEHRIT 5 1-HO—EHBOH

REGAMIE, AMMEEIBT 535 Y FOFREL Mal § 5 720 R A ERAREAROREM T2 6 %
HWL2ZeDTHO, ThEeMiltf 1 &35, RIS SRR O BRI T 2 B4 L TR S W 32BN T
MEhTxy, KERIHBORRMKEFELC TH 720 198941 A, e THINEREEZTY 38 @fks 5 e
MAERE L 72, fREUFO M 17 F4TH > 7=,

3. 1. 2 EREONSVXERET 2-DICARIRRRINICHEH L MO
AMERA, RAERKRED/ T Y F 28O BECE RS 2 720 2RI R EE PRS0 E 9 % X AR

Table 3-1 Sample number per a family on Kanto 10th test Table 3-2 Sample number per a family on Kanto 13th test stand
stand established by open-pollinated families. established by artificially mating families.
Sample number Sample number
No. Family name Rep.1 Rep.2 Rep.3 Total No. 2 d Rep. 1 Rep.2 Rep.3 Total
. p— . - p . ; Masuyama sugi Euma suii‘ 2 ; g i;
umotoshi
R T == I R
4  Minamishidara5 2 3 5 10 s Juscbmisigi 1T Z ii
5 Niiharu 4 2 3 4 2 6 Sanbusugi  Kumotoshi 7 2 2 1
6  Shioya3 3 5 7 15 e o ot
7  Ohtki5 2 4 5 1 7 Twao sugi oo 44
8 Yaitas ’ 2 6 10 8 Urasebaru sugi 7 6 4 17
9 Tukiyono 4 1 5 5 1 9 Okinoyama sugi Kumotoshi S 4 4 13
10 Naka? 2 3 6 u 10 Iwao sugi 6 6 5 17
11 Nishikawall 2 2 4 8 I Urascbarusugi 7 6 2 15
12 Mito8 - 5 5 10 12 Cl 8§ 7 2 17
13 Gunma3 3 3 4 10 13 Yabukuguri Kuma sugi 5 2 4 11
14  Control 5 6 5 16 14 Kumotoshi 8 6 4 18
15 Iwao sugi 2 7 4 13
Total 33 44 74 151 16 Urasebaru sugi 4 4 - 8
Note : Rep. replication 17 C-1 6 2 3 11
Total 98 86 58 242




FIIE ARl A3 25 BUE B UAKA R AN O FEARTTRER) XIS 3 5 PR — 41—

ERE (S 10 SRER) 2N 0 ThHY, ThE a2 &35, Rk, BRMRERS (3
MAEREv Y 2 — PTRIC) TR - #8 ShREBIR RIS bA, TRIEKREEFERA Z X
ELUTHW, LA D TH S, AR AOZRE 3OIRIEL & - ZGLREIC Lot > TR SN TR D,
W ERIZTHHE OB E U Th > 72 1990 F 1A, ARk 7oy b ZEIEn el e iRt 1 ~7
(1A & kM A FRHLL 72, BB T & OIRHUAR % Table 3-1 1R . &, FREUFOMEmIE 19 FETH > 720

3. 1. 3 HEBOBGEERERIT 2-OICATRERRIICHET L M2 OH

AL, B E LBAY S 2 a 2R HE RO/ T Y F & A bR H 5T L 723k 0 #{R%
ARETT 2 72D I KRR A A6 4 2 B AR K (B 13 SRGEM) 2 S FRELL 228 D TH D,
IR 3 LT B, FRERNE, FEROF S A FEREA B L L TR AREM CATRR L 2K RO A
MIZ< b A, K FEREERETAZSBERE LT, BHLAZEOTH D, RERHFK Y OFRIL 3 MRE
B S GHEIC L2 > THIRE M TR D, IRERIZAE ORI L C TH 7. 19894F1H, vy P Z&
R R A R A 2 2 ~ 10 fE R B HEEAM A BRI 72, RS A T & OFHUA R % Table 3-2 1278
T Ak, FREEOWEIZ 17 FETH -7,

3. 1. 4 HMEOMREBRHTZ-DICEFEEICTO— 2 2R L -HKIOH
AfEERAE, HEEOMRERG T 5 -0 I ERIC & 2L (BARMR AR AdaBRIbA D
RS AR SHNL 280 TH Y, Theadti4 L35, AlBtd A mE L7 0 OWERAREZ A
30070y FAEREL, ThETho7a .y Table 33 Names and provenances of test material clones in the
spacing test stand, and symbols for complete data set.

FIZ Table 3-315/R9 22 OFERBI s o — &l
BLEEDTHB., ZREROT T 5 FHOK No e

X Clone names Provenances complete data set
T8 R 1319 KR X A5 1. 8m X 1. 8m 8 b 1 Sakashita 2 Fukushima prefecture O
2 Kitakata 1 Fukushima prefecture O
(3,000 &, ha) , KX A5 1.4m X 1. 4m [k 3 Wakamatu 2 Fukushima prefecture
_ e . 4 Higashishirakawa 1 Fukushima prefecture O
(5.000 4/ ha) , @@ HHIX 4 1.0m X 1.0m [ 5 Minamiaizs5  Fukushimaprofecnure
b (10000 4/ ha) THH . £70y bAI 6 Ishikawasyo 5 Fukushima prefecture O
' ' 7 Seta3 Gunma prefecture O
sa—yZEIZ0A, G132 KA T LNHEFE 8 Kamituga 1 Tochigi prefecture o)
N e S n 9 Imaichi 2 Tochigi prefecture (@]
SURLIGEIRLTEEL, 62370y b 10 Niihari 2 Tbaraki prefecture o
A1 LTINAE 2EKEL T3, Kifkic 11 Niihari 3 Ibaraki prefecture @)
12 Tagas Ibaraki prefecture
M5 ClL, Bl -ru—-UAaBAS ., HBHWIE 13 Kuji 8 Ibaraki prefecture O
. . o 14 Gohdai 1 Chiba prefecture O
Mz ICALE S M D AR ARFED 7 8 — 2 12 & 1S Naka 6 Kanagawa prefecture o
AI Mk Siz, Yoy T EICEEICE 16 Minaminaka 5 Kanagawa prefecture @)
17 Mugi8 Gifu prefecture O
EahTnb, ZOREBA»S, 1984 F1 HiZ 18 Mugi 4 Gifu prefecture O
, N . 19 Nagano 5 Nagano prefecture

U7zfE e 2K EEY, M2 mL 7, 21 Ohi6 Shizuoka prefecture o

22 Ohi4 Shizuoka prefecture

k., ESEMX (10,000 A, ha) TIXEAR Legend : O : the clone getting data from every experimental plot.



FERZ =0T, 2TOT Ty b2 5 kA 2 FRIT &
720316 s 0 — 2 Th -7 (Table3-3 % BM) . L 7= -
T, HEAM & BRECL 7RI 16 (Fu—2) X2 (K)
X3 (haA%E) X2 (Ri8) =192KToH 5. HHU
DM 12 F£4TH - 7o,
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Table 3-4 Names and provenances of plus-tree clones planted

on the six clonal test stands in Kyushu.

3. 1. 5

IRIBICKANT VX ERFTT /-0

BANC 7 A— > KL -5 06
AT, BRBEC L BT YR EARGIT 572010
Mo, By (EMlgE) , )Ek (KERLE), St (Prax
), KB (EGLAR) . I (BRI

No. Clone name _ Breeding regions Provenances

1 Yame 12 North Kyushu Kurogi
2 Fujitu 24 North Kyushu Shiota
3 Karatu 6 North Kyushu Kiyuragi
4 Fukuokasyo 2  North Kyushu Nakagawa
5 Taketa 11 Central Kyushu ~ Taketa
6 Hita 1 Central Kyushu ~ Kamitue
7 Hiji 1 Central Kyushu ~ Yamaga
8 Higashiusuki 5 Central Kyushu = Nangou
9 Kuma § South Kyushu Yamae

10 Aira 4 South Kyushu Shigehisa

11 Kimotuki 2 South Kyushu Ooura

12 Miyazakisyo 6 South Kyushu Tano

Table 3-5 General description of the six clonal test stands in Kyushu.

), Nz CRFE¥E) (ChEfkL i o ) ) Number
District forest Establishment Sampling Stand ages of
HWEREMRLSREILAZ2DTHD, Z offices Regions years years  at sampling samples
K t
hAMRAM S L33, MO ERE  Kikuchi(®) pgxﬁ 1965 1991 26 108
Southern area of
thi3 , Table 3-4 12784 12D A FAEHfT s Kusu Ohita prefecture 1967 1992 25 108
K t
O—-vOXLARE LINANOZHIZ[E  Yabe &%%ﬁ 1967 1992 25 108
Nagasaki
L ARBRELANT U7 Ao TR L 72 60 Nagasakd prefecture 1968 1992 24 108
Miyazaki
THhd, TNTHhOREMNTIE, 82  Kobayasshi mi&m 1968 1991 23 108
of Kagoshima
-2 ES5HX10T=50AD K7  Uchinoura prefecture 1970 1991 21 108
Oy MIED ST 12070y b A1 (*):Recently renamed as Kumamoto district forest office.
Ty e L TIhaE SBIRIELZZEBEIC L0 5T
MR EhThb, SREMEGIZ, Ty FPTEITF
W s R eSS SEEEEC il e L,
,,,,,, 540
L7285 T, REWT & OGAMOFIALIZ, 3 (K)
X12 (zu—r) X3 (RE) =18KTH 3, fitid
44 FREL L -8RI Fig. 3-1ISR T 6 EATH 0,

- o . R & i
ZNZENDOFEF, FRHUE, K OTRHUE O M % Table .
3517,

3. 2 #HEHOEREE ;j&*gf
. s 4 ﬁfchi,mgpra !
AFVEBILREA 5 108 F-8a O FlHI AR B & PRI ‘\Vg}%f :
N, AMBESAREE TS 5. KRR TOAME |
Ny ‘ lgpe
BOENMIImMDTKREL, FIAIXZAFOREERTIX 130° i/ :
132°

BT 1 mm BRSO 0K ERHOB I E 24
3, 3mm P EICETAORERTHD, TDLHIC

Fig. 3-1 Locations of the six test stands in Kyushu.
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KELS LML OB DIMUDAIB TIIBEE DR X 2UET
FELZD, TORPIIEEDNOEE, Yo r# L £<
DRMBEETHE I TS, 72, Tho0BIZEHIE
HERHCRHE T dp 2 00T RIS LAIN ) 2 T 0
&0 B ARMME OB K & £EFIE, (HAR 0% B4 B
A DT EDHIS FLT s h A eI A SR A SRS b
AU TNV BIIH T TR, AMEE ORI OZR
ELDLABEDIIHRSRHE L ATFIEAS K, 25 L7
2D, 1 EROAMUHEEZREZE 200 T v ko
Bt W EETH B L E AL 5N, B.]. Zobel (M i {347 A8
itk BRI PN B ARSI EAWMIZL 2™
PR AR A SRS 2 S B TS & TOE S
TR0 65910 Fda H & TORBBAI % B 72584 3
AREEMIE L TWB ELTW5B, F7-, RS Wy
FEEOREE O, S | RBFORNEAF L THNENEORB L6 A 6N3Z %L, ZhD
WEADHREHEL T, Hilb £ BN 2@ & 2 oL, MFgRicftL 7,

Tabb, EFEEOH EE Im &2 5 EAIZ1.5m BOLKEFRIRL, #B0EWE (29 €y 78 Ty
THEREME LIz, RIZZORRKOWEIZHS T 25855 6 X 10cm OPF A 2 #54FELL, ZhFhh oEME
ARE, BROBFHEBEENE LK 9 2 27V ¥ b b )IC X5 Fms iz AR 2 8L 7=, Zh5 1 Fig.
32IRLEBDTH S,

7z U ftakbt 4 13 BREUER ORGS0 8T » 7 28T 2 2 b A b Y BIZIE & 10cm O PO A % FRELL 72,

1m (Residuals)

i

Fig. 3-2 Diagrams of sampling.

3. 3 BIEFE

3. 3.1 Y %
Yy rEIF, 3.0 3IIMLE LomBOEMREO AN S | & o By &kt faron s m.m k. 4 -r Ik

BRI L7, ZOFE LB L, AKRKOFE .

B LCOY Y rEREE R, BT BB Fast Fauiegiisnsfons Amlyser

AR, RFETHUE LYY r#Ei3, bR, &

BKEEL L ICHEMOY v 7R EMBERGVE XA Tapping with 2

steel hammer. Log specimens

5 (HIh I FI 1089 7l 1992
o

& M O R 5B, RSO BE
NS ENDEH RE ) — R s TE - 4E
LDV TEIPSNKEROY v 7 EOBREEAL
AERETL 7R, LAOFERMEHS 15 Faaid &, Fig. 33 Diagram of a system of the tapping-method system
IEERIM & Al B ERSHOR TG, 22T, measuring the dynamic modult of elasticity.

e

Electric balance
¥
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RO Y v 7 FBEH ORI 17 F4EL ED
o S ERELL 7.

