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Susumu Kurivosu : A Methodological Study on the Analysis

of Progeny Trial Plantations of Japanese Larch
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O : REM (Table.1 B1) Progeny trial plantations. (Table 1.)
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Table 1. 7 7 =V FEBRABREROFTER & B

Japanese Larch progeny trial plantations analyzed

BRERES| B E H 4 WEFH MR

7 It H Year & Number [%,.,. =
Plantation) Name of Location month  |of familiesAl(thde

Number ] plantaion established | tested

EREEAREAEN
1 M 14 Fukushima pref. Minamiaizu-gun, 1973 Oct. 31 1000
Ina-mura
18 L BRI A AT
2 M 15 Fukushima pref. Yama-gun, 1973  Oct. 31 1220
Inawashiro-machi
B BRI A
3 M 16 Fukushima pref. Yama-gun, 1973 Oct 31 1100
Kitashiobara-mura
e S B FUAR R IR RO
4 M 17 Gunma pref. Tone-gun, 1974 Apr. 31 1050
Showa-mura
HEERERTRER . .
5 M 27 Fukushima pref. Fukushima-shi, 1974 Oct. 25 840
Machiniwasaka
AR BET S
6 M 32 Tochigi pref. Nikko-shi, 1975 Apr. 24 1100
Tanzema
BB R R R YR
7 M 33 Fukushima pref. Iwase-gun, 1975 May 24 740
Tenei-mura
BB EFEAEFT
8 M 34 Gunma pref. Agatsuma-gun, 1975 Apr. 24 940
Agatsuma-machi
HERE RN
9 M 35 Gunma pref. Agatsuma-gun, 1975 Jun 24 1150
Tsumagoi-mura
B E/NEELERTAT
10 N 11 Nagano pref. Chiisagata-gun, 1974 Apr. 31 1300
Nagato-machi
IR BB ION )
11 N 14 Nagno pref. Shimoina-gun, 1974 Jun 31 1400
Ohshika-mura
BB FKARERE
12 N 17 Nagano pref. Kamiminochi-gun, 1974 Nov. 24 1300
Togakushi-mura
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Table 2. 7 7 = VB EMER RO
Plus tree progenies tested

® 5 3
%Si?éﬁt%’ EPI_{&S tﬁj\e e % {ﬁugst;:(g 0§fk & Progeny tri%l plantation "
number name locations 1 ’ 2 I 3 ‘ 4 |5 ‘ 6 | 7 1 8 ‘ 9 ’10 11 l 12
2930 Ueda 8 2 O O
2932 Ueda 101 8 O O O|O]C|O|0|0
2033 Ueda 102 8 O|0|0|0 O ORNORN®)
2935 Iwamurata 2 4 |00 |0O
2937 Iwamurata 4 1 O
2938 Iwamurata 5 4 O O|0O O
2941 Iwamurata 8 7 O OO0 OO0 0|0
2942 Iwamurata 9 12 OlOo|O|O|OlO|OlO|O|0OI0O]|0O
2944 Iwamurata 12 4 O O ORN@)
2946 Iwamurata 20 7 O @) |0 ORNORNO)
2947 Iwamurata 26 1 O
2948 Iwamurata 29 1 O
2949 Iwamurata 30 1 O
2950 Iwamurata 32 4 O|lO|0|0O
2954 Iwamurata 39 7 O (OXEORNORNONRONNG]
2955 Iwamurata 44 5 O|0|0|0 O
2957 Usuda 1 4 (OANCRNOANG)
2959 Usuda 3 1 O
2961 Usuda 5 12 O]O|O|0J0O]010]0|0j0O|0O]|0
2962 Usuda 6 5 ORNe O O O
3030 Kusatsu 1 @) O|0|0
3034 Kusatsu 5 10 olo|lOo{0O O (ORNORNORRORNG;
3035 Kusatsu 6 12 O|lO|O|O|O|Ol0OIO0OIO0O|l0O|0O10
3043 Kusatsu 14 6 O|0|0 @) O O
3050 Nakanozyo 1 7 OlO|0|0O|0O (ORN@)
3051 Nakanozyo 2 2 O O
3062 Minamisaku 3 9 ORNCREORE®) O OO0 |0
3063 Minamisaku 4 4 OO0 |0
3064 Minamisaku 5 12 O|O|O|O|ClO|O|O|C|IOIO |0
3065 Minamisaku 6 9 O O|O0|O|O|O|O|0O|0O

) BRENRESIL Table 1 DbDER U,

Note : The numbers for the progeny trial-plantations are the same as in Table 1.

AETE, 7, B8, WEER BEROBIVCAEEEDZNTNC, EOBEORAMERASAED LR
ZdEErDIe (M-D. RIC, TORBEFMAEZNSSBIZALLCEEENLC, BERORASETE -7
(M-2), ZUTC, ZORGICH ETNT, HBEE] « MBHEEEIICRARBREETE - TRATN 2 BER)
BafEE U, WBZTEH itk b, MBRSONEREERE Lic (M-3),

1. #¥EHE® GE XE/EA

1) fEFOHE

ENENOBEROREIBERET, SHEMERVBNL 2POBRERTHRAIN T 25 41CE, &
DOBDODRERTOBEMRRO 7 0 v PEEME © yigx i3, WOBHETVTHObE D,
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LwEKToERRL

at each plantation

EREZ W K B & ﬁl\%uib oif& #® Progeny trial plantation "

Seedlot Plus tree tested &

number name locations 1 ‘ 2 ’ 3 ‘ 415 ‘ 6 1 7 ‘ 8 \ 9 1 1011]12
3068 Minamisaku 9 2 O O
3069 Minamisakul0 1 O
3071 Minamisaku!2 5 OO0 |0 O
3073 Minamisakul4 6 O|O|O|0O ONN®)
3074 Minamisakul5 12 ONCRECRNCEECRNCEICRNCRICREONNCRRS)
3077 Minamisakul8 12 O|lOIC|O|O|C|O|O|C|OCIO0O
3081 Minamisaku22 1 O
3083 Minamisaku25 4 O OO O
3086 Minamisaku28 11 O10 olNCRNCANCANCRECAROREORNG
3087 Minamisaku?29 4 O 0|0 O
3088 Minamisaku30 11 CANORECARCAICENCRNORRORNO) 00
3091 Shochiku 2 10 ONN@) OO0 |0|O0|0]0 |0
3093 Kitasaku = 2 1 O
3094 Kitasaku 4 11 OlO0|O|OlO|O|0O|0O (ORRORNG)
3095 Kitasaku 5 6 OO OO0 I0
3097 Hanishina 1 1 O
3098 (Ken)Suwa 1 5 O|0O OO O
3100 Minamiaizu 1 10 O|0O|O|0|O|0O|0|O0|0O|0O
3108 Minamitsurul 4 00 ORRO)
3110 Yoshida 1 1 O
3111 Yoshida 2 3 ORNONN®
3112 Yoshida 3 i O
3118 Yoshida 9 6 O |0 O OO0
3120 Yoshida 11 5 Oi0|0|0 @)
3121 Yoshida 12 2 [OR RO
3124 Yoshida 15 1 O
3125 Yoshida 16 9 (OR NG NORNORN®, O 0|00
3126 Yoshida 17 9 O O O|0|0O |00 |0
3128 Yoshida 19 4 0|00 O

Compmercial a» |o|o|o|o|o|ojo|ololo|o|o
O HERIFERT,
Q ; shows the plus-tree progenies tested at the location.
yijlc=#+wi+/3j+’>'ij+”jk+5ijk .............................. 3-1

Yije P JRERERETO i ZRDT vy VEEE, p: BEFOT, o

t RROME, 8 i BEMKD
R, 7 I KRR E TRENRDIREIEM, vt TREN E REDOHNA, &jp t 3B8%E.

TDH B, BENSLCRERNIKEOHREDE, OBRITTNTERE B Lico FHMDLE

ARy OHERE L, EEREROERE R & AHoir G
DL ThbEIERE BEW2 : 5~7) L2 LTITE 72 (Table 3),

1~4) EBREWEERICTHE

BriE 1 04584 Hrici2, Unbalanced data OfRHFIC# LTV 5 Henberson’s Method 3(HEnpErsoN2D)
ZE o1, TORHSFICE, ThENOBRERTOERRO 70 v FEEED O REDHRERNT,
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Table 3. L2BEMRTHAINTV ZLTOERDO 0 » FMEHHEIC X 238 E

Combined analysis of variance for four traits of all progenies
grown in 12 plantations (based on plot mean)

Z O W |H "\ WEEZR | EED | 4£FE L =3 7 5
Crown Survival
Source Height |Diameter width ratio Expected components

968,92 V(F)+908.97V(S)
+990.00 V(F S)+330V(E)

957.00V (F)
+957,00V(F S)+319V(E)

3RO/ n, e B) 21.338 | 34,975 9,587 5.187 783.00V(F S)+261V(E)

—

Re, B, 7/p) | 188.448 | 304.563 76, 150 26. 441

2 R(e, 7/, B) 40,159 |  66.239 | 15,413 6. 863

4 SSE 24,116 43, 296 12,897 9.182 662V (E”))
5%imﬁ§ 40,159 |  66.239 15. 413 6.863 | 957V (F”)+319V(E)

6 13uloc£<t 10.432 | 22.849 5.091 2.254 | 662V(B)+24V(E)

7 Ir;'roZ;_ 24,116 43,296 12,897 9,182 638V (E)

&) 1,5 4472 TOFHEID SearLe and HenbErsoN*® D HEIC K B, 505 7TOFEHFRITHEE DS BRIFEME
% OBERTITIRWEBRINCEF L dDTH %,
Note : Columns 1 to 4 see SEARLE and HENDERSON*®, columns 5 to 7 are obtained by summing 12 ANOVA
performed sepalatery.

SRS OHEE(EIZ Table 4 IR Ui,

Variance components are shown in Table 4.

BRI DR VHEME S L ZNn 7T — % (RRXEW) & LcdDEMV, CORKE1IDZ
AT — 213, EREMERORERTOMRROEB T LE HETH L2700, FERE S ORAELEAT
W3 (Table2), L, BEOHHEMTEITIEE S LTHIE, HBRROOLTHEBERULLFFTEEL
DT, HEOHEEMEICIE, BAMBICI I RSBBERNED CEKILE, ZDA, Henverson’s Method 3
i, HRINTOETANTORROBEREFIAT A LI 20T, HEROMEEMEIC, TOEDEAEEME
SfEBERADITN, BEE2 TR, TNENOBREKT, 7oy MEEEEROCICEE DSBS ETE -
THBLERMEMFRS %, 3 2OEHR (% - KiE - 8%) Blicait Ui,

SEOHEER, T, BE2OBESHK:VE) ERERBNTO RSB VE) KO0 TTE -
foo WIT, BeME 1T, FRNCREORRER /7 0 o PEEETHELZTE > TV EHFKE, 41TH
POWETABRESH VE) TRBLHELIE S, £CT, B 20BZESB VE) 2£-T, 2-
STTHICAFNEERAK  VE) EGEROLIEASE : V(FS) OHEELITIL » e (Table 3),

nE, #HE, WEEE, BRSOV TE, oy VEYEECOTIHE L, AFERE, TOFH
BET — 734 YEBRUEEZFEICHN .

2) MEREEE

4DDBEICONT, EBEBICHE LT HRE, ThPNIKE TN LR Table3 D &Y
ThHd. COREMIENPD, FREBEROREMEAERE LILETS, WThOREICH 1 %KED
HEENED o,

Table3 i, MEAOHRERNIFAT (2/TE) 3, BEWRBICHE L KREFLHT © 45
(51TE) &—%9 2, 2LT, CO2O0FAMOPWHERSOMICSES RO LM S, VE)=
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Table 4 12REMDIERE & HIT U THEE 315 508K
Variance componets estimated from the combined data of 12 plantations
T ¥ OE | B W | MEmit | BE 0 [
5B ok 5T Trait Crown |Survival
Variance componets TTT— Height |Diameter| width ratio
FROH EEHEN)
Family variance (combined estimate) VIF) - 0147 - 0246 - 0039 - 0006
FRAH (ERRBEM ,
Family variance (plantation mean) V(ED - 0294 - 0466 - 0094 - 0024
ERAXBRENRR MRS
Family x plantation (G-E interaction) V(FS) - 0147 -0220 - 0055 - 0017
RO SO
Error variance ‘ V(E) . 0378 L0679 . 0202 L0144
SRTHBORENE (ki .
Repeatability of family means RY . 700 L 673 . 582 . 331
(plantation base)
#) RE=V@E)/(VEF)/+V(E)/r), r; KHEH number of replications.
fit =
Height
e EZ
Diameter
LS )
Crown width
Survival ratio
L 1 1 ] 1 J
0 20 40 60 80 100 °/s

& 4 #w oo B o & #H

Py

Proportions of three components of variance

D P ZBRGH

Family variance.
T KR XBRERZEAEA S8
(GEXRHIERSED

Family x site interaction variance.

(Genotype x environment interaction variance)

D EREAK

Error variance.

Fig. 2. £ BB @ & 4 # © ¥ &

Proportion of variance components to the total variance.
) RERB XICREMRNREORIRIZ & & 3L SRIBLRICED TOIE,

Variance due to site and replicatin effects are excluded from the

total variance.

V() +V(FS) OBEBEBHEEINL, DT &3, Table 4 DB/HIRSD S B, BB 2 THE L RERK
BT ORRIEA, B 1 OREMRERDERE O THTE L 20 VE) & ZEERSH V

(FS) pficti b &ERLTV 5,

ENENOVETHE LRI, GERAMERASEK, RESBOMEINLRESE Fig. 2 IKRL
720 BESBIL, WINOETHFSLULE D 54, METRENSL, AERTREVEREL S
foo BRABIT, HEBXUCRHEEMZIERCEHETRE L, EFEEMRS/NIV, GERIERIE
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Table 5. ZBREKICH T 3 EBEROEREIEN

Order of five years height of six common families in 12 plantations

CVAS)

74 # )
BOoE OB & Progeny trial plantaion
Family
1 2 ‘ 3 ‘ 4 ’ 5 ‘ 6 i 7 8 9 10 11 12
BLT
= & | 9
Iwamurata 3 1 4 6 1 1 1 5 2 6 3 1
=] M 5
Usuda 4 4 2 4 5 6 6 6 6 4 5 6
b # A 6
Kitasaku 5 3 5 1 3 5 5 1 1 2 6 5
M & A 5
Minamisaku 1 5 ! 2 4 3 4 3 4 4 2 4
M ik A5
Minamisaku 2 1 6 3 2 2 3 2 3 1 1 3
B & /18 _
Minamisaku 6 6 3 5 6 4 2 4 5 3 4 2
#) Table 1. B See Table 1.
Table 6. FBERAOHEHAEMIC X 2 12BERE T LD FBIITER
Combined analysis of variance for five years height
of six common families
Z il A BolE| M SEE¥H o Bl
Source d.f. S.S. M. S. F-ratio
% *
Family 5 1. 3655 0. 2731 3,051
i p 0k
Plantation 11 37.5725 3.4157 38. 164
Hh I
‘Area 2 5.7126 2.8563 0, 807
IR R E AR ok
Plantation within area 9 31. 8599 3. 5400 18,172
RAXBENRZEIEH ok
Family x plantation 55 4,9201 0. 0895 2,146
FRXHIBREIEA Kok
Fag;nily )i‘(jz%rg 10 1. 8940 0, 1894 2.818
KR XHE EMZEAER *
Family x plantion within area 45 3.0261 0.0672 1,612
BRE MR RIE
Replicatin within plantation 24 4.0628 0.1693
B =
Error 120 5. 0091 0. 0417
RRXBEWIZ BN ) . 55 49201
Family x plantation (G-E interaction) :
- 'E s 7 =
%M@%ﬁ@i 5 0. 2206 0.0441 0.469
egressions
3 %= ok
Deviations from regressions 50 4.6996 0.0940 2.254

#k; 1BV NVTEEEDD

*x ; Significant at 1% level.

