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Takateru Axasi: Contributions to the Estimation of Genetic Parameters
in Cryptomeria (Cryptomeria japonica D. Don)
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Table 1. x ¥ OB E N HEE R & K H R (HEE%)

Heritability and repeatability estimates so far reported in cryptomeria. (%)

= E 4 U - N
Heritability Repeatability
wE & A # ® 7 i #
Authors Broad sense Narrow sense Remarks
¥ B & OB {[E S Fooo IS
B A B

FH 1957 BE e 42 fFsf
Tr:ge height 42 yrs. old

Wy R 58 42 4
Stem girth 42 yrs. old

BOMD 75 \ 42 4
Stem taper i 42 yrs. old

B3 D o 42 ik
Crown diameter 42 yrs. old

| RofE 42 ff
Branch angle 42 yrs. old

BEDEX o8 42 A
Bark thickness 42 yrs. old

B 19595 | # B % 20 4EA4:
Tree height 20 yrs. old

W o6 20 s

Stem diameter \ 20 yrs.

FH 19615 B & 89 | 50
Tree height <‘ 50 yrs. old

np= T A | 50 44
Stem girth 50 yrs. old

| RO oy 50 4
Stem taper i 50 yrs. old

R D - x 50 4EE
Crown diameter ! 50 yrs. old

Bk oF = a1 | 50 227k
Bark thickness i 50 yrs. old

AN SR

LGP



Table 1 (-2-3&) (Continued)

E = B3 i g #
Heritability Repeatability
B % & JA * b33 S W
Authors Broad sense Narrow sense Remarks
&6 A T IS ¥ 1A
B A B B
FH 196259 H OB 2 | A
Seedling height 1 yr. old
HME 196412 kD E 44 KhRHE
Crown diameter Bokasugi
B3R D s Ahvm
Crown diameter Itoshiro
BORDE a1l 45 %<
Crown diameter Tateyama
fH - @AW HIRDE 48—57 2 5 v TH S
1964 Crown diameter Progeny stand of
Tateyama
BRIE 1965%®) TR = 15 2 fEA
T/R ratio 2 yrs. old

[AIHY 19653

A - Bk
1966

Sakar-Muxka-

IDE 19674V

B oA
Treg_height 25
B & 28
Tree height
HEiEE

Stem diameter

WHEE %

Stem diameter

A -

Stem diameter

Bow
Tree height 30

WL £ 0

Stem diameter

" .

o5
Tree height

AE (L)
Yagumo (Hokkaido)
Bo (BkH)
Hayakuchi (Akita)
% (o)

Otobe (Hokkaido)
AE (s
Yagumo (Hokkaido)
2o (RkH)
Hayakuchi (Akita)

4
4 yrs. old

2 BRI

Mean of two stands
3 o

Mean of three stands

(SH) BN LEITHOFHGFOF Y



Table 1 (->-3%) (Continued)
i 1z ® EooE ®
Heritability Repeatability
w5 & I i b5 5% w &
Authors Broad sense Narrow sense Remarks
Ng /& oo 1 '/ &
B A B B
WA - Pk B o pioo | FUEFREM 0 -,
1967 Tree height 3 4R
Plus-tree clones,
3 yrs. old
B gny 0175 | AR 0~
ree heig 3
Plus-tree clones,
3 yrs. old
B - R HEAD 5 4pk
1968 Stem bend 5 yrs. old
Biny o, 4 f
Stem bend 4 yrs. old
Wi 196940 B & 5
Tree height
B o
Stem diameter
ED 196919 S 77 YR TH
Tree height Satsumameasa
B YT
Tree height b4 Yabukuguri
7@#5 196945 E X 48
Lengt] h
§ ™ 72 s
end SEE
BiE Needle traits
Bend
REY

Leafing

WA R

o
=

L o6pe ik



Table 1 (->-3%) (Continued)

B E ®

# 1z k4
Heritability Repeatability
w & & & 7 Ebg #= w &
Authors Broad sense Narrow sense Remarks
RO -5 fd & F e & F- 1B &
B A B B
KEES 1970W) & A » 2 4k
Seedling height 2 yrs. old
Sakar 5 E X 21
197216) Length
T
Bend HERE
A E Needle traits
Angle
B OE
Density
BT 5 19729 WA 15 2 A
Seedling height 2 yrs. old
HOTEAE s 2 i
Basal diameter 2 yrs. old
KEE 19733 \ WA 0 |k
Seedling height ! yr. old
miff 1975% . D
Seedling 52 1 yr. old
height
Rt - B 5t oo 5
1975 Tree height 5 yrs. old
A 19759 ] 36 4 4
Seedling height 4 yrs. old
HLTITE 2 4 Tk
Basal diameter 4 yrs. old
@H * *E”) ﬁ‘i —lé'l* i Jj 37 5 "EFEE
1976 Seedling 3| Seedling height 5 yrs. old
height

(FHY) B LENTHROFEDBOF



Table 1 (->-3%) (Continued)

& fz ES R -
Heritability Repeatability
w5 # 15 # % T W&
Authors Broad sense Narrow sense Remarks
Tty Wt R A & ¥ ’ (G
A B A B B
BI% - EHE ra oo | 4k
1976 Seedling height - 4 yrs. old
BTHE 4 ok
Basal diameter 4 yrs. old
BB 19789 | FHEEME 54 ‘
Cold —70
injury
SEAIlE - ARESD = 1 10 4
1978 Tree height 10 yrs. old
T 10 4
Stem diameter 10 yrs. old
& 10 #4:
Volume 10 yrs. old
e A D B A " 3 4k
1979 Seedling height 3 yrs. old
FAE 19800 B o 15 4Rk
Tree height 15 yrs. old
[ LA 15 fd
Stem diameter 15 yrs. old
BHE S 19802 B & 71 10 44
Tree height 10 yrs. old
1981 Seedling height 3 yrs. old
R - HE B 5 i 10 42
1981 Tree height : 10 yrs. old
RO TELFE 5 | 10 44
Stem diameter 10 yrs. old

Note) A : {fifAD;&{Z% Based on mean values of the sample

B : FHEDE{ZE Based on single measurements of individual trees
The year after planted

T EEREERY

L GhE
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BT OV T 2 M LAt BTSSR BB T UL,
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Bt RERE, BEEFHRE LT, BIETHE o, BSOS 0t Ei#S#iel LBLbL, BES
B ol LhbblickZ, B=02/(02tes2to2+0d) L LTRDLK, KBEOREERE, EEHS
BOTRTEHTIRED M= (02 + 042+ 02 /(02 +042+62+02) L LT RDBOND, BROZ LT
Ph, REOEERIL, DHEHAILBREGLEEL, TOEMEOHEARE TRABEMR L L &
OEEFE, Tiobb, EHERC BT 3 REEBRELYTUTI0AV-bH, EHOBEGORIZRI,
FOBEFEAY BRI L L 2oBEHRoBEECHV- bR, L L, BEEENMGEGRO oy 8
HBTERINTWSEEI, REORERIRDLhIV, ZOHER, RERLRDIICEEDLE
Thb, i, COLOREMARSWT, EBEOREBRCHUTILOXELESS, RERBLRALS
BHEBLTH D,

KHE OGO RERCHIE LI AEOFHEDEEEE, FHORE (1966)%7 flkhdZ LAATE
Bo TORECH T, HR I v —vE 7P - v I n R TFORRELHERL THBRINE, 72r—v
FHETER 7 v — v RET 5 BEOTHEOREROME LT, h/{h+ (1-h%)/n} 2H T35,
ZDRIL, HMESE o6t BESE 0f L LIl EOKRBOBEDERER =06/ (062 +0h) 1T\
T, BESH 02 0G0 LB T L0nbEHREIRS,

REBEOBEEOBERCOVCT LA, EHOREREFROBER (FRVEEORER) b5,
ZORBOBGEORERERROREEY, BHERLFAHOEISHB L TH5,

TEEROMEY, BIFAXEERLRME L, LRBRABO BRI DT — 5 TH
2 5B

BohlcF — 2 ORI G, FRESH (FREHMER S EE R CER L RRANEET B EL
ho, EEO #ERT, FREARO4EESTLLT, RAMIREERNEEF RO, Thb
H, @ORESRELLEESIRTRDLNS, STRERESEE 45 LRV EBEL, FRES K
7y, BHEE (EEAZESEM &G LBEHRER) OBEFSHO 400 L CHEBTINLTHD,
Zhiex L, KADERERD, KFRMIBESFE LT, FRES#E, FRABBIROFRT LAEK
DO 1 EMzifl, Tichb, FREBHECE L 20EoRE LEESRTE LIS, BFE0RE
EHFNE Uiz X S, SEEREECKT 3B EHROTHCAG-LhZORN L, RROBEERL, FH
DHELAREALD, RATHEOCBHCL L IXFRLEL TS LEOBRHROTFAHE LD,

BHEORERBML, RRTLEOF e, P EREMRLL, WHOBEBERETHD, TDL SR
RBHOF — 2T, BRI LOWEBEYH GBI OWT, WMRORER, FROEER, FEEORE
FRORX a2 EHBEYE UTHET 5, ok, HERIPNIREAZLRER B ORRE LTOLM Rk
LTwab0ET5,

FREs, REES, eyt (REZEFER AERE n & Lt EOBRFT — 2 OBEDFHHHT
1%, Table 2 wRT L&D LD, ¥l 7w, b ZLOEHEYTF — 2L LEBEONRSHOHER
B LGP RO S % Table 3 wnd, OB TPEEHOMBERT Y 2HBERLTHL, B
RF— 2 DB CRLLOE, LT — % & LICBEGOMERS %, BRF — 2 THicEE, FoX
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57 E B oWTHBLIELDTH S,

BRF— 200858 (Table 2) 6B LRCMEED KEFRI,

MEER BB TR Y

Table 2. FIHEOBEAF — 20 X 5 D8I

B HHAE EFHYE SRS

Degrees of freedom and expected compo-
nents of mean squares in the analysis of
variance of the data based on single trees

in the randomized block design.

4 s | VETEORERS
f':gactorﬂsﬂ H dl#} e Expected Com-
o ponents

';K" % s5—1 g2+ nopttnbos?
Families
13 g b—1 gE+nopt+nsop?
Replications

@b (s—1)(b—1) | 62+nop?
Plots |
it # sb(n—1) Lo
Error ‘
Note) s : FHR¥ —

Number of families
b FiiE%k

Number of replications
n 7 ey b REEREK
Number of individuals in each plot
DEREM (Te o FREESED
Error variance within plots
opt: 7wy MESEL
Variance between plots
o8%: IEmHL

Variance between replications

55349 4

R=0s*/(02+opi+os? THDY,
ZOMED A 5N PBFED BIERTHDB, Tihob
%, M=4R=40s*/(c2+ap2—0os?) EIrh,
BE, FESOHML, AECRLELEEHT
BbHo bLb, ZORBHROMEMEL, ERL
BERTHL, bHEHAOKEEIL LI
ferm—vChE, RERR, T0*ER#E
OBERLD, bbHA, g5 lre—viH]
THIC XA bhd,

FKAVHEORER L KRR BRI, HE
ERRETH D, FofEo BHO BEO 5T
12, YR, FKABSE os? HHVB, FREL,
RAVHEC L2508 ELT, kDX
[N &= N g

(a) FAFHECESETS 7=, F AER
S ok DRI, FRIEEEHO 1,
Tigb, 02/ (bn) THB,

(b) HARFHECHEE TS e, +ETHK
op* DRESIR, FRITELTey +EH (RE)

5o 1, Tibb, ap/b Tha,
(¢) REMZ op® 12, < 7wl

os* : AR EL ]
Variance between families BiE LT, AR aEdinn,
LichoT, FKATHEOKRER R, Fi
Table 3. v o hTLD¥HEEF— & & LASHOTICESIT 5 EHME & EEF
7 DR S
Degrees of freedom and expected components of mean squares in the
analysis of variance based on the mean values of the plots.
Y T 5 O WK S
N Expected Components
= A H W g
Factors d.f. FaylEs 7 — & HAF - 4 OFET
based on mean being translated into in-
values dividual measurement bases
S B s—1 op?+bos? el2/n+opitbos?
Families
ird g b—1 g p? +s0p? gl2/n+opttsopg?
Replications
M= (s—1)(®-1) ap¥ a2/n+ o p?
Error

Note) ¢p¥=0.2/n+0p?
o2, op? opg? os? iE Table 2 IZ[FL

Other symbols are similar to those in Table 2.



A X ORZBEOKEIET 2 (R) — 11~

i, FROBER b2 RO EBY LB,
Ry=hy*=as?/{0 2/ (bn) +ap?/b+0os%

ey MEGEY G -2 TR, B BEOBEREYRDBI LIITE R, Thik, TOBRA
D5 ES BT (Table 3) ICB\WT, BESH 0p2 OFD o./n & op BFETEIDTHD, LE
£h, Jl, BRF-2%SHL, ¢f RHE LT RERL,

Te oy PEEER T — 4 L LEoBEOTRD, FROREES LR, KROBERYRDLIIL, K
FREBEESFELT, A8, ZOBEOBENHK or? RRERD CE- 1L, FREEHEML
X ACTELIhS, Tiobb, FREROLE LD, BRF -2 LRAKOBERERL S, KL,
Fr o, P EDF - REBR—E TRV EZDORIEIZ L VDO THV-Bh,

0 p?¥ b+ ast= (6 2/n+0op?) /bt as?
—0.2/(bn) + 6 p?/b+ag?

BAE, di~fck o, EEEL, BRREERBEOLATACH LT, BEEERRORSRED, ¥, #
ERELTERTELCLORHLTE, EHLFER BBV re—V) ORERLAWS,

PBRED A PO THE SRGBEBERR, T TRk 5k Table 1 &k hTHBM, o
CILBEE TR, RERE LTRDLETNREY LD, HoH 0L, REREFALIHEHRIOL
BoHH, TORTOFREL, —BEBRVWTHEDEED &L,

¥, I TRHIDEERY, TOBEHCBGLF -2 2B o oRcKBECER TS, flud, @
HOEERL, ToOKRSPLBREGELEEL, ToORFE FRILAZ7r—V) &, TORSCER
Lizk EORYHROMEBCER T2, L L, REOKKEEHRED, »5MBOEROHRI2HRL
LTERADEE SR, TOMBOERSCERMIBRING, Z0BA, Wy LR E OREFRN
B, 1#50 bROIGEERR, TEEANBEEATHEIN DT, EEHPROMEEESEX L
%, kL, RAFEREE TR, BiotKs, roBBoRMXEL, REMHOED it H#bH &
IhTED, ZORMNEFLZ EICX > THEBOBEREYBHTE 5,

oI R¥F®FRICHIT ZBEERBSE

ARSI R TEERBEENE L THEZ 2o TiE, Bl LiclsdTh 22, X HKEH
(19654, 1969%9) XKD X 5 KRR TV B,

BEAERBERIHRS O L bic-> TR BRBM, Z0oHRE, AREL2E->TEBUTREELT
BT, RREOBRAMEGS, BEBELTEuYHDS E3ROA, Ld-T, KHEESTOE
BEGET, BEACEROR VAR TR, BEBERORGEELS L/,

SO X5 nEERBEF OB, BEROHEEMBC OHEY S D, Tiabb, BAGFEHRESTHRS NG
BLERIBLNHMOMAIYRE LT, BEFROERLFFAHDBVR~MF A2 EL5 X5 Thh
i, Thick->T, BEROEEMEC L ELAY 525, FRBL, ZOREMcOWT, BFRHBEFOXE
BERELERTH S,

1. Z¥KSFROBGEBSEEROEREILE

ERFEIC S L SEREINCABMIL, BT ARD L, BERSEL, LRkt s EERRSD

KESERDBTIH LTV, ARRE, —BofmfioEic T, FERFES S0 H
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T, EOLIHEREITHELEAEVSZ &L, ARCKINOEESEL, ED X5 REREBE Y -
T ERELLBRETH D,

1) s XU

WH (196500, 1969%) X, HoyNEGERESORMTEE LT, BT EGMOMBIGRE (LT,
BEARMERR &S 2V, ZOED <L FAFE~NDOKAE IR, BEMGFOBREILRT n
A—FTHBZEEWEL T B, HONCAEE LT 2EEEZOWT, EREEOCTHM, LR
FIFAE Y, BERAYER, EH X LY UTRSANGREL, —BNcELDE 75 ADENE
bhatMEIID, f{ifict, BMBEMEOR G EREREVAELUT SR TELLTHS, Thichds
bbb, BEAMCEEMBESI ELS L, HOeF L LIRDOEBEABBREGRE < > ADE:
£%,

E#, TOBEAIHEEFERD <4 F A HOKZ XOEOERY, KEBRB L5, LWL,
L7,

HOWCAETHERD LEGY Xi Thbbt, L il, 1FH»LeEFHETEKERLATL
LEEOEELTE, LuN-T, X; OBEAEL X ThbbIhb, ZOEADREAKEHEE
FEUL, KO XKD HAD,

X Xi—2Xi- 2 X4 /0

ERRE SX2— (EX)n=32Xi+2— (SXi+0%/n Llebh, LichoT,

y_ DX Xin = 5Xi ZXina/n
X2~ (ZX)E/n
LY, AFEBEEEHORER Sy ThHH, HHILEE Ix* ThD, ZOHBRBORFOER
WL THI), CORYPLETEWT, ANEToEGMBESFOSRYERERDDLZ LEEL D,