B2 flEZFIE% Fig. 3-318 7, 1.5m ED
MIRRED A E T L & ¥ T o+ — A X ORAD EIC
ty bU, —~HOWEPHDNY 7 =TS 2 v
YL, ZOLERET I EE WS VA s 0
T+ VY THET D, ZOEFSEFFT 7+ 744

(Fast Fourier Transform analyzer : A&D ff#! AD-
3524) ~NEA U THiE 7D BEAREE (UL FHAR
BKET3) #5870, FRCUKOER, LKOK Strip specimens sawn off disks
EROTCH, RMFELZBEL 72, I 6 ORERR

Steel hammer

Curved chisels

20mm

Fig. 34 Diagram for the procedure to make specimens for

FR3—1IRATEZEIZESTY VI REGE determing the wood density and the moisture content of
green wood.
L7,
A3—1

Ed (kgf X 10°/cm®) = 4f1r/n’g

2T, Ed; Yo, BAREE, 1 ARK, r; LE, n; BARBEOXK, g;, ENNEETH

%,
3. 3. 2 RHEEE
BRERIL, KEWRIZK> THRBAZEIE T 3HEBEICKIDEEL 7=, FEROFIEIT
DEDEBNTH S, Fig. 34ITRT LI, WEHOMBL S84 FUIR 25mm DX MY o T#ERL ,, 51
ZDZ LYy Th5HAAOEE 20mm, i 25mm ORERE 2 ER L -, AABRKEZHO & L 2 FiEli oM,
PIMICX 3 L, ZWZhOBHOFEEKERIZE > THELZ0S , 2UER AT L2 FHEEIR3 -2
12k > TEHRL 72,
X3—-2

BHEEE (kg/m’) =2 HE /R

fHEdft 4 2B E , 2 ZIORLAFIEHTERZEE #AIE L 72,

3. 3. 3 H£HMEKFE

AMEKEFIL, REEOFHRICL D> THEL 2, EROFIEIXROL B TH S, KEI%, BH5IHES
75 10cm BEOM#R 4 YELD , ZOM#E» S Fig. 34 108 T X ) IZfi+# 50 25mm D X F ) FAEMERIL /-,
Z Yy TREEESS=DIZY T2 7 9 TTEHLAEDS, —25C O 7Y - THlENE TRFL 2. JIE
ELATCAABRA A B L, S A RIOE & 20mm, 18 25mm ORERKZER L -, BRKIIBEE 0 E Lz 2 Hiic
O, BfE, XL, ThZhodmMRREOHER, 2izkEoER+ L, X3 —-3iILizn->TE
MEKEERL L 7=,
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X3-3
MC (%) = (W, —W,)/W,) X 100
ZIT. MC; AEMEAR, W EREOER, Wi 2UREOERTH 2.

3. 3. 4 RS

ERRENEIT, TR 2 M - T 0 2 b A b 1) 0D Poler o sl TR M. Eolst T ML 1980 ) = | e 8 -CHRE U 72,
B 5l 2 & PREL L 72 2 2 KA < & TS B 205 | iF 25mm T HOFEA Smm O % & & ikBiik % fF
BIL oo fERIL 723ABRIKIT 20°C, W% 60%DIRIEEENTHERICETAETHEL LS AT, RENIIHE
SNy 7 2HRBPERECE/BGEBRE L 2, |MELMHETHT v 7 2BEHIERE 2. 5m, 2HEER
17kV, 13mA, 477408 Th D, L= 7 4 L a13T 4y 2 XO-MATXL, 7 4 L ADBRBEAZ 20°C, 5%
BITh 5, WMIFAT 1)L ADPEE L JOICE LOEBLE type lllcs ¥4 7 07 ¥ ¥ b A — 4 A FIWTHIE L, 4&fF
EAY y FIES0,, Ay FEE 100, YTV SRR 1TTH S, RFHEIZK ST, FimlE (RW), FiaZ
OV EE (RD), T (EW), Bikfie (LW), BM&EE (ED), MM &E (LD) #13U 8 L % Fiahil
T REEARICRO NS,

3. 4 F—HERE

3. 4. 1 REEESELEY, JUBVWEBETHMMTS-00RMERE

MA AR ARV Z2DIC, REBO T 0y b ZEOAREAREIC L > TAREFANIZE S 0WbYS [TV
INTYAF =4 EXIThBIREICA D, SYIORBRFVHNTLE S Zehd b, BHHM 2 Rt 3
TiE, HEMPRERELEORRBOZEIZL 5T, KRIZ L OERABUIIREIORERFETHIZAEA N TH - 72,
ZD &5 uBE, B ERO KRB 2 KFEE £ Tk 6 XM /A 75 5 T/RBIME % 58 T % 2 A3 Srederar Cochran 1967
RIAMEOBA 2 KA Z 25 K5 BHBAIHIBTE 3DRRNARELE T TH S, F—2ORMERINERETH
LT L72H6, 7y b T Y LM RIS -> TG WERD , & Y LB REL T — & DR
ERE =3T3, 270, REBSBECZLOT Ty MR EAE KIZFli X h 5 5 &R E 4 5RT 7
DIHERFESAM LU BT LA 5 n* s b iIC  BAETIE S =Y b3 v ¥ a — 4 CEMET 2 R H o &
PN B i Hendersn C R 959 0 R 711 27 5 A HIJRFE X T B R

AL TIE, REMEZ#CL TE D BRISEWIIAS R A5 720, R, ZEXROSTE &0, &)
BREEIIEDO [T UNT V2T =48] THRNTTE ZFEED I K 72 W90 2B 2+ 81213 DEC
Micro VAX IT X U/S— 7Ly ¥ 2 —4 (NECPCI801) TEIfET 2 BASIC Sk -»Ca—F 4 v &t
i 0 s 5 L% HWEZ.

3. 4. 2 RECEEGETFROXEEAZDMY 5 7-0D Eberhart and Russell (& 5%

BB &R FROZ BRI IROHUK TOMBEO BRI E R K& W, WL L a5, v o—
¥ W5 D7 HAEM % Eberhart and Russell ¢ 5 i ™erh et 11996 K Mosgenstern et al. 1960, ).B. ST Clar el 398) = 3= b3 THEKT L
7oo AFERIFFEOHEIZOWT, BEHEICHT2BEFRIL O£ IKT 580 TH 0, BEERIG
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HROBELZ & ORFE, APFROSE Ty 2L OREMO 2V A 5. @ ORE, Bl R8s
KREVBE RO 2 <, BREHREO/N S OEBIE FRUIBRBEORTENMRNZ & 28 ¢, 72, ATk
3 EAERORRE 2 85 A T & OllgEi THEMIZHITZ 2., $4abs . ZHEMMAHELEVDTHI
i, BURERIZ T TH D, MUREBRDZHET 250 B 5V EIA 355 ETOMED» S ZAFERDOKE & H
HEZGHIECZ 5

4 RESMHICHTIAMMEONT VX EEBOHR

DHUEOMAERESEZITERBEL AR AEEHRL CH0, BEBTEX L ZHRER» o EE S ETIZX -
TIEA NI EEE 528405 5T, FREEETIRBHE R 2 X 70305 L CEtkizit 32 729,
FEMD TIE - DOMBIZBBORE 5 7L DRRBMRC DA THHETZIREIZH 5, 72, AFEZUMD
IR E PO —EA O F &, BB - BULH TIREAENIC K B8 BT H Y, FEOHFMIRIZII N
SOMIRIZEHIT 5 XA FEMOFEEIZENIL 728D L 012 5,

INETORT, RENEERT S -0ICBEEMAME & B ke AR L7z, KETIE, AFMORE
BRSO E ShBAMWMEE L D B, MEOREL D 5 MO EAEKF & A HI & L THREZRKRT
IZEMR XN 7R OAMME2HET S, ZORFIZK ST, KMHEIZDWTONT Y FOEEEHS H
12U, FEOAMUEICET 2HEMOREMOMIZT 2L L 810, BMIZKE/3T Y FOfliiE L2 DRRIC
DWTHRET S,

4. 1 ¥R
4. 1. 1 EREMRPCHBTBIAMMEDONSY X

Bt 1 (RS OFEEER A Tabled-1 (/R L 72, /35 Y FOFE 2R T EBREUTOM EKE S
REAKEL 2% TH Y, ZHITHOTHEEEN 19%, YV 7EP 3% TH - 72, MIZEIHREARENE 0
DIIEMEETH O, DMEREE, UMEREERELLIZ1%TH -7,

=%, Table4-1 13 0M EKRKBDLEE R
KOKEZERTEDTHY , TDER

Table 4-1 Variations in wood properties in 17-year-old seedling stand.

& ik 53% 5> 5 206% % TOFPHIZ H - WOS WOH MCH Ed DBH
Unit kg/m*3  kg/m”3 %  tf/lcm"2 cm
> Z = 7 \\ = KA ==
O R S T T N — 256 281 53 41 9
R TIRAIARIREEIZIEWZ & 2 BT 5, Maximum values 422 466 206 72 20
. = . .= . R 166 184 153 31 11
ZDEIZ, BEMAADINT Y ERK ange
XVDOROMERETHD , WIZHRE /D Mean values 302 345 92 54 13
) Standard deviations 33 38 38 7 3
EVDRIEMEETH > 72 & 72, ML Coefficient variances (%) 11 11 42 13 19
By rRIIOMEKRED/INT Y F & Legend : WOS: Wood density of sapwood, WOH: Wood density of heartwood,
MCH: Moisture content of heartwood,
HKHEEEO/INT Y FDOHBOKE X 42K Ed: Dynamic modulus of elasticity, DBH: Diameter at breast height.

L7,
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4. 1. 2 HREMPCHBTIAMHEDOERE Table 4-2 Family mean values, standard deviations and coefficient
variance among family mean values, standard deviations, and

Lpasz: coefficent variances among all individuals in 19-year-old open-
4. 1. 2. 1 BHRIBEIZBONTUYXE pollinated famillies.
BB No, Family names WOS WOH MCH Ed DBH
. A o e ot B (unit) kg/m*3 kg/m*3 % tilem”2 cm
ittt 2 (HRZRHER) O FEHR & Tabled-2 1 Chichibu 4 319 38 118 48 14
. : 2 Shinshiro 1 309 354 128 43 15
1205 QIR RBEE A KRR
12,59 Tabled-2 121X KRB ESME TN A L KR 3 Kuji 20 36 43 113 50 14
SEPG BT 0 BE (R 2 K RIE BB O # #% 4 Minamishidara 5 307 387 86 47 15
5 Niihari 4 331 393 118 50 14
B 2RO RS, 2RO Z#HHREE R 6 Shioya 3 329 399 117 56 14
7 Ohtuki 5 329 397 96 55 13
L7 8 Yaita 5 333 383 106 57 13
Tabled-2 7 & a4t 2 TRAMO LZBIHRED 9 Tukiyono 4 oo oo B
10 Naka 7 292 361 126 45 16
L REVLDIL, MEH 1 (—EEEMS) TF 11 Nishikawa 11 305 385 75 46 14
. . R N 12 Mito 8 317 397 80 49 13
F 5?2@@&&03&[:‘?2&IE]*;FIH‘L‘*A-E\]J(%EO) 17% 13 Gunma 3 322 384 118 41 13
THY | ERIEIIEL, HOEF 4 O 73% 5 5 8 14 Control EL AN SO B
Total mean values 318 385 104 49 14
W10 128% % TOFHPTERL 72 BITKRBED Standard deviations among family
mean values 12 17 18 5 1
IRE S EL - SR FE R T Coefficient variations among
TEHREARE/NE L > OREEEETHD, family mean values 4 4 17 9 7
A RO ) RS 73 = 49 s -~ Standard deviations among all
O EREIE IMEREIZE 812 4% Th 572, individuals 42 45 36 11 3
. . RPN 5 Coefficient variati all
FRMEIE I O B E I 3 8 1 D354ks/m o viduaty 13 12 35 24 23
26 7\%,4: 20 0)423kg/m'7‘ FTO %E f'g.iﬁé L 'il]_*)r Legend : WOS: Wood density of sapwood, WOH: Wood density of heartwood,

MCH: Moisture content of heartwood,

e e \ 4 PN Ed: D ic modulus of elasticity, DBH: Diameter at breast height.
Gg,fﬁ%jg f‘)pr 70)292kg/m7))67\% 20 M336kg ynamic modulus of elasticity iameter at breast heig]

/METORMTERLE, YV rROFREEBHRENT 9% WS EEOFAHMEGRBUL 1% TH 72, £z,
YV ROFRRIEE RS 3 D41kefX10"/em™ 5 R 5 D57kefX10/cm’E TOFPTERL | MEEE
DERFAFIIEIZ AT 8 D 13em 2 5 70 16cm & TOHFEATERL 72,

T, ZEARBOEEHRI AR S KE D 5 2DIFOMEKEIRLE 4% THD , ISR ENE D 57200
AR L IMAREIE D 12% L 13% Th - 72,7 v IR EESHEOEHRKIZZN TN 23%,22% TH D,
DM EAE L FEEEOEHREUEDO PO EZ /R L 72,

TSI, HEM 2 (ARZHER) 2Oo0WT, AT L OZIREIIERE, &k, wFhicbwTy
OMEKETREAXL, WIAMEE TRE/NEL A, WEERE Y v 7 RILOMEKE L ERMERZOHRE
DA RTEREE-., £/, EOMBRIZBVTERRBOZEHREIEEADOEEH RO 1/2LTTH 72,

fECH 1 (—ARERAEND) a2 (ARZHER) OAMBE Z L OEFHRBOERRIZOVTED
Fewse, OWEZ LOEMEBOEIREOKE SISt 1 LA 2 3B UENTH S 2L, Offt
WAt 2 OEEEROZIREIZOM A AREI RS KX L, MEEE, YV R, FREEOIETH), Jhud
A1 OEERE. A2 ORZMEHRLE B CHEETH 3 2 &, Qtal# 2 O EMEEOZEHREI
RAMOEHRED 2 ~3ETH LI e oniZh o7,

RRMONT Y FREDTVEBZEIZE > THEIN T E02IID0T, ZRBIEEL» SRETL 72, KRl
(ERAED DA A 20, ZOREFR % Tabled3 12779, Tabled3 IZIZME T L OFF 75, BIfFK
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Table 4-3 Analysis of variance of wood properties for 19-year-old open-pollinated famillies.