*; BBUNVTHEREEDD,
* ; Significant at 5% level,
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OREZR, WINOEEEBRRFPREE LD, POREVELENRD, BHETERR WV AREITH
%,

BB OBRERENOFRAMEBESEDP S, REK V-~V TORREEEOKE S (RE) E5HE
Utz (Tabled), 4 DDEED S b T, MEOREINESWHNMEEZR LI, Lrd, #ER, ol
OWEL DS G EXEEASROEEIEN (Fig.2), 2D &M, FRFNDOBRERTOERZOM[
FEEERZ, BOBOOBRERDORED BN ENL DRI, LrbLEMIC KkLT WS & #HHIN
%o

2. HEFRROBBEERIC L LD (BREMORS

M-1 TR Lc 4 OREIKE, WINbMAAAKEUGEXAEABHERIN, COCE,d, K
RIBEDOKE, GEXROLIEREESBIRD HERTT 2700, COREMEAEZNS & EDBTEHDOKX
DEFTIE -t -1 DIEFTHEEDP SH O LB L DI, BEBRBEREA TOFESEOERERES 5 <
RENGEROIERERIHETHZ L0, MERDRSEZILBEROMFOAEMICS &SWOTIT
9 &It L,

D f@frorik

TP, HERREREROMICG ERBIERAMA SN0 E D%, BEKT LICERZRD/ERNE
D TP~ (Tableb), DXL, FEMTETTIE » THELYD I (Table6), X 51, TORLOIERM,
BRERDFEREICH LTRRT EICKD LEROEBRICE E S EDTHZ 0 EIDEWASHICT B
WHiC, Fmeay and Witkinson®® D Jic LichS- T, KOfEAZEROZRMEEmREE L ICHE L

Table 7. #E MK #H B M o 8 8 & K

Correlation coefficients of height among 12 progeny trial plantations

N B # C_ # H
HWoE | HmEM| A area Barea | = Carea
Area |Plantation \r 1, | \ras(p3s| N 11 Ml4iM15‘M271M16 N 17|M82‘N 14| M 33
M 17 {1.00|.50 |.26 |.62%K-26 |-.40 |-.12 |-.85 |-.73 |- 12 |-.52 |-.12
AHIR M 34 V69 [1.00 | . 73%K 5% | 48 | 81%K _51% | 28 | .51% | .26 | .59% | 60%
A area | M 35 L27 | L77FHLL00 | .23 | .45 | .48 | .54 =06 [|-.04 | .45 |, 74%¥  g3kk
N 11 .53 1.55 .07 11,00 |-.60 |.09 |.e5%k- 37 | .61 [-.35 |.11 |.46
M 14 |-.00].44 |.33 |- 13 | 1,00 |.20 |.16 |, 64%K- 42 | 78%k 79%K 38
B il M 15 L2011 .35 [ .43 [-.13 | .34 [1.00 | .88%K 71 | .81%K  g4% | 93¥K  57%
Barea | M 27 |-.12].22 |.56 |-.43 | .40 | .90%K1.00 |-. 33 | .69%K 41 |, 82%¥K  or**
M 16 | -0l -.23 |-.41 |- 30 | .33 [-.56 [-.49 ]1.00 | .69%¥ .62 |.70%*K- 52
N 17 |~ 65.69 .63 [-.20 |-.13 | .15 | .14 1-.22 |1.00 |.51% | 70%H  49%*
C HiIzk M 32 |-.54|.08 |.62 |-.56 |.45 |.25 |.63 (- 12 |-, 08 |1.00 | .70%¥K  85¥*
Carea | N 14 |-.49|.21 |.34 [-.17 |.79%¥|.06 |.31 |.16 |.05 |.73 |1.00 | .70%
M 33 |-.39{.23 |.75 |-.28 |.16 |.08 |.44 |-. 31 |-.28 |.90%K 54 11,00

) AHEDL 00K D T 2 REMM AN TIBAEFTRE O TEHE UMHBFEE. XA B0l 00k 0 F¥ii,
12REMRTIGELL 6 RRZEAWCHE L B R,
Correlation coefficients, upper half from diagonal 1.00 are calculated from common families on both
plantations, and lower half from diagonal 1.00 are calculated from six families tested in all
plantations,

w1 BKETHEEDH D, *; B BKETHEED D,
Significant at 1% level Significant at 5% level.
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Fig. 3. FWRHDITIC X 2 REMHR D 535
Classification of progeny trial plantations
according to their principal component
scores, Z; and Zs.

&) ERSSHITICIE, 12HRERTILENL 6 HERRER
ORERIEMEER T,

Note : The principal component analyses was per-
formed based on the data of five years height
of six plus-tree families which were planted

WABEEHERE H25

W

(Table 6),

BEAOHEERICENT, BEMEZRBO X

HIEBEEZLTOEDES I, 2 BREKRTIER
BREROZENZTNORERTOTIEZ FOTH
BGHE RO T, MECKUM LR~ LMNT
&%, BOEKHEEMOMBERIL, LBERER
Wielis &, 2BRERS EoMAeET, Bich
AINTVERRERCE LTACEESGD 28
DICHONWTEE L (Table 7),

IR L RROERRGP 5, B4R
A S ORERDO K2 TS SBT3, BuEk
TER, SBMERTORROFEEEEERLELS
LI ERAAI 2T S C Lick -T, ZOBRE
D DT 3 S 5 (MEY). o
DRFEHGRBRTAVIZEIN S G EXHEERADS
W ERADITERN S T EGBEDIC L DAY
bk, TOHET, BRIA T 7YV —D7T vy

commonly on the 12 sites.
7 LT K > TERSAHAETIE, BREKRDE
1, B2RHDRaTERDK (Fig. 3),

2) HREER

Table 5 WAL EH Y, RROERPMITHMERICE > TRESANE TV B, T, DT
WOfEED» S, RAMEMICIR 1 BKEOEEEDTD bNfc(Table 6), X5, TOXREEREERRED
FREEEENISOBRERHE UL, HROFRMECHEZRED 5NTVEL (Table 6),
PlEDC Ehs, BRREBEHROMICH, RROEMERELS 512 EDOREVE GRAIERMHER
ENtc, 2 LT, COREERAR, WHhWAKRENRDOZR L) Il TR 2HEHDO D TR
NEEZ BN5,

Table 3 12, FREMRDE 1, H 2D ETSBAHEMETR U, # 1RSI DFERI 89%, & 25K
BR5% THD, FREMKDEIRSDRITIZ, THENOREKROFIMEE -7 —KLTE
D, BKRERDEBLZHOREEARTIEETH 2 LELOND, Licdi-T, MEKORSE, TheE
NOFE2HWHDAITOREXICHER LTI -7 (Fig. 3),

E2RDDA AT BHBENRENTEDOEES D IHEAI V-7, 0BIS LIRS VAEDEE
LOBEEINFNB, C/V—7LT5E, ABKXUBZ/v—7IKAOEINIBREKD, HIRMWICATH
BINE & E - e HThi%E LTO A EADS 5 (Fig. 9, T1bb, AV v—7EHEN O RFEREOBKRE
HTHb, B/v—7"13, BERILEONEIICAET 2HMERT, WIhdbh 7 <Y ORASHXESN
Thb, i, C/NV—T1TR, AV Vv—7DRABBEBELICB I/ V—FOREFHICABET 2 RENNE F
N5,

RIT, TOFHUTHBRRDOERE, REHALBIOBBRIYIC X 2R (Table 7) & KK ZET72



B 7= R ORRBREICE T 2058 (GRIE) — 15 —
Fig. . HA L& ENKOMNE
Location of classified progeny trial plantions.
RAE O A DOMEN Progeny trial plantations classified to A area.
Legend (®: BHUBOBREMRK ” to B area.
@ : CHURDBREH ” to C area.
Table 8. ILBHZADEESAEMEEFOIHIRT & DOET (FEFEHDAER)
Analysis of variance for five years height of conmmon families
in each area (Mean squares are shown)
2 B ] H B E A i 3K B #1 & C Hi R
Source d.f. A area B area C area
I% . * 5 0. 4128%% 0. 0700% 0. 1692%%*
amily
: sk sk *k
Plantation 3 3.7201 3. 3592 3. 3408
FR X BEM IR ELEH 15 0. 1134% 0.0343 0. 0540
Family x Plantation
7%@%77@5% 5 0.1392 0.0345 0.0959
egresisons
Deviation from regressions 10 0.1005 0.0342 0.0330
BEMRARE
Replication within plantation 8 0. 2441 0.2077 0.0561
%—% Z= 40 0. 0500 0. 0259 0, 0444
rror

* IBVRVTHEZED O,
*% ; Significant at 1 % level,

*; SBVNLTHEEHD,
* ; Significant at 5% level.
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5 &, HBRRICKZMBREL, WL 20FNMES 5, MBAOKRENHEM TE L, B3R
KET2REMBEETRENCOADMESR & 5T EMNE L, FHRIVIHIRO RKoERE —HT 5. Ly
L, RENMEMOILALRREROTRDHEERIBICONVTE, THTESHBXS OHEREDO—FHD
BERZNEELLEL, EAMLICEE25N0B2C B8 0ENE, &K, B, CHIRiKBT 2&
EMREEMICEOCARGEEOR Sh e BE 0,

ZDOFHIIIEHIBXACS EDNT, 12 ETOREKIT 4 ETd 2 3 HIRIC Ko &h b & B Uicsr
WAREITED, REKBXUGERLEREZ, ThSNMBMEEHIBAOETICHE L (Table 6),
WMBRERRAOREIERICIE 1 BKEDEBEENRDONE, ZDTEMS, RAEEAEZ/NIEEDDC
&%E%&bt@i%@ZﬁKu,I&ﬁﬁﬁ%mméf&ﬁﬁﬁf%%C&ﬁvﬁﬂbﬂéo

UL, HBAMEKREZRORAERICS, 5 BKEOEEEZSRD SN, £ T, HWIHIT LicsH
WA ATIE el ch, B, CHUIBATRAZEEMZRD SN, AHIRA TS5 BREDHEELH

B 5z (Table 8), AMUBABRENROE 25O R 3T, FHIRSOR 2 TICHALTARELES
DNTNEZ EpD, ILITEBRNLP LS ML OV THREORMIZD 5,

3. MEMOEFEROWKR

RHEAZNE S BIAREROK G BHETHE0E D i, SRERDEREHIEBN, 201
BEROMIRE C A LTEH LELBEAOZNZRICONT, BEYRLHEL, MEEFRocsick -
THWT X249, ZCTHETIEESRE I, TTRERINTOIBERICOOT, BRERICKLS
RRBEENT, 57 0—VARBROGHEEZICE » THRO B Sh 28R TH 5,

D RIREICK 2 BESROHEER

RARKEIC X 2B EMOZEUH LIE, HERERDP SELBRFROFHEICS ETOTTEONIO
T, £OBEHROMEEICIIFEHEN—2DELHE (Family heritability) LBIRZEZMBO 299, K
XTI, FROE : VE) %, Fawconer® OiE#H LICERBRROEHEONE, T LA/DVaLH
72 LT, Nawmxoone {3 DR L7 jikic#E U TERREHE L (X3-2, 3-3),

AGy=2+Ss- (1/4) e 0% fofp e (3—2)
2 2
s _Twtow o i’:él TME 108 e .
ofp=— Tk Pt +Z +a‘,_ 3—3)

4Gy FEREC X 2B,
Sp : KEWEOBDEILZE,
o2 ¢ 1 KE TR SRR D A NIRRT
o¥pp : R RO RIS,
ohy 1 T E oy FNRRESR,
2wt 70 v P NBIESE
o2p: Ty FHSHEG
olgr 1 G ERAAEMS# O 3ER & BUER),
o2ny 1 MER & HER O X EIERS
ofy. L BESE,
n 7 ay FNEERE, s BIENE,
m o HERYM D HEERE, v RERKIRIER,
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Table 9. ZRFEBMED FENERD 5 72 DRSO T
Form of analysis of variance for estimating variance components
for the several plantations cnmbined, based on plot means

" B Wk SERSTS DI RS
Source d.f. Expected mean squars
7

?amily o f-1 V(E)+rV(FS)+rsV(F)
{%antationﬂ\ s-1 V(E)+rV(FS)+ £ V(SR)+frv(S)
KERAN IR _
Replication within plantation s(r-1) V(E)+fV(SR)
R RMRENEIER _ - 3
Family x plantation (f-1)(s-1) | V(E)+rV(FS)
) = - _
Error s(f-D(r-1 V(E)
FHR MO RHES B
Repeatability of faily means : Rf=V(F)/(V(E)+V(FS)/s+V(E)/rs)
A Fl: V() : ZR40H f: 2R
Note Family variance. Number of families.

V(S) : MUEMSEK s RTEMEL

Plantation variance. Number of plantations.

V(SR) : HEMPIRIE
Replication within plantation variance.
V(FS) : RERXMEHRDORZEIEASHL

Family x plantation variance (GE-interactin).

V(E) : 7% r BOERPIRIER
Errer variance. Number of replications.

7efZl, HREBICL DHEMERD SMET 5RRAMH  VE) 2, LUNIGRNZH DS, M
BES DI PICER RN THERARIRE EBEZDERATVEEE L 5N 5, OTOBEMBRESR
i3, REEPSEONALODTHEY, BT 27 0 —rd 30 3HETEHOIN 7 0— v & DO3SRIEE
BEBRICTENETFHRINS, OFE/RI v — Vi3, BRREROLEEENELZDT, KRRAOLE LT
TOEHRTEBODH D, LT, AMXTHOZFEEES—-XOBERE, HT-E4 5855
& B RAIMYEEOROHEEME A28V DT, LT, FREEEOREN RD & LTHES ¢
E&EF 5,

Table 9 [CEFEOSBATRICEBI 2XRS# V), GERAIMERAM K : VES), 8248 V(E)
L, Zh» i a3 RE AR L7z, R3-2, 3-3& RIEOMicd, ROLHSHBEENH 2, K 3
-3 DELDEHID 2 DD = (0f,+05,) [nrs+odfrs i3, Table 90 V(E)/rs icHi4T 5, 20T, #
3T :ofp/s 2 V(FS)/sic, B5T 105 i V) IKFEUT D, Tic, Wik Lok 5 iICHER O BRZH
%% Farconer (1960) DERT B HUBEREMET 22 LICE-T, VI EA/Do% & AT, H
BRICZDIEDP S, MBFERILBZNEZLT, WA o /m ZRI-3 DO, Lad-T, #H3-
2 OFET: (1/4) + 0%, /odpid, Table 9 ® RE&E—HT 3,

TZTE, WL D DHBE0BEMREHE L THEDOIEATE 5 & & BANBOT, ®IKmE
(Selection intensity) % 1.0 &—TFIK T 5, i3, HEikE (Selection differential) % 3 HIF ik
REDORSE (orp) ICEB T EETRL, RARMECXZHEELEOHERE, UToORTHEESN S,

4Ge=2+07p+RE 3B—1

-2 OER» S, BERITIHBICKSEIN DT, HMEAD 4REK, 2HRSoHAE7- 8 e
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Table 10. RIEEZZXBFHMEOBEREDOKE I E - BAOTEHRONEEE
Genetic gain of five years height from the cnmmon family
data, assuming unit selection intensity
H 3K A W B # I C #
Area A area B area C area Total
Rf . 72539 . 5973» . 5826
A V®E . 1852 L1167 . 1073
A area 4G . 2688 . 1394 . 1250
4G (%) 110, 4 105.5 104, 6
Rf . 50999 L7277 . 67289
B i &K VE . 0753 . 0850 L0871
B area 4G . 0768 . 1237 L1172
4G ®) 103.1 104.7 104.5
Rf .6812%
CH# | V(® .1184
Carea 4G L1613
4G (%) 105.7

V(D s FREEEOEERZE
Standerd deviation of family means(m).
4G ; BEHR
Genetic Gain (m).

4G(%) ; (BEZR/F5E) X100

(genetic gain/progeny mean) X 100

a) RHIRADHERIT & > TRIKEITIS - e 8id, FLED
Data from single area. Notes
b) % 2 HUIBROERESHOE TRKETE - K&,
Data from two area.
c) 3HURDHEMESHLE TEEETI » o

Data from total area.