BEGEES L, BEEEHOHEZ ST, Whhiliy s 2, KR4 F2eksb )
REL-oTHELDDT, ZOMHIL, BEEEHOZONLE LTELX B ENTEIS, O8I,
KOEHR L - THESR S,

»AHERD L EELT 2 HET ORI L, F0ECOWLTRDS ST, FOEMOLN#HO 25
1B EAFGEHNC ST B, Lichi->C, BEAGROXOSHERD, XOEO 25D 15,
SR ETCER, BEASECENOBE T hiE€e Lt TFTh5, 20 L EEEE
DEECTHNATS LU TORXLLHHE IR S,

BEEEEOZOEENL,

2(Xi-Xisn)*— (D (Xi—Xi+0)}2/n
=X 2K K+ DX 42— (XD Y0+ 25X DX 11/n— (SXi+0)?/n
Thb, CORDOEIHILFAEL, RRACTTEED, HI3HLFEOHLFMRK, 2F8 202 T, i
L FETH 5,
IX2— (BX)¥/nsEXi w2~ (EXin) 2/ n=3022
BOOHE2HEF S, RRCTRT LB D <1 7 AQOHKEHO 2%, Tihbb, -2 THb,
=22 X Xin1+23X:- 3 Xin/n=—23xy
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Liztin T, BEAGEOEDETED 245D 10, 2FBHYESTIREGO <A FAHELS,
(Zat+ 22— 23 xy) /2— Zx%= — 31y

C O, BERAGKENTIA, <4 FROBfE I, D% HEGRRBESESRE LR, 75 ADRE

B Sy LB, B, TOZEROVTIE, FE (1966)® S0 EHMHRIGE L LTE~NTY

%o

{EBOLFBCHT B HE, Jxy/Za? X, AR T2 EEMRFERHOFERTH D, T,
ZOfEE, FCROTCHBEREABGRDO <1 F A/ B5%, 77 ACEz IO LRAMBETHD, ¥, o
BT TLHRBTOEBEZE UL 5, BEARMHBGRHD < 1 > AEOHENER, #0208
T HEGRRFIBOFSETH 5,

ARBRTIL, BEARMMBGEY, coksk, HEMRESSROXEILRTIOLLT, EEHE
FOERELE LB 2T, AR, RERGESEE LToSERBERKYRD, FREBCEDRI4ER
BOEE LD, AEHRSFLEREOBEFERETOILE LA,

ks, AEMBEML BRIV BROERCAESRAIRBT LBHMLATH2DT, FEGHLH L
# 20 cm MEOFBYERL, “OERBEORICIZERILOBEERY, LEOBEMESLE
RBICOWTDT — 5 & Lz, F@MiER, MBOGRELREROTFHCHYTIEENA~D 2 FHfiy
PEL, TOAHEXERERE LR LTIV,

W E Lic A ¥, BEAEHRRAREKREERIUERK 57 KA/ T, Wi 57 FoORESLK
HThHb, Tabled 12, ZORFORERREZ R LI, ZORFOFT, FHRBETK E RIBEORE
BEREVEZHD—EFD 50 Kb, FIRERN L, ThbEBECKINC ST SEEY Fig.
1 wrts,

HEAOFBOFREEANCKE & e—HENRMTHIC I prbL TEERNENKELS, &
B 54, BRIE 40 Thot, BEOHE, ik 57 FAKEVGBATH 52, EBEIKESE-TW5,
FETHIEL, FRBEOH > HRERGBXRETH -0, POl LToihilvic, ZOFER
HOM I AR CRBRE LT, BREEROERDE L Ed - B TH -1 &2, AROMR
KB, A LDONBES 2 F T e b LT XIS, 1RKEZL L ERENELORBHFHEL
PTG, 2T, ks LRERSAT 57 FAL LTRIE -7, Lt ->T, KRBT 18 £

Table 4. KEHEHKRBERILERK2 XS4 57 FARDORRBITEERE

A brief history of the 57-year-old cryptomeria plantation of seedling
origin, harvested in the Kunimi-yama State Forest, Minamata District,
Kyusyu. The individual competition between the neighboring trees
was investigated on the trees growing within a sampled area.

i £ A A k&) wm &

Practice Date (Age) Remarks
mo & | xE2%2A ha %D 6000 Afhk
Planting February, 1913 6000 seedlings/hectare
] X KIE 13 4 3 (12 4) 9 30% FHifL
Thinning March, 1924 (Twelve years old) ca. 30% eliminated
£ & #AE REFN 45 4F 9 B (57 4F)
Pre-harvest September, 1970 (Fifty seven

survey years old)




— 4 - WERBIBIIRME 3495

48
47 o 49 5
O 0]
g 40 o
4l O a9
43 a2 & O
© O 38 w
o) 36
8 44 3l o O
o Ie) 32
30 O 2
29 o 3 o 35
o 22 21 O o
- 23 O O
28 (o)
25 fe)} o 24
o 25 0O 20 |9 18
O K] 14 O 0 (o)
2 0 e}
O 5 17
5 O
H . o (o]
3
o ° °© o
6 5 2 6
9 (o) @)
7
o) O
g ©
O
| S N SN S
0 | 2 3 4 5m

Fig. 1. AERSSEEO-DME GhLH 20 cm (B 2RE LA 245
ARCHTHEEERORE, KREKBERILEFHKIEE 67 £4

The positions of sample trees from which basal discs were collected
for the study of individual competition (cf. Table 4).

DF — ARG DONT AT 272,

2) ®& B

BRERSTORERRE:, BRI COREERLOBRLY ML I, WMEMOHBERE, by s
ZiAEEk», Fig. 2 wRli, —FH, &M ST 2BEEMESOAE I LMb0D, ERZLDT
— ZOWT, BEANMBEREERDIBRY, FREMRELTELX Fig. 3 iRl vk, 0
HBAGREIZ, Fig. 1 KEALLAEEO—EEBS ORI 2 KT OEAGETRDIA, Fig. 1 kihbh
7ok, TOLEBEORSIEL, HTLL—FHEGBEEEYEACHI TR, RbEGEEYE
> TESSTT5 L, RPTHEBTERLLRLOT, L L TIOEFE L,
BEEARMBGROFRE/E, Fig. 3 1, Xk, YEHCHBEREOXE 3% L > TRLEY,
COMTHLNEL 51T, 28 LT TOFRKER, 7FI9AHA~OLEREETHY, Tk, &Ko
57 SEE X COFERIITEMB TH D, BWH (1965)"1, FTTR~=1 FATHDHEEAHMERERE» K Z
7B owk, BREMC X @EEFRSFH Y, ITHPHRVFEECHOLI DD THY, Ibk, £0H%
NEL B0, FEEOERICHEVGEEOBE TG Y, BUBSHRFVECLI L LDL0EH



AXOREHBEOHREETSHE (Bh) — 15 —

I.U’-

o
o
T

il

Correlation coefficients
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# #  Ages
Fig. 2. KEEKRBERIUEGKES 57 £ 12 onTHBHE  TORTER
DL RER LRREE 67 ) L oMHEREK
Correlation coefficients of stem basal diameter at a certain age with

that of the age of felling, calculated in the sample materials from
the Kunimi-yama Forest (cf. Table 4, Fig. 1).
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Fig. 3. /KIREHKEBERILERHESE 57 RO W TIRTERZOER
I B B AT BE R ¥ D R ZE L

Annual change of correlation coefficients between basal diameters

of trees growing side by side, calculated in the Kunimi-yama sam-

ples (cf. Fig. 1).

HELTW3, ARBROBEGLAKOHEATH D, 12 FAERBEXTHbh T (Table 4), ZoPE
218 EnbO ERBMBER S EELORD, 2L, ARBRTHE L 18 E4AROMHBIGINL, T
T4 FADETH Y, BRUMCEEMESFOE LT L ETET 5,

29 FAEBLOTHMBL, ToSROL LAY, BEMSSPETMD VBT L 2RThi}
12N, ZoBBOIEROEEEOEET(EE LTAR%, Z0%kYy, il Lk Fig. 2 0RERED
KERRE L, FEREACKEREE DHBGR TATYL, ToFERElc, E{CBVERET 2k
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Changes of correlation coefficients between basal diameters of various
ages. The Kunimi-yama samples.

T, ¥, Fig 4 11, EHROREEBOHEMOEBNKT, AREOERELLSLbLE
bOTHBH, ZORKELTD, 29 Fikc, BAARFRELERETC LR TERY,

3) # %

BEHESEOFEREY, REFHCERE L TV S EET THRE Licbd 123, REOEERBFILE
T, BECHABRETHALBEELOMRLE LT TS, 2O LR IIBEDETRH L,
b Lhikudl, FRBROKRL, BEEERFOFRELLRIHLbL TV, ZOHEGMREHFOFRE
e LTHRS E, MOREBEECEREOTCIE, KEBVEZRETZ LA TERI o1z, L
L, Coigiz, 18 FEURCOWTOLOTHD, ThIHOBEERREAFICO VL TOFRIIB LT
Mot

BEEHESO4 UHHT, KOAHARGBOERT LOBENE 5 TH o DDd2F L n O EEM
BRCh B2, ZOEIINTEET S,

BB AOBAEREL, FHERLERHO 18 £FAROKRLERE L OMBGRKL, 0.77 LMK EL.
ZOfER D - L EGMCEBRT LD, REBEOAESEORERRY, 18 FAROKERRECLID,
EFORERPUTELZONVEBORERIZL > TEL D, ZOMEE, WROHEBREO 2 FTHLT 5,
Tiebb, 0.77 O 2Ri2H 0.59 X h, REREEAD 57 FAEOKRAERED 59% 13, 18 FERORAE
EBC L - THREIh D,

BT, BEWRSIEEST - AEEELLRD 28 FABOKREREN S, RERAOKE
BBV FOBERVITEI0HETS L, SELEHHREL 0.88 THY, EHOFLE 7% Litd, &
D 23% 13, BHHBESFOEEORI I, FELORE, BKEOKBR IV, BEXDH FREEHLED)
RELOLRS, ok, HETHELoK, <4 7 AHBEOERESBEERSESERDO F5RTHDN
B, ZORE (REMRE) OBMEAKRHEBEGEKD, —0.23 (Fig. 3) & hHEKMRSETEHOFLFEIL 23%



A X OBEBBROHECH T 5% (AR) - 17—

Lish, Z@ 23% L, BiRD 23% O—Fuk, LREKRE LV, BEOMHENLD, ORGSR ED
HEREROKINBEGEBHOWN 23% &, BEMBEFESCIZI0LEEIAS,
2. HEBOERERRFIMHEE LWBRROBAREMERICHT 5 EERMBS

BEESESL, BETHORSIBERAMCAE UL LXTTRABARLLEE I THD, LieH-T,
FKRIEBRE TS, FTOROBEEMCATSZ LRSATHD, Lrl, HEEFROEKEZHERE X »
b, B—FROBEBROHN, BEEBHONIGZ Lnb, EERESLPIVLC LV FEIRD, S L
b, 5 ThHHE, FRACERIWHAEACT, BERLELROL-D0RBM T BET 25E
R, FEOFHEECT, 20 ExERB LAAThIXRb, ZORBRTE, FRIEERK & B8R
FOBERBEZBBK TD, FAEMSSORE 2R,

) #HEE L OHE

NHHAREESERNORRBREKRO DI, ETF— b~ 7 e L MPRLBRETE B3R TRE
TRichDORB D, ZOHEL, FHHLRBRECHTT, BEFROBARSHERE Y 37IEBL, %
DERIEPLRR, FRTLDOEREEL 37IHT, 3FRERLTREL, bR, BWEEAL LISl
AESZHEBX % 3FIERT 5, B OBTTIFROBHERZ 3FIBTE VX 51T, { hiLE
BLTV5, Thbb, &HhbREMICHT ToOIMME &%, BARZERKD 7~ 2 CIREL,
2 THEBLRIIIME O RERE R RO BRKIC L BTk, TOMHBELEELIREL LD &T
HELTHREINI-LDTH B,

CORBICHGT - 213, 1964 FRCBAEHRRABEHREHITAREAHK 10 KL, &
EBOBRTHETHOOETREIRE RERL LD LD TH B, COREHD BEMEL 1.8 mx
1.8m T, ¥—xi%, 19734FfkicBbhic 10 F£HE, 1978 FKeiohic 15 FEOREERTH S,
F—ZiL, HT Ry POV, HEFEAOBARERE L RRIOEREY &L b7, BRI L0 MR
BERZIIMBIEL, £OBET—£onT, BEARMBERELRD, BEMBESC OV THE L,

ZZCRAGRIMEIEE, B (ES 19718, BH 19769) i &5 0 TH D, EBREECTE
SEHUEHLE L, BET - F 2HERERE LBRATMBREHEEL, WET & LOEPRDT
BEF—2 &L, %, BRZUL, FHPZEROTESO 1KRE2KROELHT, ERRRL LTRD
Foo Tnds, —BEICHBIEE, A4S LTRDAEERRC X vTv, BEF— 2 TOFSED K
BEYAMETS, LL, ARBRTIE, Fr,  CEOBEEEBNENESS, Te,y P ZERIMBIE
Fot, BROZ LML, 7 v, POBEF—20FNE, £riichoT, FHELMEIIZEL
AN

BIET — 2 oW TORBEREHEEGR YRS HECIE, FORBEREDBIDLROFEY & o1,
3FloASPOFIO@EGELHLE LT, ETF, EADOWThN 1EELOEFGHLET, —BHDOF— 2% D
9, FT—oOMBGRREYRD S, Bk, D OBEED 3EEO LTI OVT R LTRBIRE Y
®®, Bohelo0HBEEEEFEHLT, Fr ., b JE ORBEARMHEBERILE L,

2) #ELEE

£7Ry b ZECHEHROFHEYRD, EbkLT e, bERBULTHEYRDCHER, 10 £R 7.2
em, 15 FH 9.9em THDH, EEMBKFIELHTHAIRZIREL T,

Table 5 &£ 7wy P OVHBEDHRDLEMRBAOFHBRE LR LI, =0 Tableb ik
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Table 5. @IATRERFRARERIT LTS P o v b I & OfEE
Multiple correlation coefficients of breast height diameters
values indicate the necessity of more intense adjustment

o T kiR 2 | AwE | w1 | sy o | BB 4| eAE 7oK 2
Mina- Hitoyo- | Ken- Mixed Ken- Taka- | Kuma- Mixed
Z

mata- shx sho fuji- plot-1 kara- oka- moto- plot-2
Stand age sho-3 ‘ tsu-12 tsu-4 sho-4 sho-7
10 4 0.825 ‘ 0.719 0.915 0.925 0.920 0.876 0.943 0.819
10 yrs. old l
15 4f 0.758 | 0.562 0.880 0.815 0.843 0.812 0.930 0.827
15 yrs. old ‘

Table 6. HFiAKA X RIRERIZEFETw » FTLD

Correlation coefficients of adjusted diameters of neighboring in-

Tnc Mokt s | AHE o | w2 | BAK 1| St 4 | BEE 4 | EAB 7 [REK 2
Mina- Hitoyo- Ken- Mixed Ken- Taka- | Kuma- Mixed
W oE mata- shi-sho fuji plot-1 kara- oka- moto- plot-2
Stanc; age sho-3 -1 tsu-12 tsu-4 sho-4 sho-7
10 4 —0.005 0.153 —0.104 l —0.079 —0.016 0.255 | —0.145 | 0.345
10 yrs. old {
15 4F —0.070 0.006 | —0.269 —0.067 —0.051 0.116 | —0.153 0.222
15 yrs. old
W oA (A& —0.065 —0.147 —0.165 0.012 —0.035 —0.139 [ —0.008 [—0.123
Difference
@ kK sa | 57 51 51 56 58 63 | 64
Number of '
individuals ‘

Far470, bORLUNE, BEEMCRTS e, FVEBEDIEFEAUTHE, ECMETHFE » b2
BAFEAD 7 r » b AU CTERABGEROMEIPEg-T w501, FHACHS 7= » M3 d, #E
DETrd &5 THERDODIcnZ LxE.RT S, 10 FROF—x & 15 FR0 7 — 2 OFAMRRE
DR IVTiE, KEDO T, 1T, 10 FREL D 156 FRAPIL B0 TW%, Zhid, ZOREM
OBV BBEBT L A~ 7 e R A HA X5 IO HEY D L kb b0 EEL
bhb,

7w, PRBUT, BHBMEENKEL, £7v .,y bOF— 2L, ~7 v iniLhROBEEKE S
FFCED, FHOFFRTHRDE, KAL, BEABTSLEREOSO 89% KET D, ZOXIKK
¥\vw 7w ROR B, YR, BEARHEEEY 75 ADMET D, LichioT, BEAKRA
BEBOK X SEBEEBERFO- v 4 — 2 LT 5ARBOLDIE, HBESENCLBETHD L
Ehiz,

AERDBE T — £ oW TRD I BEERRMAEBRB & BB L, 7=, tFlc Table 6 WRLT,
10 O F — # D\ TRD I BEEARMEBRR T, <1 > AL, 17 fIh7HATHD, 15 F£AOT
—ZEOWTE, 8AITHD, WTFhib <A FAOHBFRE,N S Lt isv, LaL, MHEBLE,
HETL, w7 e OVTOLOTHD, TOHETHRE LRI X - THEEER
£, X SR HEHTEH B L ERTORESRIBRE L2, LkdisT, TORENR
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ISR 7 — # DI HEIED 72 od D EEIR O F B R
caused by the topographical variation of site quality. Larger
of the measurement.