Sources of variances df WOS WOH MCH ED DBH
MS  Replications 2 344635 27515.0 8225 367.1 340.0
Families 13 17318 3564.9 3522.8 251.4 9.3
Interaction between rep. and fam. 24 12488 1558.8 1685.3 1419 8.8
error 110 13942 1489.0 959.7 115.0 3.9
FV  Replications 24.7 * 18.5 ns 0.9 ns 32 ns 88.3 *
Families 1.2 ns 24 * 3.7 ** 2.2 ns 1.0 ns
Interaction between rep. and fam. 0.9 ns 1.0 ns 1.8 * 1.2 ns 2.3 **
EVC Families 49.0 187.7 156.1 9.7 0.0
Interaction between rep. and fam. 0.0 20.4 212.2 7.9 1.5
error 1394.2 1489.0 959.7 115.0 3.9
Family heritabilities(%) 13.6 44.2 47.0 29.3 0.0

Legend: MS: Mean squares, FV: F values, EVC: Expectations of variance components,
df : degree of freedom,
WOS: Wood density of sapwood, WOH: Wood density of heartwood,
MCH: Moisture content of heartwood,
Ed: Dynamic modulus of elasticity, DBH: Diameter at breast height,
n.s.: Non significant, *: Significant at 5% level, **: Significant at 1% level.
Note : This analysis was calculated according to the least square method.
Few clones lacked samples on one replication.
Therefore, the degree of freedom (df) for the interaction between replications and families was not
equal to the product of df for replications and df for families.

SHZU 7o TEH L BRI U S & X4 — LIZESOTEE L2 RREBIEREHRL 7.
Ad—1
hW=46/ (ot out o))
ZZT, h? I RRBIEZE, 6 FKRICKBBH, o  BBIZEDZHH, oo RREBELOXEEH
IZEBTHTH B,

SO e d T o AR 6 L IEEIRICIIRIERIC 5% K8, RREREEDZHEEMAIZ 1% KEOHE

ENED SN A, RRBIZIZEIEENED 5 Nk Fter

2o LA L, DMOEMER, OHME KRB ZhTh
5%, 1% KETHFRABICHBESBO SN, v FFEIC
13 10% KEDILNKEETIZH 5 & DDORRBZEHED MCH
SN, K2, OMEKRBIEIFRERIEDRHAERN 5%
RUECHTECH - 77, DWERENE, ARG, o
Y UECEFEREKEORE AR T A, > 100 35 60 40 20 o 20

7 SRR E ﬁg‘i S 5 P itk Percentages of variance components

- =] S - Nevs -7 - ! ]

“o MOEIELIECRIZBISARAATED 6 7 =& Fig. 41 Variance components for wood properties on a
T REZEOBBIZERVDH 73D EEZ NS, nineteen-year-old seedling test stand established with
i kg NN , — , artificially mated families.
Heg i ECPE & DA B KSR TR & M 75k & RIED R D 5 Legend : WOS : Wood density of sapwood, WOH : Wood
FAEF I LB D SN L L £ 5 S, W HAE density of heartwood, MCH : Moisture content of

7 heartwood, Ed : Dynamic modulus of elasticity, DBH
HORD L > OMBEREE, IMERERE, v : Diameter at breast height.
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VORTIE, 1) LEEEBOB AL E NS ENZ LS.

PPLZ E ORPEIEFIEEE D 0, OMAREIE 2 0,44, TMEREIE A 0.14, OMEAEM0.47, ¥
Y UHER0.29 TH Y MIRITIEL D & AREEIE, OMAAE, Yy oy R, REERIEAR R4 5T
BT H0 . BREE, DMEKE, ¥V I ROBRIRAKRII 5 RTEDROBIEMIZXREN TS
ENRFPEEED B b o7,

L0 &AM 3 ERNOT Y % M5 22 570 ABRB RS 43 L. ZOMRE
Fig. 4-11R¥. 22T, RAMOSEA EOM, KM, ZHEM D X UBESIEADEE Lz, &0k
THZBLTE, HO80% L 13t & LTS TED 5N 5 Z L ibh ), FRMO/T Y12 5N
TRRNDINT ) FOHBREERE ™/,

r\
e

4. 1. 2. 2 AIZERFZBEO/NTYXEREHIEBEY

M 3 (NTZEFER) OLEHALE % Tabled4 ~NRT, 3. 4 TTTICONLK ST, #HalHf 3 13%E
HMABED FHHKRHLTBE, ZOLITKENED & 57— 2 2B T 256, TREEXEMAEDEIILED
EAETEROB L TEITL, fIORFEAT - 23 TONIDPEBEBTH S, ZOLE, FToNZHMIOR
B, BE, MEASICEL AR HEEENCT 5270 Tidal, M5 T3 REROEM D ELE->TLED
O THEEEHBOHEEREIE MK T4 %, 22 TAME T, {5 hXEMASEEHDIME > TEVEETE
(EHRH A HEET 5 7280 /N NERBEICHE SO 71 &5 24 DIALSSM ™ 12 X 5 T L 7=, ZThiz kb,
Table4-4 128 L 22 BEHIAAEL 6, MEHETEMBA TN EN RO VZETRE LIRS A 7V ILRE L
LT, ¥%b5, Tabled4 I2HENWTOE X TRLETRTOMAADRIZDOVWTHESFOLA TR EDELT,
WA GRS LR EMAADER N ABVRE THETE 3,

FRKTIZLITIZD NS 2 BB CIT - 72, 55— BB Tld, Tabled-4 1R L 72 17 OZFMAARIZDOTERHRR
ELTHFEO DM AT, KRMICAEBREVED LN IO E ) »aKRat L, RRENCABE#BD 2, Z
ZT, $FE L LT DIALSSM %W T— RO e A RN EREL 72,

Tabled-5 (Z ALRHRHRA Z & OFHE, KR & OFHE o R 25 & AR, EEEROFEER2E L2
MRBART, Gk, ZRWTPHERENARKCL > TR L,

PE Z L OAEROEBREN G 1 (—FEENKD), 0 2 (BRZHER) L4 UEN2ED S
Nz, Thbbd, EHREDREKREZOVODIOMEKEORLZ33%TH O, WIEHRESRE/NE OO
OMERER LIIMERMERZD 11% &

10%TH -7, ¥ rHE, WEEEOE Table 4-4 Mating parents fo 17-year-old artificially mated families.
a

BRBULZE N EFN 18%, 22% TLMEK ? 1 2 3 4 5 6 7 8 9
1 Masuyamasugi | X | X J X I XT7TOTOTOTOTO
KL REEEOEIREOITIT RO 2 Sanbu sugi X IXTIXIXTO0Tr0T01Tx
3 Okinoyama sugi X X1 X1 0:0:070
#RLT. —F, ZRAIEEROZE) 4 Yabukuguri XTO0T0T0 70170
5 Kuma sugi X I X i Xt X1 X
FREUSOMBEEEE, UMEMEREOZE 6 Kumotoshi X X XX
) 7 Iwao sugi X i X i X
EEPERE/NEL, E3I25%TH- ggrfsebarusugi %R
- X

7z, ORI, #HalH 2 (ARZHE Legend : O: Complete data, X: Lack of data
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) EMIUCMERTH 7=, 727U, f£5{#f Table 4-5 Family mean values, standard deviations, and coefficient variances
among family mean values, standard deviaions and coefficient

3 (NTRBIFR) & ftaltf 2 R 284
&, et 3 TOMEKREOLBHHRE, v

LV URDEBREA L BI213% , WEEE N ° "

variances among all individuals for 17-year-old artificially mated
families.

WOS WOH MCH Ed DBH

DEBRYA L S— 1Y FTHY, ThE kg3 s % w2 em
. - 1 Masuyama sugi Kuma sugi 304 334 92 47 14
OUWHOR T, FRMFHEMOZEE Kumotoshi 300 32 110 55 15
BigL AL kBB O NE NPT 3 Iwao sugi 284 318 11256 14
4 Urasebaru sugi 295 333 121 52 14
H5, ZOXHIZ, LMEKREDZKRHED 5 cl 304 333 127 56 14
. . N 6 Sanbu sugi Kumotoshi 315 317 82 46 12
7z (1t = 57}\"ﬁ A *y
EEHRBUIEAM 2 (BRZHERER) OL 7 Twao sugi 358 376 %6 34 8
MEaKBOTHEKLD Eh 75, ¥ 8 Urasebaru sugi 324 358 121 55 11
) e . B 9 Okinoyama sugi Kumotoshi 314 337 115 50 13
Y URLEEEOKREOLHREIIE 10 Iwao sugi 302 324 92 50 12
N 11 Urasebaru sugi 297 323 116 57 13
Mot LaL, DEEHIZHB O €
” ThoRhalsnT ci 297 327 125 55 14
g, M2 EEC L BRRIESEB O % 13 Yabukuguri Kuma sugi 296 333 115 41 13
N 14 Kumotoshi 315 327 116 53 13
RBUI ERABOEIHREO 12 FD 15 Iwao sugi 319 327 112 43 12
,}\, g _C)S "G&) D , //i#: 4(.4.3 AI’i 1:—-—»/7—\ 16 Urasebaru sugi 327 351 123 57 10
A3 XA c1 316 350 133 48 12
EBNTE, R0 RRMOEBEHEIC <
. Total mean values 310 335 112 50 13
55 ERFRANDEIHREDO IR RKENT Standard deviations
. among family mean
btz values 17 16 15 6 2
U _ . . Coefficient
KRN EEIZ OV TR RIZR L 7-ER variations among
. R . family mean values 5 5 13 13 14
MO N7z, DMEREE, UMERE Standard deviations
. . e, among all
B, DMEKR, Yrr#E FEieic individuals 34 32 36 9 3
_ Coefficient
75 Eé’%’ﬁ%!iu TOEEDTH S, ‘D*Zr’é‘? variations among all
individuals 11 10 a3 18 22

MERIIY Y 72X X7 E b+ 2 D317ke
Legend : WOS: Wood density of sapwood, WOH: Wood density of heartwood,
MCH: Moisture content of heartwood,

/mgﬁ) bY Y TAFXAT A2 ;\’:376kg/m3 Ed: Dynamic modulus of elasticity, DBH: Diameter at breast height.
FTOHRMTERL 2, IMBERMEEIIVAY Y IEX AL T ZEDW8ke/m» 54V TAEXA T4 ZED
358kg/m'E TOHFPTERL 72, DMEKRFZIY YV 7AEX I B I LDEUNLY T2 2 YXC— 1D 133%
FTCOFPMTERL 2, YU ORIV VT AEX Y E A 2O H4kgfX10/em» 54 F /) Y ZAEX A T4 2%
EXYT O XY T ZFD5TkefX10/cm’F TOFH TERL 720 WESEFIZY Y T2AEXA T4 ZED
8em M5V ANV AEXTE A LD 15em £ TOHPATERL 7=, ikt 3 (N LRREROM) B3 %
RAPFIMED L RITL, CFTHORMMUEIZOWTE Haltf 2 (ARZHRER) OXKRZAFHHENERRL L 5
NTHTRENMERIZS 528, WEDFRPITIEIZH S h %5 00D 5 hkh -7,
FREMAGDERIICBET 2B OF 1 B L LT, REERBOEEZARAT 2701087 & - 725805
ORISR % Tabled-6 ~Rd . MIEEFIZFRIC 10% KEDRNEEEIED 5h, K% L KEROZH -
DOTRSBKEDHEENSRD SN A, REBMOFRELIED OIS, PAREIHET 3 IILOKEROE
BRI E 1T ehbh ol OMEMESE, IMBERMEE, YV rREQUIRIMICEEESAD O, 1
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Table 4-6 Conventional analysis of variances of wood properties on 19-year-old artifically

’\"// 1—\/1 A\T\Fﬁme i134.77T
O.l%*‘?mr‘%blﬁﬁiﬁ’nuy)f)h

mated families.

2. L2 L, DMEKRRIZIZHEE®: Sources of variances df WOS WOH MCH ED DBH
L MS Replications 2 3001.0 280.0 2499.4 4343 9.9
Pl oo, £72, MEHE Families 16 22923  2078.1 22912  336.1 26.1
7 ) Interaction between rep. and fam. 28 9653 9276 1778.0 106.3 11.4
FEUAOHERIZIZF R & REOMD error 183 9148 9106 11317 717 5.6
e R SR i B = A 2 14 W FV  Replications 33 ns 0.3 ns 22ns  6.1ns 1.8 ns
2 B RO BRI R I8 Families 25 * 23%  20ns A47**  23ns
5 11 Bdno 7 Interaction between rep. and fam, 1.1 ns 1.0 ns 1.6 ns 1.5 ns 2.0 *
EVC Families 99.1 86.1 342 16.4 1.1
Znk3iz, #HEHM 3 (ATRRE Interaction 107 36 1374 73 12
erTor 914.8 910.6 1131.7 72.0 5.6
o _ NN
FAOM) 1IZo0WT, MEHEE, O Legend : MS: Mean squares, FV: F values, EVC: Expectations of variance components,
- . df : degree of freedom,
MEMEE, UMEBEEE, Yo WOS: Wood density of sapwood, WOH: Wood density of heartwood,
MCH: Moisture content of heartwood,
Y B ENE =T * Ed: Dynamic modulus of elasticity, DBH: Diameter at breast height,
FIHEE 251) bh . HA n.s.. Non significant, *: Significant at 5% level, **: Significant at 1% level.
AHERINIDNTHN &7 5 7=,
RFEDBIZHEE KD 572012 DIALSSM (2 & » TR UOFFE DM A A CEENIZET 2 38 2170, 20

R % Tabled7 ~NRT ., ZOFRIZIT -HSHASDYERT (GCA), FrEMlAdbrEe) (SCA) OEWEFEFH, Fid

RUHASER G &4 — 2 THE L RZOEER 2 Hn L7z,
X4 —2
h=4¢./ (6.t ot outo.)
ZZ RO BIAE, o HMAEIZSE, oo IFEINNEES, 0. BEIC X 528

o FREBRFELEOZRAMFEMZL L ETH S,
MAGDERINZ DO TO R & KREO BB OMRE S 2 &, FREOTEIIHRER & i3

Table 4-7 Analysis of variance according to the half dialell on 19-year-old artificially mated families.