KB XU 12 RERSTOBMEEN LBEOR 7B DI DV THEBHRAMETE L. UTOMFTIE,
FPHRBRROMEOWER R T E RO TEEDRERD THIRKSICBT 2R ETE 7205, £
NENOMBMGEIIC, HRINTOELEROBRICHE DL, AREOFTEHELHELT, %o
MREER L

2) HEBRROBELARICE ZHIBRX OB

AR L7 78D OBHRO BE-ICDNT, SBOMTETEN 3 208 8ES, VE), VFS), V(E)
xR, I Ld LIc FERIC K » THREZREHE U7ckER3 Table 10 0 B0 TH %,

RRBREC L 2EEBREGD 5 LV HSBAD S, FHBREEHORREGEORIE N - BETEE
BET A&, HBEORAREE B CHIEBO 2O2TINEEZ SN, THLDL, AHRTIIHIRAIC
FEERABED ONEDT, BREOAMIIFEZ A, Table 10 DR SHWT 2 H X DICENTIL, H
BANOBRERDERICE 2 XENEEEDESEDE . 2O EMD, AMBOBREZMOMBIDZN
LRI CEMBBE LN EEZI SN,

B, CHURIZ, FHAULRSTRRD I v—7"& Uizds, MHURICE S 2 MoEkiE BRI o B RIS
WEERTESD B (Table 7). 7, MHIROERZ HOHIBEORIENL, HIREICRD 7254
FVEEE->TVD, TOTEMD, B, CHBUIEHFOREMAESI LY TREEZTE - THINEELD
s,

3) HRLEFROMHICH &S BREIROKEE

Ak OREFEL, -1, & [@8EiC Henoerson’s Method 3 & E O ST A M-S H FoF kI X - 1o,



B 7=V EERORMBRECE T 2P GRE) — 19—

Fig. 5 1T, COFKICL > TR 32008 ®KS, VE), VEFS), V(E) 2R L1k, &8, BEKD
BRI, V-2 CTHLHICT S, BEBMBROBIAMEL OSBRI ENTEELELT, REKARIED
R E EBIC, 2T ED THIEV (Fig. 5),

OSBRSS E FANT, HEMEAE I KIEED RREEEON L : V(F), FRHOEDE : VE)/
V(EF), ZZRFHEORES R, EGERAMEAZHE LEERD (Table 12), V(F), Rf Ot

#i3, Table 9 KIRLAHELIZEALTH D, LKL, BEMSEROEREE (s) B—ETRHLD

Table 11. JHEOMIBHFIGE & BERFERMEICL LY Y
Plantation mean and range of the four traits in three areas

Rk 72 D R % e B
o R ?%% fammili
Apea | Tumber of families) Bl mEmEE | R b | &R R
lantion Crown(m) Survival
p Height(m) Diameter(cm) width ratio(%)
A 27.5 2.55 1.87 1.27 .94
25 — 31 2,25 — 3,13 1.43 — 2.52 0,95 — 1.63 .92 — .98
B 29.5 2. 40 1.72 1.20 .87
24 — 31 1.85 — 2.90 0.91 — 2,14 0.94 — 1,50 .69 — .95
c 25.8 2.70 2,10 1.36 .93
24 — 31 2,20 — 3.14 1.47 — 2.70 0.98 — 1.66 .78 — .99
A
B
C
A+B

B+C
A+Bic| | :
Hod L 1 ] L 1 1 | 1 L ] 1 4 1 ! 1 i 1 "l
Area 0O 2 4 6 810 0 3 6 9 1215 0 1 2 3 4 .0 510 15 20

¥ E & & (x107) flads ER (x10?2) # &y (x1072) £ 7 = (x107?)

Trait Height Diameter Crown width Survival ratio

T BB
Family variance.
TR X REMRALEF 538

(GEXREIERS#D
Family x site interaction variance.
(Genotype x environment interaction variance)

Error variaqce.

FBHBH A EICHEE U S E O 5L
Magnitude of three components of variance to the total
variance estimated for each area.

Fig. 5.
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T, UTR LTS TR EEERELR () 2R, soRb DA,
S=(N=(Znd)/N)[(@a—1) e (3—5)

a REREBIERE, N EAEEREE, s IO SR EE,

DXL, R3-4ZAVT, BKAEEA 1.0 & Lick SOBHEMREHE Lz (Fig. 6) COBHERE
i3, TNENOREIL OO TH A ICGRIRETE > A/ INZETH Y, HEMOMBBEISIEE
LT,

4) HRARROBERIC S &S HIRR S OMES

FRABOMEMER, CHE TR AEL, AMBOZNA2MEE A LABICHEESLLbDX
DREV, —F, BHEBORRSHIE, B0 2 i k~THBIHc/ NS (Fig. 5), #DEREE, B
BbA 7 <Y ORRAGEBATH 5700, BMLUTHERFROEEMNEL, B- %0 LgRMEESE
Ll -tcc Lick s &HElah 5 (Table 11), ¥/, BHUIROKMEWKIIFET 2 L 1 bz b Ot
HRERUSE S, D 2 HROMEWICHEANT RBEEDS ©9F552 b, —RE ZZ 515 (Table

Table 12. FBEOMBMESEINORRTTIGED KE T

Phenotypic variances and repeatabilities of family means

T E o A+B
¥ B T Area A B C A+B | A+C | B+C | LG
Trait — |

V(E)/VE) .525 . 699 .773 . 427 .562 L672 . 501
i) B OV®OE .0368 | .0124 | ,0382 | .0173| .0303| .0208| .0196
Height(m) Rf . 555 . 631 . 809 . 606 . 7381 .793 .750
F 1,945%% 1, 428% | 1, 858%% 2, 043%H 2, 134%¥ 1, 886%* 2, 163%*
VE)/VE) . 581 .913 .736 . 467 . 562 .728 . 527
o= = > S VA € )} L0584 | ,0221 | ,0639 | .0281 | .0493| .0363| .0326
Diamer(cm) Rf .614 . 625 767 . 624 .731 . 784 . 754
F 1. 972%% 1, 069%*%| 1,782%H 1,884%% 2, 139%¥ ] 516%% 1, 975%*
VE)/VE) . 547 . 364 . 692 . 215 .562 . 603 . 412
53 5 n  VE®E L0117 | ,0054 | .0126 | .0049 | .0098 | .0075 | .0061
Crown width(m) Rf .516 . 323 .703 . 342 . 682 . 686 . 637
F 1. 609%H 1, 521%% 1, 642%¥ 1 875%%| | 724%¥ 1 564%* 1, 817%*
s # = V(E)/VE) . 526 . 405 . 682 221 . 314 .537 . 232
V(@ L0050 | ,0027 | .0034 | ,0023| .0026 | .0023| .0017
Survial ritio RF 320 . 283 . 449 .241 . 314 . 470 .315
(arcsiny/ %) F 1,233 | 1.306 | 1.162 | 1,379%¥ 1,333*% | 1,240 | 1.381%

FHH 0 MR E
éﬁ{;’é‘“ﬁ;iﬁ%&?n of 2,33 | 2.45 270 |4.05 |39 |39 |s.57
per family

) RPOLBRILUTOEEBY, Symbols are as follows.

s :3-5XZR V© : ZRPEEORIE I K
See formula 3-5. Phenotypic variance of family means.
F: ZRBRENROZEERO FRE 1 IBURVTHEEDD
F-test for family x plantation effect. Significant at 1% level.

*: 5B THEEDD
Significant at 5% level.
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v ] [ [ O
MoB; L 40 M (44 fmy oy Mmooy j@resin
Area . 0 1 .2 3 4 .0 1 .2 .3 4 00.05 10 15 000204 061%
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Fig. 6. KMEBMHASEICHT LeSPEORRMEIC X 2 BEDHR
Predicted genetic gain of four traits, based on the variance
componets shown in Fig. 5.

) BEDER -4k > THEE L,
Note : Genetic gains are estimated from the formula 3-4.
11),

DX, EROBOAESL B E, 1204 (BHIBOREKD) b 25755, HREMOESLHIEBL S
Boh2EXDEN (Table 12), 2D Z &, BMEHROKXFBHETNCITZDONTE D, HBATHERE
T ED, BIHEETEIBEEREREAEDIZATANTHLTLERLALBDEELLN
%,

FREHEOREHZ, CHIRICDOOTB+ CHIRTOBMBEDFEETHEL (Table 12), —7F, A
+ BHURDOFKIENIE, WIFHOEE TS A, BHBEHMTRD/ELIZZELVR, P TE-THSED
T, MHEOBEREIDLEIFEARDB O DOEELNG, T, A+ CHIRTIR, £EFEOREIL
WENEND, GEXREEASEBEHIBHGEOR L TR RS (Fig. 5, £ULT, EFEOXE
HiZ, ENENOHBEMTOMBI DED, VTHLICT 24, O 20D TRERDERRIES
BIT2EEHK, RRXTREVEORATIZBNE LT, YT, MHROBHRIIH k> C
EE9 5,

BREHEE, WIThOBETHIERRSH, KENEBICESED CHIRBMND BEsEd K&, &
7z, AHURICDVTS, TNTORET A+B+C HBROBFTESRE LR - T3 (Fig. 6), Lchsi-
T, CO2HBTRMREMORESERNTHLLEZ LN D,

BHUBRTOBEXMRER, COHBORZNEIVNEVY, GEXEERAOEHGRIEBENC S b 5
P, EERDAOKETIRZA+B+ CHilgOZhETE S (Fig. 6), 727 L, B+ CHBOEMEAII,
TRTOFHETA+B+CHEHOZNE LR -TWS, 2O &5, BHIBOKRIEIL, CHUROHEHDS
MATHRHSCEBET LERADN S,
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IV REKREOTER

R, K, THEFORMJEGEABMICHET S SRS ARBEEDL ETERENTN S
W, EHMEHICREEESBNRTNE T EEE DI, FNFhOREICHT ABEEEMI T T &b
KOO b, MABEFEORRER, EROBRELB U THREDTE L TERINSIODOTHE2D 5, R
RRE T, BICR~NIRELEEOSEMEE 32T, CRICHILBREMEOREEZENE TS C L8
BETH%, LT, TOTEEERTZIIL, BEMERDT L EE-GERAEREISEY
BERERATZC L &, FHBOBRE LSS T LHT KRS HIEHO BRAAE 7250, BEETDH
%,

GEREMFROFRRERSHICT S C LT, REROEERIGOMEEITS & SOTH - IOBER
KADOEZLUEZRMT 2 L TH B L LI, BOE LIEEED SARET 2EHELR T 2 BCKR
BEEDDLEREIL D, T, HEMONMIRRFALZTEDICR, ZOFWMIEERE S & bICHEIE
BHERLUIRANLODOTHEC L, £LT, TNENDOHEHOFMDO b & LIS A EHBEBEEOR
EROBREEG T, WHhWAHEICHKTEAETH S ENNRETH B,

AETIE, ¥9, GEXOFAORRLEIZZEBHEREZE 7 (IV-1.)s DT, HEOHEHRDIHR
RN BRI OBEFABEEME T2 HEEZERT 5L 01, CHAEMBINCGER Lz (IV-2.),
IoIT, EHLEBOHRTORMBEZT~EC Licky, HE, HBRKSICODTORIETE -7 AV
-3.)0 ZUT, UIIOMKEECENINIMERIET 2 C EABNIC, 4BETATERRERE LT
HARAIDRERBREER L, ChEE2AOTEEERORA M EHIRINCITR - 72 (IV-4.),

L. [FKEFEREMOR S E DRE

D #itoF %

27, [EHEPH S, SRERDANFARELBRKEEEGARD, ThZhOBREELR, £
B, 11~3 AR LU 4~10 AOBKEERDIZ, 420K58HTFOI> B, BECEHE TS 2HTFIR
M-2. DRERDRS & BEEICIZIZEASEFRELTHEN, BkE, & <11~ 3 AORKEIK,
HWIRHEIC 1B 5 5 (Table13), £ T, 11~3 HOBKEE 4~10 A OREIKE D HBINICEBIE
METa o b LIcE D, HIRICK - THAKD/ 2 —vidhIis DRIZE C EBRD O (Fig. 7).

ZCT, BAKBORMHHILENY, TNENORENRERSTEEOEREI 5L D pERFISHTIC

Table13. MM EMKR O KR EHEW O & B & #7
Analysis of variance for climatic factor of progeny trial plantations
£ 2 0 i
Mean squares

= -i
x sfjrce ngBf Bl mpsoms | Za0mH 11~ fOMKE4~10[ DRk

toe Precipitation | Precipitation

Warmth index | Coldness index| (Nov.-Mar ) (Apr.-Oct.)

W o
Between area 2 30. 33 65, 33 2412, 00 576.08
W\ AR
Within area 9 146, 00 72,03 48, 22 150, 97

k! 1 BUNNVTHEEEDD
Significant at 1% level.
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Fig. 7. BEROHIRK S & EHFIFKE E DBMF
Relationship between classified progeny trial-plantations
and their seasonal precipitation.
) BEKDOSHE (Fig. 3 2R)
Note : progeny trial plantations (See Fig. 3).
O AR @ : Bifuis ®: CHuR
A area B area C area
HIBIBER T X B HBIR (Table 14 BR)
Discriminant boundary by discriminant functions (See Table 14).
———— Al IR ECH! IR
A area vs. C area
—————— DBt B LCHL
B area vs. C area
Table 14, H#1 # X 43 i B v 72 3 B B #
Discriminant functions for discriminating A and C, and
B and C areas.
op B O o KK wooB © K
Coefficients of functions Accuracy of discrimination
ok DA ECR
B Bk & | B ok B | umowmx | BHAOER
Area combinations precipitation precipitation Efficiency of miss y
(11~3 A7) (4~107) discrimination classification
(Nov.-Mar.) (Apr.-Oct.) (D2 o
(%)
Q i"!;eiiﬁ\i % iamre% —0.656 —0.296 13, 470 3.3
B ;’ﬁge?z V‘Z %%ﬂre"a 1.086 0.346 27,517 0.5

X > THEDD Tz, Fig. 7T oS NIELDIT,

3 DDOHURIL 11~ 3 ADBKESDIIVEM S, A, C,

BHIEOMETH 5, Lichi-T, ALCHR, C&BHURORAZTEAIE, BBREKI 3 20MH~%
200kKE (11~3H, 4~10A) Itk > T 2HIBT 22K T 5 2580 DY
FIECEEIR L7 (Table 14), £hZhoMBIBERICE -~ TE LA, CHlBXZUC, BHRDHI]
R Fig. 7 TR U,

HT&%, Lkd-T,
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Fig. 8. ZHBIBEKEICX S A-B CHIRDX S

Area classification according to the seasonal
pattern of precipitation.

&) HX 533 Table 14 1R U HIBIBIECE FION TS - 7,
Note : Classification was performed by using discriminant
functions shown in Table 14,

5, BERPSEEINTO IR, CTOFEHNERKEDOBESVICE ST, EH53850 603
DEREAN, T, WRMBERE1EDS D 2654, BRE1EHD 20F55 L7104 v va (8.9X9.0
km)iCs i, A v ¥ a2l liCRRHR» OBKE Q1~3H, 4~108) %254B ok, LT, EOD
2 DOYBIEBRERNTE A » ¥ 2 OWBMEERD, A, B, COVFhbh~HEH UL (Fig. 8), 7
L, Fig. 8 Tid, BEEHIBLED 2 v ¥ 220 TR ONRL HB oo

2) R L EE

HEORERKS I, BKBEOFMHE LN EEETEGNDLEEL 005, DT LiFFig. 7,
DEIPMLBY, A, CEIUC, BHBERKE (11~3H, 4~10A) OERILTTHET Y
BBHOBEESEFICEHNC L5 ERTE 5 (Table 14), 561, D2 20HHSHTICE ST,
HEET 3 DOHIRICKS LIz E T A, &4y Y2 OB KBOBRRBRERDOZN &ERFIKEASI - 72iC
L pH 5T, 12 BEFFD S5 11 DErOKREND, 56 UDo L IciBic Ky 3T 5 (Fig. 8),
LS T, #1752V EEcsd onsdGERBEROHYK 0TS, BKEOFHHILENICK 5
T, BREHSHBCEMNTELHDLHERAINS,

ZUT, coMBSEFER, H7vY ol &N BHOKBENIIHRE L —KT 5, H®
i3, 7Y RERKBISRENDECERL, L sBKORMRERLHOBK,SDE L, BEoEY
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PP
Legend

- 14 7i % Abundant distribution.

4> 75 B Scarce distribution.

Fig. 9. # 7 =Y OXRHMHEE DR H
Natural distribution of Japanese larch®
1L NMEe®mLEER 20 A &4 & % 3. B OB L %
E kL % 5 EMTAMTRFZ 6. H X L %
7. k72 HR 8 K g2 %

~

DEEBFPRICEKDS NI BEHEFTOE LTS, O &iE, Fig. 7 1R LoHBIER o H5)
FRICE>TRLINLZBHRZOLDTHY, COEZHILLETE, H5 <Y DEBIGHE LB
A, C, BHIERODIHILIZ 2 tEZ 55,

B, A7V ORRAFORGIR, ML BLERB XU A\HFELETHSE LTS (Fig. 9,
Fig. 8 oML LI, AMBIZC O 2 20MBAEEATEYD, ISIKCOAHBEREDL S ICC,
BHIEMSEOERICAHH LT B EHERE, CDT LD, Fig 81Tk LItHIBRATIR, BIKNICH 2
EEEORLELIE BRIBHB LI D THEEEZ B,

efl, COHBRXDE, DFHIIZPHOBRERED D) SOBRICE LS EDTH B0, BA
BBDIENT LIRS, TRBNBD, Licd-T, 4%LDELOBRTEHOERICE - T,
CORIEICBF A REIEITIE D UERE 2 LEbh D,

2. BAEFRROBEFHEEHET 5K

D BEVHEOHESE

BREMROEZRBIEEMED &, BIERMOH A EZE IR 1R & RO EEELmA T T 2 1012,
Y, BREMBIZRTEME (i) 05, ZROE (@) LBRIEHROZE (8) ORUCIE B E{TE LIRD
BMeTL (4-1) 2EZ 5B,



® :%@:‘Zi’:], sij : %7‘% ’Ax a: %E/T’ﬁ%(,

% % 0
&1 = 2.8;:=0,.
i ij 7 ij

WARBEBT RS

Yij=pta;tBi+Eiy

B25

b BREMEG
COEFNVE, #°) % B} ERAKETIUTRLLERFIER (4-2) THEbIh 508, EEN
ICERROBSROBIDENYD, TOEITIR o, 8 ZRODBTERFTENR,

n. ng. e * Mg M1 “M.p o ¥

n1. ANy ai M.