BEW L SEE e | BWEFE 1) BLK 8| REE 8 HERE 5 ﬁB#B[ﬁ§E4 BihR22
Ken- Miya- Ken- Mixed Ken- Kuma- Ken- Mixed Ken-
hiji-1 zaki- | imari-1 plot-3 kara- moto- usu- plot-4 aira

sho-6 | tsu-8 sho-5 ki-3 22
0.896 0.943 0.895 0.927 0.838 0.691 0.698 0.468 0.328
0.885 0.896 0.883 0.897 0.742 0.586 0.620 0.543 0.372
1
ARSI BB 5 — & OAIRFIOBE AT B R E & B Ak
dividuals, negative values indicating the existence of competition.

BEE 1| wiEE o | WoTHE 1| BRK 3| BiEHE 8 | BAE 5 | RAH 3 | BERK 4 | RAR22
Ken- Miya- Ken- Mixed Ken- Kuma- Ken- Mixed Ken-
hiji-1 zaki- imari-1 plot-3 kara- moto- usu- plot-4 aira

sho-6 tsu-8 sho-5 ki-3 -22
0.079 0.052 0.364 0.110 —0.077 —0.057 0.076 0.109 0.315
0.108 0.032 0.281 —0.058 —0.062 0.001 0.093 —0.205 0.221
0.029 —0.020 —0.083 —0.168 0.015 0.058 0.017 —0.314 —0.094
69 77 74 70 79 71 79 74 84
L, ZOX5fc~A +AHBEREOREHEC L EEo0hd Litiy,,
2T, 10 £H2b 15 FHAT TOBEGHRBESFOEHE Y RED 2 L L L, WERMOBERRH
BIRB OB EE RD T I, FR1L, Table 6 OFEAFRT LB THD, <1 FAFE~DOHEME

AR LD 17 fife 12 T, EERRFOEEIEILLL T3, 0 12 filiconT, FKRFME
BX 13 LHERFROBRERBE 403 bbiltdhs &, WiEIMAT, #ENIATHY, MEOERR
Bbhhitl, LIEL, BZHEEK No. 4 T, 10 E£HMS 15 EHADOFEAEN —0.314 L A& {F1L
LTw3, L L, MoRZERBKIZ, 205 iElARRZdohiknw0T, 4 20RSHERKELE T
<A FAEEPKEWEZRDZ ERTERV, REBEART, FRIEBE & EEFKROBLERER >
WTOREARMBGRROE L b - e LR SR D,

I EHEORERLEEFEHRS

RHRORERY, HNKEEEE (REFOE) LIEHEMEEES Ei? i onBloiee, ki
Mot Ehs) OFHEOLEENCHTAHAETHESL, L, [KREDBERNEEO BRI EHT
KAVCOhZ O, #EREGEEZy S HETIHETH S, NBOLBEOREROEEREL, —2DFHE
L LT, ALZETHERRBOT— 200 bbRdbh5 L HES 1972)0, ¥k, FE (1957)50
OHETLRD LI D, L, ZoOREEL, oS >WTHBATE 2, £08MinN:, =
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LEEOLREY, TOFEv I IRCAGTREI RSV ALTHS (BIF 1980)10, H5EH
oW TRHHERERIEL, Vo2 HEY HNE T5B A0 ERGERROMEIIL, ROFEXLETH
Do BUHEEROEEACESLHE L, SEGcEy oMM LARMYRET S, ZOoRBHO T -
2D, 2O58E 7 e - VSRR, BEOWMBCHT IRV EERL TS,

L, TTo2EBRTRGMENL, LS, BEACHE ShoTicl, HHgs e
—VThB, Tibb, HHEBEHLILOEBEAFEATIIRVOT, K, Ao onToRER
LISONHEYUTHSB, Lol, XRBO B, BEHCOWTOLEORBROHE TR, #E
RLEGHEBESFOBFRLHALMCT RO THS, LihisT, FHE, COREREZAHZOREREE
Bt L LTHELTREG, UToBBLIT5o L2345, ks, M. 1 FHL, voFre—viHL
REERREFORBRERTHY, M. 2 JT, EHEMESERERLOBRCOVTORBHRTH S,

1. 2¥4 50— (k3 AGMGES

EGESEFCECERL, TOARBECEWT, BEESYBECLTAERT 0T, KoERK
i MOFBRLELRGEIR TV, 2 VARKETLERHPRLE 2D D E VbR TS,
L2 L, ERORGEEMLOEGAEZEHELT, AFEMBEFIMGLVOIRLEZT S, Tl 2L
pRFHEIEE, rvFse—vHOEGHBSOREIYMBC L, ¥, BAKMBEFOLLS ERH
2, BEoEMCIsbor, REVOEMCIZLOMEHLITTE D RRBRELEE LI,

1) #HEsXUHE

REHIL, AF¥voF@Hdre—v, HAN3E, LEBETES, SElS, KHE1ESZHWT, 1969
£, WERRPHEHBCHRE L, COERTL D BITAERN, EROZe—vofiis, F7r—
vRBE—OEE CUT, BEKEFL) L7520, BAREZER CITF, BEEKERES) &T500 2K
BERlbh, XK, BEEGORIEVEMLEVIICEY =F Ly F .- TCRELLD L, WEH
#Ho 2 kEREAER, DE0 3 BRHOKERAGED 7R, PR ZRERTIDOT, 87 = v PEUI,
Fig. 5 Rip$&ED,4(7 v — V) x2(HiH - B <2 (Rl - SR <2(RE) =32 Y=, b Eitot,

BEoEE:, MHERORXY=FLvF.—7F (FEX 50cm, BERE 22cm) cdvAh, @R
%, ThiERERR ORI CEREDALL, s, BREOLOREL S, K =F 1y
FHWEEL D, bIrE Lo T, RECH TR R LRSI 35em Thote, &7 7 » M
OEHET 70cm 21, 7w, FROBEBERT 20cmx20cm & Lz, &7 =, F IO EAEIL, 417
X 4F)=16 KT, rr—v¥p4klL, FDrr—-v I LOEHROBBEBIROFTEY L o1,

WEZ v — v, ERHIHBICHEBINBAES L Thd, 47X AFIOMBMECHL, 7
FVHBEDOEL T, 470 —vOKEARELIOFHER L., b, HEBELIELN, FERYRY
BT 5 b ONESHRITS F— 2L, &2 v — v AEECFEEEYHGWS L 5 EHE L, ik,
FZHBEX D 16 RO[EE»SHEINAD T — 2% BB onTh, AT T vHREOE LI, &
ST ARTORHAL, 4EOTHETHAVEILE L

2) & R

2ERPIMKTH®, #EfcoT HREIETER GBEXY 0em FE) 2WEL, ARk, |
MEREE LAY IED & b, BEEREREOROEMY B 5 LATELIE S E Bk, 0K
B, Rl =F vy F . -7 CTEKRIhCE Y, B0t ich o LHE S his,
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o
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P22 #uzFL & 5ROBHEE
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%
L mix/ A mix Cc
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Fig. 5. A¥ 4y FH X HAKMBESHBRCK IS0 » PORE
Arrangement of test materials for the study of individual competition
among the clonal materials of cryptomeria.

ARBAIE O BARDOK & JI WO HRA BADFIG T, WE 25.60cm, RLER 3.62mm Th b,
ABRTH (2ARNBHE 1971 £KOBERICIT, HE 77.86cm, FPILERE 9.61mm Thois,
LT, ZoRBHM s 3 #ARKOFHEER, & 52.26cm, BLER 5.9 mm Th-
o

LIF, zom&gtBoERo 2EMosRkE CIFHK, Bf SIUETEREES) OWTRE
Liend, JHETHE~N LSy — 2 4RO A v, AL L TW3541, S£EEE
DT OFEGEE BV,

FREC>WTOAER (RHE, ¥ Bl BoRECERE 7= —-v) oFRiL, EVWRERLT
WBDT, FEROKBFEHEL, MOBRRHRIPELIIV, LT, FEEBHRIITREhO
KEEJEHMERO MBI X > THETE 3, FEROKBEITEMEL, DTFelR5LE0ThHS,
WEC OV TRDI I, B - B, BoREo BRI OV ToKBIITHEL, 2 KEOTFHE
iz, Table 7 KRT LB THD, IEHRD 2 KEHMEO-FARETLLDOIL, WETE, KEEO
2.7cm THH, BLERTE, HOREL ERED 0.31mm ThHH, ThHTHIIL, LithsT,
BEEC>WTO, o 3EROPHRIINIV-LHEZI LS,

BHECOWTD 7 = — VHIESEIZ, Table 8 WRTLEITHS, MBHL b BAMEEL, HEl
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Table 7. 2¥4 o FEIC &2 MAEMBSARRCR I HHE, BE - RE, BoRso
FEZOVWTOEE LARSTEREOKERNFISE & 20 2 k#Ef £

Increments of height and basal diameter of rooted cuttings shown in Fig. 5,
during the two-year-period, being summarized following the factorial design.

O R Wit o without
% " eplications ixed or separated isolation of root
Traits Lo s = ; B O = fEfR %
| KE | RIE 2 | nie 7 A : 2 b s
Differ- . Sepa- | Differ- Not | Differ-
}Rep. ! |Rep. 2 ence Mixed rated ence Is‘Olatedlisolated ence
® & (cm) 53.61 | 50.91 | 2.70 51.67 | 52.84 | 1.17 52.41 | 52.11| 0.30
Seedling height
WICEFE (mm) 6.09 1 5.89| 0.20 6.07 5.91 | 0.16 5.84 6.15 | 0.31
Basal diameter | i
Table 8. = &4 FFIz X HMKEMBSRBRICKITS BT, #HE 66.75cm, HTER 8.47mm
W TGEEIL DWW T D7 v — I
fi S & BT PP o n, BN, ®ETR EENSE0
Achievements of clones in height and basal B
diameter (cf. Fig. 5). 43.53cm ¢, BEEETRLEHR 7 50O

s o—

FEra 7 5 =] A N
\\ Clones ?H(E %‘Ji% I{L Z’E:L jli[ﬂliz\i
Wog T Arj BF‘ CF b 5
Traits e |
¥ & (cm) 43.53 | 44.31 | 66.75 | 54.44
Height
HWooERA (mm) 5.13 4.46 8.47 5.91
Basal diameter
Table 9. 2 ¥4 +Wic X 5EKKGERFABRICE TS

WE L RITEZIC W T OBE - REE SO
Fapk DK HEH AT 13 5 FHEH
Achievements of mixed or separately planted
clonal materials, with isolated or not isolated
root systems (cf. Fig. 5)

W s I%I fé Y% fE 5 = & N&%t 4
: ixed or o
Traits not Isolated isolated
\ B HE 51.81 53.88
w & (cm) Separated
Height 7 & 53.00 50.34
Mixed
B il 5.60 6.23
HWoTE#E (mm) | Separated
Basal diameter 8 i 6.08 6.07
Mixed

4.46mm Thot, ZTHOI3IL,
BIPHER 3V B BAE & R/AMED 2, B
7 23.22cm LETER 4.0lmm L X
TRED o7,

B - BHE, BORBOREOBMRER
BikEEIL, Table 9 KFETELEHTHD,
HERSWToRAMEE RMED 211 3.54
BT HE BV TOFhE, 0.63
mm TEHDTHE,

FGEEESOBHIL, £7e—vO4ERE
ONERLAS, B B X oTRVR A
Ul E5h, Tichb, 7r— v LHiH-
B L OXERRC L - THREZNS, W
Bz oWTDg 7 v — v ORI L B BT
LfEYy Fig. 6 & Fig. 7 R, &
RABULALRB IO, KEKISIL, B
Mo k1 5 FEE2, BRI s 5 PHE
HELTEbDTNIL, BHH0H-E
MAH#EIhS, Fig 7 ORITEELETKS

ra—v

cm G,

WT RS &, HE LB, BECECTUERCESENKE (, BFLELC LrERshd, ZORT,
XoREBIhAZ &, WAW IS L AEE 1 SOEHEY, BELIEETHELTVWSHTH D,

BERESD, BOBEMIC Y > TELENE 2L, 7o — v i BORECKEBLOXEFEHK I -T
MPTEB, £ T, BEREELEBEL, BELIVBECETS 7 v — VEFHEY kD, Fig. 8
(%), Fig. 9 BTHER) WRLE, GRrALhD LEY, ARBELD, £07 e — v L EH - Bl
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cm
nor g B

// clone C

£ 60
o2
2
[=4
3
Z of A
W clone D
i LEE TS
il )ﬁ///,’/’x’—o clone B
B+ ic) El;'EJA3 =
a0k clone
30 1 ]
B BAE
Separated Mixed

Fig. 8. 24 o 2@ X 2 EKRRMSRSEHABR I 2 HiE L RE
CETHEI 0 - OFEEER

Mean height of separately planted and mix-planted

ramets of the four clones, shown in Fig. 5.

ORERIC A LRIz X D AR REIRD LR o7z, 7l, Fig 8 OWEick\C, AW 3IE Lk
HE75, BOREORRIC L - TREENHPE LTS5, FOEINI,

Ll Ry~ KR O K ERIESERIED, MW ATEE TH B0 E 5 BB LickiEs Table
10 THBH, L, FERI, BEEME UTHERY, FEHEORER, ThZhoBEROMBEYT IR
ETTolk, MPREEL 7 r— Vi — v XBl - BED 2HRFXEMFACHER AR LD DN, TR
CoWT, Ze—VvXHE - BEXBEOBEOEED SETXAEFAR, ThZhEEERRDbhi,

3) B =

SESFORKEL, RERO KEHEHEY S LTRSS RBLTT05, HREOSESHORER
T, ¥ B BOREORE NEOFEROEHRCHABHEORD b >l ik, Table 7
EHbhick o, ZO3BROKEFFHEDENNIho ol EhLURTHD, -, B - B
EROREOFEOXEMFRACHEENLD Bobhihofcz &b, Table 9 KR LcHEROKEHRS
LORBERED NI ot EhLBROZ L TH S,

BRILOWTD 7 v — v X B - BEXBORESCEED SRFREMFMCERMZED b, Lk
L, 7r—vitkoT, MTHTOMABRBRSIME, BMERHTIHL, e, MTHTHEL, BEHOR
W s, BIRELLREWI END, O 3HRFREFHOFERE, BRAOBRIYEIhS,
EEMESOE UCTVWHILERTY, CO3HRTXEMARER TP R ENDE, 20T XT3
LIt bhb,

7w — v LB - BEOZEEML, —BREERRFOFEELER T LIS, ThilERER
DWTEH BRI, ZORBROKEHEGRIC L 5FPHfEL, Fig. 6 & Fig. 7 KRLAH, 72—V
Blic 2 - B & B B0 5 PO, ERL h EROHRKEL, BECESHBEREOKRE
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10 Or
g5
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8.0+
5
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£
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=
W
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-
el B3
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- KHE | 5
5.0 clone D
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Fig. 7. 2¥ 9o+ B X 2AKMERSHBRIC T 2 HIE L IRE
T HE s 0 — L OEEBRTLERE

Similar to Fig. 6, but for the basal diameter instead of

height.

TEwS5bO e, MREBUT LML, BEBBEOBCHE 7 v — IR 1ET, W/,
se—ViZABE1STHD, Fig. 7 ORTHRBCRLTEETHS, HHE1BFIBHATLL47e—Y
th, EEF—BRKEVW27e-vThHD, Th, fire—vEiBETHIERE-T, EHLRASTRER
ERLEOENGEEOHEL LTL3MShS, LiL, KAFISREMTIC kD, Bk
WTHH I DVAERBO NS> BEAN 352 LB TE X 0 KERERMHALZZF O b, ikl
BOXSCHEOHETIHBETE L, b, KBR 1 SLEEHEREOMIC, HEERBESEE
WEWIEERHERRLAhE TS LIRS, COZERBBELTELLRLZ KL, BBl
REEET, PHESOKZ V27— v, fID 7 e — vEFHELTESIRES > LD TRV EW )
ZERBB, Linl, BEO s v - vHITSEOKAE KOJEFE, HElE, KHELY, EHATE,
BAMIETHH, A1 SHEFIAESEGHBERELBL > L WO, D7 e —vOBEEDOK
EI0MEfLE, BHESS L OMfRCE, —ECERIIRD s v, A L RITERC L
THRBE, 7e—vHEEEORML, HE1E, KAKELIS, BHEN3S, LEE7SThh, HEL
FCX5w, BEEMEESEOBRBRIEDLRRI T,



AXOREBEROHECHETIME (H)

H¥ 1 S OB BT A RTHEROL
REOBMMNT, BHOLERED 31.6%
ML, KER1SORMCKT SR
TEEDBAML, B0 20.9% i
L, WThbKkEdhot, —F, &7
» — VR U Bl & RO PEL: R
ERFED LA ot ik, H1E
D7 FAPRD, KAF1ISD<1 +2
PRI -TRBLEh R L5
D EEL LR, BEERER, B
Yy oEBRPHRCKELBEL SN
ZEREB IR,

LB, #E LrcEmBe, BEAR
EHEBEGRRIC X > THBEIDBhL, T
O BEEARHBSRE O BEHICIy, 4RO
ZERD, HEEEObDOEAG, &
DOHBIERIL, 32 Fu ., D FhER
PHBLRICH, TOEXABRESRED
R FEH LT Table 11 &ELE,
e () WoKER, ABESRTE
D8 7wy FHT, ~1 FADHBIRE
DELIEHEELRALL, = DRI,
KO LS WEHEh B,

B & B I BTy, mBE
ELBHERA A FRAFEH~AKEL, B
25 AR TR CHEERBEFORE T
ERBOENTH T, BOBEEDEEIC
X o EERES S OE %, ST
BT & foh o 72A%, & ORISR X
5L, WHELDL, HE BEY Mb
¥, EREOSNBEEL VL ~M > 2D
HEANDER K E D ntz, ThEDT &
2k, AR, g cin
, WTFHWT L4 UBD, Hi L
DHBRENEHBEI R,

— 95 —
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Fig. 8. AF¥F ¥ ¥ L 2EAMBESFRRITH TR

O L ERMECETEE2 0 - OFEER
Mean height of ramets of four clones, shown
in Fig. 5, whose root systems were isolated or
not isolated with polyethylene bags.
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5 1.0F
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Similar to Fig. 8, but for the basal diameter

instead of height.