Sources of variances df WOS WOH MCH Ed DBH
MS G.C.A. 8 274438 2146.0 3520.9 419.8 434
S.CA. 8 1841.5 2011.0 1061.5 252.5 89
fam. 28 964.7 927.4 1778.0 106.3 11.4
error 183 9148 910.6 1131.7 71.7 5.6
FV G.CA. 1.5 ns 1.1 ns 3.3 ns 1.7 ns 49 *
S.C.A. 1.9 ns 22 ns 0.6 ns 2.4 ns 0.8 ns
fam. 1.1 ns 1.0 ns 1.6 ns 1.5 ns 2.0 *
ECV  G.CA. 19.0 0.7 57.7 35 0.8
S.CA. 68.9 85.0 0.0 11.6 0.0
fam. 10.2 3.4 132.4 7.1 1.2
error 914.8 910.6 1131.7 71.7 5.6
Narrow sense heritability (%) 7.4 0.3 16.7 14.4 38.2

Legend : MS: Mean squares, FV: F values, EVC: Expectations of variance components,
df : degree of freedom,
WOS: Wood density of sapwood, WOH: Wood density of heartwood,
MCH: Moisture content of heartwood,
Ed: Dynamic modulus of elasticity, DBH: Diameter at breast height,
GCA: General combining ability, SCA: Specific combining ability
n.s.. Non-significant, *: Significant at 5% level, **: Significant at 1% level.
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I AEHERETNIZ DWW TO ARG R TIE, M
ERIZOWTORROBIRENRE ST & 2R TR
L7z, MABDYENOANIZHENT, MEEE2
FIZ5%KET—RMAADERNICHEE»ED S

ability

o, DM ERBIZ 0% KEDILNHEENZRD 5Nz ning ability
. ThPSOHEIC el A bR NICHEEZ '
B ONLEH oK, ZORY, KEOBEFIIMAEEE 0 5 10 15
MRO.38ThHor=DIZH L, D M KER0.17, YV 5 Pecentages of variance components
Y, o td 72D L, L =017,
et bt T e Fig. 42 Ratios of specific and general combining ablities to
$ﬁ‘ 0.14 & ﬂi} < ,})_”‘jr@,’fﬁ%f‘i bt /L*H{%ﬂﬁf’ifliﬁ?ﬁ total variance of wood properties.
DOBIZHEIZIZFEALERD N L) 572, Legend : WOS : Wood density of sapwood, WOH : Wood
Sh density of heartwood, MCH : Moisture content of
Table4-6 & Tabled-7 DB WA PRS2 728012 % heartwood, Ed : Dynamic modulus of elasticity, DBH
FTYaps o <t : Di b i .
A b L AL bR O SIS 5% % Diameter at breast height

Fig. 42 1273, 2O T- - A A DN L FERAL DERNOFSEDOAFHIRRBO TR OF R L —
T3, LEA->T, YV IR, IMEMEEIZOVTORREO AHEFSHEIL, MEEERIZOWTORRMBD
NEESRLBEUCREI2ZIhE FRIZEDTHEZ L hbhb, LarL, YU orR AMARMER TIIZR
R8s 5 AR EMAS b ERETIDENE N =DIZ, Tabled7 (IR L 2—AADEREIZ T 05T H &
NBPEHDBIREIIELS A7 FELONS,

itj@Azuﬁb:#%ﬁ&ébﬁ%ht%im&ébﬁ%ﬁmﬁ%%@éﬂ%%tﬂwtﬁ@ﬁ%%t&
HIERBETH T, ZOMIZ80% %A 5, ZDLHIZ, it 2 (ARARHMER) FRICKRBO5EUC
5N TRRND TR EERVF S Nz,

4. 2 %=

4. 2. 1 REMDPCHEIIAMHBECOVTOEEDR

it 2 (ARZHRR) » o HE L 2RKPBIZRIR, MEEETIZ0 TH o728, IMEMER0.14, L
MAEREEN0.44, YV 7R 0.29, DMEKEN0.47 Th > 72, MEHEEORRBEEN0TH 7201
Table4-3 DA AHARERIZIRE N B X D12, RREREBOLZHAEMANKEZ W &2 6 5RBTRED Sh ik
Mol THY, TOZEICENEROFEZEIIL > TR ENAREILORBOENPEL T /I LICX
B5LEIONS, ZOXIAMFITENTE, DMEMEE, v 7R, OMEKREBIZEHERNEVEREIZHE
DROENIz, Lzh->T, Yy orE, AHEEE, OMEKEZRSEREIZ SRXTBIEIZLZHE M, B’
BOBEMMNILZEBRINXVWEVWALS, THIYDOAMEEIZ OV THEERIZ S RTRBEIZL 32 HEN
INE L FBEOBEENE 572 LTS8 ™ RIRICK > TEREEAMPEETH S I hbo
BRI NG ENDE I EDEH > 2 OMEKERY v rRIZONT L EMEE LR, 7 h Y EIZKRBIRHE
NENZEPHENITE o7,

— IR E ORI & > THAE MM T 2 HA0OFENRIE, 1B »2»b 0 FREORER, & 1
FER TSRO NBHEETT AR DYEND S H L 2 RBOBERIIL > TORRTIENTES L
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Eha. Lal, KMIEEIZETAHEOEEZERICOVT, ZThE TERIEHBEOMRIMETZ 2L LTARS
BRZD SHIE L 28R MG L 20557203 T, ATRREROHEHETIZE L SN T AL DERE
heBElladbae et L, SANDEEE DA O3 L 2 EO BSR4 BT L IS8 THh - 72,
ZIZT, AFRTIIIEOEEZREZFRET 2 -0IRKE SN Mol 3 (NTLRRR) 56 —HllAad bEhE
NEFEL, TOBRITEDEORTHRRICE L TS S h 28586 KO A 2 (HRZHERR) THES
NIAERD SHEE LIBIER ARG L7z, ZORER, AL HEREIIC L 2 kRO E(EZRIT, ARTHER
OBEHEE R > THEBFICEL TEOVRRDOBEENED LN, Thabb, KROBEEIY v
0.14, DMEAEN0.17, BMAEREE L OMEKEMZIF 0 LT EMAEL - 7228, WEEEOEFZDE
(ZF120. 38 OMEE & 0 EOFEENE O, THEIY Y 7R O - UMAREE ZRRAEO HEE5RI3E
VWEDOD, FEMARDERINPKENZDITKROBEREINESHE SN ZLIZLS, ZORBRITARR
BIRRH SR L 2 RRBIEREY vy RBOGHEL, MEEEO TP REFIETI LALLM, X
DEIZEADZLNTES, AFRFFEIOBmMOFHDIER & > TR T 2HBAM0%L LE LD B L&
R 7 gy 7 L 3 EREHERTH > T EFIZRIEBBEOBA MO BEEIRE A TWE I L4
g%, KL OEMBOMBIZEN S ZLTDE, ZOEIFRRADEETELEL , RRMOELEKEL
FTARHAIBHL, Zholok->T, FFEMAADERNIVBAE DO THIUITERHOM BB T & Z5HA12<
ONTHREMO GRS AT EICKRELL A D, KRBESKZGHTE NS, ZOBA, —BHAADEREN
PMEL TEHBOBIARIESFEENEZ L1280, BEMAGDERIINEGVETEY Y ', BREED
F5 s MaEE ek D & BRZHERD SHEE L - FRBIAR NG < Gl S M B TREMEN b 5, SRAL I B EURR E K
hER S N7 2 FARZHRROAMEEORHEREIIZ DOV T, KREMDPBORHEERAESNI E2MEL T
B0, ZORHE LT, ORREBHOZAEH, QR EMA S DRI E < BRIERE Z & DL OE 215
SBAEL 722 & AHEHIL QB remmsinim - 7 - ST KR TEL N K I ISV vy ARG L
EMALNDERINENEZEL LI LI > THHTES, 72, ZThoORRIZK T, B—WaIohEiR I h
EHAZHMERZ TS Y v SESEMEE ICBT 5 KR OBIERE E T 3B BRI 5 fabr 2 &
5ZEhbhrol, =, 77 =454 YO ANLRERRIC & BMIHITIE, Fda 2L OBRREEITE O
HABDERNAED 5T B N0 - Z NIl 5 3, 4 FEIZE T W7 45O TRIFTERER & 1dlH
IS T EEFTELE VLD, BMEEICHL TREMAADERNIAEOEIZXFOBEM TH L EL16H
%,

ZOXIICEMEE, Yy rE, OMEKBIMEERIZ SNTRREBEENEL, LrY VY IE, L#H
GARETEIRRMOLERE S MEER L O KREL, KO REAHEDRAWFETEZS, LrL, YV IR, AW
SETIIRFEMARDERIVENEELONDIDT, KRBV THEL M ZEVERIREHEIIIT L7729
2, Bh TR AESIBROBTATRET S, 50BN THAEIBZT TRER IR TSN, s u—
FORFERE (2 7o — U EMERE) AEEEE LTI AL R0, 72, AMEEOBIERIIEVY, KRS
INEWDIBRES RIS 2D, BEIREZIIESE A PRI M, XAXMOEHFIHE I, 5
72DITIE SV TR E L TORBIZ DB T BT 20 ENRH S, ZORIZEWT, AMOFEARTIEE TS
DZEMBEEIRERIZIETIWREMAADLETELDZLIZLD, AMBEABOMKANONRARIFTE ST
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Fig. 43 Comparison of percentages of variance components
for families among wood properties.

Legend : WOS : Wood density of sapwood, WOH : Wood
density of heartwood, MCH : Moisture content of
heartwood, Ed : Dynamic modulus of elasticity, DBH

ZEDHFETEARREEY, ThoZKRINTEMT S : Diameter at breast height.
ZEIZES>TINE TEAEMD TR ENEZAMBEED NG Y FRENEIEWDPT D ERETL 7=, #al# 1 (—
IREAEMD) 2B BAAMMBEOERIZ, FREX G LAVEEOFEEMS BT 2 AKMEED /YT Y F 42 RFE
LTwdeEzoh, ZhEIHBICHRBTARMOMED NS Y FOEKERTEEWZ 5, b2 (HRZ
BERR), #altf 3 (ANLRESR) BEROBRZHER, ALRERRTHREINTED, #atf 1 (—k*E
HMRG) TR LIEAMBEED N7 Y FOFEEISHL, KREGT 5 I & I2 K5 AMMED /YT Y FOLAL & 5Hl
T&5,

HAZHRR, RERRIZL > TR S h -4 2 (BRZHER), #altr 3 (NLRRFR) L8i2, ¥
REABIZ U =M AL O SRS, #Halt 1 (—AEENSD) 2 oKD R E KT 5, 2D &I
FoT, BERREARIIL MG B DAMBEED /N7 Y $3—BDOEENRGIZH T 5 RKMEED/ ST Y %
AL, RREXFTBIEI2LB137 Y FOELRIERINEM L 2 BEDOHINORMMEBED /N7 Y F &R T
BDEEBEZBZENTES, 22T, BAZHER, ALIRERREZNZTNIZE T 508N E» 6 ZhEFhD
W OF S REGE L, RRBOSHFGEZTEWENICL DAL, Fig. 43 1I0F & ¥, RRINTEML
7=BA TR RRBO A ZEE T ZLERLENDT, RRINEMT 22 LI2&k > TN T Y F AT 5 & Wi
TEHDRRRBEOIHMTHSHE BN E D, REKEVRRBOIHMOMBERL7ZY VI RIZBEWTE 1T%TH
D, BEODOBRELZHEAOSEUL 3% L K WEE L B,

L7, FETERRINERLZZELTE, RROXFEZEL LVBROEEMFIZS 5RT, /37
VEENELTEILEIBETE NI b5,

4. 3 #H

KREBICH 2 a1 (—REEENS), B3 2 (BAZHER), HMalt 3 (NLZRRR) 12Xk o> TAM

WED/NT Y F EEBIZNRBIZDOWTER T2 LICLD, XD hbh o7z,

(1) FEAETIIERBRIC K > TRICY Y IR DM ERETIIRRELRIS» Zh L EORBHRPES NS,
ZOWEMDREFHE TERS N AHH %2 THS2EDTH 5,
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Loy Ty L BREEL RREOERIIKZONVFENAGHERIIVARE VL DICHEEIR &R
AR v — PR (2 7 u— UEMR) A LRE G E, FORESLEIZE S,
(3VFERZEHRZHESR, NLZHRRIZZ22HET, KRAMIEKRLTE, ThETORROXNEEZE

LAWHDIZL 5RT, AMHEED/NT Y FEKE WD 5083 TEm0,
Thabs, [WEEMAAMERE] # AL 3254610, BETERRIL->THAREZEHLTE, —aXK
MOEREIZBE L Q3R cE a0 AR TR E Lo 7
ZFIT, RETHERTS 70— U REQEMMIZOWTHIRL ., [WESHRARMERE] OFBIZMT T, i
A BRI 2 0D,

5 70— HEDRER

SN KX OB O — I T3, A F I3 E LR THENRT 5008 BRI TH 5, RN TIZ X LRI,
AXTREERERED 97% % (s MAmmer 7190 A ) 5 IR G BB EEE RO RISV Sl S h T
W5, L7zhi->COIUNRTiE s v — v ICBIT 2 FMROBRAMEDOEREICAIL - DThH B LA K.