. 0 {nij} .

. 0 .

Ha. Ng. @ Yao | 4-2)
n.1 n.1 B1 Yo

. 0 . .

{nis}
n.b n.b B3 Y-b

ny. ~ng. P EFROWREE, 7. 1~n.p: SBEHOMRERE, yi ~Jo. (FRIMNEREDOR, y.1~. 0
BEMBBRIED T

SearLet® |3, 4-2HXERDOISICULTHOTV S, 7, p*=p%=0 L T4-3x%HE 5, TCIC
RUKRHKERROME (DI,

ni. N1y * * 73, p-1 a3 Y.

0

0 .
Bg. Na1* * Ng, b1 @y, Ya.
= ] e (4—3)
M1 . * Ng1 N.1 Bi Y1
0 .
0

AL b-1°  * Mgy -1 7. 5-1 By Yob-1

pw=pg=0&UkcBEL 4-1XT =0, L;B;= 0 ELIHED o L pLERBATVS, SV
AN, ofld, By ORRARBICKMENRHOM NI EERR L& & OMERDORIR (8)) ZBRu, i%
ROETH B, CDag i, 4-3ROLEFPS 85 &y KU TLUTOXIICEDE S,
3= 3i. — (1/n;.) %‘, nij* By
4-4R%Z 4-3ROTFTHEMCRAUTERET 2 &, ofBIHEINT, 85 120 MRMB TR E X8 ((0-D)
xb) DEFGTERNERB S, CORERNT, EREHROM B /D5, vz 4-4RICRATH
¥, SRR (o) 2155,
ZDEIICLTRDI o, 83 EANT, BHECHETE (Jiy) BUTD 4-5RTHEH,
Jij= a3 +85
LT, SRERDOHE (B) L&BEHORHROI (§ B310) Lo %%, HKBIEMEDIS #LIIC
LIk - T, B2 BHENMT S IETTRRSEERNE (V) 285,



K 7=y K ORABEICET 2R CRIE) — 27T —

s = yij — [33,_ (;} 3;,/1,)] .............................. (4—6)
T, 4-6RIC4-5RERATELRDL DTS,
Vij= (@3 +8y+E&) — (8] — (§ﬁ;-/b)l =a}+ (JE_B‘;/beu NC
(" yig = Fi5 + &)
Xole, BEBRE (viy) 2XRCAF LT, 300DMEHREM (n.) TEHZ L, KRERROEE
FiE 5i) BEON5,.
Vi = (any'ij) | ny. = [7%-; {3+ (%353}) [ b+€553) [ ns.
=ag+ (%;,33.) B e (4—8)
¢ "?i‘eij: 0)
4-8RIBNT, & i3 gy DRREEEIC BEKRBOM NZEE LB Lo & &0 BEKRD ZRERO/
FEEROETHD, (ga;)/b BREROMEOFILIHIC U 8y LDETH D, COT LMD, WE
DOMTH 3 EEROEELEE (i) 13, TOMBORENITEH TENENORRIRTHEMTH S
EATEEINB,
2 #H A B R
IR C & ICHERBIE R EEMBO T — 2~ 4-5 REBA LB, EEOBRMEE ZoHEEMoi
Bid Fig. 10 &80 THB, COET W (4-1) IKL2EE (SSE) R, kD 4-9XTkRd SN
5%, X5, BROEEFEEOEBERZER, 4-10RICK - TELMEZ R U, HBRAE X UHIR
SSE:Zi: %:_y%j — [Zi: (. /ni')-f-;(ﬁ;-bj)] ........................ “4-9

by ¢ By R ERFBROAL~N b

A H i B #b i C b i
A area B area C area
351 .t nt
o ¥ : o
8 L S, . ¢
#S 30 e e el
g 25 F Y B o
%E 20 ‘. '.Jn‘.{"':;:‘ "}ﬁ .‘ ';}‘?
= 20 L oo e N
ke n=110 ¥ nang " n=103
15 F r=.94¢ r=.981 r=.962
O L i 1 3 L A —d — I i 1 m
0 2025 30 2025 30 20 25 30 35
#gooAa (&

Observed value

Fig. 10. 5 4FEAKha OBRIE & HEE B & OHuR I
Correlation of five years height between observed value and
estimated value in three areas.

) BREIIREMRBIR RS,
Notes : Observed values are family means at each progeny trial plantation.

HEMIZ4-5Rick 3,

Estimated values are caluculated from the formula 4-5.
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60 A i
é Q O——0 7 area
L2 e B
7 ? @ \ e i B area
w22 o ©—0 C it 5
[ . . . . L, Fa
wiP \ Carea  Pig. 11 SRBUEEEMEICIES >
#5s 40 o R R OHER
B o4 The change of standerd error for
v o . . . .
S o\ adjusted family mean height with
5¢ \ o, the harmonic mean of tested
> o_oe“o locations.
28 ~o ) FRAUETLTED Pz 4- 9 R
20 B LU 4-1020 BRI,
e SN S Note : Standerd error for adjusted family
20 40 60 mean are caluculated from formula
4-9, 4-10.

1 RAL )RR O T
Harmonic mean of the number tested locations
per family.

KRV DBEER v (SSE[(n. . —a—b+ D] [np ... (4—10)
np ¢ FR RO O HFEY
BT AL LI 4BDIED0T, TOREERMEA L L SoEEmeRo PR GEnTs) s
B Fig. 111CR Ui,

AMIRAD G EXREIEAIR, B, CHIIRDO ZNICHATHERAEZ N E2#HRLTO S -1, 2),
co&EFTNV (4-1R) TR, GEXRHERARS -7 LTERBELLTHRICEICEIDT, AHEOD
FORTEERABELRENE, BEFEICHT 2HEROBELHSE S (Fig. 10), 2DFR, RO
BIEEEEICEIE D% SR E S (Fig. 1), Leh T, COHETHERFROBIESESEEE
TICHEE T3 7o0iCi3, GEXRBEMEMENS EEDIRERORAMNUBETS D, K5 LictmEmki
I OHEEBR T2 ENET L,

3. BT UREsESoMRERM

D B oKk

T OFEFTICIE, W-2. TR L7c 3 DO CHMICHR S LT 2 5B 28 ZROBENEHHEE
ANtz 9, IV-2. TRUAEFEICE - T, SHEHEROMSOELTEERA - B - COHBANIK
L, CCTR, COEMIEROBETEEE, TNTNOHRTOFENEERRIGERTHE S
LT, MBHEOMEEITEIBROERT— 2 & Ui,

WHEMFROEEOHIREHIIZ, T, 0 BRIACEFEVEEICK ZHBEEREEZESC LiCK
D715 ot (Fig. 12), 2¥ic, 0 28FR% 3 20LH GUBAEBETESM) % & 2o8AK LA L1
LR EATIE - T, HIBIC K AERIRIC S & DOV ISR R RO X %A 7o (Fig. 13),

2) # e

28 ZROBEFHEOHMISINAER, LThoME¥EDd 1% KEOHFEEMNAD Shiz (Fig. 12),
12220, bSO L Hic, SHEEeE s, MBICEBEFEEICEPEDD SN EHNM
H5b, WeERicH b &, B-CHEBHOMEEIA-B, A-CHUIBHOHEMBICIATHPE D,

ERDAFRTRDIE L « 2IRDPOFERFNA 3 TICK 3 {EXROEA % Fig. 131KR Lk, SFRDOHE
1RO A 3 7id, 12 BERETEO RSP SR 7 EEFEEE SR EEERS 5 (Fig.
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Fig. 12. REEMFRIVEEF LSO HIRRMHEE
Correlation of adjusted family mean height between
A area, B area and C area.
) FRRADBEFSIHER 4-8 Nic X DHBANICEE LTz,
Note : Adjusted family means are caluculated from formula 4-8.
BREDSHIL Fig. 13 OERIHTICL 5o
Families were classified into three groups according to their
principal component scores shown in Fig, 13.
O:14nv—7 Igroup, @: I v—7 1I group, + : M2 w—7 1II group.
29 e
/-— N . ) - - 3
20T 60 \\ é 7‘»1—7 Fig. 13. #H1BIUB2ERHORX I TICK
r ey o
yd . ° joer Y e
P o 00, Jom == O ~ Classification of plus trees according to
/.——'\— ---- * \\ their principal component scores, Z; and
<. 1 * Je 8 Z1iusn—7 Z,.
~20__ 1.0 o0 20 [Group Il B TRAHFHL, SHRCIBECEAT TS
S N / 28 FROHBRANEETIRTT B L,
N + ~ 1.0+ \‘\“~\,.// Note : The principal component analyses was
N . ) performed based on the data of adjusted
N e JMon—7 family mean of 28 families tested in the
o204 " Group Iif three areas.
\\\t“’/,
m [ ]
o 28T
ooy
% 4
: .« ¥
Fig. 14, WHEE&ERO%1TmH0za F ; %
7(Z) L 2REREBRLTIRES T 3 2.64%,°
DB BEVHTE & s ¥ E >
Relationship between first principal # % ...."
component scores (Zy) for 28 families & & e
and adjusted family mean height g ® 244
estimated from the data of 12 pro- L ® | 171
geny trial plantations combined. _ 26 -1 'O 1 b 2'0
- 224
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14), 2¢T, BEHROFE2HRADAITO REIWKLIH-T, BEMERE I 2D/ Vv—TRKESL
72o HZWADRA I THBEDKRENEKIEBHEF%E 17 Vv—7E LTOH, 0ICEVWRRE 2 7Vv—7,
BOBENBEREI S Vv—7ELT, TNENOH, XAITHRE L (Fig. 13),

CDOERDIITIC K BRI O A RRAMIBEHBROEMICRT E, KO X 5 R EPHEINS,
Fig. 21 &k 3 &, 2 70— BT 2 XKADOHIBAEEFSEIZ, A-B, A-CHIBHETIIELT
BY, ~BOBENEV, —H, 17v—7DRRJ[ZAHBTOBEEFSENB - CHEBOZNL D,
BREICEN, 37 Vv—7DORRAE, 17 v—7Li#ic, AHIBTOEETFSENB « CHROZhick
NTEN, F72, B-CHURIIDMEIMIKICIE 3 20/ v —7OBFFIC S H ot IR ED ShIT0,

3 & o4

DIEDEERP S, 77~y BEMIHBEREERICT S 320/ v —FIKRAHTE 5, ZDHEIBHED
BN, AMUIREB, CHURTOAERZMEMAICHELT, LUTO3BOD /¥ 24—V K-TRbEN

® AHEBTENB, CHIBTES (17—,

® TRTOHBRTEEL TS, (27 v—7),

® B CHERTENLAMETE S (37 v—7)

oz tk, GEREERAZRTERELTOMELS &SNS, 75V BEMOEPICL - 37
W—TWEETERRPELTZC LN, GEXRAMEAOBRERTSHA D EEX 505, —7, GEXESE
AZBREOMED,S &S ANE, AHIREB, CHUSCTRROARRIGIZELSZLEVITETHS, 2L
T, LOZ LR, 3O0HMIREHMSY 2RKEDOBMNILEN» SHEN LT, B CHIRDERKE
rizk by, FEHIBSH 7Y OAEBEEE UTHENENLTWE AT i, CED2DRIEER
Tnb, ke, M-31CBNTHRALZB+ CHRICEZRENSET LWETEELIHTEZEFTEH0
Thb,

Ei, COBBOXIIC, RREGTEWDGEXRILIEABISHICED SNIHEICH, RIFTEHDOR
%27 =7) OEERIBREZELTNS, 2D &R, ThEhoBREEAERT 2 AR cIHBICR
HRISHOEZTIR A, [RIBEISEE 2 7O S AR NS 5 T L EZRLIZEDEER
%,

4. BIRIRHIC & 2 HERBOR SR

1) BHRIEBOFERE

AR THITORE LTHERE R, S FEROIEMICRONE DT, ThiEFBEMEROEN
BRAE & B LT, FIERSE S, BAROMBESLIED, WHOYIRABRED SIS VBIR £ s
CEAEBNE UreBIREROE ERL U T,

BT OBHIERC(IZ, V-2.0 (4-8R) K& -THES 3., THOLENETNOBRRERDLS
i U7z 4 REOMBIETEEHE (P) 2T, RORIKL-TEHHETE &L Ui

T=bP1+boPa+bsPs+biPy e 4-11
by i REDES SR,
KE O 1:#E (m), 2:WEER (cm), 3:83kD (m), 4: £FH (arcsiny' %),
ERBICEZ BEHSIHEE () 13, ATORICK > TRD™,
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b=P-1eGea e (4—12)
b BIEOESSITHEHDZ T~ b,
P KRS - S BOHTTY,
G  BRRAH - WS HATT,
a : ZEOMRAIREDHRD &2 7 ~<7 tov,
REME LURRONL - £33, WENBIZREHED» SBREROHREZE U Bl 7 BIEEIE
(4-6RD yip) ZRAV 1 THRDIH « OB E > THEE Lico Ffo, HEREERR(a)
12, MELAETERCOVTOAER, WEEREERVICEENEDE L,
2) HEHREGRORDT
MEORBEDRI, PIPERSEN ETANLEEENEHTESE05, TUBRBRLIOBKT, KO
kS ic LTk, TXD EEBZICLTITRDN, ZOMOEEROERIEFE—E (Hi/5) TH
D, FUDAEREE LR IREHE (Ho) BkE->TWV B E{HET S E, BUIEREY D OERO FAEY
DEE (Cu) B, LITORTEDES,
Cuwi = Cw X [Hol5 (Hg/5))  eeeeeeeeremii, (4—13)
cw : FBAEOBNTER Y D TARE
H; i X205 F4EHE,
zORD S b, TRBM (co) ZFEREEL ORD, H 2MRERO 5 FEMEEEHEDO4/5 (57
VO TFXERIZER 4458 SThid, SEBOREETREDAF (Cu) LDBMRIT, Fig. 150k&

¥ 1000/ hq ¥ 1000/ ha
140 & 10
r \o i @ [-
Tekol N\ wS L%,
% © AN ms "o,
. uEg o P % \o\
#* 3 120 L \o\ mwa ~10 | o,
"= ot ¢ oy & TR O i e mamE 0
”O b Area ; Mean and standard "o, -20 l. Area ; Mean and standard
deviation \o deviation
' O J \O ¢ O J
——q ———i
——— ——
i ==
L L 1 1 3 ) m L L 1 __jarcsin
22 24 26 28 30 112 13 14 L
5 F4£HF £ F X
Five years height. Survival ratio.

Fig. 15. SAFAERIE & TXRE S L OEFE MRS & OB&R
Relationships between weeding cost and five years height &
planting cost and survival ratio,

&) SEAREE TXRE L ORI 4-13Xick %,
Note : Relationship between weeding cost and height is from formula 4-13.