— 26 — FREARIBIA M 5349 5

Table 10. 2 &4+ # I X 2 REMBSFHRICE T LEE L BCERC OV TODEOTER
Analyses of variance of height and basal diameter of the cryptomeria clonal
materials (cf. Fig. 5).

v B E3 ] ® o E &

[] 5}
Traits B Seedling height Basal diameter
= 5L
d.f. i -
E @A F A | CESER | | B R FEERH | g
Factors S.S. M.S. S.S. M.S.
[GEi2k=E:3 1 2.328 2.328 | <t 3.044 3.044 <2
With or without
root isolation (I)
i H 1 43.453 43.453 <1 0.821 0.821 <1
Mixed or separated (M)
N 2] 1 233.328 233.328 2.228 1.228 1.228 <1
Replications (R)
RE X RSt i 1 178.625 178.625 <2 3.258 3.258 <2
Mx I
1 RiBs% 3 314.149 | 104.716 | <2 4,587 1.529 <1
First order error : "
L&
/=R 3 11329.281 | 3776.427 | 42.714 296.167 98.722 55.492
Clones (C)
* k¥
Jo— X{RE 3 1363.079 454, 360 5.139 53.561 19.854 11.160
CxM
7a— X EMORE 3 544,454 | 181.485 | 2.053 9.581 3.194 <2
CxI
*
70'":/)(&%31 3 1043.405 347.802 3.934 11.418 3.806 2.139
x [ o1 8
CxMxI :
2 Wi 108 9548.390 | 88.411 192.115 :  1.779
Second order error
42 * 127 24600.492 581.780
Total

Note) #x: 1% fEfERCHE Significant at 1% level
* 1 5% fEffiE T Significant at 5% level

2. Z¥FYFH/0-—rICLBMEMBERLRAR

HONCREGBHESF A Chil, ToTE5E, HRONEFOEENEINTSC S 2R L. 5
LEETHOBGMBESOM IS, LOAETHORENARE L BHGRTHIIE, HidoLEHBROH
MR ERERTER YV, L L, SialcAERO BUCEETHY, BEERESS b L ohul, 2o
Tl ko, GEESESENL, EROEEROMEEELEATHE L 7t 5, RRABIL, AFXOEEOF
¥ 7 v - vEAOCEERKEZSHERORB T, BHEHES L BEROFREL L., B LER
Thb, ik, BB THLOK, AuikAFrze—vid, BEASEEFANLOLOTIEARVLOT, LT
TRRERLFLECE LTS,

1) B XUHE

HEh 1970 &, BEAREESO A PHEEHRBE,»SHEML, AP Tro WM LL 22 70—
v Th%H (Table 12), DR, 1971 FHEAERBRSFBABRMEMCRE L, 1972 £ERAARM
HNICEM LT,

REROEXRELD, BHEEESFOLE LI T, FOLihBEYZT202ELM TSR
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W, BABRSHERE LT, FEL3EME, 1.8m  Table 11. x4 3 H I X 2AKMBERAR TS
. UA2ERLETEZLDVWTD e v b
1. 3 1.0 4 Z
£ l4m wIU1.0m oM AR D LRI B R TARA (e
I 2RBEEFEG . LicAiaT, 6Fm, b & Correlation coefficients between plants situ-
otre UTFORIITIE, =OWENOETa o ated side by side, calculated in combination

of factors (cf. Fig. 5).
My, BEEER, PEEX, SEEKIRSZE _

7oy kO o | HUTER
E¥%e piE | E?Ieighf] Basal
£7m o, PRI L 22 7 e — v OEEE Combination diameter
m— — Vi S N RERE IR —0.274 (6) | —0.322 (7)
B, Rl—72r—vicBT5HEED, BEELI Mixed a;bd[ ot
IR, HMEREIh3EEN, 72— isolated
(B AT —0.157 (8) | —0.260 (2)

v L EHbT B X 5B Lic (Table 12), Mixed and

- — = 3 isolated
¥, ZOEGEER, A-RERORLIEE R C C0.043 (&) | —0.113 (6)
EKET:RALEEEL, REKCI->TEEL Separated and

not isolated

o %7"3 s M, 12 ﬁXll =132 x&EL, &%%&Tﬁhﬁ —0.025 (4) —0.093 (3)
&7m ., rORBEICE  FERISIRRRLL,  Sparated and
BRI, AR AT LT e () ARG T R
ot HMIMEBIE, 1972 EHERERK LI, = Figures in the parentheses represent the fre-
quencies of negative values among the eight
DA TORKBEICE, DL UDERL T calculations of the same combination.

7@l HAY fiE L, B vy —#

i3, 2#EH2S WFRAETOF—ZRDONTTHD, FFr » PEDF -2, RO X5 132
HEoOWTOLDOTHLY, BAMELET 5D, FARE1FIOF - 2%BHA LD T, 107X97]=
90 FEEEHNHRE L, ELREBOHBECAWbhLT — 21X, FEREBOFT, a2vE) FOREL
IBHEe, T X 298 EOHEECLHHEA L, B Table 13 it 7 -2 ExitEH
Vi, AIERMEREELBROERT, ROBEHRIISFA I CRRTHER HEEX D 30cm B »HE
L, 4Bk b 1.2m {rEcEE L,

R, ARBHOF — 22 B5\0T, SERSWCRAVWET - 2 0oftud, IHBELT-oT5, COHE
oW Tit, TTRRNIEBDTHBH, SEHOF— 2 ROCTORALEKI, BREBEDT LIRS
D, FREThO LKEE 2KED 4 HX R, BEHREC X 5BERR THEERY RDL,

BEEARARBI R DV T d, TREB~NL LS, H5EELPLE LT, MBREACHEETS 4@
e T, Jl A B E R, Bbhi 4 EoMEBGRROFHER VI,

2) B R

(1) S8 X 5 5ERPROKH

BEEDOFERIND T — 22T F ey + &0 FiGfExRD, Fig. 10 & Fig. 11 KRl Fig.
10 WRLESECOWTO e, FEZIALM TGS, Fig. 11 KR LEEBROWTL, FhiE
B Lo, EEERCAERIA LTS, COMREBEL, 7v— vHERREN, $IUERME
HMOXEEROMBXMLI DI, Tuy b JEDre—VvHESEY T — & & LTHBGET -1
(Table 14, Table 15), ZDOHEHSFEE VT, Z2r~vE, 7u—vXBED 2ATFXEEROKE
2, REX7e—vO2lTFEEERE, REX 77— v <XEEO SRTZAEMEMY = I L 2KRE
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Table 12. FERBHOBEMRFABICBTERA I 0 -2 P oy b JEOKE~DOH

BHE¥
Clones employed in the study of individual competition at the trial plantation
in the Akanuma Experimental Site, Saitama Prefecture.
situated at the periphery of the plantation is shown along with their total

The number of ramets

number.
g~ IR R Mg~ 3R B
Situated to Situated to
suo—v4 | B ¥ periphery Hso— 4 & ¥ periphery
Clones Number, Clones Number
RiE L g 2 ‘ RiE L g 2
Rep. 1 Rep. 2 ‘ Rep. t Rep. 2
B 552 36 2 2 A8 S 36 2 2
Nagano-5 Kuji-8
HFz% Lo36 2 2 Rigs = 36 2 2
Sakashita-2 ! Mugi-8
EEH 15 | 36 2 2 RS ER 36 1 2
Kitakata-! ‘ Minaminaka-5
a1 e 36 2 2 | ke 36 2 2
Gohdai-1 ‘ Niihari-2
HM2 5 36 2 2 FHEIE 15 36 2 2
Wakamatsu-2 ! Kamitsuga-1
B 6= 36 2 2 | Eall o= 36 2 2
Naka-6 Higashishira-
K62 3% 5 5 kawa-10
Ooi-6 R = 36 2 1
AR 36 2 2 Mugi-4
Seta-3 MaES S 36 2 2
KP4 36 5 2 Minamiaizu-5
Ootsuki-4 LOEs 5 36 2 1
B4 3 5 36 5 2 Ishikawa-sho-5
Niihari-3 A1 —;‘% 36 2 2
5552 36 2 5 Ootsuki-1
Taga-5 LEH25 36 1 2
| Imaichi-2

Table 13. AHBRBIMOERMBESHRRICE T BERIT 1 » M LOF— 4%
The number of plants of which measurements were used in the anal-
ysis in the successive years, peripheral individuals being excluded and
some being killed in later years.

\Stiﬁdﬁi}geziﬁ 3 |aM| 5 | of | 7H | B4 | 94 | 104
o,k 2 yrs.3 yrs.4 yrs. 5 yrs. | 6 yrs. 7 yrs. | 8 yrs. | 9 yrs. [ 10 yrs.
Plot/s \\\ old | old | old old old old old old old
‘ KEwE X 86 86 86 86 86 86 86 86 86
Low density
KiE 1 fBEERX 90 90 90 90 90 90 90 S0 90
Rep. 1 ’ Medium density
BEBER 86 36 86 86 86 84 82 79 77
High density
RBEK 82 82 82 82 82 82 82 82 82
Low density
R 2 pEEX 84 84 84 84 84 84 84 84 84
Rep. 2| Medium density
BERERX 83 83 83 83 83 83 83 83 76
High density
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Tiot. RELEEL, FRHEEAL LT, 1REMESEEATWEOT, ZOWEROKRER,
1 RBEZCHEBTIRELEED 2 BRTXERATT ot MEELEEL 7 - vOFENKEL,
7r—vi, 2RCHBEIHTERETH D, BER, FRETRVIOH 5D, ZOHhKiZ, HHED/
SV LZFERT 0L HD EEL DI, BEC L - THAMBSEYRLIE, 7e—vIiFEOX
HIEAPBHEIh23TTHD, ZOXEFERL, BEO1F—2 LBERO3 F—- 2 EFEME EDHR
2o
SHAHOFREDHRTIE, HFEROYREOKE S THETLOREEENI S, FRITOFHFEHD
PERse Loy, SEROEBHOF SRy ke, Table 16 @R LA, 7 » —vOFERIL, MOE
HAOFSRTHE L, EFEMCAZ <, BET 65.39%~88.5% &L, BEET 62.9%~77.5% &L
TVvh, DUTAEVIORBETH Y, BHECOVTE, 2E,Bb6E T TIIAEL, F08% 10 Fio
BT TNEL Lo Th, EHETIE, 2E154EFELMTTREL5E, 6ELBI L, F0o% 10 Fic
PITREL LT B, HEELD, 2FRICKE 169% XKEVDIX, ZTORRVPEBEENROL USE
HTlonZ &2 b, £7 8y PNOBHRESVEEATRP - clcd LB S5, 74 B OBE KT
WAL, ERECET 8N, WhOrmESRCEAL, BEOEVWLIAT, BEROKEI ST

cm
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O +EEK [ RKE|
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® FEERX | (K2
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=) — KIRAREMETT
-2 WIRARERETRT
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Fig. 10. FEFRBMOMBEMHESARBRISISHEO T » b L FHECH
WAL
Annual changes of mean height in the Akanuma trial plantation.
Square, round and triangular marks represent plots of low, medium
and high density, while empty and solid marks designate replications.
Solid lines indicate the periods when all the plants survived while
broken lines indicate the occurrence of suppressed and killed plants.
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ERRTIOT, coz b, BRE BE/ER) Lt Fig 12 THHERTH S, BEMESFEH
W15 7 e — v i FBEOXEFAOEPOREERL, EAMBESFOLE LTV ESRATLSERIHE I
hhREL, LaL, 20FERE, WThoF—x2d 5% Khiitl,
(2) REERL7 = - vEIEE LOBESFHOTFREL
RHEFiz, AU7 e - vEBRCERIALE LT, BERBTOBES, HREERLOMOLHE TR
B ERLURTFHENS, T2 T, BEERFOL UCSRNTERBECL - TRESTHAS Z LIC

Table 14. 7 FRER oD B H B

HEBRIZBITS

Analyses of variance of plant height in the

W B 2 4 3 4 4 4 5 £
Stand age 2 yrs. old 3 yrs. old 4 yrs. old 5 yrs. old
: HeE | P | p [FEEF | g | FBEH | g | FOEH | g
Factors d.f. M.S. M.S. M.S. M.S.
173 [} t 1.698 0.005 798.027| 0.808| 4070.600] 2.663] 9159.012| 5.651
Replications . .
w i3 2 9479.676 | 30.641| 16953.523| 17.158| 28803.074| 18,840| 53183.937} 32.811
Density .
1 RiRE (NE 2 309.375 2.522 988.078] 4.242| 1528.827| 3.836{ 1620.908| 2.687
X HE)

First error

Kok sk Hok Aok
ga—1 22 3755.628 | 30.619| 8421.641| 36.153| 12165.492| 30.525| 18523.750| 30.709
Clones
HEX 70— 42 148.89%96 1.214 340.504| 1.462 564.638| 1.417 729.323] 1.209
Density X Clone
2 REBRx 63 122.655 232.942 398.543 603.196
Second error

Notes) **: 1% BB THE Significant at 1% level
* 1 5% fEMRETHR Significant at 5% level
Table 15. FRiAAGBMOEEEGESERBRICK TS

Analyses of

variance of stem diameter in the

o 2 4 3 4 4 4 5 4
Stand age 2 yrs. old 2 yrs. old 4 yrs. old 5 yrs. old
E W |apElEEs| g RS | g FEES | p | FE¥S | g
Factors d.f. M.S. M.S. M.S. M.S.
K i1 { 3.663 8.121 2.712 0.195 8.175 0.385 10.842 1.043
Replications - N «
#® i3 2 171.827 | 380.923| 359.932 | 25.817| 368.375 | 17.339| 616.815 | 59.324
Density
1 RigE (KB 2 0.451 0.140 13.942 1.697 21.245 1.301 10.397 0.586
X )
First ej;-ror
4ok Aok *k ok
Ja— 22 66.959 20.708] 189.692 | 23.094| 306.891 | 18.799/ 447.995 | 25.247
Clone .
BEXI7o— 42 4.048 1.252 12.022 1 1.464 21.114 1.293 31.686 1.786
Density X Clone)
2 KIRE 63 3.234 8.214 16.324 17.744
Second error

Note) **: 1% fER#E CHE Significant at 1% level
* : 5% fEI&BRCHE Significant at 5% level
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BHLT, HFETHRARLTHBEERDF — 212w, 7Ry F SLERERYRDI, ZORERT,
£7my b Ed, EEBEOBET— 2%, 7e—vRBERE LE—TOHEOTBEIHET, 7»
— VOFHFHOPBES D D& 7 v — VvEGELXRD, TOSBOLABCHTAEISGE LTHE

L1,

WHBC SV TOREROERT(IT, Fig. 13 & Fig. 4 KR TEE0ThHD, REOEFEERYHB
X, BERTEDE T v, FEOEINEL, B0 6EHDOERT 10% KRiETHD. FREL, THER

BEDERE T — 2 ITOWT ORI R

successive years, at the Akanuma trial plantation.