TRETOET, FETERT BB, AMMEIE M E COMATMHEETEZREMEIZNT 3 KEB L0
LEVWHMIRPEONDL I Lhbhrok, LiL, REMAADYRNIVENDT, BENREHEICHS
DICIBNEREAVLEL T2, FRMNCEML TR AMEED T Y F&—BOEENT» WP EHES
BRI DECZEIHE B ST, —F, 78— VIEBAROBETRIAZOE EZIHSOT, MREOBES T
ZRECERL > TREMARNDERNOMBELER TSI <, BhMEEABRIITFHICELZZERT
5, £, FENRM»SEZLT, 70— VIR3E—DBETHTHR IR THALIDT, EFLELE > TH—&
AMEFEIZE > THATH 5,

ZIZTAETIE, 70— YOAMBEIZOWT, 7 u— VTR X h 7Bk A 6 5REL L 7= MO AMEE %
HAET D, ZORBRIZE-T, 70—V ORMEEICHETIERGRAML2cT oL 810, ThETIIRL
T2 ARMMBED/NT Y FOEEIZH LT, BEICKE1T Y FOHBEOMRIZOVTRIT S,

5. 1 #®B§

5. 1. 1 XMHEBEONAIIYXRIOWTI/O-2 ERELOHE

KRBT, TUART u— VHNTRERR L 723l A & FREL L 7 #3441 5 (BERERK) D o DN ifiakBR I
PRI L 222D W, BREE, OMEKE, Y orE, BEiitsdllEL -,

su— Y, o u— Y PEROEERZE R UEBSRE, &FEEOEERZ, 2EEROEEHHREE
Table5-1 {2/, 70— TR FHEBOEB R E 2EKDOEEHREOAE XDEINEL, 20— VFIFY
RO ZEBHRE & 2EARBOEIHEROLERENENY Y IER L ThHD, Rb kX DMARBEETE1.4
ERFEG ok, rU-VIZBFBIhEDMEE, BEIZEY 2 FERRNT-HEOZEB 78 & AR O
ZERBOUB 2563 TH 7D B5RB &, 1/2061/30/NS 5l Th 5, BHEIMEULEE TR SEE
RESBOAIHTHD, 2AKO/N T Y F (RBGE) Loru—VBO/NT Y F GRIEFRIGED) Ok i
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HEBRRS I Lizk-T, 2a—YND/YTF Y Table 51 Clonal mean values, standard deviations and coefficient
variances among clonal mean values, standard deviations

F (BREHD phEnZehbirsd,

and coefficient variances among all individuals for 21-year-

5, BB OSAEEOEGRED kX X 41 old clonal test stand established at uchinoura.
BynL B LEFRED K Z D =DM E A No. Clone names WOS WOH MCH Ed DBH
1 Yame 12 351 341 123 72 18
KD 29%THY , MENE D 5 =DITOMBREER 2 Fujitu 24 308 354 193 64 16
. . ; . 3 Karatu 6 364 394 113 45 13
N PRE U7 S 2 [7) o) 7
EAMBEREEETH>T, ThThl1l% & 10%T 4 Fukuokasyo 2 06 377 103 4“4 17
»otm, Y rRLWSHERDOMEKE L SRS 5 Taketa 11 360 383 119 38 16
6 Hita 1 338 341 154 63 17
BoRBOAkZE XARL, YV 7EN 2%, S 7 Hiji 1 303 361 156 66 16
o 8 Higashiusuki 5 317 303 216 45 19
BEDB 4% ThH > 72, EAEKREOEFHREO AR E X1 9 Kuma 5 302 312 124 4 20
~ - 10 Aira 4 302 305 124 55 19
p iy /s P L Y A
ck 5 @E@Lt%(%%‘iﬁtnfcf/f] ( ﬁl%’j‘*/# 7}) s ﬁ:!: 11 Kimotuki 2 359 329 192 55 19
M2 (BRZHRR) . ettt 3 (NLRRER) .2 Mk e 200 N B 2

Standard deviations among

é(i(i\lﬁ] UTbﬂf:U f%ﬁ%%ﬂ', %‘{7‘?\‘&@71?”‘/ clonal mean values 25 31 37 11 2

Coefficient variations among
s e . : R clonal mean values 7 9 25 21 11

ﬁ , f/\uﬁﬁ o / ’T’%?r\@’%ﬁka)%ﬁ’ HB%h ’ 120 Coefficient variations among
all individuals 10 11 29 21 14

RS2 & — > 2 SRS RTINS fhadff 5 (s Legend : WOS: Wood density of sapwood, WOH: Wood density of heartwood,
%*ﬁﬁzﬁ\) 0)*4\/7}?{2&@/ VI ES ! g < @%ﬁ{%‘? g%ymiméxgﬁfﬁfzi:smﬁéﬂ: Diameter at breast height.
REGUHAM 1, 2, 3OMGEERDONT Y FERILKRE S TH o7, ZOTEH 6, KERBEEPE®RZIZET
BIMEICH DO TRITh TEFEBNIDONT, X SIZHIANCE L 72 KM % fif 2 22tk A #5012+ 5
LBEREROE,RH S LW TE S,

(it 5 (EEEREN) ORNZHOMIZENT, 70— VBOERZETOWBEIIOWTEERIBOL R
KD REWIEhbhrot, TOIEIF, AMEELEEICL TELL 20 o — VSO VI & RN
LD, ThEbLLERENEERRIBIZBREEIDEREO I LN TRITES, WHI LDy a— il
DERIKIZRT EHD TH 5 OMEREE SHEW 5 D303ke/m' % & HilE 6 D370ke/m O HEIFHIZH - T,
ZERWEII6Tke/m TH - 72, UIMEREEEIZH M 1 0303ks/m'» 6 7TH 11 D360ks/m’E TOFRPIZH > T, E R
BE57ke/m' T d - 72, DM EAKRIZHEREF 2 0 103%4 5 HEWF 5 D 216% £ TORBIZH - T, LR 113%
Thotz, Y rRIITHL O 38 kg f X 10°/cm’ 2 6 )\ 12 D 72kgf X 10°/cm* £ TOFPHIZH - T, R
13 3dkgf X 107/cm’ TH 72, M@ FIZEE6 O 13cm 2 5 EREE 5 O 20cm £ TOHBIZH > T, A REiE 7em
THH7,

D&, 5 GBMEREN) AWRLZ2 00— VEIOERIEIEOMEIZE LT KEL, it 2
(ARZMER) &S 3 (NLRBRRR) OFERRBOZERIGZ 5T 2HERHROKRE ETh > 72,

Rkt 5 (MSEREN) ORNZ Rt 6 L 2MOFERLEH, &, BHEE, YV IR DHMEKE,
WS nFhotEicbnTy, 7u—YAONT Y RIPNEL, v o— v BOZERBIIMAM 2 (BRZH
RR) LHHAH 3 (ALZEERR) ORRBECHRT2HEYEORE L ERT I EMnbr o7z,
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5. 1. 2 78—-rOAMMEICET 2 &ENEH
70— VOIS A ZOF 2SO T, A 2 & 3 OBIEOREE ST L7z &5 IS8R TR
B MM TR S JER B A TR EC X 3 2 B s, LT, Bou—rvoEhitA
My 0 — 1207 b A HRIIEFEDOBIERIZK > ORENS., PIFIZRTAS —1IZLAEA ST, IAZDE
[RHRAEGRL 72,
A5-—1
h'=o./ (6. Foeto) 6 =0.F 0
ZZT, W IIAROBEER, o0 70— VIZKBHW, o BB KB N, oo v v ERELE
DREHAERZ &K B 5K, o HMIEESE, oo IERIMBEE 2R, TH 5.

M 5 (IREREN) ONZHREIOMIZDNT, BERAHH TS5 -DICHET DA AT,
ZDFER % Tables-2 15T, Table5-2 IZEMHE I L OFF 4, Fll, 28RO ZHEK T . IAROBIRE £
RU7=,

WZHRBMTIE, EORMBEIZODLTE 7 a0 -V Z0.1% 5 5V 3 1% KEOSHEEV LD 5z,
PRIV Y SR s 0 — VIO FIEAM6.8TH D, IOWED F i, OMEKENLT.2, DHERMEEA10.4,
MR 56,5, TEEEA 4. 22K 5 RT3 ~1HEDKE S Th 7=, £/, WEHFEIZOVWTORI T -
ERGOZE AR HEERRD 6Nz,

—J5, IEEDOBEFEPRETIN > =DE YV 7D 0.86 TH D, MIIARDBIZHR LR KA, - 7D 1dkaE
FLIED0. 44T H - 72, F DOMOMWEDIEFKOBIREILOMEKREN0.66, OMBERIBEEA0.60, M EREL A

0.51TH D, Y v rEOBRELMEGEEOBEEOPROME RLE. 72, Yy rRIRITRLEZKI Y
- VEOEREEKEODT, BIREARELL LDIENTES, Lad->T, JRRDBRELEREOMT

Table 52 Analysis of variance of wood properties for21-year-old clonal test stand established at Uchinoura.

Sources of variances df WOS WOH MCH Ed DBH
MS Replications 2 3360 381.0 233.0 46.8 15.5
Clones 11 4569.9 6676.1 © 98543 869.7 25.7
Interaction between clones andrep 22  375.6 473.7 755.5 239 6.1
error 51 7052 639.2 571.5 18.6 2.0
Fv Replications 0.5 0.6 0.4 25 7.8
Clones 6.5 **x 10.4 *** 17.2 %% 46.8 ¥*¥* 4.2 +*
Interaction between clones and rep. 0.5 0.7 13 1.3 3,1 *kx
EVC Clones 586.9 863.8 1261.8 117.4 2.7
Interaction between clones and rep. 0.0 0.0 79.0 23 1.8
error 705.2 639.2 571.5 18.6 2.0
Broad-sense heritabilities (%) 51 60 66 86 44

Legend : MS: Mean squares, FV: F values, EVC: Expectations of variance components,
df : degree of freedom,
WOS: Wood density of sapwood, WOH: Wood density of heartwood,
MCH: Moisture content of heartwood,
Ed: Dynamic modulus of elasticity, DBH: Diameter at breast height,
**: Significant at 1% level, ***: Significant at 0.1% level.
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KEINI2BIERBENAREZLSLDZDOT, GUHEMIREHFETEZ S ZLhbh o7,

5. 2 EE
5. 2. 1 70— HPCEIIRMBEICODVWTOEREHR .

FETIE, FHEEEORTICK > THAREZIM 2580 HFMMRIZONT, BIRFED A OB
MZT»roRBOoNEPFROBREBIZXDNTHEL 2T AL Lr -7, LU, 20—V EE&KET 55461
FEAD TR TOBEIEEZITRS DT, TEHR, FRERODIREERT 2 0E, A<, HHADTh
Atk ABIRTZZL10k->T, JODROLEARMEBRICET2E8MAT IO ENTES,

AMHEOMER THEER A KT 572010 MEZ L1212 70—y ORI 28 (ERED A
ATEL, ZOMANRFEELERL T Fig. 51N, OLELWESI 26 Bl o (Ef11/6) UNE#EKT S
ZEERRELCR 7u—vOmnb 20—y EEkLE, Eiva-vo@KICHzD, BEEE, Yo
BRI ERTIHEORVNEIAEET LWWVEETH S L L, DMEKKIEOEES WA ELEF LOHET
HdEL, TOMR, WRFIIY Y I7ER18%, LMEKREN16BDEMEE R Lz, Y v 7B LMEK
ROYHRLRIEBEREORREY 8%, LMERMBEEDOUREN 1%, AMEHEEOUREN % TH =D L
KOERT2~4f5DREETH 7=,

REFBEOFHOY v I EOBZEREIL TOLBDICEIRE NS, BT LN 2270-0ThEN\KL 12
CHHIDZRFhOY Y 7#E | 72kgfX10/ecm® & 66 kgfX10°/cm D FE3569kef X 10°/cm? & 2 FEFED 53 kef X
10°/ecm’?D3%15kegf X 10°/cm* TdH 5, T DEEZE 15kef X 10°/cm’ & BI5%E 0.86 (JAFKDBEEH) DM TH 5 13kefX
10/cm HBIRERETH 5.

2 X MERBGEHEME LT3 28 4 0E L TR, 5V v S RBOBIREGEFHET 5L, 12 70—
v OISkt X 107/ em™d [$HEERIO #E R O H ARG | o [HMI SR 586 | Tidmd Pk
DENIZT V7 &N5, Hi2ra—vE2BET5Z 81248 - TR &h7zv v 7 #Ri366kefX10"/cm’ TH %
ZEAHRETE, 2k TEMOSRX 58] TIBREDE 70127 v 2 Sh3Th s, 72, [NEKE
AT e T §70 DR A (@SN £ L
TWBDT, ARINTIE [EEEEH] OMZIZAL S
Moz O, WINZ & - T EREM ] OXNRE xR
BT LAEEWTS, TokHIC, BIAIHERREME L Men
TOMMAERELZEA. s0—-2OYy rERizonT fa
OFEFEHFIT M O FEIA 4 M BHHEIZ G & D0
fli4sZenTEr, Lil, FERRTE, MYy
ZAIZDNTE, RROBIREA0. 14 2R s E - Fig. 51 Percentages of genetic gains for clones ranked to
Y DBATERRIC EA /60D B IEE & E U CEIRER = higher level (upper one sixth of population) to total

) _ ) ] mean value of wood properties.
EAFILTH2X107/em's [HMIFRX B OR oend . wos : Wood density of sapwood, WOH : Wood
KECEHiTE A< BUNTIE L, TOES D, Y v o density of heartwood, MCH : Moisture content of

heartwood, Ed : Dynamic modulus of elasticity, DBH
REFNZE > TEEETIIHEEIRINEL, 20728 : Diameter at breast height.

WDS

WDH
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R RO EC X 5 THEMRANMMT 5 2 LA TEAh o7z,

—F . DMEKRFIZONWTIRIAROBEIZE, BRBEGREL LYV /B THONBRISGEVLKE LEIHES
hi{ky, EEEAEE LT 2% 0MEKELK FEE5 I AT 5. f5k, EREMTILY, BIHRE
DEAEIZ L 72h 5T, TRTHOAMBEEIZ OB CTERMICEMGRA TGS 2 Z L B TH S, /2, FM
BFILIZOW TSR LIDAROBERZE A, BRGNS W DIERESRIWEEEERI U 2 b
ZVEHEDZEVIHRICE T, LaL, SUTHIHEZRRICLZGAIC, RREOURBEMAADESL LT
AMEBONEE XD PRI BTEZ AL Il h -7z, REZAXF 4/ L 7ERE L THIHTS 2
L FEE 0N, JBk, FHEEORENZEL L 2BAIIESROMEOBR % G214 5 iTHEMEA H 5 .