RS ERE S OBRIT 4-14Kick 3,

Relationship between planting cost and survival ratio is from formula
4-14,
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DICEE B,

HEFERTEOREHIERELLAEE LISB52 &0, ZORBEHFEIMNRELOBFKTLUTOX
HICLTRDIz, —I, SEEDOKKMET, TNETIK MR L 20T &MHEETR S SIETH
W, 1 ZROBAMEY D OMERE (Cp)id, ROXNTERDLEZ, TUNOBAE LRI, cp 2HER

Cpi = cp X (ps — po)

cp ¢ BANITEIRE M O REAHRE,

pe i BROEFER EEARE TN,

Do P HIREEE LIS WAEFRORE (=0.8),
FEDORY 2 E, SEHOEFREMERE (Cp) LB, Fig. 15IRLICL ST S,
wIT, BiEs X CEEROEMBROTEERRBHEORERZE (FRFEEEOBERE) 2HALT,
L CRAal+EERE) S THRE CEAE—BHERZ) IS 2RBERD 2 (Table15 £2R),
5EERO[T, EAFERIAETRE (TARE, SRR toBRRERNTREV, LVB2TER
i« FRECHBEATREBNICENT I DD EAIRLT, MHFOREDEE 2 TH LZEE, £hEh
DHEMIRELR (REBEHEOEEREY D ORBOELE) & Ui,

y

Table 15, REMRMOHAZEAROICRRFEEED OHEE LI ZEED
ES 321 :00) ¥ Wil
Repeatabilities of family means based on family location means
_— R
¥ 8 TT——__ Area A B C B+C
Trait ]
1t = RE .581 . 673 .822 .818
Height VBV .0216/.0372 | .0091/.0134 | .0321/.0390 | .0185/.0227
wmowm B 7% Rf . 635 . 663 .781 . 809
Diameter VE)/VE) .0374/.0589 | .0156/.0235 | .0508/.0650 | .0318/.0393
/53 iR D Rf . 540 . 390 721 716
Crown width VE)/VH) .0063/.0117 | ,0022/.0058 | .0092/.0128 | ,0057/.0079
A 17 prad Rf . 357 .319 . 484 . 508
Survival ratio VE)/V(E) .0018/.0050 | ,0009/.0028 | .0017/.0035 | .0012/,0024
47 48 38 55
Number of tested families
ME MBI RTEIE D R
Total number of family- 110 118 103 221
location means

H1) FREEEORENOHEFERROEED,
Repeatability of family means were caluculated as follows.
RE=V(F)/(V(F) + V(E)/s"). V(E) : 4%
Error variance of family-location means.
s’ 1 3-5HABR
See formula 3—5,
B 2) BUEMBEREAED oERM oM ZERO I (4~ TXBR) 2REROFHEICA N,

Family-location means are adjusted by eliminating location effects (see formula 4-7).
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3 FEA - FZRoBLHEE

BEBERED S LAcRBAN Y - RROBE LERE A% Table 15 iR Lic, COHEDd, Rk
BoOEREBIR—ETRNDOT, 3-5 RiCL>RDLRRY D OTHPAMK () ZfH - TERIMD
S E(TI2 - 7c, Table 15 OFFRI - RERIS# & RE i, Table 12, Fig. 5ITRLIEEIZEA
E—=FK LT3, COTEpD, FREIURHMPEOMER, MERORREZE LI BUERSR
EHE»OTE-TS, 7oy MEGELORAMEMEEUET IV (3-1K) TR - 7B RITKN,
PPBERTEHLEDDRE L S VDE S TRNWIENVESIL LT,

wiT, 2BESOOEERRIEEHOTHIESTET S, RAMOREMS KUK HEHEE
L, HFORIC & » TRBIBMBE (7)) L5RMB (7)) &k 72 (Table 16),

7Fii=cov(Dif VTR g s V(7); e, (4—15)
cov(F)i; HHL i & 7 &L DREBIHE,
V(& V() E i BLU ] ORBES .
BT 10 2 VI VA 7 ¢ 5 PR 770 ) VNS RN (4—16)
cov(F)sy: H i & 7 & DRFRILSHE,
V(F);, V(F);: BH i BXU j ORRL
WIBANOEKHE DS EFTEAL, .3 ORREBBRLTH S, —F4, HEMHEE» SRKRDOLD
IERDEEL S5 (Table 16), 4 >OHURE®E UTEREE BE, EER, &KkD) HAEKOR

Table 16. #1 #® 3 o % H M #H B
Phenotypic and family correlations of four traits in each of four area.

a, & 5 3 M B

Phenotypic correlations (rf).

T Huk, A B C B+C

% " Area

Trait .| D CW SV| D CW SV|[D CW SV|D CW SV
ﬁjeight B H| 961 .ges .569| .897 .775 .123 .95 .846 .353 .946 .862 .298
@aﬁeﬁte? D 846 586 703 249 .805 397 814 384
B w@idth Cw .581 -.017 .373 .250

b. ® % M HE
Family correlations (rf).

T~ His A B C B+C
¥ &/ - Area
Trait ~ | D CW SV| D CW SV | D CW SV|D CW SV
*geight B Hlj 000 .904 .001| .938 1.000 .135 .973 .878 .410 .966 .934 .355
@fngefﬂ? D .887 1,000 961 485 .834 461 .888 494
= #® w?dth cw 1,000 -.287 . 497 L3811
A rF & rrl3a-15 & 4-16 b bR 7o SV ; 1%,

Note : 1f and rf are from formula 4-15 and 4-16. Survival ratio.
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BIZMEE « ZRMBRRIETICEL, VThoBed, RREEIKEMERL L SEVEEZRLTN S,
Fio, BEAEOHIET, BEMOMBBEITEVING MEsNEERE, BFEIERY, £ U ThSE
BERGRD L1585, AERLEERE L OHEBICONTIY, AHIBRTHENTTOL, C, B+C, BHR
DOIUTE 12D, RICBHBTIREFRLIBIRD B OB E & OMBIZED S50,

BB U7 AR RIEE L AFE L OHBRIHBOETEMEZ, V-1 KEOWTHL M LBKkBOFHH
TENMCH E DB (A - C« BRUROIIICEE A L) Eb—FT 3, £z, HIREIDE
FROELL, RRICA, C, B+C, BHBOIETH S (Fig. 15), DT EMS, #5<VIiC20NT
i3, EFEMEAREIMBCIIARPE EMROEDLEEE LTED SN2 HELME (EER) o%
REZED, IDEBEHEOR LB TRERRE L BHOFEENXREICS ESREELTHEbNS
TEERLICEDEEZOND,

4)  HIR OB

Table 17 ICHUBRI D EFIEBNEHE UIMRER U, 2 ORBIEHNOZTLEDOES ST R%E
HEFNRT & Fig. 16 X H K85, T, MRS LICKAFROBIKIEREFHEL, L d- TFhic
Koy U7 Ratm SEFEOMBNICR L (Fig. 17),

BRIEEHOEA SO RS 5 &, B, CHBMSEUMEMICH S C Lk ans (Fig. 16), 373
bbb, FEREICHT 2HRRRIEETEORSVE, BRVIZADOH T U TAFRTRIZEAEERTH
o 1L, BHBOEEOHEOZNICKE LT, HE T CHEEETASVOR, BHROME
DOIEID PRBENC & E, ZOMBHRBEDRBCHIMID & /NEpok/cdbTHA D (Table 15,
17, %7z, 2@®B, CHIRTI, AHFREIBIROOMEBECLADMICIEZ T D, HERDOHEY

Table 17. #1 | 3] © & K #H X
Selection indices for each area Statistics
T H1 o

g T Area A B C B+C
Statistics T

HERS HORE i (1000F3)

Relative economic value (1000 yen)

k. (=]
ﬁfeight =) a, 9.123| 6.266| 8317 7.085
S%rvival ratﬁ a, 2.948 3.067 2.631 2.535
) #

Variance -
mAeEE HE M
R R ding value vV (H) 2.153| 0.379| 2.363|  0.998
Agregated br
'R R H V(1) 1.429 | 0,261 1,936 | 0.818

Selection index

D IE
Accuracy of index selection T -815 - 831 - 905 - 905

) MNREMER Fig. 15 R UEBED» 5K 1z,

Relative economic values for trait are shown in Fig. 15.
PIT oftst BiilB @ Hkic Uichs - 12,

See YamapA®® for explanation of these statistics.

V(H) =a’Ga,

V() =b'Pb

TIH  =+V(1)/V(H).
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o

Height D. — .L 1 L J
WEEE ’ 5 =
Diameter — M I O
KR Y ; ; ‘
Crown width q O D !]
iﬁz | H H ;
Survival ratio . |D1 L t ﬂ i
’g | W— 1 ] | T 1 | — | 1 i I
?;/rait -20 00 20 40 60 -20 00 20 40-20 00 20 40 6.0 80 00 20 40 60
s A Hh i B i i C ih 15 B+C #hiz
Area A area B area : C area B+C area
Fig. 16. HugAlcHE LB DEA ST R
Index coefficients (bi) for four traits in each area.
) AREOES SOEIMIT 4-12c kK DEHL L,
Note : Index coefficients are computed from formula 4-12.
arcsinlfle A arcsinfs € #
1.5 A area 15 C area
oo o oo + ¥g Voo, o
'y o
s 13k T} o ° % 13F + v T, teg 82
5 # “”0 ° + e % ° °
= . Pyl
7394 ™ 1.1 * oo
E +
% S L 1 1 1 Im L 1 1 g L am
%o 22 24 26 28 30 22 24 26 28 30 34
B g
& g arcsin{¥e B i i arcsind, B+C # #
Ex> 15 B area 1.5 B+C area
% E Lo .
ﬂ;% 1.3 \4..\' o ° 1.3 AR moo xds»’)
- +
By Iy +}:t+,.*.‘2.oo : 2
< 1 \ 9 11kt \.o\
[N L l L4 )} 1 1 —m
22 24 26 2.8 22 24 26 2.8 3.2

5 FAERBSRRFEETHME
Adjusted family mean of five years height.

Fig. 17. REZROBIRIEM EME L LUOEEROFRIEESEE OBGK
Relationship between selection indices of each family and adjusted
family mean of five years height & survival ratio.

) BRIERIERZZOHBIEETEELE Fig. 16 IR LR BEOES S FiE
FANT4-11Ric K DEH LT,

Note : Selection indices are calculated from adjusted family mean for four traits
and index coefficients shown in Fig. 16, using formula 4-11.
BRADEKIERE, O EAr1/3, @;Hhfrl/3, +; FAL1/3TRU,
Selection indices for each family are shown as O :upper one-third family,
@ : middle one-third family, and + : lower one-third family.
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FIREDRRERO BADER LD LR > THBREEDLIN TV LD EHERHII NS,

LA, COmMMBOFBHREH LB+ CHIBOREREHRICBY 2 ZHEOFRBMB TN TEDH
KIZ-Tnb, 2hid, B, CHIBBIMOBAICHNT, EEROMMNWEFLHREIS O & p/hELR
D, TOREHIREL L 72T EDb, EFERICHLTZDEERAEEZ D120 T, ZTOHRERMT
XRXDCI 11D THEAS Do

AHUBROEHIEHA TR, WEERELCEERDREMNEDELZ &Y, HEATRADMHENS S, TD
HRTHEEEOREBREVEDOME & 2 FHRR, BEDHREEZHHOEIMBWEERDZ NI
KANTENC &L, BEEREEE, EFEORRMEEMNERICHENC LICL2bDEELLNS,

Wi, Fig. 17 ik« th« TS T 2ERETATS &L, AHUIRDIACTRAT B OAE &2
DEEN D, CNE, BERDBIKISUMERRYE D OHEICHEASN TN S EERLTVS, T
DT &R, WEOREAMWEEROZNICHNTRADPIIEL, P OoESNREESRbATVCLICKS
bDOEEBZ NS, T, AHBICEWTE RSN 2 BIKE I hoMBIC AT, EEROZE ISR
FIREWV, chid, AHURTHEOIIEINPPEL, POEEREEREHEOMEBENENEN D, fho
MR &L /DR B TEEMELOBRBRICTRREMNS 5 LIS 5,

VB E @ R

FHEBRIKEERETIE, RANOEN/EREREME UTRIEL, B chons n—vREaE
D OOREFE AN TRABREMED SNTW S, WABTETIR, RKMECENEZETZCE,D, Th
CEEED SOMTIE, RRBEELETLT, EROBMKAIERINTO S, 4%, choDFEES
R T DEEE ) o —vid, RRBRTEOBRICLESOT, BOBDORESRHIRTENIZBREERT
BEM /7o —VIBEDPZIONDCEEN S, LED-T, COFEIRI-THLNS YUEH O HESHE

I

®E ; ! MmO i
Dt Stand age----¥ bk Stand age-—--¥

Fig. 18. 1 2OKERHERICH T 2HMHIOBREHICK 2 ANEX OHERX®
Schematic diagrams of land being reforested with breeding
material in an unit organization of forest management3¥,
) I, O; BHoEFERE Successive stages of regeneration.

A I ORER D > OBHERENFIAIC X 3308,
Breeding gain by utilization of seeds from clonal seed orchard
of plus-trees.

B ; RARMEIC X > TENIRIEE 2 BRI 2 RER D O 0BT
FIAIC L 5%0H,
Breeding gain by utilization of seeds from the seed orchard being
rouged inferior clones according to their performances.

WFE O R ML
Growing stock or forest value
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2, WM ORKE CERREK) ERMAMEICK 2 I o RIRFIF (FRER) O 2RET IS
(Fig. 18),

B ORI BIKIC K 2 BESRIL, BENEEOENEEREED L SVIRIKTEohick > THRE
%o ABOFEE, CORKUIHEEMELEIMEIE LTERTAC LI >THEDONEDT, £0OK
B3, BEMOBENHRBEORTICASJRET ST LEEN D, L -T, HEMOBRIKICK 2BED
FELEUCHMBLTHLCER, HROMTTHEELEHIT, SROEEE LI WD B0ERNT B0
ICHEETDH %,

TRBTICKEZ2EEDRR, I, VTHLIK LS, GEXREERICE &3 HBXDEE ST
LA, ZLTC, HIBATOREDDDEHRELEIETLDINIKI-TRESENL S, 51T, EREIC
U BRER R OHEE AT D 1Cid, MEIREFEBIKENEORE SICX - THhE 2EKE, Hih
OERFHBLTEERRIKTH 2 &b o, BEMOMBERIGGERT 2 LESD 5,

VETE, TO200BKBTOBERSRE, RIRERDOERDP SR L, 7, SREHhTxle
UTHIER LT 2 — R AT OREEE VT, HEMEROFY & O RBAETIE, KIEfhEk Ik
OB AERD 2 (V-1 2L, O, VIORUHEBX S EREHEICS E00T, 2hEho
HIRTHEEMAERVEL, ChiZX->THRENIRERLBET I LKLY, TTHhOEEINIY
BULUABEDY, ThETOBTENICEE»LONIESOBEIREHE L (V-2),

1. WBHEEERCK 3BENRE
WREEIIC X 2 BHRRE, MERBAL, & XUEEMENE B O 1o URBAL TR 015 &5

Table 18. IFFEM DN &I & OBREMF D s

Comparison between progeny mean of plus-trees and commercial
checks at each plantation

-~ Plantation| - -
Popfaw | MI7| M| MOS | N1l | Mi4 | M15 | Mi6 | M2 | M32 | M3 | N1 | N17

et B dy | .324 .290 -. 121 — 050 363 -, 041 047} -, 020| .484] .076| —. 275/ .129
fgifht sq | 172 .147) 114] 129 104/ .074] .09¢] .080 .107| .114 .114/ .083

Mg E W & ds | .308 315 —.061| . 106] .507| —.067| —.041] .076/ .564 —. 020 -. 414 .195
Diameter sq | .221] .136] .141| .141| 170, .134| .105| .141 .162 .138 .169 .147

(cm)
3 d; | .345] .126] -.040| —. 028 .032 .191| -.023] .o077| .279 -.011] -.177] .119
%g;?vn-‘VIdth sq | .132 .067| .067] .073 .072| .095| .067] .o74l .068 .044| .112| .069

B B £ d; .008 ,038 .065] .027] .068| .015f —, 056 —. 003 .036f - 076 —, 100 -, 013

%égzggff/éfflo sq | .100] .069 .062] .080 057 .059| .079 .041] .059| .074| .058 .073

HRRAH
Number of 31 24 24 31 31 31 31 25 24 24 31 24
tested families

MEDHHEE
d.f. of MSE 62 48 48 62 62 62 62 50 48 48 62 48

) RBORSRUTOELD
Symbols are as follows.
di: WEMOFEE SR E O
Difference between plus-tree’s progenies and commercial checks (=progeny mean of plus-trees—
commercial checks).
sa: RO
Standard error of the difference.
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REDHBETRS T EICK T, BRINLBEDRLE L TRD 5N L. BEKBEATRD 2HEDE
2, BOBOOT 0y FNESME, SORFHLUTHELLETHZ»5, THICHEUREEREICX »
THRET 2HENH 5. T, EHRTHOBEZHIBEMNTRA LT, MHOELHET 2B4ICE,
HBE UTRHOTY 52— &R O S RBE ESIRERIC K - TED C ERRELARBIZE S T
EMEFE LW,

D F %

TY, RERBEA T ORI OFL EHB E O BETTE - 7c, MHBEDER, WHOHMTIGME SR
Dico TOEEMET B0 DBEERFE (so) 13, RS ED R 20 (FRXEE) oo#sitick
> THBEENK (D ZRANT, ROKRTHE Lz (Table 18),

Sd=x/(l+1/a)(s§/r)
U REH, e WEEEREG
DEIC, BERENRORRERS UTHEOBMEE THREITE S BBICiE, SPEMOEZES BbsE

Table 19. ¥EHBIOSE & I8 & O HIRFI O Hist

Comparison between progeny mean of plus-trees and commercial

checks in each area.

\%\ﬁ\\\\\\\\ %%? A B c B+C
Trait ]
it = di+se .0864, 104 .0794.094 .1054. 155 . 0944, 084
Height (m) Spl . 0240 . 0273 . 0855%* . 0470%*
52 . 0201 . 0079 L0111 . 0095
X2 10, 44% 8. 80* 6. 31 21, 08%*
o w B & di+se L0954+, 112 .1014.133 .082+, 220 .0954,113
Diametetr(cm) sul .0254 ,0514% . 1689%* . 0BOB¥**
5 . 0268 . 0194 . 0239 .0217
X2 21, 2%k 14, 14%% 2. 67 19, 25%%*
B [ di+se . 0824, 088 . 056+, 045 L0624, 096 . 066+, 049
Crown width(m) sp2 . 0240% . 0022 . 0315%* L 0137%*
52 . 0079 . 0060 . 0060 . 0060
X2 41, 12%* 8. 60% 45, 87%* 54, 68%*
B y=3 bl di+se .0414,038 .016:£.033 | -.037+.033 | -.0104.023
Survival ratio sp . _ _ —
(arcsinv/ ) 5 . 0062 ,0043 . 0044 . 0044
2 14, 55%% 23, 29%* 5.56 29, 87%%k

) ditse  FEERE MR E OXOFIHL 2 OEHESSE (di it DTt Table

Notes
s2u

Dy CRUEMRE ORE

(e

Interaction variace of d; and plantation.