6 7 8 4 9 4 10 4
6 yrs. old 7 yrs. old 8 yrs. old 9 yrs. old 10 yrs. old
FHESE | g | FHES| g | FEES| g | FEEH | R | FEEH| g
M.S. M.S. M.S. M.S. M.S.
2653.692 1.038 2466.978] 0.902 2245.495 0.768 1181.469 1.840 150.230; 0.149
* *
55095, 156 | 21.550 | 40660.344] 14.868 | 29225.148 9.997 | 12270.652 19.115 4381.871| 4.344
*
2556.623 4.013 2734.779| 3.582 2923.430| 2.178 641.933 0.394 1008.651; 0.708
Aok *ok *ok Kok *k
26925.434 | 42.260 | 36008.508| 47.168 | 48553.895! 36.177 | 67910.500| 41.729 | 76081.437| 53.417
*
1009.982 1.585 1438.053] 1.884 1419.964| 1.058 1761.926] 1.083 1756.635 1.233
637.144 763.415 1342.125 1627.433 1424 .302
FBERDOFEREF — 2 LDV TOTRIHE
successive years, at the Akanuma trial plantation.
6 4F 7 F 8 4f 9 4 10 48
6 yrs. old 7 yrs. old 8 yrs. old 9 yrs. old 10 yrs. old
W R s F S F EEES F E¥H F FHER F
M.S. M.S. M.S. M.S. M.S.
20.619 2,227 100.168 8.314 226.132 12.198| 327.222 15.263] 776.533 24.694
* %k A%k ke
151.551 | 16.368 837.675 | 63.524 | 2235.342 | 120.580| 4180.152 | 194.982 7935.613 | 252,351
9.259 0.374 12.049 0.426 18.538 0.480 21.43%9 0.487 31.447 0.620
*k *ok *ok ok *k
658,041 | 26.585 975,264 | 34.493 | 1239.599 32.095| 1568,648 35.656 2058.704 40.562
* *
34.066 1.376 50.137 1.773 52.444 1.358 70.635 1.606] 86.662 1.707
24.752 28.274 38.623 43.994 50.755
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wZE{L
Annual changes of basal and breast-height diameter in the Akanuma
plantation. The usage of the symbols is similar to that in Fig. 10.
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Fig. 12. FRiBABHMOMHKEBEFRBICK T HRE BH/ERE) o7y M T
L EHEDEREL

Annual changes of the form quotient (height/diameter) in the Akanuma
plantation. The usage of the symbols is similar to that in Fig. 10.
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Table 16. FIBABRMOBARREABR TR I ERERICE I L SEERD
ZFEOHFLSE (%)

Annual changes of contribution rates in the variation due to the

factors and their interactions (%).

&
SﬁindageZﬁ:‘ 3| 4F | 5HE |6 F | TH 8 4 9 4 | 10 4

= " 2 yrs.|3 yrs./4 yrs.5 yrs.6 yrs.| 7 yrs. | 8 yrs. | 9 yrs. | 10 yrs.
Factors old | old | old | old | old old old old old
13 i) 0.0 0.0 0.7 1.3 0.0 0.0 0.0 0.0 0.0
Replications
7 i3 16.3 | 13.2 | 14.8 | 17.9 | 13.7 8.0 4.3 1.4 0.4
Density
W | LKERE 0.5| 1.4] 1.5] 0.9] 1.3} 0.9 0.5 0.0 0.0
Tree First order error
height Ja— 67.9 | 70.9 | 67.0 | 65.3 | 72.1 77.6 80.6 85.4 88.5
Clones
Jo— U XEBE 1.0 1.9 1.9 Q.9 2.0 3.0 0.3 0.3 0.8
Clone X Density
2 RERZE 14.3 | 12.6 | 14.1 | 13.7 | 10.9 10.5 14.3 12.9 10.3
Second order error
)3 i) 0.2 0.0 0.1 0.0 0.1 0.3 0.6 0.6 1.1
Replications
= = 16.1 | 12.0 | 15.4 9.2 1.7 6.3 12.5 17.5 23.7
Density
" & 1 R 0.0 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Dia-{ First order error
meter ga— 62.9 | 66.2 | 64.3 | 68.9 | 77.5 76.0 71.2 67.5 63.1
Clones
b — XEE 1.6 2.8| 3.1 4.5| 2.3 3.5 1.6 2.4 2.3
Clone X Density
2 RRE 19.2 | 18.7 | 16.9 | 17.4 | 18.4 13.9 14.1 12.0 9.8

Second order error

L&, #EAEECEREl OBBERYKRE EROERTH D, WEMCER LTHETS L, BET
R—EOFEILIeS, HETE, BEED2 7 e, VX3ELL TETTOE TP, PEEK L
EBERI A FLE LR LTV 5,

FHEDOBIETF — 22T D 7 v — VESBROELZE{LY Fig. 15 & Fig. 16 @ L» Liz,

FERECERTS &, @R, —ECHEIRRL, EED3ENLL 6FEHRNT T, BEE
BB EEtoTw 5,

FTHEDBET — 2OV TOBRESFBEOFRELE Fig. 17 & Fig. 18 ©iRLk, EEITOWT
13, RE2OFBEER D 8ELES, o 7re , b AE{-TEY, AREOBHER DS 3E2L
GEFADTTRE, i, BEORE 2 OEBERR, BOBERK L Y BEFHEIAE,

(3) EEMBESOFEREE RERDOFEREOR

BHEOBEET — 4 20T BEAMARRROERELY Fig. 19 R Ui, HH0bo—iii
7 — 2 COREARMEBEREL, MLl s, EEMESSAE Ui, 77 A0lIHHEI RS
L, BEF—4%T, ZOHAREITIITTHS, oMk WT, RHE20L4FEROELTL
T, 24EM L 3ERANOEAH L LS LV oik, RBRBREROEAE T, BT 58~k
EXOULEALEET S L5 AANBE, TOMEN2EFITRELLCERIBLDEEL LR
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Fig. 13. FERABRHMOBKMBEFHRBRICEIIHMEOBEF -2 2VWTORE
RoEKRZEL

Annual changes of the repeatabilities of height in the Akanuma plant-

ation. The calculation is based on the adjusted values after the elimi-

nation of topographical effects. The usage of the symbols is similar

to that in Fig. 10.

B, &Fr ., PRBELT, FREECE LD THRBALHAINEE TRV, Kk, SHEERDO2 Fr .y
Mit, THRELBCEEROBIY LoD T, RO LRERTHL, B4 T r, r0 10 £HO
HEIESBUT —0.086~—0.189 TH 5,

BEERDBET — 22T BEAMEBGRES Fig. 20 IKiRll, RE20&7 R, PO 2END
SEFHADENL, BE AR ERRSOBENEL RS, FhilE, BHEED2 7 e , O THELL
BAAE LT, TROEEANALR, 10 EBTD, £04 7 e, F OHBEGEKIT —0.171~-0.250 T
H5,

BRI, FARRMC LB 7 = — BB E BENROE 2, E0 L5 CHELIENLES
fdd, EbiT, RO XS AEBHET -,

£77 y FORPHEOBET — 2 iconT, EEMESFSHEET. 1 HTHE LR &0, B
BEBRIOED DD 2 50 17 bR BREI W TRDI, SHIE, COBFHEE 7 n — Vi S
XU L A EREBOH T, ED X 5 TeBIRC B o b 51 b FBIGRECR R Table
17 T L, ik, F— 23, £7w, b EL3ERI VO L0y, KE1OEEERIL, #HED
E Ut 6EAETE By, KE2O BEEXTIE, FRBEOBHCIDIFHETCOT-2EH
Foo Tods, HEEF—x L LT, HBEEREYRDDC LEML B, HERKOBER YT AL
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Fig. 4. FIBHBRBOEKESESFRBICE T SEROBIEF - F OV TD
iR OEREL
Similar to Fig. 13, but for the stem diameter instead of height.
Table 17. FRBEHABRRMO AERHES BRI KT 2 AEMES OB E 7 o — U SE
Ml & CRGEIS S o £ R E BN o RERE
Correlation coefficients between competitional and clonal variances as
well as competitional and error variances.
% " | 5 & E &
Traits ; Height Diameter
T ‘ lVﬁﬁ%ﬁﬂ& ‘ e . o 3
~ LR e | Eﬁg%ﬁiﬁtﬂ(& BENELE Y g@%ﬁﬁﬁc‘:
—.  FParameters o TUpnse | s o oofinE | EEAE
“a. k I Competition Competition Competition Competition
Plo{s \ to clone to error to clone to error
KB E X 0.9956 0.9675 0.9860 0.9538
Low density
i ThE X 0.9967 0.9870 0.9960 0.9925
Rep. Medium density
EEEX 0.9865 0.9662 0.9996 0.9988
High density
REEK —0.3635 —0.2053 0.9835 0.9795
Low density
Kig 2| hERERX 0.5969 0.5889 0.9973 0.9971
Rep. 2 Medium density
BEEX 0.9572 0.9704 0.9908 0.9779
High density
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Fig. 15. FBRBRBOBKEHSFARC KT SBFOBEF - 2T 20w TDr o -2
2 g o RE
Annual changes of the clonal variances of tree height in the Akanuma

plantation. Calculations are based on adjusted values. Symbols are similar
to Fig. 10.
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Similar to Fig. 15; but for the stem diameter instead of height.
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Error variances of height
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Annual changes of the error variances of tree height in the Akanuma

plantation, based on adjusted values.

BRENBREM

Error variances of stem diameter

-

Symbols are similar to Fig. 10.
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Similar to Fig. 17, but for the stem diameter instead of height.
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Annual changes of correlation coefficients between adjusted height values

of neighboring individuals in the Akanuma plantation. Symbols are similar

to Fig. 10.
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Similar to Fig. 19, but for the stem diameter instead of height.
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FCRAVDT, ILohiWEHB LI, ¥, EDXSUuBThH-Th, HREOHEME LI
KELBOTHLND, UARY 7 AOHBGREAIREIh DY, o, BEMESIBcH L,
7 v — vESKEBREFTEO CTREKE W ER D HCER L,

Table 17 wAhbhaiEbh, RE2DERERK EFEERYERG-TL, 0.9 DEEEbHTRKEY,
e, BHEEEFOETRTWEIRTVLAERECELTR, LWTFho 7 e, FEBWLWTHAE L, ¥
o, BGLtre—v, B LBRZOTREAROHBC SWTIE, bTnThoh, T, HZBOHIK
&, ¥, RE20EBEROBMBL SV TOHEBREO™EN <A F A THLHDiL Fig. 19 whbh
ek dic, BERMHEBGRROERENS, 77 AHETH ol &, DY, HEMESFIBOTER
2, FEEREE TR LD LItd B,

3) EF =

ZROHIBHE LT, F-22F 20 TORECELCHET S, ABHEPBIEF — 22T o
7wy P OREROFREL (Fig. 13, Fig. 14) 1k, REZO0EEEXE, HBEAE4 CLKELD
BEEXD TEUEYRE, Fe, PEEIRD L, RE2OEBERL, KERLOLOOMHEM, #
FERE ED o 11T T, FREROEAILER L, CORE 2 0EFEROREEL, BEF— 2K
BOTHENETH -2 EDBEBEE LTROZ EXEL OGRS, MHBEOCEEBRBRL, FETR~A
IOk, 70, P EAEBEBOTLYIO, 1REZKROHEBBEERE LTHGLA, Z0HTUID
B, 207 R, PTERBEL bl LB BhSE, Lasl, Thibhd, BERE, TokomEc
BT, BRSO EAREB L L L 5HERBToRS, Tihbb, ABMORER, <K
BT, LDBEEEY 7 v — YR I ORBOBRVWLO08H D, REFRTHRERLYHC X 2E
o, TOXSREAY, EEHNESHEAE T LT CREE MG - El 19729 LiclshT
BB, £ZT, COPEYABRLBCHIFTIRVL53E, CORBRWHERE 2 DEBER~ES UTH
Hli, LEoT, TOBE ABELLLO LHMIRS,

BEREREHRED 7w, b JEEREASD, BEBOE25 FALKC @b (Fig 11,
Fig. 12), oL, BECOWTE, —BRRALATHW2 X5, FEROZRXRD bhih - (Fig.
10), ERER EPRCH SR EER O FRELOZL, KIMA#EOHOR-ERTIOTHD,
HEMOBERGESOL USRHOEREVEHEIRS, ZOBEGEKEOKEZID, —ODBETHLS
BTe st s 7 v - v EEBEBE L O REERR, F#FEREIBE LD EROAGRKE T, L
L, £0X& 31k, KEVWHOERTILb, FEOFSEIL, 5% RMThh (Table 16), FEEHE
0% 7 e — VEEECEL BHEONIVWZ ERRR I his,

FERLEAHESOBGY I LBLIrRTHLD, RERE, FOEHOERKHE LIS 72—
Rz AL L BEFBOFREL, B XCBREERRSSHOFERE LAY LBHER L,

BRI BT 5 HERD EREiit, EFEX R IVHEERTEAEO HA Abh3 (Fig. 14), B
UHEBEER O #iEo REROFEREL, 84EE ¥ CRER:E AETHEA, FhUBEELTC3
(Fig. 13), REERCIL, HEROLEUALREL O 7ELE, THRLTCED, RE2 T, 94ELRE
ALTwS, 202 F e, FROWTE, HEEGY, Z7e—rvARGEHOKEV 7o —vREBLTW
oy, PEVIr—VRBLTWEIC I > TRERIIEARZDT, ~BUCRKEROELLHBZ TS
LIXTEIR,
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EFER L pBEEROBEC OV TORERD 8 FLARORE T, KoMt Lk s BESHE,—R
LLTELZLRE, Tiebb, KOFSSERCEDE, HEOVLL UL LIPIWLORKEBTEHA
54, ThiETco—EMEL, —BOoRELF o LCERTSLELbND, XD X5 hELTI*RAE
EXO2ECHALTAS L, AELL6FHEMT TREROREREADZ LN TE S,

HEOKEROEHEER L hBmER 0EREMT, LBH0 248 ~3E45L LT, LEEAXHLNT
b5 (Fig. 14), co bRy, EEARRIEARBOMRTELIE, HEBETHOMFARBL LT
OBHEN, FRILR, BEEBOKEVLIORIIKEL, PEVWLORIPELRBE LT L
NTCED, 20X 5eRBUL, EEMEFOLT, KEVLOPNIVWEOREEL, I IvEERL
T L BBTEILLTED, CORME WOhTHD, BESHLE 7 e — VRSB HEIRE S X
U, BB EBESROHMAREL RO LB Lic (Table 17), Zo#E, AFcibhizkkh, @
HEBSOE LT W E X BEREFROVTHRDE, 270y FEL 0O ELAENo%, Fh
C OMBERE, TNTEESKE 7 e — VHSBICOWTOER, BESREEESBTCOWTIDE
b ThTHBERKREN o1, LENHST, TOFRIREREXEL L LHBEShLY, ToOBETE
BB TPIWLEL RS,

HREBEC X 5 EEMESOE VY, BEROBERMEBHREOEREIL TSRS L (Fig. 20), BEHE
Kix, BMcHSHES, thiotdbie MR X - T, TEURE, H¥LEER LR, ThET
ETHELZ. COFEREROERELEMEL TR L, BEEROFKERD 3ENL 6 EH~DOL
&, PHRER L ESEROEAERC L LS B L, EAMBSORE LTV 5REER LEBERX T
FEBEXRELSTHEARA LRI,

fods, BEMBSOBN 2 v — vESBIET T, BESBROAELBETIEAL, bHre -
YORLBEHENED 7 v — v OEELREET Y, BAEZERTHVEEATHL LD, Fhick -
T, 7o - vHEECESELE LD b0 LIS,

BRSSO 2EBCKT 5 FHhRIEX, KE2OEFERO 25% ThHH, T oHExElL (Fig
20) 2HAC, ERECEVEEL bR,

IV BEBOREEREREUWR

RB\OREREL, FERBEGROBELHAEROF - 2 #HHANCIH LB LIRS, TO—DIXEEFD
HBOXREELBEETHHETHY, BO—211, FRAIOELSTHERF— 24 L SXTHSWET
W, HIMBLEERA B RD, 0RO BeHTAEE L LTEbh S, REOBEDRERT, W
5¥ThL, HLEMOLEBHRYNC L 5 BEHRELHET L DORKRO—2>THBH, HAHEN
DWC, LTOFRABRE,RDLRTHIIY, Thbb, dLERMCOWTOEERERDBEE, T0%
M EFAZEEHAEFEE L, 26K, MILEETORBCENRWC LR E TR D, HAD
#£HT, LOREBATELLPLNA TRV, 20X LBT5ERO 2 iR,

1. EEARBFOMBRRBRIZH(TIREREBHDHE

BUREROBERECERFEL S 2S00 UHRAEL, BHHORELTHL, ERBLhEHYR
L DBIRE Ub e flid e,

ARBUL, TOXSRLTHY, Hoh UHBEERENOREBERYHEEL, To%, TOEA»LE
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e sy B L, RRRCHBEGOMEYT >/, b REEEE L HBEERO TR ZhICOW
T, ATRERTG, KREREFR L, COEROKRFROLEEENS, EHPHRERDL, 0
KBEOBEHR L, BENREATROL-FROBIDREL LB L, RBEOBEEOREROENS LIE
ERE L, COX5 EREBE LTL, KPBCEVCLOROZERBH, L0 X5 e coER
i, REARPELTHIOTHD, FERIAF ORI LTI~ 1,

1) HEs X UHE

1968 EHICEBEMRABTEBOBAKEND, 7r— vAERIWTARSHETLZIE, FAENEET
¥ EOT A, 1970 FHE, TOERE, HRERRBDIEEC, BHHREFALTEHTEB L,
ks, EEOTKRTOMIIERP, EHEFOREEIThh o, HRULLEARIZ, 32 £R/T FRIE
72 KTHD, MREEDT SFRRYEARLZEL, Ocmx40cm ORBTRER L. RBEWEIL, §
®E, HENDL 10cm EOHETHH, FEE, 1EEHEEEED 1970 FHcH 1B, F0BE
1ERBIMERZ LICF 2B EEIMEST >, LT, co3EOKF— 2% 14EH, 25H, 30

Table 18. $EERHOBBMERIT 5513 5K T L RAHOF — 4 H
Families employed in the composed ““population’’ of the model study of

“plus-tree’”’ selection, and the number of plants whose measurements
were used in the analysis in the successive years.