IO, rva—-YyORMEE, LYy SFIEL CQEEOHEBSRAE O, 2RI Lo A
B ROHHAE 2L TSHEBORBER MO HARMERS 0 THMESRIX 28] 1260 T HRRIC
DT FREFBZ L EREBMIRTIENTE 2,

5. 2. 2 /8- KPCHITBIAMEEONT Y XOBERICL 5HIE

Bo-oa— itk TEMRE N2 OBIEZFRITEBR IR T 0T, WHAEES T2 70108 T
RIDBRD LD BHIZ L 2 FEAEMG L ERT, HHDONN T Y FHPNEWT EAHFETE S, ZOZkiZon
T, KBEIZEF2270—-YOWEDNNT Y F LRTEICE T 3 REOWED/NT Y F LDIE - RADERH» 5%
%Y 5.

HEAM 2RO ZBREIL, MIREEEZR ODThOWRIZE O TERREX S L OO FEKS TRTE
BB IZIEAMEORE X AR LY, ZOMBIZE-T, ELAKSOAMME L, BROSESED-HE
ZRAMS LSO KNELERIEART I e b o7, £/, KBz o— Y 3ER, BIEFEL E 2oL
TEREZT TR, BIENESREZRD CETHBEELI 63128 20bo S, AMEEICEL T—HRD
FEMD ERFEO/NT Y FERTZ o, AMPHEICE SO TENZ 70—V 28T 5 5 aR LTV E LS
A &9, Libby 3¥#x G MAN &R SN IRMREPEONIA L 0Id, EEBRICH7EE L GEIRL 2080 o
a— VRO S A KD KX LGB THO LR A2 BT
EHLAERL T D™ ORMRAS R A S & i
HHAELVWODREIKLAE7 0 - OFAEIENE NS
HitscxdLeFA 6N, St LEZ12 70—
DONGRBER DL < ORKRHE G HEAEND YT 5%
WA ST Z ey IDZ LA ERFITBEDTHS.
INOOFRIZE 5T, KRICENREERE S 251

- - N e w ) ek N - _ 50 50
HELOAMEBE A A -BEBE2EBHTAZ 8128 Percentages of variance components

T, Wk, B, AMEEL & ICERZERAZAID Fig. 52 Percentages of variance components for wood

- . X N properties on plus-tree clones.
TIEHTRTHE LA S, Legend : WOS : Wood density of sapwood, WOH : Wood

“F ra—VIZET ARMIEBDNT Y FOERE L density of heartwood, MCH : Moisture content of
. _ heartwood, Ed : Dynamic modulus of elasticity, DBH
LT, Table52 IZHDWTEE L 22 LR B D 7553 5- : Diameter at breast height.
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%K% Fig' >2 !:ﬂ%é"; 2"(%@% 1 ﬁﬁ 1 JETO)/\‘f: Ck s ' g:rgmi;ﬁr?fng?ror and interaction
MM EROEEFRET, MEEEE2RS OThoOME Among clones
IZEBEWTERR[E X Ly ~fDFEEM T O BRI

Among artificially ¥

& (i(i[ﬁ]i‘i’f}i{@j\‘ XETHHT, Flg 52(2k60WC, 7 " ated fmilies
0= YHNENRT S Z LISk o TIN5 D Anong open
N i pollinated fniliess
7Y FOWHEBHFTEZDIE, v a— Y ROBHEY
" ey . 100 50 0 50 100
HThb, ZOMTIMLEMRAMIZT S0, ya—V Percentages of variance components

BB Z G2 A O E SN EOffE LT, #3544k  Fig. 53 Comparison of percentages of variance components
for the dynamic modulus of elasticity among
B&Uru— v e RIEOEAAEROD R & KD LAM O propagating methods.
IZBWTE, vu—VBloGgErnkEL, #E, ZHAE heartwood, Ed : Dynamic modulus of elasticity, DBH
ARG E N T Eabhs. LI, Ty r/8IZoNT, + Diameter at breast height
sa—-EAROFSEL6%THD, BELIVOREL 70— v OXAEEHOHFGRICEHL CElEE2AbYE
TEDHT» MUBIZTELV, /00— Y TREGELLZAHRAIBRD TN EE BRI 20, St ZH
ERHOFERDO LGP ENE VTV IRIZONT, AIETHELNARZHFER (FRBRRETE) &AL
REER (ERHRRETS) ThEFNIBT IRRABMOHOTFERERE L ZAEHOFERO G20 —
v EXH LT Fig. 53100, BREBERR, FRBRRE QITREDY v VR TIEBREFRE LA G ROF
B5REOAGI80% U LA D TED, Thd EHREE s 0— v OFEEREZHEMSBOFESEOAGIE
1/6DKEXTHD, BI/U—VEZDENTVFERRREEGED N T YFERLREETHHILIE5. 1
TONREEBDTH D, BERN, RREX 70— V8, MRS EORGDEND 20T, EMITHERT
XA, B—ou— v TENRTRZEAIETSE, 70— VRBIOGEUIEZ L TROLDT, #MEMER
BEHBEDP TR TESZE L TEEELILSOERNTHBD TN T YFINE< hd L0t k), ERICKHREL
2=HVDI =Y EEITH->THETIVNICENTE, 70— VY REOEELR LSO —DH )~k ARKMEM%
THDBIERBOHTNRWBIN T LETHEENTELEDTH S,

ZD&HIT, B—2oa— U TEKRLZBAIZEINTYF BB TN B, Zofdani e 2y v VLT
ETholz, /2, 70 —vOY Y VRIFEAEME L COMBAERET S L, #REHRICII-THo b
N3 EEDREAHEIC BT 3 FEEORERRIEI > TEARNIHETE 28D ThH »72, L2 ->7T, FIHIC

BLEMEERS, L WEIY - AAMOAEEBHL 28K, Wbwd [WEATHAIAM ERE | OTREN
#TETEEDTH D,

& ZAT, BN AR R EEZREOHEITHE D THREIZTEL2 L THLIZE, Wb 3 [Tl OB X
ORENRH B, BIRL 70— Ik BEHIZIONT, WIS L 2ME BT 2 MIBORMAM S 212 L, MY
DA EZM O ML Th2r T E e kn, ARETHRONZKRIME—-MKrr o/l ohMERTHD, Z
NSy, IR TEATZ 200 PRREFEFIZFHET S5 A TEEAMEE K 5. L2->T, XOEIZ
BFOWTHMBRONAL S L - EERRERIC K2 AU BETH S Z L 43807,
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5. 3 #5a
KEEIZIT 5 At 5 GhERENR) ONZHRBHOMIZ&L 2 70—V ORMWEEIZET 2 ERIZE-T
KIGRTBEI DD - 7.
(1) a—VOAMBEIZ 7 o—- VBIOERIKRELS, MZra—- Y ADERII/NE G, 2, KEOBREN
O, Lo T, BWEROR st cx 5,
(2)7u—YyORMUEIZY v — Y BOFEEGRIZINTRETRE LHERTBROFSEO LN E 0,
LT, YU BRI UBEwRD TN, LEAST, 7a—VilicEkLzids0n, Ny Fsembed
ZE ViR EWIFTE 2,
(3)(1), (2)HEDOFERIZEH-T, HRICK-> THHEEZAMMAIZL DB L2 DIZWR L, 72, KMEES
TEBHEFY - ZAB LI IMAEZRET 2010 FELIVE 70—V OHREDBEL THBESA 7.
o= IZHEDS HREERi A EATE I LI2E ST, Yy R, MHEICET 3 EROREERTH S 8
TERIOO R FI B O H AR B MHIUS ] O [ SR 886 | i3 LT, FE 1 7 v 25|& B3 BkEE
RN/ EOoNT, Lag, RIRLELIID, H—2 0 -V DYy FREINTYERMODTIEN, ZOZL
F, FlASESEREME LCoMMAERLZIES Y, Y Y S RIMWEREE LT, B, AHOBE» Rk
WROTHEEFAD., ZhoORERABLERNZRFITHEO DT 21203, 2 RSB % f&i U 2 K
12DV, 70— VIZED BRBHMAEAL, Yy rBEAMWEREL UT [WEEEAIAMAERE] %175 0k
TEERET S,
L7ehis T, KRETHZ 00— vy 7RICET 2 HEMNEROBRE ZEROKEIHEV DT 5728, il
B L L CORMBAGEL 22 0 —  EICK D [RETHAURMAERE] 1200 TORIEN EREEET S LT
BRI,

6 70-2ICEAT3EEMROMKEADER DR

ChETOREIZEBWT, 70— Y IAMPECHETIEEIR?EGL, Lrdsu— Y NTEIWHED/NT Y F
NN LERLE, £LI2, Y Y TRIIODOVTUIZOMEAMNEETDH > 72, BEHESAMIZELOE, FIH
$59 A THMEAMBEE L —2MEDAM THSE, 22T, ZThETIIBONLEY 0 — VY OAMEEIZEY
ZEMYBEREZMAEL, FIHEY S P2 0B ENB3RKMOEREIZFE T 5 HEIIODOTERT S, *

FIFISE L 2 A OEE, Wb s [REFHIARMERE] (TEHAFS T 508>, su—-rvov
VORZBEEDIRNAEL ATV FE/NEI0D, FHEICEOLCEEHSME L TOBESMERETL S5 2 L
ZEHL, FlAE 7 u—- U MREICK > THEHEMISEL A2 XMEEETLI I L2 NET S Z L THRETE2RA
5, ZOBL BEENHE ORI K AHERARTEDOTH S I L ITHESOT ERICHOIEEOLF LT »
b OREED & INFERE D EFEOARM OIS A HE T 5, ZOHEMIZ & - C, EHFIBHOBRPEMIZ LD,
AMLETREMBOBAIZBEL T Z2 42T ZENTE, LT [WEEBRAAMER] X0 BAR
IZFTBHZLMNTED, 72, MINTEAFZELATENRT IO RO THD, ZORICEVTIT—-VDF
ENRIENUMOMEDEREICRIL 28 DEVA KD,
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-1, BRI RKRAERONEZIZEAT 25427, 70—V ARICHEERETE ZHBOX S P EEL
BWRIIEDTHAH HlAE, »5HEIODOTEFZE 70—V E2EKLTE TR WAL TL »aE )1 %
RETEHEVDOTHIUE, 70—V AHBTEIGEBKRLATNWE A4 K-> T, BHEFEIIZLDIZ LY
I b, UL, RO CRN & RIETET RO A NI DGR, 2 XA M HMETT 5,

TREDT EnG, KETIRMAMS, Thabb N F A2MET 5 & 5 SRR X7 g S RE KA & BN
INZ6 rFOMTOMIZE T, YV 7LD -V LHIEO B AN BERAMENT 5. X612, BEX
BBRETHRI K BHELERTEDTHEIEAFML, Bro—r oYy r&Eps | IS AMOEED
YU OREHET S HEICOWTERET S,

6. 1 ®BE

6. 1. 1 V2I/ERLBSERO/O-CEERSLIUCKIEER

patf 5 EEEREN) (2D T, YUY ORLERKROIEL L URESEEARAEL 2, YV R Llgs
EfEO 70— T8 My IO IgiE, FilERE, LR % Table 61 1RF. Ak, HaABIZ30K) X12(»

Table 6-1 Mean values of dynamic modulus of elasticity and diameters at breast height in a clone and a stand.

Stands Total of 6 stands
Item No. Clone Nagasaki  Kusu Kikuchi Yabe Kobayashi Uchinoura Mean STD CV(%)
(unit : tH/em”™2)
Ed 1 vame12 69.3 58.4 58.5 56.8 60.8 719 626 637 1017
2 Fujitu 24 62.4 53.8 61.2 56.5 572 64.4 592 406 6.85
3 Karatu 6 45.6 41.6 49.2 41.5 438 45 445 287 645
4 Fukuokasyo 2 43.6 39.9 43.2 31.6 41.0 437 405 463 11.42
5 Taketa 11 329 37.0 425 252 30.3 375 342 6.09 17.78
6 Hita 1 48.0 55.7 67.5 54.8 58.2 63.4 579 6.86 11.84
7 Hiji 1 70.8 63.4 70.2 59.6 61.1 66.2 652 466 7.15
8 Higashiusuki5  48.3 399 46.9 38.7 39.9 454 432 415 962
9 Kuma 5 41.7 41.7 44.4 34.6 419 444 415 359 8.65
10 Aira 4 533 53.0 54.2 519 47.6 55.2 525 266 5.06
11 Kimotuki 2 48.5 46.8 47.1 41.0 445 54.8 47.1 459 9.74
12 Miyazakisyo 6 47.7 44.7 51.1 39.6 434 45.4 453 3.89 8.58
Total of 12 clones
Mean 51.0 43.0 53.0 443 476 53.1 49.5 346 17.00
STD 11.25 8.57 9.41 11.27 9.69 11.16 9.82
CV(%) 22.06 17.85 17.75 25.43 20.38 21.04 19.84
(unit : cm)
DBH 1 Yame 12 17.8 21.8 19.8 15.9 20.1 18.0 189 208 11.00
2 Fujitu 24 15.2 21.6 20.7 14.2 19.8 16.4 180 3.10 17.24
3 Karatu 6 12.7 173 17.0 139 137 133 146 198 13.55
4 Fukuokasyo 2 15.0 17.6 15.6 12.7 19.1 173 162 227 1399
5 Taketa 11 14.1 18.6 18.9 14.9 14.7 15.8 16.1 2.07 12.86
6 Hita 1 17.0 22.1 21.2 14.4 18.3 16.5 182 294 16.13
7 Hiji 1 15.0 20.9 18.3 16.2 177 15.7 173 216 1253
8 Higashiusuki 5 17.6 212 19.8 14.8 18.6 19.1 185 219 11.84
9 Kuma 5 19.3 23.6 24.0 15.6 215 19.6 206 3.13 15.20
10 Aira 4 19.2 22.0 23.0 16.4 243 19.3 207 294 1424
11 Kimotuki 2 18.3 20.6 203 159 210 18.7 19.1 193 10.07
12 Miyazakisyo 6  18.5 21.2 20.0 14.8 19.6 18.5 188 221 11.75
Total of 12 clones
Mean 16.6 20.7 19.9 15.0 19.0 17.3 18.1 216 1195
STD 2.18 1.93 232 1.08 2.86 1.89 1.79
CV(%) 13.08 9.30 11.69 7.22 15.04 10.88 9.91

Legend : STD : Standard deviation, CV : Coefficient of variation,
Ed : Dynamic modulus of elasticity, DBH : Diameter at breast height.
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7 — ) X3 ) X6(#k7) =6484 ¢  Table 62 Analysis of variance of wood properties based on six clonal test stands in

Kyushu.
bHb.
Meansquares _ Fvalues(l) ~ F values @
Y UHRO 6 M OAHGERIZ K S Sourcesof variances df Ed  DBH Ed DBH Ed DBH
S ‘ ,  Stands 5 12949 5050 1927 295™7 - . . .
78 = PSR TTH 11 O34X10"  goication in a stand 12 674 171 22m - . - . 21ns
. 1 (Vs ) clones 11 52333 1743 - - - . 521** [26*
kef/cm'22 5 Hil 1 DX 10kef/em & o0 ey 55 1004 138  33%% 34 . . .
3 SIS k Interaction 2 132 38.7 82 1.3ns  20* - . -
TORMIZH Y, AREEIIX10k 2 432 301 40 - - - -

f/cm’, EEREIZ20%TH -7z, L Legend : **: Significant at 1% level, *** : Significant at 0.1% level, n.s. : Non - significant,
Ed : Dynamic modulus of elasticity, DBH: Diameter at breast height,
ML, YU VRO T L ORI df: Degree of freedom,

Note : Interaction 1: Interaction between Clones and stands,

. & . Yy Sy Interaction 2 : Interaction between clones and replication in a stand,
& x ”B DX10%ks/cm2 5 WZ {m 2 F value(1) : Ratio of mean squares divided by the error,

F value(2) : Ratio of mean squares divided by the interaction 1.