52 dy DIBRESHOTY

Mean of the error variance of d;.

X2 ioN— b Uy MEREDAEE—EERET S 12 H,

x2 of Bartlett’s test.

k! 1 BLRNVTEERHD
Significnt at 194 level,

*: 5BVSATHEEDD,

Mean of d; and its standard error (d;; see Table 18).

Significant at 5% level.

18 B,
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—TH 5 EMHHRLLE, 2T T, HBADKRTEHDOBRENUNE—TH S0 D % Bartlette EiC
L > THED»D Iz (Table 19), ZDHER, REAEDEE, KMENOBESRIBE—LBHBEEBNEIND
i EE DT, Cocuran® ORULICHEICE ST, F9, MEOEEIKRENEORAIEROMIEZITE
ot HHE  NEEE - BIRD @ 3HEKDVTE, CORLIEMICEELMBRD ONDT, DTOR
T > TRAMFMS K (5 ZFt5 Ui (Table19),

Sf,=[{2(xi—f)2}/(k—1)] =52 (5-2)
%0 @ BUERT ORI LR EDZE,
1 i RERTOMED EDBEESH (=,
2 MEQEDBRESROT (Zsi/k),
k BUEME
ZEMEMOED bt 3 DOBEICOOTIR, HBEA TORIER T LR EDEZ, HToRIC
£oT sk L osf TEASYHLULFESEE LTRD I, o8, KAMERADED SNIEH - 72EFRIT DD
T, WA TOWEDEE ] 2T OBBIC L2 EA ST EHMEE UTHE LK,

[

A= Wixs) Wi e G-3)
ﬁV:l/(sﬁ-i-s%)

2) # R

BEMOPE LR E D% L, TOEERNEE, REKRBRL XU HUREA T 3HE Lo RiE Table
18, 9DEBDTHS, COHBDRERE, WRENK BN THAICHE T2 X5, RBOE%E 100
& LBl EaTHEDb Licod Fig. 19, 20 Th 5, Fig 19 Tid, WEKBOHEORRELE &
HIT, MHDED 95% KA R Uiz, Fig. 20 T, MR OHEOREREE £ OZEDEER LKL
7o

BOEMRBEN OB T, WINOBE &S BN ORI T B o Fa0 ot LEH - T 5
(Fig.19), 7c72L, MEOEABEMSBDONIZDIR, LERETENEN2, 3hROHMEKIT
T, THPAR TN TERREZOHEANTH %,

T/, HBBEMOKETIE, CHBXU B+ C HIBDEFEEIHNROEEELPTE S5, LERET
i3, MET3~4%, WHER, BROVT4~6%, HEOFEHEEMS (Fig. 200, XL, ThbdD
ZITEHERRE L AEEOREITHD, PRI VBRZOEHNTH S,

PDEDZEDD, B 7= BEFICONVTIE, 5ERIERE UK ATORER, MRICENTEN
TNBCE%, oSV EHERTEZCLERITER M7,

3) & %

DT EERENSE LOMBEE UTERT S L, WHE UTAHV — SR OEDS—E TR
T &L, MUEHICK - THEM E OO R BRI A REMFAOREBRREEZEZ OND, T, S
REMEN TRRK EREL1 72y b)) LAMEIIATOROOT, BEMOVERICIE~NT, 0Ty
EOREIZR B PICEN, Licdi>T, MEDEDEERZLIEURSNELTD, RYICHEHOEE
MFEBENTORELTS, ChERLTIICTHERBKETRE - b0 L HHl s h 2, 35
I, WERREE, BEE» OREENB LI TREROMRELELT 5700, IRICHTHENEO
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o ENIS%IEFEIX RS
40 f /Confidence interval of the difference at 959 level.
#oo& 20 -% { i %
Height I %
ot Lo fo t g g g
-20L

o

40r
mEEZ  20F

aAt B i

-20L
4op
Ok Y 20 %
Crown width % %
R o e e
-20L
0/:
Survival ratio 0 %-—- %---%"-{ ------- i---i---}""i““'"%'"%"‘é“‘%
i -20L
Trait *ﬁﬁﬁ_ M17 M34 M35 NI11 M14 M15 M16 M27 M32 M33 N14 N17
Plantation COA s B i C # 3%
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Fig. 19. HZRERTOBEFOFE &K E D i
Comparison between progeny means of plus trees and
commercial checks at each plantation.

B (-B——I S [ }-H—d
c »—B——q .l D T R
: : | ;
we Be B B b
o3 L i 1 J /o L 1 i 1 1 l“/o L li 1 x "‘/o L Ii 1 F) /o
Area -5 0 510 -10-5 0 5 10 15°-5 0 5 1015°-5 0 5 10
EE # 85 meEZ R Y & FE
Trait  Height Diameter Crown width Survival ratio

Fig. 20. 3R OV & IR & DHIERBI D Mtk
Comparison between progeny means of plus trees and
commercial checks in each area,
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HAROAEHENZBERI A TH 5. MEOLED, MRS FEEVSYBKHOMERRICLZ T EEEIN
i, COTEd, MERICE > TERER LI, BEMHOWMC<A FROBERE LTEELTNSETF
Haxhz, Lk, BNERSEIICBEELT, BRMCBBENOMEO KT, WiltloaEEHs
FEHoNRNCERB s cbD B3,

T/, BB ULAAERIIEOWEDE LT, TOMRERETIE, KOXDIICEZOND, 77V HEE
B DKL, X T 20~60 FLEDHETITIEODNT BY, TORKOHRIS FEROERICIZZEA
EHDLNITV, B0ANE, YEHEMENC EEZRLTNE EEHBE5, $/, I, VTH SRR
K908, COBBIIMHYUBMOGEREIEMERT C &M, Bk &R - 2 RETRR LSS, BK
DOFRBBLAERIBDODNTLE DI LEEZ LN D,

UIeS =T, #7220 TIL, KR OBK DRI 721) T, Wil oS RERK IC-Ha0 it s s
HZEREELODDERELNS,

2. REBEICL 5FEDHR

RRBREIC K 2EESRIL, LRI FEICX > TIRERENE SN, £ oW B INIcERTHS

R - W RINDIERICRATNAMHEE UTHE LT,

@ RARBEIZA, B, C, B+ CHURTH 4IC/EH UIGREIEHICH &0 THTIS D,

@ BEISNIFEER S v— ¥R, SHEES, REERLEERT20ICREBLEL 25 70— ET 5,
® ZhENOREED> CAEINIHFHEEE, RESTABELIEELOLHRICERINECELET
%o

1) BHROHEES

Table 20 i€, £XEFEHOHBHIRIEIE]E, THICHESOTEEINDE LM 25 7 a0 —vERUT,
5T, TORKETILOBORIEE (4, ), BIEE () BIUBMMH (4G, 4G) ZHuK, HEL
1255 L7z (Table 21),

738, Table 21 DLLEOERRR (46) 3, MR ETIRHIER 7 n— V¥ GBI X D RIZ3)
EBIEENE -V (570 —) LOBKRD S, Breeker® QIR UIGEHERE (1) 2#H0T, &
BOHBRIGEE LTROABETH 2%, —T, bIVE20EEHE UG) &, BHI LK, EEORE
e (S'=Efr25 7 0—vp¥—~4ro—-voEE) 2HEL, CHUCKET (R 2HFBEIT
K-> TEELIETH 5,

Table 21 @ 4G - 4G’ %, BEOKERFHET, RMREDOHRICH LSV TREHE L 257
—VIELIE->BAKTFRIN I EHHETH 5, Namroone 130 ([ KNI, THEIK LB TH LS
BRERESKT 20, $570—-V2REEI SR ETEE TEHBOENS TR LICTEDT,
4G « 4G’ D 2 fEOYMBENREAEINBEE LTS (M-3), M IDC &b, WEMEKERRBEICH &
SLBEROBRFAICI 2R (G(%) 3, ROXICK >TEHEN D, TD 2 DDER

4G(%)=(Xp+2+5 + RP)[X: e (5—4)
Xp BEloFs, X 0¥
D¥E% Fig. 21 1TR Uiz,
2) HMREBE
Y, HEIIC &V OWBETIES &, BE, BEERTR M IIIZEVEE L 50ICHLT,



BAED, AHERTEIIEDEN (Table2l), 2D &id,

KABESHIERSE B2%

BRI BT X 2 Z B RIBBRIL DBRIC,

ED

ERICEBEOERZBNICPERT D TH L EELOND, BIKIEHRNEFR T 2RICIE, MEEER
RICHMHIRBERDIREGZ 7008, BRELUTEMTEMEERICESAEBOCBEEEE 2080, &
AEEMERDIRBONLETH - D LR EIN S,

%1z, 4G L 4G LW T A E, iE (RP) OEVIEETE, MEDOEMNMZE—HEH LTS,

Table 20. %5 2 #f @ # 3% B 0% K &5 ¥
Selection indices for plus-trees in each area.

EARES = Area 5 ZRES . Area =

Family Family

number A ‘ B ‘ C B+ C | number A B C B+C
2930 8,14 19.10% 14.18 3069 10, 07 16. 34%
2932 8.13 16,38 12,12 3071 10, 18% 9. 35% 15, 51%
2933 9.58 7,91 17,97 13.26 3073 11, 13% 9.04% 23, 63*% 15, 65%
2935 7.90 9, 12% 15, 15% 3074 10.76%  9.10% 20.78% 15,09%
2937 11, 42% 3077 9,31 8.24 | 20.29% 14, 30%
2938 11,13% 8.31 13.87 3081 10. 87%
2941 10.39*% 8,50 | 17.92| 13.42 3083 10.88% 8.04 | 19.84% 14,08
2942 9.25 9.17% 21,18% 15, 39% 3086 9. 44 8.03 | 18.48 | 13.51
2944 8.71 19. 68% 14,06 3087 9,45 8. 56% 14,25
2946 11,06% 8,40 | 19,32% 14,13 3088 8.71 8.20 | 19.19% 13.96
2947 9. 16% 14, 94% 3091 10.53% 7.92 | 18,99% 13,64
2948 7.79 13. 46 3093 23,35% 17.78%
2949 20, 13% 14, 76% 3094 9.83%  9.15% 19,09% 14, 46*
2950 7.91 8. 57% 14,26 3095 9.00 8.74% 20,63% 14,91%
2954 8. 60 7.58 | 16.61 | 12.08 3097 9, 73%
2955 10.69% 8,44 14,12 3098 11,64% 8,764 18,87% 13.90
2957 11.22%  8,96% 14, 84% 3100 10,09%  8.70% 17,88 | 13.41
2959 12, 06* 3108 8,23 | 18.37 | 13.63
2961 8.75 8.67*% 19.11% 14,18 3110 8. 55% 14, 34*
2962 10.46% 8,50 | 19.93% 14,31% 3111 9.20 9, 55% 15, 48%
3030 10. 93% 20.11% 14, 80% 3112 8,47 14, 30%
3034 10.98%  9.34% 20.47% 15, 37% 3118 9.15 17.49 | 12.55
3035 11,21%  8.59% 19,09% 14,04 3120 11.28% 8,20 13.83
3043 11,38%  9.29% 20.86% 15.24% 3121 7.88 | 15,73 | 12,13
3050 8. 61 8.04 | 18.77 | 13.66 3124 16.44 | 11.86
3051 9, 53% 15,51% 3125 8. 67 8.30 | 19.26% 13.97
3062 12.08%  8.66% 20.67% 14.75% 3126 9.12 8.49 | 19.22% 14,03
3063 5,47 8. 55% 14, 34% 3128 8,40 | 18.44 | 13.57
3064 10.30%  9.02% 20,10% 14.89% qidejff) 9.85 .59 | 19.26 | 14.23
3065 8. 43 7.68 18,50 13.22 i g b
3068 9.11 8. 90% 14, 60 S.D. .34 0.55 1.65 1.04

a) BIRIEHOFEE
Mean of selection indices.

b) BEIEHOEIERZE

Standard deviation of selection indics.

BHIRICE T 3 B 25 7 0 — v ORETER

shows best 25 clones in each area.
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Table 21. BIRIEEIC K 2R E1T1S - 10 BA DOEKE L BHEHME
Selection differentials and predicted genetic gain in each area
o
¥ " Area A B C B+C
Trait T
B® K .
Selection intensity 1 £ 735 -753 - 546 - 860
B = s’'(") L1854 (,739) | 092 ((736) | .122 (.519) | .139 (.788)
Height (m) 4G7(4G) | .090 .087 | .062 .059 | .100 ,089 | .114 ,106
Moo= B & s'(i) .21t (.785) | .116 (.696) | .145 (.477) | .176 (.763)
Diameter (cm) 4G7(4G) | .134 115 | 077 076 | 113 .109 | .142 136
Eirowngﬁwidthb (m) s’(i) .074 (L635) | .038 (L479) | .061 (.444) | .075 (,665)
4G’ (4G) .040 043 .015 ,030 .044 041 .054 055
g F R .
Survival ratio s’(i) 0.36 (L414) | .006 (.091) | .005 (.082) | .015 (.246)
(arcinv/ %) 4G’ (4G) .013 .026 .002 , 006 .003 .008 .008 .011
FhORTZRUTOEBD

Symbols are as follows.

i IRIETRIE (BeCkErR®) KD

Selection intensity (from BECKER®)

fBiRE (=101 26 RROTFIg— &R 0FE)

Selection differential(=mean of best 25 fanilies—mean of all families).
i RIRRE (=s/FZRFHEOEERZ)

Selection intensity (=s’/phenotypic standerd deviation of family means).

4G : EEOMBIRG» SHE SN 2 BELE
Predicted genetic gain from correlated response(=iGb/+/b P b/).
4G’ : REAh SHEEI N2 BESRE
Predicted genetic gain from repeatability (=s’R¥f).
B &
Height
MEER
Diameter
R Y
Crown width .
Survival ratio U .4
¥ 8 IL 1 1 |g/°‘i A " J/L i | | J/i [ L
Trait 0 5 1015 20°0 5 10 15°-5 0 5 10 15°0 5 10 15 20"
45 A o3 B i 5 C i B+ C i
Area A area B area C area B+C area
DREERERIC X 2 B E

[ ]

Fig. 21

Genetic gain from initial mass selection.