] s
Stand 1 4E 2 4 3 4E 1 4R 2 4 3 4F
age 1 yr. 2 yrs. 3 yrs. 1 yr. 2 yrs, 3 yrs.
xR S old old old 3 old old old
Familie Families
R 2 59 59 59 KHEER 4 63 58 57
Tanzawa-2 Ootahara
i B 2 65 60 59 Jesks: s 65 63 60
Mugi-2 Kitashitara-5
Bk GEL) 3 68 62 58 mE &) 4 67 64 64
Takahagi- Takahagi-
(shi)-3 (shi)-4
n O 6 69 67 63 % B 4 64 64 62
Kuji-6 Taga-4
O 4 59 58 55 CFEIE 26 64 62 60
Ishiki-4 Shimotakai-26
TEHE 7 63 57 56 kK OB 7 63 62 59
Shimotakai-7 Misakubo-7
K& 2 64 63 62 Jeak 9 60 57 53
Oomama-2 Kitashitara-9
A 12 67 66 62 BRE 4 63 64 59
Kuji-12 Tsukiyono-4
*x B 1 54 50 46 d&E 3 62 57 53
Ootsuki-1 Kitaazumi-3
BB O 59 58 56 oK F 1005 61 56 56
Maebashi-1 Daigo-1005
K B o9 71 67 66 E /& 8 66 62 57
Misakubo-9 Chosui-8
o4 7 48 45 44 -S| 57 53 48
Hiki-7 Tokyo-1
&K I 2 66 64 64 i M 1 65 61 59
Yaita-2 Iida-1
X F 4 68 67 62 E Xk 9 46 41 32
Daigo-4 Chosui-9
A 5 49 46 45 HEE 4 65 60 54
Ootsuki-5 Minamitama-4
8 1 6 6l 58 56
iéya;:a'% 60 50 45 & &t 1981 1883 1791
Chosui-7 Total
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Table 19. SR OERERI 517 2 BB
o & Ot R (ER O F-FEA TR
“Plus-tree’’ and “‘control’’ seedlings selected
in the original families. Thirteen and thirty
seedlings were first selected, respectively,
but other seedlings and their ramets failed
to bear flowers. One “‘plus-tree’” was con-

verted to the ‘“‘control’’ in the mating program.

i) R AR SR BB A K
Mother trees Plus-trees |Control trees
B’ O& 2 3R, 27R
Mugi-2
mk G 3 2IR, 24R
Takahagi(shi)-3
N = 6R
Kuji-6
Ao 6 7E
Ishiki-6
TEHE 7 I0R
Shimotakai-7
Kilx 2 3E 7R
Oomama-2
A 12 ' 11E, 9E s8R
Kuji-12 i
X B 1 : 12R
Ootsuki-1 :
Kk # 9 ; 22R
Misakubo-9
X O 2 " 12E,4E,8E | (5E)
Yaita-2
P S 20R
Daigo-4
X H 5 IR
Ootsuki-5
B ok 7 19R
Chosui-7
deaks 5 26R
Kitashitara-5
EE B 4 14R, 17R
Takahagi(shi)-4
% B 4 13E
Taga-4
TEH 26 5R, 23R
Shimotakai-26
OB 7 28R, 18R
Misakubo-7
H®® 4 10E
Tsukiyono-4
t&Z® 3 29R
Kitaazumi-3
* F 1005 13R
Daigo-1005
£ Kk 8 2R
Chosui-8
MZEE 4 2E
Minamitama-4

F—2 LS Lict s (Table 18), tpsm
— VIl HRELER AR/, BTEECE
L, EERCIERHOBIS LI ERBRRTH D,
LicdioaT, 2RROEEHELDOF —218d 20
E, FRRERE L85, FXRES
A RdhE, 04 ErNEEC R ER O MK
BEOH GRETFIE) w5,

FHOS S BB 3 AR TR, I
HR 13 Ay BEL, HRBE LT 30 EEEE
ERCHIT Lis, Zhb&E M, 1973 £HiC,
— BT 5 L AR, £EENS Y Y
BEL, v¥¥s7e—vuEERLE, £HLLE
FfkE, v¥*rn—vic 1974 £6 Arco<v
U v X AETERER T o, B UAE
rRERL L, TERR Y ¥+ 77— v XD
Lic, ZRECEEEH, BRI L, WREEO L
hZhEOWTOES FA 7L rmAb L,
et L, NBREAKEOHELS L4 7 VA7 r ARBWL
T, BIELEFRRBEORENS, KEHRET-k
stEMEGO 23 @i, RS EE5e
Fhic, HXEHE, b L0 LOBMEBFRRITE
LT\ 7% Table 19 iR L, EERSILE
B ZRMLE L Table 20 WRTERDTH
D, MEBEGHOREMASEEX, Table 21 R
FTLribThb, KPODHIE, DEBEORME
Flick o, &AEMAEGE CT BFRELES)
BRI ESTHY, () WORMEL, ZRT
BONCERROBSHE (F-8) Th3, v
¥, ZEEAHE B4 L BS RO X &
£ o1 V

Zfix, 1975 i HERBRSER)IME T
v, FERKCERI LCET R, 1976 Ik
HEaY B BRI ¥ 200k, 1977 £, 55
hi-#HAT, FRAOERE O, BHOTH
EATVA7r ADZERFE—FC LT, BERR
2T, WERBSTREGMCHR L, HRE
Rk, #ROBESRER L AHF, 40cmx40
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Table 20. £FBROBBERIC ST 2BERBEMEZANHTEA T L0 2
Partial diallel cross design of the ‘‘plus-tree’’ group, and the number

of seedlings obtained.

kA
o ~— &l 7B 4E 8E 13E 10E 9E
HEH T
2E Go  an v
12E 22‘0 {’;S) 55)
I1E gg) gz) ?33)
5B G Gy GB
- )
= &

Note) ( ) PWEIEIIERKK

Table 21. H£MREOEREEIZ 313 M REERZAWLHI L4 7L 0702
Partial diallel cross design of the ‘‘control’”’ group, and the number

of seedlings obtained.

@ \\\ & 28R 3R I0OR 5R 20R 13R IR 27R 23R 18R 24R 29R 22R
REH ~_

M1 M2 M3

SE ©2) (29 (21
M4 M5 Me
2R @) (7 6D
M7 M8 Mo
14R (38) (29) (43)
Mi10 M1l Mi2
7R 1) (44) (15)
8R Mi13 Mi14 Mis
(25) (41) (37
Mi6 M1z Mi8
I7R (33) (39) (44)
6R Mi9 M20 M21
26) (38) (42)
M22 M23 M24
26R G2 (5) (33)
2R M25 M26 M27
(34) (31) (45)
M28 M29 M30

12R (28) (39) (38

|

i M31 M3z Ma33
R (32) (41) (36)

| M34 M35
28R J (8) (2)

| M36
3R \ (1)

Note) ( ) PIEEMEESR
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cm kUi, ¥, BUZBELXCAMT, RBGOFE L ZICFHELHER L. MEE, 2 L5
RTRESARMMR T, MRIETER (BB XD M0em f2F) 2RE L, UT, ZOWEK
DF— 2% 2EARIVIEADT — & LIES,

2) & R

(1) BEHSEFAOBRAZHFRRL D RDIGREE

BUHASEFOERIT — 210 b &S ERDIMS S LE LTOERIRERRIL, HEHCOWTLAE
H 26.9cm, 24H 76.8cm, 34EH 165.8cm ThH, BILHERIRAFEKROEFT, 5.4mm, 13.1
mm, 21.5mm TH-i,

WHE O ZEEOERG T — 2> T ORI HTOKRSY Table 22 & Table 23 kiR, &K
SO TRREOFEHFHOPERIC L LSEFREHIBLEH L, £0 450D, £48xt
ToEE, Tibb, BERYRBH Uk, BohiREROFRE(Z, Fig. 21 WEETRT LB T
Bb, B, 14EH 56.6%, 24H 37.3%, 34H 35.5% LB L, BEERCOWTLREKRD
MEFEC, 39.1%, 31.4%, 29.3% LM L, &2 TROIGEREGERIL, REKCEF UL, 14H 1981
&, 24FEH 1883 &, 34EH 1791 AR DOWCOETH D, SFHETTHBELE 1791 REFEOWT,
1B E 2HHREDDIFE > TRDLIBAFT O RIL, Table 24 L Table25 D& B HTHD, FiE
R RDIRIERY Fig. 21 R S TR L, - ofEl, 5, 148 52.7%, 24 H 33.2%,

Table 22. £MREOEBMERIC KT 5B RENOER T L EH >V CODEHIIE
Analyses of variance of plant height among families in the composed “bopula-
tion’’ in the successive years.

Bans L 2 f 3 &

age 1 yr. old 2 yrs. old 3 yrs. old
= K HEE ¥5f | ¥B5¥5 BhE CESR , TS HEE ELf | EEES
Factors d.f. S.S. M.S. d.f. S.S. i M.S. d.f. S.S. M.S.
x ES 31 32070.92| 1034.546 31 166713.90! 5377.867 31 | 447414.30| 14432.719
Familie
(3} * 1949 | 180894. 10 92.814 | 1851 |1414904.00] 764.400 | 1759 |3939944.00] 2239.877
Individuals
4 1980 | 212965.02 1882 11581617.90| 1790 {4387358.30
Total !

Table 23. £MREOBEMERIC T 2RI FEFOER T LBRTEHE
oW T OB E

Similar to Table 22, but for stem diameter instead of height.

i 1 2 3 4F
1 yr. old 2 yrs. old 3 yrs. old

= K BHE| FAM |FEVES | BRE| EAM |PHES BHE| ¥HEM | EHES
Factors d.f. S.S. M.S. d.f. S.S. M.S. d.f. S.S. M.S.
F3 £ 31 703.48 22.693 31 3179.703] 102.571 31 7928.03 | 255.743
Families
& [7: 1949 5753.68 2.952 1851 | 31629.060] 17.088 1759 | 83037.38 47.207
Individuals

1980 6457.16 1882 | 34808.763 1790 | 90965.41

=
Total
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Table 24. £MBROBRBERIC BT 2 FBHRAREFO 3 E£B T TRELEEKD
BE OV OHEITE
Similar to Table 22, based on the data of finally persistent individuals.
(S 1 4 2 4
Stand age 1 yr. old 2 yrs. old
ZE R B B R EEL | H HE ¥ 5 fA ¥R H
Factors d.f. S.S. M.S. d.f. S.S. M.S.
* 31 25773.78 831.412 31 140633.40 4536.561
Families
& [7:N 1759 154684.30 87.939 1759 1317299.00 748.891
Individuals )
& 1790 180458.08 1790 1457932.00
Total
Table 25. #£MRIEOBBER 313 52BN REN D 348 ¥ THRE L =@Kko
RITERI DWW T OHEH &
Similar to Table 24, but for stem diameter instead of height.
2 14 2 4R
Stand age 1 yr. old 2 yrs. old
z ©A @Ehff%‘ 3 H M FHEL |8 B E A FEPH
Factors d.f. S.S. M.S. d.f. S.S. M.S.
K * 31 535.39 17.271 31 2755.52 88.888
Families
1@ L7 1759 4889.00 2.779 1759 28948.91 16.458
Individuals
1790 5424 .39 1790 31704.43
Total

SERRATRD L 8D 35.5% THDH, BITEHE
REROIERET, 34.2%, 29.2%, 29.3% T
bd, COWMPEDOBERY, B LALFRIEL
DEF —FRDOWTORGRIC B L TR D A
X, BTRADEEEL, 2EEH L 3FHEATT
WA Licoret L, SEIOEERTIIHD Lish
SR THD, Tibd, HEROEENTR
W, 2EEMD 3 FERAST ERRIREL
oo TOERMICOWT, BRIIFHMEY T —
& LTR1-4BAI3, Fig. 22 & Fig. 23 o ¢
¥ C, HEAFRELL, HR 0.959, RTHEE 0.966
LELDTREN T,

Table 26. H£EIKOEBER T 317 5 RN RE
MOFER T E\BE IO TOBERR

FERARE

Correlation coefficients between neighboring

individuals

height and basal diameter.

in the model ‘“‘population,” in

Z | — ey
Bail & BT
P 5 Seedling Basal,
Stand age ~_ height diameter
1 4R 0.176 0.089
1 yr. old
2 % 0.184 0.091
2 yrs. old
3 &F 0.165 0.065
3 yrs. old

BEREFO4L Ltz &3, FRTLOFBRAROE UL LB LA THote, FOIEM &7 5Bk
AEHHBERE %, RBMOPRED 200 BETRDI, nls, WHBER, RBUEATHHETHD, <=

AT RP BRI NI o 1l diThitr o tc, #EIL Table 26 TRTEE80THD,

whd v

7 AOHBRECH 55, BERMRFOL LTV L Sh s BTEROHEBEREN, HEOFh L h/hX
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Fig. 21. £ABIROBREROBENFREFIC OV TOEERICEIT 5iEZERL 34EE
I TCOBRTHERZ DV GEE L b & D AEROTE L RITEFEOBRZER

Heritabilities calculated in the ‘‘population’ based on the measurements in
the successive years (solid line), and the same based on the data of finally
persistent individuals only (broken line).
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Fig. 22. £MBHOBAERIZ BT HERASFEMZ OV TOEHRORRT
FigiEo 24 H X 348 LoHEE

Correlation between the second and third year values of family
mean height in the ‘‘population” group.
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Fig. 23. EEREKOEAERIC KT DB RERIC OV T ORTEEDOFTFS
FigfEo 2 45 & 34H & OHE
Similar to Fig. 22, but for basal diameter instead of height.

X, ¥, 2L 3FENOBPBHALRI,
(2) WRESOALZRRRL HRDIGERER
FETRRe X 5, BRSSO BERDELHER T -0k, BEBFEEOREI A1 7 varex
IoT, ZKREFRL, —HT, Hkocw, SBEECIZHBILITvAr7r ARRKL, ®RLHE
B LT, BEHSEROREEL, ONBESRAROSBIHNL L, ARBEEL, TOEKRT
BAD, WhOAHRTHRENOHETE S, fHL, BOF17 vaAseropBaitBbhi, —8
ESCENSR L BEESEENSEY, ThAROREMIBMOEBELIC X » GRETF S8 & B #
kb, SBEROHERTIHETHB, OFHAHL Kemprrorne & (1961)) O FHETIT - fohl,
FDeFAE Table 27 OLBHYTHH, Lnl, FRBRC IS T —F1k, BARXHERT/ALIOT
Bb, Lid, RRIAELSTHEGCTHS, LT, FLIEEE LT, KRG ELEEE) T
x5 — % & LTHERI LT ko ZOSEIINE, Table 27 2OREEBEDOWMH &L b D Ehh,
—BEEREN L, BEAGLRNOTHTESOMERZ S, ThicLith-T, kDX diins,
—HH AR os¥+{s(p—2)/(p—-1D}oc?
HENBERERES : a5
FERO—BASRENIE 06 1%, REDOHHTFT—205HnbBbhicEs, AUHEEARDH, HE
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Table 27. HEMBHROBHERICITEHTE A T LN 0 AOFEGHTCE TS
B HE L TS OWFRS

Degrees of freedom and expected components of mean squares in the

analysis of variance in the families created by the partial diallel mating.