53 X 10° kg f/em’ & TOHFIZH O
FEEIX10°kef/cm’, ZEREIZ 7% E 70— VBIOHA LY N EL L ->Td, TV 7ROMITIGED

ARME 7 0 — 2 FIEOERIED 1/3 Th 0 M3 BOLBHREL 7 v — V BOEBHHRED 1/2 Th 7. Zh
SOMBANE XY IEOEBRIEIZONT, 70— YBIZ S RTHRANE N Ehbhr 57z,

— 7 WEEIRIRY SR TRENMERE I ELD | KA EOEHREA 7 0 — VBOLEREE Ll - 7=,
W &5 160 6 #k 5 O SMPERIZ & B 2 0 — VPP ERIE 2 0 14, Tem 2 5451 4 O 20, 7em & TOHEPHIC
H0, FOERKIL 6. lom, ZEHREIZ10%TH 72, LA L, FWEEREOKS Z L DR TFHEIZRED 15, 0cm
2 S EEED 20. 7Tem £ COHEBIZH D, ZOERWLS. Tem, BEREIE 12% Td - 72, WEGEEOK V- H1E
D2 RNEIE 7 1 — VSESERO 0. 9365 A RO L RECT 7 v — VBOEBREDO 12O KRE S TH - 72,
ZOEIIC MEsEE TR - VB EMRTROZERIEZIZFRCTH O, L Ky EOZEEREY 7 0 — V[
OEFRIIZL SRTREORERE B,

sa—VRPEMBEOEESEABEL, £, BROBEHIZEOWTCEIZE, 7HOEHRNFERELFTET 272012,
Y B EEEOREERERIZ OO TR EARIZ L THIM & F6 Z &40, £ DR % Table 6-2 15§V

ROMEERE IZru— VERIZ 01 %KETHRTHD , FHIY v IR Do u— Y REROHTEKYE
ARTFIZ52.1 ThHD, MEEEROFH12.6 L 6XNTAFEORESITH S, RIL KT, MBZERIZD
WCE YU OE MElEEe S ICEEENAD SN, L L MM EOR B AKMEE R FIEIIMEEE T 29.5
THD, YV IEOFM19.2 < ENTLSBEOREETHH T,

6. 1. 2. Y OURLMESERICETZNSYXOERERARE

S8 5 Hatk 5 (GIEREREK) OREHERM?S, 20 —-vOY v 7ED/STYFIZOVWT, 7u—-r0
SEGRN 8% L@, BIEMIBRL XA EhTwb 2 b7, LiL, ZOZEITHEITWTIO—Y
2B B HRETR R A MG 3 7201213, AMIEEICE$ 2820 4 B AMAIZ K > TRES HK
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DAREX AR LA, BRI ERRZ LYY VR EMEERONT Y FIZEL T, HREBIOKE X
A 50 5 ET L7z, Table 62 128 L7 B EHFIZD0 T, ZREND 5 EO HHE & R K5O BIFeE 7
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Fig. 61 Portioning of variances of Ed and DBH.

Legend : Ed : Dynamic modulus of elasticity. DBH : Diameter at
breast height.

Table 6-3 Expected variance components in a combined analysis of variance
of six test stands.

Sources of variances df Expected variance components

Stands 5 Vw +3.02Vcer + 9.06Vcs + 36.06Vr + 108.00Vs
Replication in a stand 12 Vw + 3.02Vcr + 35.95Vr
clones 11 Vw +3.02Ver+ 8.99Ves +53.97Vce

Interaction 1 55 Vw +3.02Vcr + 8.99Vces -
Interaction 2 132 Vw +2.99Ver
error 432 Vw

Legend : df : Degree of freedom,

Ve : Expected variance component of clones,

Vs : Expected variance component of stands,

Vr : Expected variance component of replications in a stand,

Vecs : Expected variance component of interaction 1

Ver : Expected variance component of interaction 2

Vw:Expected variance component of error.

Note : Interaction 1: Interaction between Clones and stands,
Interaction 2 : Interaction between clones and replication in a stand.

Table 6-4 Analysis of variances according to Everheart and Russell's
method based on six clonal test stands.

Sums of Mean
Items Sources of variances df  squares  squares F value
Clones 11 6366.4 578.8
Ed Environment 60 1329.2
Environment 1 197.8
Clones x Environment 11 569.3 51.8 4.4*
error 48 562.1 11.7
Total 71 7695.6
Clones 11 211.2 19.2
DBH Environment 60 360.9
Environment 1 26.6
Clones x Environment 11 271.0 246 187 *
o error 48 63.2 1.3
Total 71 572.1

Legend : ** : Significant at1% level, * : Significant at 5% level,
Ed : Dynamic modulus of elasticity, DBH : Diameter at breast height,
df : Degree of freedom.
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ThaUasld, AHAEM RN, LA2L, M Table 6-5 Regression coefficients and mean values of Ed and
DBH according to Eberhert and Russell's method.

ZEDOFED E, KW ERED S - Y D

I . ) . Ed DBH
ﬂ]’f[ﬁ'{@ faly ,f&l A ?’ < ?‘%7:: o) f:{@[ﬁ]%H\ATi’%{ﬁ\ , No. Clone names AV RC AV RC
HBVEMG T OFEMEIZE LA R L b, 1. Yame 12 63 1.1 19 1.9

2. Fujitu 24 59 09 18 14

ED IO — My T eIk E L E TS 3. Karatu 6 45 0.6 15 07
4. Fukuokasho 2 41 12 16 0.7

IZKEEROER RO OIS, ThbE, 5 5. Taketa 11 34 15 16 0.7
6. Hita 1 58 1.0 18 1.3

MEIZOWTRHEMFRARRZ N E EI2E, D 7. Hiji 1 65 1.1 17 08
8. Higashiusuki 5 43 1.0 19 0.9

Slzrva—-VERBKLETREARL AW EEH 9. Kuma 5 41 09 21 14
10. Aira 4 53 05 21 12

ns55, 11. Kimotuki 2 47 141 19 038

. e SRS T s M O 12. Miyazakisho 6 45 10 19 1.0

CO&S, Gk - d - = ¢ Legend: AV: Average values, RC: Regression coefficients.
HAERETEIZ2THYE 0 - EDORHEAER DBH : Diameter at breast height,

. i Ed : Dynamic modulus of elasticity.
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Fig. 62 Regression lines of twelve clones to total mean

Thb, values per stand in the dynamic moduli of
- o . elasticity and diameters at breast height.
Y YU RIZONTORRFRELL, JH6 O 0.62 Legend : Ed : Dynamic modulus of elasticity, DBH :
MHOFTH 11 @ 1.47 £ TOHHE, W R E Diameter at breast height.
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Fig. 6-:3 Relationship between correlation coefficents and distance
values in pairs of stands.

Legend : Ed : Dynamic modulus of elasticity, DBH : Diameter at
breast height.
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Table 6-6 Genetic gains for two clones ranked to heigh

5. OMAERBICL Y Y VHOILROBIEFIL0.7TH grades (upper one sixth of tested twelve clones)
D, SOV EEICEE TR 2 8EEEEIZ10kefX]10/cm’ T on six clonal test stands.
b7z 6 M ERBIZL 12 12 7.D — v 2RO T HIMEIL50ke Highly ranked two clones based on total

L. _ , . f six stands. Ed
fX10"/cm’ DT, BIEERRICK > THIRHTE 3HRED 'METEW@%%f”S
L 3/ g 2R - 2 ' 1 Hiji 1 65
FEMEIZ60kefX 10/ cm™ Th B, TOWBRBRE [$HERO 2 Yame 12 6
KGR O A AR EMKER ] O [TBOSRX ] 2&-T Mean values for selected two clones 64
. The total mean value 49
AT 5 &, WRANIIIESN Th-7280h, HRIZL-

. . Selection difference 14
TETIZIRHE LT EhdZ &tk b, ZOMRRIEE. 2 Broad sense heritability 0.70
IRULERG L ORRMRE AL TH -1, Thbt, — Ooetcsn o 10

Percentage of the genetic gain to the total mean 20
7H= ‘/OJ'Y"/7“?%15(:55@‘5**/]}:‘3:@Eﬁ(ﬁr}j}%(iy bﬁ(/}} Improved mean value 60

BABIZ LAV ERIZIE L TEE CREIERMESNS  Legend: Ed: Dynamic modulus of elasticity.
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Fig. 7-2 Variation in mean values at each spacing plot in proportion to aging.
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Fig. 7-4 Variation in coefficients of variation among clones at each spacing in propotion to ageing.
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Table 7-1 Degrees of freedom and expected variance components of mesn squares for each method of analysis of

variances.

Analysis method Sources of variances df Expected variance components
analysis of variances combined Replications 1 o€e3+20e2+320€e1+960p
three levels of spacing Spacing 2 oe3+20e2+320¢e1+64060
The first level error 2 og3+20e2+320¢l
Clones 15 oe3+20e2+120y,
Clones x Replications 30 oe3+20e2+40%d
The second level error 45  o€3+20€2
The third level error 96 o3
Total 191
Analysis of variances Replications 1 oet2oeyp+320p
on each level of spacing Clones 15 oe2oexp+doy
Clones x Replications 15  oe2oexp
error 32  oe
Total 63

Legend : o€l : The first level error,0e2 : The second level error,se3 : The third level error,
oy : clones, 08 : Levels of spacing, op : Replications,

ot : error, o8 : Interaction between clones and levels of spacing,

df : degree of freedom.
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in propotion to ageing.
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Fig. 76 Variation in broad-sense heritabilities at each spacing in proportion to ageing.
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Forest tree breeding systems for a froestry based on the concept of
quality management considering the production of high level raw

materials.

Yoshitake Fujisawa*

1 Introduction
Japanese cedar (sugi : Cryptomeria japonica D.
Don) is the most important coniferous species in
Japan, and sugi plantation occupies about half of all
artificial forests. Sugi wood is used for various
purposes, especially as lumber for construction and in
the making of traditional rice wine (Sake wine) barrels
over the last several centuries. However, some
properties of sugi wood are problematic, especially
when used as a raw material or, recently, as
mechanical lumber grades.

A large percentage of sugi lumber has a low a
value for the modulus of elasticity and is therefore
given the lowest rank of "Machine Stress Rated
Lumber" (MSR) in accordance with the "Japanese
Agricultural Standard (JAS)". The use of sugi wood as
a stress-free lumbers, therefore, has been limited. A
large variation in wood properties has been recognized
in the recent use of sugi. Our some previous reports
have showed that wood properties vary more widely
than within

among either clone, or local cultivars,

either a clone, or alocal cultivar. A clone is consisted

with a single genotype and a local cultivar is consisted
with a single genotype or few genotypes. In this study,
it was assumed that genetic variation was a major
factor affecting variation in the wood properties of sugi.
In addition, it was hypothesized that these variations
could be effectively reduced by classifying genotypes
to a desirably narrow range, thereby improving wood
by the selection of a genotype fitted to a specific end
use.

In this study, two seedling test stands and six
clone test stands were examined. Sugi is usually
propagated with seedlings originally established in
seed orchards using plus - tree clones or seed stands.
On Kyushu, which is the Southwest main island of
Japan, forestry has been managed with sugi cuttings
for several hundred years and there are over a
hundred characteristic local cultivars that originated as

(Ohba K. :1993)

cuttings Sugi plantations in Kyushu are
mostly established with cuttings of local cultivars or
plus-tree clones. We measured the dynamic modulus
of elasticity (Ed) and wood density, which are key
indicators for judging the mechanical properties of

wood, and we discuss the effects of the "wood quality"

improvement of sugi wood by breeding programs.