PRARBREIC L D AN 2 BRERAR

Predicted genetic gain from progeny testing

. REEERNRIKE KORRREIC X 2B s 2 B R
Genetic gain from mass selection and predicted genetic
gain from progeny testing for four traits in each area.
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AHFRDBHIBOBIRD DX H1C RF 220.5 LIFOBEIC—FHMEN (Table 21), EKIEHE RN 5
IT, ZDd & EIE5BIZSE RS ROHEEBESENE, BEMOMEBKISICS ESVWTEHEINIH
BRI REIRBEEMYE S CEBMONTV B, RRXTHE, FROH - £oROHEEE, BEER
HAE—TEAMO T — 2 LB THE  HABAIMT B LT > T 72 V4o $ED F—2IC
K DENETHT LT, 2k - DA X O EHICHEE T 2 08B H 5 L Bbh b,

RiT, RETARU E KRBEIC K 3 2N ENORRELANC BET T2 &, LUTO X573 s &5
(Fig.21), 4IEODOD BT, WEEROFTEHDESRELRE L, HIRRBEICX 2HEBE L,
O &L, BYTEE () 5, MEIEEHEETHLIILEEETIE, COMBORNSERORSR
MERPKENC EPRREEZZ SN D, HimbREEREE TRV, RARTEICK2HBOZRN
K&V, —, RO RBYBHIICENTENIWITPEZI LN EELONZEETH S5, AOMANIE
HIEPRTEEESICRIZECHETHENT 230 L RATNS, AFERICOVTIE, HYNWREDREZS
ZlbDrh 5T, A, B+CHRTHITHICHESEDONE YT, B, CHIRTRZHRRIMEFT
EXANAN

AR TIE, V-4 TR~ L DI, EHREEZRER GO 5 & 62T B HE % 1E- Uity
WA Lico MBRREL, fREOERICH ESHVTHE L, Thicsd ) BkiEER 2RI, &
STHRPEONTNITHES D, EOIIBHRALEEZBELT, THIKEATE 2R 2V
I LUTRD B0, SROBETH 5,

U, BEIEEEICEB T 2 EIEHOES ST FHEIL, TOREDEN & MOBED KT E DM
HiekEs s, REMHEOHEBEZOBBICE > ThE 2, Lkd-T, BOBDODEROZILEDM
i3, TELIRUEMICHEINS C &2, BIEIEEREZHEMT2ICH > TOFHREZZ SN 5,

vV # 8§ &8

L BBEET L

BEDRMBEMD OB ON B HHIT, URA LR ROLKPBESBOHEEITINE D &4 5KRK
REARD BRI &30S, Bomhk &R TR 4R &1 2 08 L7 BB IC K BlE % < & $h % Unbalan-
ced data THVO, ZOHWEHET LD, RMEETNVOEZIHICS ESOLHEIMEBLELELT S,
FOMINE, BEE T VICX SHALEL, 2RRER—LETTRET 3 EVHIEMLE, £ Lk
EOHIEPHREEOHIIC L O RTETH 2 LN IBEKRLOFFEMRT 2—2DHETHLEEL 5,

Z DD Unbalanced data OEFHLHIC DN TIE, HRAREERE, RBRICEPNSE UKRAEONIE I E
KISRIFEE 72 25 HF 2R E LB OB TR ST & 72, Henoerson® (%, MAFOIIRIFO Year,
Herd, Sire 4 &t % Unbalanced data 7> & Herd - Sire O 4pkiksrhs 3 D0k (Henperson’s
Method 1,2,3) IZX > THEETE BT E&ER LIc, £DTk, Searte®®{d, Henoerson’s Method 3 % 2 7T
S¥Eh s Mixed Model i #f L7cfleRd & &I, ZOMDKRMET LV OFENRFRETEYS
MIT L,

MARTIE, FIHSO0R 2 x BIED B0 A F O s & E R OBIEIEHEET 282, RERHE KO3
BRI DR RARR < BINTHAE E F v OFEER O, Fic, [(hkO BHIT, Bannister?, SEHLBOURNE
and Low#”|3, Radiata pine @ blanch cluster & 3\ 34EE « MEIEEOS RS OHEwic, Henpe-
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rson’s Method 3, 1 T3,

EHABRMOBRE SO BITICANAIE LT, Hatremer™ REAKHIT =Y O F4 VEANTO
EEHIER A £ L ABEIC, Hewperson’s Method 3 A i 7z, Z 7, Rink and Tror® 3, Viriginia pine
D 5 PEFOEHRBRIBOERE, KIEBT, FTREEH, MHEKRO 3 DIHICs), Henoerson's
Method 1, 3 %{f- T, ZNENOHBERIOHEEZEITIE > T %,

X 51, Namkoone™® (3, WRBELZOHEHR, > RROFEN L RAE#ET 2 HIC, B. L. U.E
(Best linear unbiased estimate) MWEHRNCIERA T3 EARE LT3, Witcox and MiLLers? (g,
Pinus nigra OFEHIRAE (36 BEH, 6 WERHD) OB OFIKIEHEFFLT 5 120, %72, Renreor?
{2 Ponderosa pine DpEHERER (37 mEH, 4 HEBH) OEHMA SETEMAHEERIT T8I, 2hE
t Unbalanced data &78 57 — 2 bEEMOEGHREMET 2 BI9T, BRELHATich L3
B/ 2 Tt (Least square estimate) AT 3,

REICR U R TR « ZIOIEH - IREDRFKIE, Hiil Uik Henoerson’s Method 3 % LT #EE L
7o (-1, 3), %7z, V-2 OBEEOHEM (Ji) 13, Seare® OEH B.L.U.E.ZDsDTHY,
RIS E SO THENEROBEFEAM () 12, Namkoone®® OIRME L7 HEICIZIZENSDTHA
DEEZ SN B,

Wircox and MiLers® (3, FEEMOFEIERHREMET HHC, B fEEHT 2 B SHE
A O IO EEIEE 3 FLT) B OERP SRT LTS, ETAM, KRXTI, MWBA
WGEXRHEMBADONZ IS b ET, —~ETERENRTHRAINAEZRDERIT TN TEEHICH
o GERAMFASHENICEETH S LI, RERELRROHRLGE IKE L ke T v (4-1
K) B, EBROF—2ICEHTRE-> TR EERERL, Hicdbim Q, 2E) Uil Tnis
WEROFERRICR, FOEREURINABHEOMEREDOGCERIIEMAIC LSRRV BEENT
WBHHDEEZ LN, LIc-T, 2D EP6 ZRAWIT POBAICHELT VA0 & #HRllzh
%,

2. GEXREEASHIOXEX

B BB T TRARO SRR ZHETH 2 GEXREMFMR, LIEUEBKICL 280 EEL A
CIETESEBERNENL S (Farconer!?), Lisey!® 3, HAERMEEZEZICH-T, GERAEIEADOAE
SEHERNCHEP D TH L T EOREM 2 Lz, %70, Namxoone {13 (3, ZhF TOMADBIEEI
B9 312 AZ0HEN, 1 hHORBRM THEE LIGBEMRICS E 30TV E®), TOHEMEIRIGE
ZHEAMREGATEBY, L0 ENBTEHEOBREEICONNBZE LT, GERAEIEMNMEHE
B EDHEEHI LU,

G EXZHM MR, R¥EMEIRM &2 2 008 Lictiicgile 7 v GREE - BITORE) 25 TiEH
FBRIT, D2 DDWRICL > THHTERZNIBDDC ETH B,

WA DEHFART G EXAMERICOWVT, SRR LTE - 2505 b, TREDEHF B &L
ToEBHTHSB, Kine® iF, Scotch pine (122 it - 8 :EH) O 2 FARFICOVT, FRAHKD
1/6 ® G EXHIERS A Lzo Morcenstern and Tricu2® AsifEiE L7c Jack pine (16 EEHy - 12 1
i) o 12 FFAEREO G EXAERASBIBENSRE ZZRABETH - /2, T/, Cameser® |3, Dou-
glas fir DATREZER G4FR - 2 B O 2FHOMERIC, B 2/3 D GE ZEERAY
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HAERD TN D, T, BB L Wiicox and Miter®® |3 Pinus nigra T, Rink and Tuor®® |3 Vir-
ginia pine (14 k53 < 128 R% - 5B T, ThITNHFINICRIFEEORD 515 G EREIER%E
RAVHLTH S

75 ZAKROBRERE - 7R E & LTI, Loblolly pine 2\ TG EXRE/EROBENRIGR %
a9 5 B TREINCERES U #Pkz i 7o 9 BB D 4 SRS O RERIRE, Owwo 0 2SHAEHY
CRDF BT D, COHEICE S E, HNIEEMREIZIERLUAS IOGERAERAMRMBHEL S
h, ZOEHEERT 2L, BEMRITERIK (mass selection) T 60%, KARMIEEM S EFREK
(mass selection plus famiy selection) TiZ 100% & BAMETICIE5E LTS, T/, SHELBOURNE
and Low#"{3 7 440 Radiata pine (77 ZAFAD HRZHEN 300 5% « 5 HERHD OMREIEL,
HBOBELE, HOBEICERIRD 30~50% ICHMT 5 G EXLIEMSREE LTINS

KR TH 7 7=V DT, 1956 SFICRF SN/ 25 EEMIDREF B FA vV, TA YV A~NED
N, EMEBRMTEOLATH %, ZokHC XD, Hartermer®2(3 F A ic BT 13 371, Farnsw-
oRTH B3I T X ) AT 18 HFOREMD 9 + 10 LR EIC OV TN LTI, —KRICG ERTIER A
REVCTEEZMELTN S, ke, Wrenr® (4K TO 11 BEO G EXEEAERF LD T, 77
<Y DG EXRLIERIC DT, Strong and puzzling interaction S EE LT, ZO/BEOEROL
i 24 RIS EEEE 5 Iid 50~100 2R O RBRMIZ RE T 2 RERH 5 H LBRNTV S,

M-1 THSMC L& HIT, #7<YBEHICOVTIE, 12 pFOBRENRDHBRE CAHIC UTHEITL
1, BEESICERGBLBERRELZNLUED GE RAMFHABRM #E Shb. COREE
12, AIROEMETHESINTOIEELKT 2 LEOREVTMEICHEYT 5, 2OCEE, #77VD
BB DR ZZ A ahE 5L, GEXLMEMOREN T ENCORBORSTHHTHELELLN
5o

%72, GEREMEMOR/NIEFOREIICK T 25 EEA (Population buffuring) & D BHETHM S
n, —RICEM, F%, 70— Y ONICEROREFEMIINS {82, BOBRANEGERABEMEERD

B35 EEDhh 399,

TDT EPS, EHHRICEONTREVGEREMEHDORDOENL A 7= VIC2VTIE, KO
BEREMNERRREDHERICRK SV G ERLFASRO RSN 20 EATH D, COREORKK
EEEDDZICHIc>TiE, GEXRAEREERUACHIEEZ LD BRENS L EE L %0

3. GEXE(EBADIIES

G EXXHAERS L, OFESROKEEHBEHTLIGED T &, QRHFMISEHFICK > TANE S
T, OD2OOFRICK > THEFT 2390, FIREMET RO ICH - THIBICIE 201, @DEHRTEIK
RIKDIRL IS BETH DY, SueLourne® (3, CDZ &It LT, QGEREERAZ/NEZ EED
LREBOENEZOMTOHGREDOER, QLEBHEGHEEORMOER, S5 2 DOEKRNETE
DEEHBERETEONTED, ODORBEOBIKETH Z0E,E, HIBMXAETE - TREK LSS
EAHMIRTRIE L BAEOBRHP LK T 5 LIk > THWIT 2 LW I ZEZTERBA Lo

REM NGO EBIEROES, FCEOKKEINL, ABNRBREFEOENE LB, FHPOEBR
BAZRICELSEL2ERE LTH S, RECEHLEZ Y, ok, GEXRAEMCHT 2 BEN
FHH 3, SuELBoURNE'® DD @D LY (NEZEY) OFEOREOBERICEAMBENN L BAL S
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D, BIFHELZOENICRH - b OMNERENT X101,

—7, HWAROES, BRIEFHSEONOT, ThZhoBcliksniciRkicEz 288 - TS0
BRIELZRREIN, FCLOKREHRIEBLINEY, NAT, HESEZABNICHET 28113
DHTLHRNDT, HoHR (K, LB i s MRoBETRIHREEFEORTZ K& £AT
b0 Uleh-T, WMABHETE, THORBREENEABEIHEOR LIS, GEXREERAEG LT
BREZROEL, 2N EIKBREORBIETES CEBEETH S,

VI-2 THNIHARD G EXZE/EHICET ATIED 5 b, Morcenstern and Teicu2® |3, Jack pine %
EWOAERZERERTOL 2D/ 8T 2 — 2 ZEEL, Wi, HEHEORKIIE D S DEENEIN S
IC U bt TR AMET 3 2 410 (North-south trend) %28 L7z, Wrients? |3, $AIENIICG EZZHLE
HOBMEAETIE -7 11 #8EBD 55, 44F (Eastern white pine, Jack pine, Red pine, Scotch pine)
ITid, %8 North-south trend IGRKJ 2R EMEMMBEDSNS E LTS, Owo {13, GEZXR
HIERZRIEHEOMELBE TS E2EHRAE LTE SZ, Loblolly pine D54, EEHMELIEET 572
WiTk, £77AKRSBID 3DPFORRBESBHETH D EEH Lice D EOMER, EEZELOE
BEEHDRE N D 52 DIEBEBHIICONTITR - 726D TH D, Owwo {1 DS EY, HIEXICET 58
FHITTIE 5 TR,

WX 43 B LT U7 Suersourne and Low? {2, Burbon® M4 L7 @5 (M—ETLER
B ORLEHEE D OTE & H78 UTEBRIEBREIES) 10X > TEAL 36 5R7% ik Ui [o0BkE%:
REEMENCHE LIRS, = 2— Y— 7 v F@ Radiata pine iIc2WTIE, MK ORERZTNE
H15 Utco Fio, HarterMerl®2 (3, HAH 5=V IC20T, WT0H, REHE L OEBO L8 « &k
ERICK > TGEREEMZ/NE L EED B 1-DORMM, EHMOXFERS TS, WThOBHED
GEXRHMEMRIZIEALHHTERL D -72E LTW S, [T, Farnsworta {112 & KEEHIO 4R IT—iE
DREIME RO R FITIZN 2 5 THEN,

ARIXTR, 2REKOLBRZAOKEEE, D, T OBTED G EZZHIEM A Fivtay and Wirkinson!®
OFHEELTHONTNARROEERERDENMCE 2D TRV EAHRA LD S, FERSMT
KX ->T 32D v—FICREREXS L (IT-2), D&IT, MEHDOXASNRIBENTH - &%,
ERZDHERD» OHEE LK% - GEXAMERSEE, 2h o oiiE L BHERRICK - THRIRL
fo (M-3)s X 51T, BHUROZRSEAMEO 2HIMO 2N LD R 2 IS & (Fig. 5) &, AMIR
&B, CHIBRTOR » =D LIRHANDOANED (Fig. 12) » 5, ZOGERBIEMOBENIMRE L
T, 3 2OMBIIICASNB-COMGMNH S LRI L (-3, IV-3),

Wrient®? {3, GERHMEMIZIE LA EORMETHINCIZED 6N EH, ZOFRMCDWTHS hic
Uiz nid, ERNSHEERENELTOS, ARXTE, GERIIEAZS HE TREOMD S DJH
HE UTHKBROFEHNIZENCHEEL, 3HBOBEREHANcE D, TOBERICK > TRHIBRIZ HES
Fid-&DERSTEEEEHIC, TORRRIERMLOMONTNEH IV DOHEMEINT ERHES
HERE—FT BT EEMHE L (Fig. Do 2O END, H 5w VHEMOGERBEERIEZ, BKE
DEFNISGENICS E SO THRAMICKZ 250 TH D, MBNIKIZA, C, BOIHICETH 3 &A%
L# (Iv-1, Fig. 8),

KRBT, EROERMMTEDONZBEAREL, £ UTERMEDOR - 0 ELNI B TEAN
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ICATIS D T EBRAITH 2 & LT 298940, K@U TR P Lk 3 DOHED 55, BHUIRDREMKIZ
BHOPITH 7=V DRABSHXIBATH Y, O EBFRUEEDNIVERERNEE L 5N 5, Lichis
T, RRREICDNTIE, A, CHURTAIAICITIED T &N TH O, BHIBIK DO TIZI CHURTIE
BNhaBEMNECET, REOHMNIZRRERTE20EEbNG,

4 B KR B K

REBEICEOTR, EOLSCLTRENREOBNbDERIPHPEERMETH S, Z D
A BEEESE—-THZ LR, BROMRE TI2EKITIBN  DrOREIICK U TEHROFMEAS
MENBHT &L %, Hazen and Lusul® (2, &5 U7IBAIC 3B 0EEA S (. i< H#Eik ; Tan-
dem selection. 2. JE &% D3%#% ; Independent culling levels. 3. #&{e¥y: ; Index selection) 75
EZOoNBELT, TNENOBIKMELZBERIVICHRE LR, BIKBEIRICX 2008525, »
DEEMICEL L L,

Stern and Harremers® (3, MABESREPLET 5 L5 5, THOBEOE(ICHIET 2RSS
H& LT, SkIslAE SIS f2, Stonecyeuer and Arsez®® 3, BIHIC H7c- T KBOBRRERMSLERET
&, REEAYIC S BRI 4 DR URBRDSATRES MR DRI &G A LT, BRI D OF MR -5
WE1DIC, EHELHAANISHEDOREEKIEEENNS T LA REL TV S,

KT, 717V BEMZEROSEIADEWEHZFES 5 HNT, 48 (A, B,C, B+C)
DOEPISHRZIEL, RMIMEAL 25 /70— VY ARKEEDOIY ECAE LT (IV-4, V-2), EHIEHRD
HARMISEZ AR U e Hazm? (3, ZIREOEA SR BT % EREBic X DRI Z LR~
T3, AMBORKIELERDO DB, ABOZ NI MOMIKRD & D &30 E - L E&BE~DESLD
G ES 57 cid, GEXRAERICA LN S 4 HIBOBEGZRESHULTEYD, A—DR#ICE T
SRR R RAYSE LTS (Fig. 15), MABHMERERICT 21K, - 7B ISR BGOSR 5 C
EERLICBDEEZEION S,

Frankuiv and Stonecyprer™®, Nawmkoone®® (3, HARDEE, MEIRHICL 2 RIFFESRRTH S &
LMD, Z07DICE, ZFHEDELEIK - WO ERSHEENSTHETH 5 BT 5, KHX
T2, WA - S ROHEEREEBRIE (V) o178 -7 AV-2), TOEBEENHEZ, Theh
DRERBIZRAEHEDL S, TORTERORERE LIWIETH S, GERAMERAREATNSC
LK%, 2OTEMDS, V.1 TR/ ERERIC, BEDBIZBRIEETH 5 & & big, Bz
HEEMEICAROMNIEHDEEZIOND, Leh-T, BESE « 8% 7 — 2 DEREIC L D ITOREE
THEET 2 HILEEMSET 5T &0, WRKDBIKICET 2 4ROMAREDDEOTHA D,