£ H A @B E G O BRTERR S
Factors d.f. Expected components
R @& r—1
Replications
—RHL A RE -1 ol2+rost+ (rs(p—2)/(p—1))ac?
General combining ability
FFEMETREN pis/2—1) al+rast
Specific combining ability
®mo (r—1) (ps/2—1) o
Error
& rps/2—1
Total

Note) 7 : {E# Number of replications
p : TEFH O Number of parents
s s B2 L D35 Number of cross combinations for each parent
0.2 . FEAEESEL (BRESE) Individual (error) variance within family
062 —RRRAEHRES IS EL Variance due to general combining ability
052 FEEMAEEES 4L Variance due to specific combining ability

FRER A ERRIDE os¥ ORI, FRABBEEFIEORRILEZEID 1 OENREERE, Thbb,
os¥=ow?kytos? Lirh, FERBIRDEEHTH S,
ow? s KARABEESH GRESE
ke BFBT L AR EIE
os?: BEMAERENNIK
X T, RENEGIE GEELSH) 2RDDH4H, HIBEL LT, #EEOF-2b LT, &
BEAAE THLERYERE Li—aBOo0BS e o e, TOBEDOFHTHLBEIMTH D,
FRT LABRRFEES, FRTLOXEL T — 2 & LCHURE TR, MED, 2BREOSHYEE
Lz, ARBRSWTOFEIHOMRSY Table 28 L Table 29 iRT,
DEotETHLh—BEAEEISERE, HEASE EBHISHRE LU FRNBEES i 2ok e
L, BERYRDIEOH5RLE Lic, TR, —RESTENTHO 4155, BRHSGERORETHEK
CHYTZOT, thidTh, BLhLBHBRECOVLCOMEERIL, Table 30 OF 2 5 L& 6 FlR
TEEDITHS,
BPERC X 5EERE, SRR0BETFERE LT (Facconsr 1981, Wricnt 1976%9), LIFo X
LR35
ZEMAEE S L OHROPHELRBERE L, TORRTPHELRBERE L, BRECSWT, F
kA ERRE KD, frks, £#HBIE, Fig. 24~Fig. 27 iRt L k)T, ERAEHBSER
BELTDERYTHS,
24 AR - Y=0.376X+92.32 (r=0.315)
34AEEEE : Y=0.508X+147.30  (r=0.385)
24 BARTCREE : Y =0.396X+13.50 (r=0.328)
SERRTHER : Y=0.319X+19.95 (r=0.262)
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Table 28. £RRIkKOEAER I T 5 REFFRIROERILO>VTO
B A4 FULILY u ADNESNE
Analyses of variance of height, based on the mean values for
families, in the successive two years.
\ " a ot : Eld ; $1d
Stand age adéig 2 yrs. o 3 yrs. o
£z K g o | BEER | g FHA | EHEL | g
Factors \ S.S. M.S. S.S. M.S.
— kAR RE 23 10247.337 | 445.536 | 2.572 28995.724] 1260.684 | 2.604
General combining ability - -
BEMESRRED 12 2078.944 173.245 | 3.910Q 5809.584] 484.132 | 4.395
Specific combining ability
£ 35 12326.281 34805.308
‘Total
FRAERK 1103 | 946649.727 | 858.250 2353695.500) 2133.903
Plants in plot
Note) F&Z L OB EH Representative number of plants in families k0 =19.374
**x 1 1% fEBEBCHR Significant at 1% level
* : 5% fERRFCHE Significant at 5% level
Table 29. EFHEOBEMERIC KT 5 BERFERECRTHERC OWTO
Ba5 47 Lvy n ROSEMR
Similar to Table 28, but for basal diameter instead of height.
S** d g ; ﬁld s f;:‘1
tand age ng%E 2 yrs. o 3 yrs. old
Z A T RAM | FEEL | g I CEHES | g
Factors \ S.S. M.S. S.S. M.S.
— kLA EREN 23 286.871 | 12.473 | 1.633 600.675 | 26.116 | 2.143
General combining ability -
ek
FEMEEREDN 12 91.682 7.640 | 5.429 146.239 | 12.187 | 3.622
Specific combining ability
£ 35 378.553 746.915
Total
R NEE 1103 30070.855 27.263 71889.680 65.177

Plants in plot

Note) R Z & OEHIEE Representative number of plants in families %0 =19.374
*+ : 1% BRECHE Significant at 1% level

LRBOERKOBE, HBRK A ERGEY, EERCHS TS, LaLl, HERKL b LER
FEEACLEAI VBT TH D, Thbb, —B, BOoERENSTHOEERYHETS X 5 kA
RRC BT, ROWEHEL Y, FHOWEHEIPNIVCOREBETHS, <0 X5 nHat,
%, BEORSEHTEVBEOEE T - L RRERLRIER L T35, LB FHOTH L ROE
B ORI T TE - CHOMBEFRR L EERETH IV OHFYTH B, L LERBOBEE, HeTFHt
D, £5 —2OWTOFREfHEL Table 31 R+ X5k, Bots&, 24H, 80.1cm, 34£H, 171.5
cm T, THOHE, 24H, 122.6cm, 3%H, 233.7cm LBEOHNXL, BLEBRSWLWTLHE
D 24H, 13.4mm, 34H, 21.8mm T, T 24H, 18.8mm, 34H, 26.9mm T,

HAH)

Rtk
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Table 30. E£MERDOBRBERI &7 5 FHEBIOEERDOREORER L £ OIBHRIRE
Narrow sense heritabilities of height and basal diameter calculated in the
four different methods in the model study.
v B’ H = oo ' #
Traits Seedling height Basal diameter
3 T
\@etﬁfd RO | I | R | et | Riorg | dREE | gmE | ees
- EMor | FRED | RAOH | KR | FHOT | FREO | FY0H | FRi
g BB | AR | I | Xn | WAN | ARAN | THE | 15
" \ A ‘ B D A i B D
Stand age \
%‘ % % % % % % %
2 4E 33.2 } 35.1 31.5 15.5 29.2 19.1 32.8 9.3
2 yrs. old 4.7y | (3.7) (3.8) (4.3) (2.8) (3.8)
3 4F 35.5 | 39.0 38.5 17.8 29.3 24.6 26.2 11.4
3 yrs. old @9 | (3.9 (3.8) 4.3) (3.1) (3.8)
Note) A : Analysis of variance in the “‘population’ families
B : Analysis of variance in the “‘control’’ group families
C : Parent-offspring correlation in the ‘‘control” group families
D : Genetic gain obtained through “‘plus-tree’’ selection
() MEEIRERE
Values in ( ) are standard deviation.
em [
210
180
2 sof L Y M
;’i B ®
@ % 8 [ ] .. [ ]
§3 120 ®e% e
%5 | o3
K2 wl e r=0.315
5
E o
60
.
30
[l 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 30 60 90 120 150 180 210 cm
[Cok B S|

Height of midparent

Fig. 24. £ARKkOENERIC T3 2HEEOUBOBRTHE
Parent-offspring correlation of plant height in the second year,
in the ‘‘control’’ group.

HAIUNEV, LiedoT, ARBRO T — 2 Tk, BIRFRENRKEL RS, 20 L5 B, BRGHRX
b LB GRED HBEERERDDFH R (Wricnt 1976)50, F7pdob, HBEGRECI, LA X
T, BEFRoOTHEDORIESBLINDDT, TOREESIRL b, NLEoEi X b, R
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Fig. 25. MEKkOEMNERC ST S 3EHOHROETHEE
Similar to Fig. 24, but for the third year measurements instead
of the second year.
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Fig. 26. #HEKOBAERICE TS 2EBOBETEEOHTHEE
Similar to Fig. 24, but for basal diameter instead of height.
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Fig. 27. £MEKROBERNERICK T 5 3EHOBRTHEHEOBTHE
Similar to Fig. 25, but for basal diameter instead of height.

Table 31. E£EROBRMERIC IV THTE A 7L VicH W BANEER &
MBEKOFIGHEL, £ OFRFFHHE

Differences between ‘‘plus-tree’” and ‘‘control” individuals in mean

height and mean basal diameter as well as those in mean values for

families separately produced in each group.

v E CO BTl
Traits Seedling height Basal diameter
£ M| RBHRER YRR S RIEE WA THE
Groups ‘“Population” Offsprings “Population’ Offsprings
WS L EAVRTEE IR [RANEIE Y TEBEA WRAURIIEH N EREA EAUETER IR EA
popiic) E i EATE | FREY FE T R | KRFY
““Plus- |Mean for | Mean for | Mean for | Mean for | Mean for | Mean for | Mean for | Mean for
tree’” or | ““plus- [“‘control”| “‘plus- |“control”’| *‘plus- {‘control”’| *‘plus- [“control”
“‘control” | tree”’ tree”’ tree” tree”’
2 4 161.9cm| 80.1em| 136.2cm| 122.6cm| 23.0mm| 13.4mm| 20.2mm| 18.8mm
2 yrs. old
3 4 282.9 171.5 258.6 233.7 40.0 21.8 29.6 26.9
3 yrs. old

M HEEREYRD, Table 30 OFE3FILE T IR LI,
(3) BIEEBEYLRDIGEER
REESE» LHE L TROICEGRE, Wb kb s, ERINCGEERTH Y, TOEERDI,

MERHOERFOTHED 7 — 2 2T, TR LDOFEERD, KEIOMPE LT Fig. 28~
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Fig. 31 R LYz, FRAOEHEL b, REBFERERS, SRESKRL D L HBEHRVERERL
T3, MROFERT EMERFHEEE, Table 31 kb THD, HESHOERL, Table 32 &
Table 33 L&Y THY, BHE, BARRES FRERFoohi, &l oSS, WE
(1978)® ofgEE AV, Z THLMR ShHENER, b5 REER/E (4r) Thh, TOfE
L, BUESHOFERZ (0) BIVEEE (1) 2AVTRAK I 1@ERERDLRD,
k2= A%/ (Io)

ZoORCBT D lo 13, BRNREAIC 1T L EAREER L SRBEEOTHIEMELE®RTHLOT, K
PR THEERDLR S, Titbb, FHEIWGEERR, ZOTPHEMEZLTRLE L, MhoREES

Table 32. HMRKDERERIC IV 2 BAREERF R L BERERED
HEOEZBRET D OO INE

Analyses of variances for testing the significance of difference in
height between ‘“‘plus-tree’”” and ‘‘control”’ families.

o 2 & 3 &
\tand age 2 yrs. old 3 yrs. old

o |HmE| P _E A | PBES HEE F A | PR

%a&? S dt S.s. M.S. F "4t S's. M.S. F
* EL3
Jis2 fil 1 54360.490| 54360.490 (6.327) 1 192079.870/192079.870] (8.381)
Between groups sk *k
BARSR 49 | 386195.127, 7881.532 8.607 | 49 | 1029680.005 21013.878 9.061
Families within
groups

c4 1615 | 1478800.500| 915.666 1615 | 3745253.125| 2319.042
Plants
& 1665 | 1919356.117, 1665 | 4967013.000
Total .

Note) ( ) HIZEHEEH Values in ( ) are computed separately.
*x : 19, EIRECHE Significant at 1% level
* 1 5% fEMRCHES Significant at 5% level

Table 33. £RBIKOBRER I 1) 5 EAFEBF R L BEEFRRZRO
RIEEROEEZRET 5 DOEHITE

Analyses of variances for testing the significance of difference in

basal diameter between ‘‘plus-tree’”’ and ‘‘control” families.

e m
2 4 3 &

\tand age 2 yrs. old 3 yrs. old

~
T K > HEBE| F 5 f | FH¥Es F BERE| ¥ 5 M | FEES F
Bl |t | 'ss M.S. df. | S8 M.S.

*
it ikl 1 601.818 | 601.818 | (2.858) 1 2392.474| 2392.474 | (4.238)
Between groups ok sk
BN 49 | 9497.049 | 193.817 | 6.525 49 | 25431.346| 519.007 | 7.148
Families within
groups
1615 | 47965.584 29.700 1615 | 117247.227| 72.599

Individuals
£ *® 1665 | 58064.451 1665 | 145071.047
Total ‘

Note) ( ) PUIEREH Values in ( ) are computed separately.
** : 1% EIRFECHE Significant at 1% level
*: 5% fEERCHRE Significant at 5% level
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Fig. 28. HEEHROBBIERIC 31 5 BAMEMSTR L HBERRRC OV TO2ZERD
FHIE

Mean height of “plus-tree’’ and “control’” families in the second year.
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Fig. 29. £MRIKOBAERIT 517 2 HAREHRR L HBEFRRCOV O 3FHD
FHE R
Similar to Fig. 28, but for the third year instead of the second year.
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Fig. 30. #[MLEBkOBERER I 1) 5 BEREBRT LAHREERFFICOVCO 2E£B D

FHRTIEE
Similar to Fig. 28, but for basal diameter instead of height.
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Similar to Fig. 29, but for basal diameter instead of height.
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BYHFELTHEL BEO24H 16.6%, FM34H 22.4% WIUBITHEED 240 14.5%, H3
£H 14.0% 287, L LEENGERcEEL, RROFKRL, PHHCRVWERYRLEL, Z0Z

&, TORBTHETHRRCEE D TH Y, TOERED, AEEREYAZIVHARED TV BT
ThhH, TOREDILBE, KD LICERALIREELYBIELL,

FHANSBEETIE, 1791 Koa b, BEEESRY BAEK L, £ T, BHEE 1% LA LT,
FhicHM T 5#EHEL2.67 2T, Zofis, NBEAFROEREFX LOBEERD, 5
LT b hicflid B S B o1 » SRS AT L RESGR & OTYiEME, 2% b, BikE Lo
ELT, HIRDOBEEEE 4r 298 E LGRERR B, KE1L Table 30 047 LE 8 FlicxRT
LEDTHY, RERDEL Y, 2RNIWHEL -, ¥, TORBIRGRERR, S8
FFHETRDAI D IPEL, ZofER, FIBORERD2H0 17 L3AD 1 THol,

3) * =

B g B 5 EARRFORET, FREBCE $ie ) BFBERORE,SSHEBILTHLA TS
olz, FOHRTRDLBEABMBEGHK, AR TOEI MR I v b XL, T, 2E1L3F
Brepd CoBPEAR A LR, L L, FOME 77 AHBETH W EELLOTiihotc, ZOFEHA
i, EREESRGD, BEMESORES, S, WEEGOL LS ¥ CoPMZIEL L, EEMEESD
HENEEMECER IR - b0 LHK XD, EREIHBEERI AR, 2£B0H2KIE
Lize 9 LERERAOHTT, EERE, 2EBLL3FERMITRPR L, LL, 34RO
BEEGLTERSRE LT, 2EADF - FROVWTRDIGRESL, 3EHELAROEYRE LA, Lz
DT, BERE XA Uhihil, BEROFEXREMINZWEEZ RS,

BABEBRRE, SERESFROLRREEC X -, BEHREVEBERIh, LrLl, ZoEes
L, BEANSGEACORERIBATH A, Thbb, EHIAGRERE, HEESEIOHBEIH
7oBfR® (Table 30 471, H8%) THa, Zoficxtl, FAFRICERLUEICHRERCHLRE
Rz, 25V L3FERELTV5, T, HBEERRO SESFEIV RTFHECELRARER
b, BLAEPBRTH I, FRORERIL, BAZTHOLEBRRLL LI bOTHD, ARER
BB L LCOBMFERRIERAES Licd ok LTHE SR, BB, X h235hE, BERE
BREHE L 725, LA L, HBEGRARTROILAERD, ATXERL IARROT -2 THHT D
boY, FUORERLAKOKXE X T, BRKTH-1,

DESPDLRDI, FROREROBAFMCBEEL, kO L5k LiiFrbhb, ARRTHL
- HAZTMFFRIC L 5RERE, KRMIHO 4 EE@ETIME LR L, 04 LT5010%
Pt e B BIEATRER L HE L, AREROFREAEL, KRABEHSBOREGHBRIL Y
BERTRIZLIEDDTHS, Lhl, FRERCELCTRHY TRV ETE, 204 BROVTOFER
HEBETHD,

COMBIOWTIL, HRELOERT -2 TCORFPUNETH B, TOEBERNLRL L, K
RSB 2 R EINRESRE TEORHYBEEL NS,

BTFHBC I 2 BEROKXENSLHAR, EC4LEBEOPIVERRICLS B8R D5, Ticbb,
Fig. 28~Fig. 31 WA bHh 5 X 5 e BEERROFI, —HEOFREHBMEL b, LTRTRTPIIVE
B M2 Bp5, ZDFRRL, Fig. 24~Fig. 27 OB THEOBAROGRTARL &, ETEOith



AX¥OREREOHECET 5K BIR) — 57 —

THELTW330THY, HBEEREYAZLLTWS, 20X 57, HABEOTRMAEETEITR
ELHFERE LT, BHABRCA~T v CHLALELEEEBRETF ORI I 5BENEL LR
355, BHHTHEYV, BEREHCEVLTS, B ttiinhicF— 213, ERITEEREThSRAT
~NEhd Lhfsy,

Bt LCRp o BT HEBIGRENY, WH, 240, 0.187, 34H, 0.238, HXER, 24H, 0.279,
348, 0.178 TH Y, REESEILHBE L TRDAERAINABERCELT 5,

e, T MI2 FFRE, SEAHCEVCTHRA L GRER YR, AfcERShiaRERC
BETHOTIXRVAE WSRO E LD, HEMELE LT, 35FR7T s 2BALTHIF17 v
AOHBESFILTERGH, TELL LTHHERSRENSEOEI L, Hie, —Baa2iEhoEn’
K&ID, LT, BHRBEERLKELRBDT, SR HRD b D RIERDOBAE
DEREVBETSZ LRIz,

2. ZEMEBREYDROME

SRR 5175 BEHRELRBT 5050, RLHV-ABRE, WMKATFESTREIh, &
ORBIIL, REHOLREYEELLET, TORJIEHERLEIOTHD, 0 10 FEBOT -2
2 L SEREREYT - 1,

1) ek XUHE

1956 4% 3 H, P, AFEERD LY ROOBBHROE, HAGEHREYRET blowk, R
ERSO REL LT, EREFAEREAAEAREEK 88 HEAH/NIH (42 FEATHK) 0—&1D,
il 49 AL, AEREYER LL, Zo—FHOKRe oW, B (FHE 1957 0ikb
Thb, bhbhik, FRfc, BTFEHEC L >T, Boks, AR XoBERET 1 EHLAT
B, LEOARBEOFRRLER LABRMAYRE L,

IOERFEBL O NIRRT, R —BEYF*re—viLlL, £7 0 —vriREREL LTH
v, EBBICE, 2 e — vBOBATERE AV, 7 e — v ZLofthER 0.3~4.0 cc T—E T
oty ThBEOEER, UNKRKEES CiTbh, Bbhl 24 FROBAKL 1966 £3 5, BEEHKR
REMEHBRREHFK 11 H¥E XN, BARBRTHER L, ok, MREHS, fMEo 2 Hmchs
RCWDT, DEoF—20BEGTiR, ThiREE Lk, tls, KRIEBL 5~180 KT, —E
T fah ot

BEHK, 10 FHCHEBLRREERC SV TOARREY T, FERIFT—42, RETL2@EHE
Bohi 23 KHROF—4 (Table 34) ©oWC, UTFRB~2BHGEEROSIEIT o1, i,
KIERB B F— 2 OIHBEEC >V TCORBRROBEHKIZET — 22 BAv e,

IHBER, BKlB~ck K, MBRECTLFAOBESYHNAERE LT, WEBRTREERE L
HERRLY BV, ARRCE, FLFA0FBSOWT, RICEIESHATS L 5 RERERET, £
DE S RUBEBIC Iz 7,

fFeFlodisam, Ticbhy, felkdHROMELY L Hx 5, Fig. 32 o (1), (») AR
TEEY KD, O 2EHEOTRMEL, IHFLFIOBFS L LK, Lo 4FRHEE TERHBERCM
%t ¥, Fig. 32 okl HRADEMEIT, KOX 5L TXDOLIhE, Thbb, THSE X, 7
8% X, LThiE, (1) AOEREEE, XG=X1+X:—1 TROHh, (r) AOEEE, X.=X,—



Table 34. HEEHBIKHIFEOMRERIC T I RE

TERFHFT— £ 8

Number of seedlings studied for realization
of selection effects. Ramets of Toda’s (1958)
sample trees of seedling origin were control-
pollinated with their own pollen-mix, and the

offsprings were mix-planted.