*) Forest Tree Breeding Center, Forest Agency MAFF JAPAN

3809-1, Ishi, Juo, Taga, Ibaraki 319-1301 Japan
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MATERIALS AND METHOD

Materials

We compared eight forest stands. These were a
19-year-old test stand established with 14 open-
pollinated families, a 17-year-old test stand established
with 17 artificial mating families, and six test stands
established with 12 common clones. An open-
pollinated test stand and an artificial mating test stand
located in the northern area of Ibaraki prefecture,
which is about 100 km north of Tokyo, was also
included in the same test design (three replicated
random block design). The six test stands were
established in Kusu (Oita prefecture), Nagasaki
(Nagasaki prefecture), Kikuchi (Kumamoto prefec-
ture), Yabe (Kumamoto prefecture), Kobayashi
(Miyazaki prefecture), and Uchinoura (Kagoshima
prefecture), in Kyushu. Each stand consisted of 12
common clones in a standard test design (three
replicated complete randomized block designs) for a
progeny test program in the Kyushu Breeding Region.
The stands at the time of collection were 21 years old
at Uchinoura, 23 years old at Kobayashi, 24 years old
at Nagasaki, 25 years old at Kusu and Yabe, and 26
years old at Kikuchi, respectively. From these stands,
we collected logs 1.5 m in length at 1m above the
ground from sample trees. The location of each stand
is shown by the blacked dots in Fig. 3-1.

The number of sample trees was between eight
and sixteen per family on an open-pollinated test stand
and from eight to twenty-four per family on an artificial-
mating test stand. The overall sample number per

stand was 151 on the open-pollinated test stand, and

242 on the artificial crossing test stand. In clone test

MAEME Y & —FRRE

BI5F

stands, the total number of samples for the clone test
stand was 3 trees x 3 replications x 12 clones, giving
108 trees per stand. Hence, the overall samples size

was 648 trees (108 trees x 6 stands).

Measuring Methods

We examined the modulus of elasticity, wood
density, and diameter at breast height (DBH) for each
sample tree. DBH was used as the indicator of radial
growth. The modulus of elasticity is one of the most
important indicator in judging the mechanical prop-
erties of sugi wood used as lumber in construction.
This index for MSR Lumber was introduced to JAS in
1991. Wood density is also considered of key impor-
tance in forest product manufacture.

The modulus of elasticity was measured as the
dynamic modulus of elasticity (Ed) on green-condition
logs according to the tapping
method®™ ™ ' This method has the advantage of

(Sobue N. :

being easiest to use, and it is reasonably precise
1999, Nakal T and Tanaka T 1989) - Tyetails of the tapping method are
outlined below, and an over view of the system is
drawn in Fig. 3-3.

A sample log was placed on formed rubber
pillows. Firstly, a microphone was placed at one end
of a log to catch the sound produced by a tapping
hammer at the other end of the log. This signal was
then introduced to an FFT (Fast Fourier Transforms)
spectrum analyzer (A & D: Type AD-3524 : with an
accuracy of 14 bits), and the fundamental vibration
frequency was measured. Secondly, the weight, log
length, and diameters of both log ends were measured
to calculate the wood density. Ed was obtained by the

following formula.
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Ed = 4flr/n’g

where f is the fundamental vibration frequency
(Hz), | is the length of the sample log(cm), ris
the wood density of green sample log, n is the
dimension of fundamental vibration frequency (in

this experiment n = 1), and g is the gravitation

(980 cm/sec’).

The wood density was measured according to a
standard method. Namely, discs were collected at
breast height from log specimens tested for Ed. These
discs were cut into specimens with a radial dimension
of 2.5 cm wide and a longitudinal dimension of 2 cm
(see Fig. 3-4). Each specimen was split into smaller
samples comprising several growth rings using a
curved chisel conforming to the shape of growth rings
(see Fig. 34). The volume of small samples was
measured by replacing with cold water. Each was oven
dried and weighted to an accuracy of 0.1mg. Wood

density was obtained by the following formula.

wood density = oven dry weight / green condition

volume

Because the Ed of logs obtained by the tapping
method are regarded to be the weighted averages of
the Ed of each growth ring in a log, a simulation of the
Ed of the log variations of each age was made, using
the Ed of a growth ring obtained by the vibration
method. As discussed in a previous report® =¥« a:
2" the result was that the Ed of the logs was stable
after the 10 - 15th ring from the pith, that is, the
mature wood area. Therefore, it was recognized that
Ed values of logs at each location become similar to

the stem at a mature stage of development. The wood
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density of the mature wood was also measured.

RESULTS AND DISCUSSION

Results of seedling test stands

The aim of this study was a relative comparison of
the size of genetic gain between growth characteristics
and wood properties on the same samples.

Range of mean values of open-pollinated families
for Ed, wood density, and DBH are as follows. Family
means for Ed from 41 X 10°kgf/cm® to 57 X 10°
kgf/cm® with a coefficient variation (CV) among family
means of 9%. Family means for wood density varied
from 305 kg/m’ to 336 kg/m’ and CV among family
means was 4%. Family means for DBH varied in the
range from 13 c¢cm to 16 cm with CV among family
means of 7%. Ed and DBH showed the largest
variation in family means and wood density showed the
smallest. Family heritability based on open-pollinated
families for each wood property was calculated
according to following Formula. Family heritabilities

were 29% for Ed, 14% for wood density and 0% for DBH.

hf® = 4sf / (sf + sef + se)
hf® : family heritability, sf : variance of families,
se : variance of environment, sf : variance of a

interaction between families and environment.

In comparison to the open-pollinated families, the
range of mean values of artificial mating families for
Ed, wood density and DBH are as follows. Family
means for Ed varied from 34 X 10° kgf/cm’ to 57 X 10°
kgf/cm® with CV among family means of 13%. Family
means for wood density varied from 284 kg/m’ to 358

kg/m* with CV among family means of 5%. Family



— 104 —

means for DBH varied from 8cm to 15cm with CV
among family means of 14%. Ed and DBH showed the
largest variation in family means and wood density
showed smallest least. The results of comparison
among the rages in family means of each wood
property showed the same tendency for both open and
artificially mating families.

Narrow-sense heritability based on the general

combining ability for each wood property was

calculated according to following Formula. Here,

ha® = 4sa / (sa + sna + sef + se)

ha’ : narrow-sense heritability, sa : additive genetic
variance, na : non- additive genetic variance, se :
variance of environment, sef : variance of an

interaction between families and environment.

general combining abilities are obtained from
variances analysis for artificial mating families. Narrow-
sense heritabilities were 14% for Ed, 7% for wood
density, and 38% for DBH.

Percentage wood-quality improvements were
defined as 2 times the CV for family heritability, on the
assumption that both female, and males were selected
within seed orchards in this study. There was no large
difference in improvement among wood properties and
DBH.

Figure 4-2 shows the percentage of general
combining ability and specific combining ability in
relation to total family variance for each wood property.

Percentage for specific combining ability were high
percentage for Ed and for wood density. Toda™®®: %™
has suggested that the general combining ability is the

best indicator of actual improvement value for a

breeding program, if using the seed orchard option.
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We are not be able to completely prevent a pollen
contamination from un-selected trees on outer sides,
of a seed orchard. We are not able to determine the
variance between families with high percentage for a
specific combining ability because sample numbers of
a artificial mating family and crossings were not
enough for an accurate analysis. If there were any
cases of family variance with high specific combining
ability percentages, the narrow-sense heritability
calculated based on the results for open-pollinated
families should be an over-estimate.

These results suggest that we need artificial
mating or "byclonal seed orchards" between sets of

selected parents to be sure of genetic gains for wood

quality improvement in tree-breeding programs.

Results of clone test stands

Below are the ranges for clone means in
Uchinoura, where the age of stand was 21 year old.
The means for Ed, wood density, and DBH for the six
clone test stands closest in age to two seedling test
stands are as follows. The clone means for Ed varied
from 38 X 10° kgf/cm® to 72 X 10° kgf/cm?® with a CV
among family means of 21%. The clone means for wood
density varied from 303 kg/m’ to 360 kg/m® with a CV
among family means was 7%. The clone means for
DBH varied from 13 e¢m to 20 cm with a CV among
family means of 11%. Broad sense heritability for each
wood property was calculated according to the

following formula.

hc? = sc / (sc + sec + se)
hc® : broad sense heritability, sc : variance of
clones, sec : variance of the interaction between

clones and environment, se variance of
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environment.

Those values were 86% for Ed, 51% for wood
density and 44% for DBH. The corresponding
percentage for wood quality improvement, which is
defined as the multiplication CV by the broad sense
heritability are shown in Fig. 5-1. The percentage for
wood quality improvement for Ed ( Fig. 5-1 ) showed
the highest values and it was equal in grade up to the
next higher grade of MSR Lumber of JAS.

Figure 52 shows the percentage of variance
components for each wood property. Ed showed the
largest variance between clones, and showed the
smallest amount of error variance and interaction
between clones and replication. Comparisons of
variance components for genetic inheritance between
the case of Ed for clones and the Ed for seedlings are
shown in Fig. 5-3. While there were large difference in
the conditions among the test stands, the Ed for
clones showed the smallest variation for error and
interaction.

Furthermore conventional analysis of variance for
a completely randomized block design was done for
the combined six stands. Variations in Ed are divided
into each variance component of mean squares based
on conventional analysis of variance. The results are
shown in Fig. 8. The clone and stand component
effects of Ed include 65% and 7% of the total variation,
respectively ( Fig. 6-1). The error variance component
of Ed was only 28%. This was summed as the clone
times the stand interaction, and the clone times the
replication/stand interaction variance components
divided to the error variance component. From these
it seems that Ed is not influenced by stand

results,

environment.
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Forestry based on quality control

The results of this study show that the clonal
option has a greatest advantage, over the seed orchard
option, in improving wood quality in sugi, not only
because of the higher quality, but because of
consistency in quality between lumber, which is
critically important in wood products. In this stand,
the Ed in sugi clones proved to be the most effective
index for the wood quality of lumber for construction,
both for the forestry producer and for wood products
Specifically,

manufacturers. the Ed of sugi clones

showed highest heritability, the highest percentage
for wood quality improvement and smallest variation
among stands. The most important characteristics of
clones is that they can hold both the additive and non
additive genetic variation, and therefore we need not
consider the specific combining ability. Fortunately,

sugi is a species with the relatively high rooting ability,
therefore sugi clones can be easily produced from
cuttings.

The clonal option shows the merit of making
equal wood and it also maintains the risk on the
forestry management. The large ability of
improvement by clonal selection requires a large
population for clonal selection. The clonal option
would also reduce risks with associated plans such as

(Libby W. J. : 1983)

mosaic plantation Large populations for
clonal selection would insure artificial mating of
families among selected parents on the basis of specific
combining abilities.

These results suggest that sugi silviculture, based on
the concept of wood-quality management, may be
realized by using Ed as an indicator in the grading of

lumber for construction.
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Conclusion

The results of this study can be summarized as

follows.

1. Genetic gains and the effects of the decrease in the

variations in wood properties on seedlings.

@®
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Genetic gains for the dynamic modulus of
elasticity (Ed) and the wood density were larger
than the same values for the diameter of the
breast height (DBH) on the basis of 17-year old
open-pollinated families. Furthermore, genetic
gains for Ed showed almost the same tendencies
as that value for DBH on basis of 19 years old
artificially crossed families. These results sug-
gested that wood quality improvement by means
of breeding programs would possibly have as
effects as improvement by customary breeding
programs based on the seed orchard option for
growth traits such as DBH, height, volume and so
on. However, genetic gains for wood properties
were not significant enough in every case to
satisfy needs of the current wood industry.

For Ed and wood density, specific combining
abilities made up a large percentage of the
variance in families. These results suggested that
special methods, including the biclonal seed
orchard and artificial mating between selected
parents with the special combining ability, are
necessary to sure genetic gains for wood
properties.

In seedlings, the variance components of error
and interactions between families and environ-

ments made up over eighty percent of the total

variance of all properties. This indicates that large
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variation in wood properties should not be

decreased by breeding programs.

2. Genetic gains and the effects of the decrease in the

variations in wood properties on clones.
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There were large variations in all characteristics of
clones and the broad-sense heritabilities were
large. Ed especially showed the largest broad-
sense heritability and a large variation among
clones. Therefore we expected to see the largest
genetic gain for Ed. Furthermore, the clone
maintained both the additive and non additive
genetic variance, meaning that we did not need to
employ special methods to ensure the genetic
gain when using the clonal option.

In clones, percentages of the variance
components of error and interactions between
clones and the environment to total variances
were smaller than in the case of seedlings. In
particularly, the summation of the error and
interaction components of Ed were only fourteen
percent. Therefore variation in Ed could be
effectively decreased using a breeding program
based on the clonal option.

Cased on these results, the clonal option was

superior to the seed orchard option for genetic

gains and for decreasing variation.

3. Forestry based on the concept of the wood quality

management.

®

A broad sense heritability for Ed based on the
results for combined six stands on Kyushu was
0.7, which was the same as those values calculated

for each stand.

(2) A genetic gain based on former value of Ed was

equal in grade up to the next higher grade of
Machine Stress Rated (MSR) Lumber of the Japan
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Agriculture Standard.

Both Ed and DBH were considered to be
independent characteristics because there is no
significant relation ship between the two
characteristics. It therefore seems that both Ed
and DBH are simultaneously improved by
breeding programs based on the clonal option.
DBH, however, showed a large variance
component for the interaction between clones and
stands.

Broad-sense heritabilities are regarded as equal to
correlation coefficients between ortets and
progenies, and the variance of the progeny is
expected to accord to that value of ortets, for
every characteristics in the case of clones. In
particular, the Ed of clones showed the highest
broad-sense heritability.  Therefore we could

presume that the Ed of the progenies, which

®)
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result to the properties of the produced lumber,

based on the relationship between ortets and
progeny.

The wood properties of clones showed the highest
genetic gains, and variations in the wood
properties of clones were smaller than for
seedlings. These results suggest that forestry
based on the concept of the quality management
would be realized with the use of clonal breeding
programs. On the other hand, clones are more
susceptible to natural disasters than seedlings,

and breeding programs for clones need effective
selection populations to maintain their genetic
diversity.

Therefore, a breeding system which combines

the use of clones and seedlings appear to be the most
effective for the forestry based on the concept of

quality management.