R # 2

FR () S| K K 1
Family number Rep. | Rep. 2
1 48 35
7 48 40
8 62 49
g 76 75
10 75 65
11 2 2
12 29 23
13 2 2
14 56 56
15 5 3
16 29 23
17 26 25
20 28 18
21 67 50
24 8 9
25 44 33
26 39 30
27 15 20
28 29 18
31 10 11
35 8 9
37 63 45
47 96 71

PREMBIBUIRBSE #3495

X,+5 TR bR B, ks, ZOBED 5 1Y
RBHOTE -RFIORKMETH S,

2) ¥ R
FAGOMBLAED T HHREED DB
BEFRO £HEDO FH Table 35 wiRkT L ¥
DThD, ZORTEMEER, KRMEHHETN-
TR, I/ BEDHR WERELEl)
&, ABTEHEDGHTH B, LicdisT, 0
BT OSC BT, ids, MMBEC XS
F—2ORBERLE, KDL 5CHERE LT, B
BOBEH#BOF—21iconT, KEZ EER5
EiHET, KERD BEREY Kb, O
F, EREC OV TOBE & B E &0 HBIRE
i3, 0.34 £ 0.60 TH-tehs, BEETIE, Th
Zh, 0.67 L0.71TH Dy, BEPHRIERIH
o
BihcownwTo F— 21k FHO$HE (1957)50
CEBINT VS, 20 49 KON, 2iEHE
Fhez > TEDRIAFTER 175 m DERE,
COHEBOES 2.5m UNKEThTED, &
R LD F—2ri, o0 EHF LD KEEHS
&, TOEBENLO EAO FHEA REh T
bo £ T, MHBEDCLHOEERALL, Il
(X)) LER (X2) O 1&R»LARECOHEH
A E LT, EREBECL hRdl, Bbh
LEERRL, RETRTERVTHS,

B : Y'=0.15473X, —0.00497 X2+ 0.00004X,3 —0.0000001 X * + 25. 966
KRS JEE : Y=—0.24445X,+127. 14024

ek, FHG, RAF— 2 oW CIHBEXT - T\ 5%, ZO8MER IhiE, Ak L-AmotEssm
EOWTORBEA~DOERYRAERE LERERC I AIBEL v, F8EY = 7EKSL,
Fw oy 2 HRE LCIHBERTT > e HBRERN L oo & LTREXRAL TV %, 20L EOREN
B (EAME L EEEOZEOHE) 11, PRI, BB 4.59, WEKHE 360.8 ¥B T35, Zhiex
L, SEOFETIZ, BE 4.28, WEEE 334.4 ThH, bTHIEh ot Lidi-T, UF0H

Pz, SEOTEIC Y » THEBET — 22 AV,

PAEmR~Ze, SEHBIE#H CBCRRIRSE S, BEOBLET — 2 AV THFERERD L, nk,
KRIFHEL ARETELRLFERZ LEOTFHELZFTFHLTRDL, i, RHEOBROKXE I,
BEEAECTHEIRTCE D, SEOKRR, WEERTHE L, BRRE, AERORERANFTT
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X (1) Xs TX (m) X
Row Row
5 3{5 6 7 9 5 3,9 8 7 6 5
4 3014 5 6 7 8 4 308 7 6 4
3 2543 4 5 6 7 3 25|17 6 5 4 3
2 2012 3 4 5 b 2 2006 5 4 3 2
I 1511 2 3 4 5 I 15|15 4 3 2 |
15 20 25 30 35 35 30 25 20 |5
5l Xz | 2 3 4 5 3 X2 12 3 4 5
Column Xs=X;+Xa— | Column Xe=Xi—=Xa+ 5
Fig. 32. MMA#MAROIMZ LIz 6HE S w750l
The method of adjusting topographical variation of site
quality in the diagonal directions of the trial plantation.
Table 35. KEWERHBH T OWHRER OF RHERILIZ 351 L0 EIED 2 -bD
T AR O % FRE
Multiple regression coefficients for the adjustment of topographical
variation of the site quality.
B & WOE E
s . Tree height Stem diameter
Fariable - —
ariable . p . ,
‘ B E 1 R i 2 - | R # 2
‘* Rep. 1 Rep. 2 Rep. 1 Rep. 2
Xi 2.7238230 —3.7704609 2.4276624 —
X2 0.0791926 —0.0811205 0.1180741 —0.0344347
X3 — — —0.0009301 —
X — 0.0000032 0.0000081 0.0000048
X, —1.8053402 — —1.5117226 —
X,2 0.0381765 —0.,0944184 - -0.0795771
X3 0.0016550 — 0.0033661 0.0012485
Xt —0.0000263 0.000C141 —(.0000503 —
X3 — 2.370601t — 1 1.0162273
X2 —0.0463771 0.0196967 —0.0504965 —0.0346868
X4 — 0.0003871 — 0.0010991
X 0.0000005 —0.0000026 0.0000008 —0.0000080
X, — —_ — —
Xz — — — —0.0455027
X3 —0.0004554 0.0007768 —0.0004952 0.0011942
X4 { 0.0000019 —0.0000054 ‘ 0.0000022 —0.0000082
‘ 46.3307978 —14.3467116 53.1412401 21.6251053
Constant ;
Note) X : 7% 2 (Row number), Xs : |FS (Column number)

Xs=X1+Xo—1, Xu=X1—Xo2+ M
M i3 EREBEOTES D5 VWIIFIESORKE

M is maximum number in row or column number,
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Rk, FOZECIDERELS, LT, FRFHMEL BRARCRE L TRRRERD L,

BB oW TRDLEFERE, Fig. 33 & Fig. 34 R RTL BV TH B, BECOVTOHEBRE
0.495 i3, fEBREK 5% CEETH Y, WEEABCOWTOMHBEK 0.349 1 Thic HE TR, ¥
72, BERE, BRHERO 2L LT, BE 20%, REHE 12% 386ht,

BERZ, LEOBTRRHLETTREL, B FROF—snbbBEH L, Tibb, BHEECD
W, REZLFRHFSERXF -2 L, BERL, RELFERL L WS L1 (Table 36), 2o
DSBS OFROTHER OPRERSH LRERMAEERD, 04 5L RETHEE LTRD R, #EE
DFHFHOML, HEZERFAABES O, REZ LRRNEEGO LicYdT5, Le2i-T, #
EDOVHRFOMY, REZ ERRFESEL L, 2o, MioFREoBELNL 2N #E L, &
OescrT 5 ERTFIBROEED, BHSOEERTHY, #E 59%, WHRERE 54% 2EBbhi,

3) % B

BECHOVLWTOETFOHBEGREE 77 A0 ERREAB SR, BEABECOWTY, ERRKEVZT A
DEVRELh, BEHRVERIhL, ZOHTER»LOBEERL, HE 20%, WEAE 12% Th
o1, FROER 10 £&, BBlOBK 45 FiX, HFRith T, FROEEY, FEOBRE
SOk, boB B ENIE RS, EE, BINL (19673, TH=v T, fHEo 50
FABRE LU 10 FEBECH LT, FHRO8ELRL 10 F4 ¥ COFEEE & OB TFHEEEZHEN
2o ®DFER, BFOBISES< Z Lickh, HBEREOMINT 2 2 L ¥RD TS,

Table 36. EBBIKDROMBERC KT IFROME LPBERC>VTD
SETE

Analyses of variance of height and stem diameter among the families.
(cf. Table 34.)

i W@ WA E
\ Traits o Tree height Stem diameter ;ﬁg?;z;@
.. d.f. Expected

w o F M| EEEFH | p | F M| FEEE | p | components
Factors S.S. M.S. S.S. M.S.

K i) ‘ 1 10.9491; 10.9491 | 1.293 5.5918 5.5918 |10.033

Replications - -

5 A . 22 902.7612| 41.0346 | 4.844 54.9114 2.4960 4.478| 0?2/ ky+ 2052

Families j

B £ 22 186.3495 8.4704 12.2617 0.5574 o wi/k,

Error

£ 45 1100.0598 72.7650

Total

oo hEE 1531 |158398.3639] 103.4607 8290.7785 5.4153 w2

Plants within

plot

Note) **: 1% ERETHE Significant at 1% level
o w? : FHRAEAESEL Individual variance within family
05?2 : ®#FAMSEL Variance between families
ko : B Z & RHRBAK{LEM Harmonic mean number of plants within plot
ko=n/3(1/ki)=11.05
ki: 7 vy } T2 OAEK Plants within each plot
n: 78y +#¥ Number of plot
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Y=0.10197X+3.2122
m r=0.495*
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Fig. 33. WEHHBIIHIEOMBERIT T HHEIT >V TORE L FFROBRK
Relation between mean height of families and the height of parent
individuals by the time of selection, topographical effects being elimi-
nated.

* :5% BB THE Significant at 5% level.

<m
35 L Y =0.05875X + 15.57379
r=0.349
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Fig. 34. {ERHEHSHEOMRERIC BT 3MEEBIC >\ C OB L FFROMH
Similar to Fig. 33, but for stem girth instead of height.



— 62 — HERBIBUIRRE H349%5

BEREZELTSL 520K, B8 LFROBRMBOALLVSEDE, Tihebth, RIEORERM
1, BANBEEROEBR TS Y, FROMBMIL, FAMNETEROBRERTHS, LT, HEiki
FEMIR - ORFRRAPYRE 2 bh b, TOBE, RTFERE X5 EEEROE TR ks 2,

ok, BTERHLELIIGEGRL, BEEFROERERS LCHTFOEBONE I EE
2EGbes L, WHFMTHBLLEELLNS,
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A, COBRE, FREBELORLMFEARLIE, MR L L 5K, 205 ERHRIRIT 5.

V # &§ R

BEREEOMBEADO—2L LT, BETRIFER L OXEFALER TS Lic X 58RO
xR TR~ CORAAOKE SR, YFHE~, ERO /v —vEHERTIC ek HFHEX
hitdhERb vy, 202 L Lifle, FRBHPAC BT TO XS5 2 MEE S,

RERE, HHEMAPCEETHEERD 208 T5 BEIROBE L LTEBAIhDIOTH
D, TOEMBADLDTHB, Lich-T, AUABTEERTH-Th, EI)BECErhiuE, &
EROKE 211 s, FHCLCHERRRD LR, SR L EBEBRYHET 0 THIE, 7
—gnb= 7 el B BET S LEXRv, L L, HAFRER, HIREEME LTTbh30
T, HLBRE, BEHODILBERLDETHDE, TOBEA, <27 v RUHPROBRIEILELRS,

= 7 YRR RE L OGRERYHE L s LTh, BHEMESIELTVRIE, 207 — 205
DBERIL, BLEEFoTw3, 2D X5R, B LA 5 folik & RO T ERANFEE Licl
Th, AUHEC &5 BEROBEHECEYE LD, AREDOEFRB TR, BECET, F— 20100
EX{TWEER LRI, b, BEMBSFIBCETCELYHEEL, SERERE - ORIV T« OBR
ot ChODORBECT LEEERYTI,
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Contributions to the Estimation of Genetic Parameters in Cryptomeria
(Cryptomeria japonica D. Don)

Takateru AxasiV
Summary

A reliable prediction of genetic gain by plus-tree selection, or of the effects of forest
tree improvement activities, cannot be achieved without a precise estimation of genetic
parameters of forest tree populations. Although contributions have been made on estimat-
ing genetic parameters throughout the world the problem is still far from a clear-cut solu-
tion, because of various difficulties tightly combined in the characteristics of forestry and
forest tree populations. This paper gives details of six separate experiments, to estimate
heritabilities in cryptomeria population and to recognize and to eliminate the variance
fractions caused by competitions between individuals growing side by side.

Exp. I. Fifty 57-year-old trees were sampled on a small area within a harvested planta-
tion and their basal disks were examined. The juvenile-adult correlations of diameter
measurements were considerably high at the age of 18 years and later. The variance
fractions caused by individual competition are indicated by the negative correlation between
trees situated side by side. The annual variation of the correlation showed that the com-
petition effects were always significant throughout the period from 18 to 57 years of age
but were less intense during the dozen years after thinning.

Exp. II. Open-pollinated seedlings of plus-tree clones were planted in mixture and in
family plots so that the topographical variation of site quality can be eliminated based on
the data from the former group. The design was originally intended for better estimating
the family, which means excluding the topographical effects, but in the present study, more
detailed elimination of that effect was planned, namely, multiple regression was calculated
with the first and second order effects of the rows in each plot. The larger values of the
correlation coefficients indicate the necessity of a more intense adjustment of the measure-
ments. Breast height diameter measurements at the ages of 10 and 15 years showed that
topographical variation is very large, and, even after the elimination of that effect, the
effects of competition were not statistically significant. However, the negative correlation
between neighboring trees increased in the data of 15 years from those of 10 years, sug-
gesting intensified individual competition. Mixed or separate planting of families gave no
difference in the effects of competition.

Exp. III. The ramets of four plus-tree clones were planted separately or in mixture,
along with the difference in which root systems were isolated with polyethylene bags and
others were not. Two years later, the plants were removed from the soil and their heights
and basal diameters were measured. The analysis clearly indicated the existence of clonal
variation of relative might in competition which was more significant in diameter than in
height. The isolation of root systems seemed to reduce effects of competition.

Exp. IV. Ramets of 22 plus-tree clones were planted in mixture in three different grad-
ings of spacing. Their increments in height and in diameter (at 30 centimeter-height in
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the first three years and at 1.2 meters thereafter) were measured annually up to the age
of ten. Clonal variations, consequently the repeatabilities, too, were very large. The
effects of competability, or relative might in competition, and their annual variation were
significant, but their contribution to the estimation of repeatabilities was not very large.
The competition seemed more intensively correlated with clonal effects rather than with
error, but the difference was not large.

Exp. V. A model study of plus-tree selection was performed in a population of young
seedlings, artificially composed of open-pollinated seedlings of 32 plus-tree clones. Herita-
bility in the narrow sense was estimated on the increments during the first three years in
this “population.”” Thirteen ‘‘plus-tree’’ individuals and 30 non-selected ‘‘control’”’ indivi-
duals were sampled, and they were propagated by grafting. The ortets and the ramets
were forced to flower by gibberellin treatment, and the controlled pollination was carried
out in the two groups, separately, with the mating design of partial diallel cross. Only
ten ‘“‘plus-tree’’ and 24 ‘“‘control”’ (including one ““plus-tree’’) clones were available for the
controlled pollination. The offsprings were labeled with the names of families and were
planted all in mixture. The narrow-sense heritability was again estimated through three
different ways in the offspring population : first, by the analysis of variance among families
of the ‘““‘control’’ group, second, by the parent-offspring correlations of the same group, and
third, by the realized genetic gain shown by the offsprings of ‘‘plus-tree’’ plants. The
former two methods gave almost similar estimates to those obtained in the parent ‘“‘popula-
tion,” but the last estimates were considerably smaller than the others, almost a half or
one-third of them.

Exp. VI. Forty-nine 42-year-old trees of seedling origin were studied by Toda (1958),
and their ramets were kept in the Kyusyu Forest Tree Breeding Station, where they were
pollinated with pollen-mix of their own. Offsprings of twenty-four families were planted
in a trial plantation, and the measurements in the 10th year after establishment were
analysed, except for one family with an insufficient number of individuals. Variance frac-
tions caused by topographical effects were significant in the parent population as well as
in the offspring plantation, and they were effectively eliminated through appropriate methods
of calculation. Heritabilities of tree height and stem girth in the narrow sense were esti-
mated by means of parent-offspring correlation and of analysis of variance among offspring
families. The latter estimates were considerably larger than the former. The effects of
selection were not very large but doubtlessly recognized.

Through these experiments, it is concluded that the effects of plus-tree selection are
sure to be realized, although reliability of heritability estimation is not very large. Espe-
cially, the method of analysis of variance among families appeared to give an over-estima-
tion of the heritability, in comparison with the method of realized genetic gain or that of
parent-offspring correlation. In fact, various causes of mis-leading effect can be assumed
and, therefore, the problem still remains.

The topographical variation of site quality causes a very large fraction of variance,
which must be eliminated in advance before the estimation of heritability. On the other
hand, the variance fraction caused by individual competition is surely recognized in trial
plantations but the size of it is not very large, the maximum estimate obtained was
about 25 percent. It is recommended that competition variance be reduced from both of
the inter- and intra-family fraction of variance.