5. HEMEVEESE E BEDHROHEE

BB, BKOWRETIMBOREAMBEDOR/AN « BHICH ESOTITR DD, REEEH» S EN
G ERICHEINYBETREANETS 20E2ROTHRLE LT, $ik, BROFEEHETE/95x—424&
UCHBIZRBAN SRS (LE®), BnRid, REBESRICHT 2 ANMREAIROMNAE LT EHS
nasw,

WADES, BIOREIEEHRKTREERNEME £0F TREREE UTHO S, RERBREICE-T
BEMEZRUETRICE, RREROTVGENERIELL S, BRERHI20VE 70— OFEEER
BREEE L5a, RENSRICHD 2 REDBOEGIVNS (R0 THNEERSF LN, BEOH
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ERPMECEE TR, BEOEEENR L PICEL L5, FH - FH®IL, cocts, wv/vvi4
LT BIMPUEDFFITRE L TN S

Nawmxoone {13 {3, HEGEEM D SBONHBAREZROPGMEICEH &SV TEEMAEEVET, LWHW
%78 — VIEEEOKRELELTE - KEEOBMEIRAEME T 2 HEER U, COFEIE ETOT,
EEHEER, RAUBRED S RA TN A BHIREZHEE Lol 1351989404850

AT, FEEMBHRICE 2R ERRBEICD LD BB ORIRAMIC L 2 R0 2 2FREL
7o MEWRLRIKDORIT, ARENKTORKEFRMA CEIHERER) S EERERBR IR &%
BELKE LT, 2OEZFERAINLEERIRE AL Lis (V-D, —F, RABRE»SRATN2HER
RAOBEDHERD O, F%k - GEXEMEN - REOKIEEME L, THERNT, Namkoons {13 DR
LicHBic Uichs- Tk e (-3, V-2),

FarconerP |3, MEBICHBEASIHEAICRRLL, 1A OBALE LBS, METHEIN DN
RO ML, T OBEIMBITHE L, MMEES O 114 TH5 & L, HROEA, 4XTOH
P2 o BRZIBHRARICIHEOPWEN B INTN T EBYSBICINTV S, 7o& 2, HEeR, &
REETOEMOBE TR 10 m BRETH L LA, DI, T/, BREMERR, 7h< YOk
93T 5 %%, A FRMEET 20~30%, b/ FHEHEET 165 D215 TN 5, 72120, XFDBHBEHOD
Bf, BHOMR, AME 0L THILUE UROEGE S % LINICR 5 CEMINoNTRE®, #5~<
VEER O s v — YEER»OE SN ERAZRRAIDVLTS, R, EREOBBROINEC &,
W SO BB ERATOZ L LRTATHRENE, LEd->T, KRXTH-77 5 < Y kR0 H
REW BT, BEICIE, FarconsRVDEFRT MMM EREITALEIIN,

Nankoone®, SquiLLace®® [, HADHBRZMEAEZAOABRP OB LN FERNE (D) & MW
B (%) L OBFRE, REICHEE UcEBBoN, HERITOFEREFR, AERICODTHL 2»0
SMEEFE LUCHRE Lico ZORSE, of & o} LOBRIZEEAEDES, o% 0% >0.25 L7530, Fa-
Leoner™ DR UL cBERA T D FMA T 5 C &id, HMFRESBEBRBRFMT L2 EKBLITHAD &
W L7ce L LIS, ORI CIEUCHES T 2TEREON, AME) KOV TOEKLIEREES
TERMLODOT, BEDEZAANSNTNSE (67,03 &, 0.352, 0.30%, 0.25¢ L xF&F
THb,

KB TH - teh 7 = VM 7 v — VIRERED? O G SN e HAREZMBMAIC DL TIE, i~/ A58
B TP OATRETERICB T 2 RSN T & &, RITBNBEE»P S, o /04=0.25 O BEFENEKD
0 & Z THINNLE R BE Ry, BEMROHEITH N (-3, V-2),

@ HAZTHHAR, HALOMBREENMZIEAESTOEEZEZ ONHERM 7 v - Y RERELSE SN
HDTH b,
® HAHBERTEINZY, BHAZRTUALINABEATOEHEGR IS hbIrTHs b2,
® AN a—VED3~4KTHL, BRAZHHERIIHAROTIRBELORRICLZ D EHE
Zbhb,

L7cfS-> T, AmXTHOMENEESEED, BECIEROMEEBRTHSELER S,

6. B & o R

BHERBLERS LORMMBEI S &S BEROBRNFIAICE - T, N SLOFESHRSESNS
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BEHTELTEBL T LR, 4T TOEELTFMITILEEBIC, SBROEDFHFERINTEH2T, EHDT
HETHAS
KX TI, #7207 a— YRR S DBRARRZDOFER, 5 FEHETHEE 4% L0

B ENARRAEB I (V-1), Wricur® Tk % &, Loblolly pine @77 2AKD 7 o — ViRERED 5155

NIBRERY, 5 RN T4 ~6%, RIBRIC Slash pine T 6 %13 & —fEHFAMOFE%E L2 &
LT0oe COTERD, B 7=y iEshihstinll CRIKR Ol 35 ) DERICK » TH#kER,

REWGERAMFMZRITHETH DN S, SMBOARIZ OV T MO MEICZIZEORIEOZ RS

BonsT EaRLicdbDEFZ LN,

RARBOEIC S & SO O BIRMFIFIC X - TIRON 2R, KEORNRLEE ZE « BEEiT

ORI E - TR D EEHIZ, KD I ODOBERMSHEZMHE KR X ELHT D
O BIFSRENIOHEMIGEEIHOKR X S,
® FREHE~N—ZOBER (RED.
® EEOWME.
AL THAE Ulch 7 = U IR O IRRBREIC b &< 5 AART O BHARIE (R DR Sk BRIk D %)
ROEY) & biT, fEOBFECRBOELENTS > 7R % Table 22 {OR Ui, 2055,  Scotch

pine OBFMZRIZIGCERLIEAMNEOSDE UTHEE LfETH %, Loblolly pine K20 Tid, AKi
Table 22. BFHEFHMIK X 24 EEOBE YR
Predicted gehetic gain through selective breeding.

] . o ZREEED |
fit o E B % RO B KO#® O BEE®R|WH OKR OF
Selection Repeatability Estimated
Species Trait intensity (i) |of family mean| gain(%) Researcher
RD)
3 vl 5 T Mk
écgtc/hlp‘ijnz =Y g % gy%%_g)w 1.78 .86 28 (4Gy) SquiLLacE 1975
(Netherland) height
— & w4 E R 11(4G1+ 4Gy)
Loblolly pine 4 years height® 1.2z - (26) o Y| Owmo 1977
(U.S.A)
5 VT — & % V| TFERGEE
Radiata pine 7 years 1,66 489 5@56(48(];%;‘—11(}2) SHELBOURNE 1 980
(New Zealand) diameter® .
0K 7 7 = v s 4 4B s ) s 5 >
Japanese larch |5 years height® 0.74 58 L1, 2(4G1+4Gy)
(A area)
“ E B ’ 3 3

(B+C area) 5 years height” 0. 86 .82 13, 1{dG1+ 4Gy)

i) WeREKIC X 250 RAMRTE & BEh

Symbols : 4G; ; Gain from mass selection.  JG;; Gain from progeny testing.

a) JARHEDH DEK
Single trait selection.
b) ZHEEREEL
Multi trait selectin.
c) 5 BRI SEAAE
Arithmetic mean of the five site values.
d) GEXREAEM% WA L BB OHEEM
Predicted gain neglecting GE interaction.
e) WRAHERIZBICIUE LB &0

Recaluculated result by choosing a suitable value as a base population.
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XEZIRBED G ERHEMBED SN FHTh 205, T eMEd s & SHERhEIZ 26% ICiEE X

%, ¥7z, Radiata pine T, ZOREICHOIXBMELERENE LD TRBOENSES
BELT, BICHB LIz EC A, BRELHIT 16.8% 1078 - 700 T OB, BEFERMEIEIT S &0
ZIEREIKICE > T o iTHh 5

Lo Ehpon 7=y BEMOSE, BIREMLD 3 D07 — 2ITHAT/IE L, 203 1ETHERE
HRVEBICHESN TN S LB 8 N5, B, TMBETIE, RBEBIEZ RO RABER O
DD SN THED, AF VRN TS, T LIEREROTHEHAENA L T EiIck » TRIERIRE
H&dAk L, BEEEEL EF 5 EHBARICELDT, o 3207 - AIRIEEVHEGRESER T &
2D LEDND

AT - B ER O Az RIS T, Nawmkoone A3, Namkoons and Conkre3® %3, Douglas fir
B & Ponderosa pine D, FHBERERIMD T2 5~53 4k X ¥ 3~29 41T o7z 5 RIANGIoHE
FEEDORNAEZTLDT, ROXSBENBEHH T AL LTS, EREDOEEZ, £REBBROE
RH» 5, @ Expornential growth, @ Steady growth, ® Declining growth @ 3 DickBl&h,
DIIEFL R 2 OO/ REM BRI AT I N S TOHMBEMORIICHY L, @RBIROBELEEMSIETE S

MBI OMHICSH 2 L LTS, T LT, TN EN S L CHEMNZRHERD BRES

% &, REMERZOOIHMCEN TR » &b L&EbN, QOMPLIRRIBICTET 201X,
FEMZERB CNICE > TRBE LTS, L7cdi- T, Namkoone®32 Z@QDIFEADEREICE &D< %
ORI, @OHHLILE THET 2 D TRV, K@ THINE Ui & S5 1838 b 0w h i
NIFEFROEE V-4 KOV TR, FRUEESEOR - EDENL T L5, WO TGN T
EEREL TV S,

7. K B OE

MABHICE O TRAREKREZRET 2 LRENIR, RO2D5THS
@ #hENOHE GEERD 1220 T, KIBEHO—RMAERENE TS 5
@ ROMRICH N 2 BRI OB EITIE S o

OOFAIE, HEEOREREZITEOBITHN OGNS & &I, [TRBEETIVAVAMEEITHL
T, EORELEDPEZHMTE2HLE UTHATE 2, @13, BLSINHEBEOALLEIKE-T, €
NIETOHRID B I SICENEMEI ARG 2 c0icfTiebn s,

7 A 1@ Loblolly pine QT DL LBIK@FBMELT, 7AL%—7o—VYERHOKAL
LRI & BERSBOE RICHEE STV B, —F, = .— Y 7 ¥ Fo Radiata pine 20 Tid, 77
2RO B R BAAEHOLRRBUED TREDATEY, RO EERCOETEHNE LT3,

AL TR, OOWHZENH72DIT, HEROMBEMREWMICEED I hERNT LI, 20
MRETEHEFEOBLICESIEANTE 20 2IE Lic, SHOBIKEHEMD 2RI, koL &
MREEEN S,

@ BRHICHETS SR EROBFHDICE ST % o

@ RUZDRETNCHMT 212, RABREOHRE LD RS, T <&,
Pbo2 it 20T, 4FTICHE SN TV A EIHT ERGLTHLHRICS &S0 TEKT
D RYICHETS S BEAROED & T DR
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BIRICHETS S BIEEROBDICE T 2 —0RER, BN IChIc > TITEDbNE T &b 5,
YO T ELROMKZ 30 5 EE ORERID, BEEROBAZ o U, fkOBEDREZF L AR
Do WIT, FFMITH I - GRIERHFEAB L O & T, KEVEMICHBEOELETR L LD, Y
HOFEIRZIUIERE T ,] TETH B, Buroon 19 13, COFEICH LT, EELER] (Seed pr-
oduction population ; DD ENI-H), EHHEEN (Breeding population ; 84 ¥ D& LI 78 >200
fEER), BT HEEER(Gene pool) iCsr ) S 5 REEHITS 3 DD HEF] (Hierarchical breeding system)
EEZ, SHARCLICEBERD SEFEEFICHAANZBABECL LTINS C EERE LTV,

B OMEL, SOEEEREDHOBICIRET 5 C &3, AESN BRSO RIEIC T 2 BE
AETR» 20T, MERE LERTHLEEZONELETH S, 12150, DL EIF, BREICTTSE
LZEF72HT, ULhr SHBERITIRERE GEREESE, WHE TICHESHROE LITEbhbh )
DHETERLBLETHD, Kimnsenmrr®® (3, AFEEHE BIICHHERNEEL, TEMZMIEHE
BEMEAICA T SN A BEAIKE, ThENORBIGEET 2 BEERO/NSVEEEISHVONTH X
WTHHD ERRTN 5,

Leds-C, HpEEREBBENEZXBILTES E9hid, &7 <Y olid, KHSCTRULHIRK
AiE, HIBNTOEEEREREOREKICE ~THEBCLETEICL, BHELHY LA T, b
THHTHBEEAD, 01T, BB LAT 2HROBFEEREESC LEAMNE ULAERELEET 5
BRicd, COMBRAVFEBICEEBERTH L EIEIETHRE,

2) kfUREOHEROER T

HWARDEE, RRREICREREET 50T, BRIGON5 By 50 PRIKSERE &5 EHL
T, B Y 0 OB RASD 2 0BEETH %, Namkoone {13 (&, MATR/NEOWHREEDHEE
MEERIICIT IS S T &%, —IRICK S RPREEDBRRLD, RINCAHTHRNTHS D LiliT 5%,
%72, Squirace and Ganseut® {3, Slash pined 25 &4 F TOEREIC DN TERMEBAEE L, HAE
B0 OBHHEEFEKICT 21Cid, 104FROERN 5 77 AROEM %I T7E T, REEHO 7 o —>v oD
ANEZ %)% Stepwise Selection DS#EMITH 2 L Lico © LT, Sronecyener and Arpez®?
DOIRE LT 2 B EE A AN LA OBIRIGHIC X 20 ETHLER, Eidbk L LT olmfiic

BRI HEREY & L COMifs & & B IT EXETHEMNGINA S EETRICT 20 TERBICANLICH
LA ETHDLEZLONS,

RAETE, BHECHVLNTOEBEEHR s n— D55, HROEEREZLDEOR S, HK,
RRBERTHR S NG, LihoT, 78— ViCk - CTEIEBORENHS 570, KRBIEL b AN E
BT h 1z - THROEMDIBR BT 51, O &EB, WRENTEHMEZE VDT e RUIEICT 2 BN
ICIE 5T 5

B, R N2 H 5 NSRS RE D DRAGINCID £ LD 520 TR, —iF, RO LS
NELZHELOND, THIRIBIEICHAIT 22, ZOFERERBBI) R EEEARE LS O T H
o REBHE, BENRENOKNCDID ST —E—E LA LDT, FHRRIFHEKAREICH
WThEELB, £ LT, TORKBRERBREFREOBINC Lt > TAE B0, BINOEARZK
PWCET 9 2 (Fig. 22), Lichi->C, RIKRE OB SHEM LT, D78 &b 150~200 RO
MOSERE S N A TRERIE AR, SERICBY 23 ERIGENEESDRIUH T2 6D EEA
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Relationship between selection intensity (i) and number
of progeny tested trees (Becker®).
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Relationship between number of progeny trial plantations and
number of tested families per plantation, assuming 200
families are tested at three locations.
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5%,

Dbz &ps, BN HERRCI 2B OFTMI, Tnild &S5 RIELZ BT 260T
S, 150~200 ZROEEMSEBRINIFATITRS> &P FT L0, T/, TOFMOKER, #
BHEROFRAERAMICRD LWL LR ERD, TNENORATHA LE RIS & IO
WEEHIT, SBHOEMOIMAFORIRIEEIZ X2 C LI &N b, £ LT, #F7< VDX

HOBEOBEOREETI, T0OHMCE ES0T, HENEOEHD SHEDORIKEZBREUERKT S

ED, BEHEAEDH LI ZTHRNTHS S,

XHIT, THLABZEOXRERTET AT, WFNCLT, #FICET IR HEREEZREDRICE LD
—EKEL L OBETERRADIHMEBEODPEETH 5, COMER, RENORE, FEHES

SUBBES LD 3 20l H SHE LI 5150,

BERDEFEIC DN T, ARSCTR Lie & D AT T A O AR © b AT, K/
GEXHIEMD» S, $FEMITHRETE AHMAEVIOMNICTZCENUETHA D, MEKRDTIEHIEICH
LT3, WEICETLHE - RELGONIEROBELOEE»S, 10Fbh MK, KR
HOMABEREEBERI L TH20ERS S EEX N5 (Fig. 23), T LT, @EHILICOOVTHE, 4
®, BUSEHIT X 2 RAFTMEE MO S 55 EdNE, FEHORREEOHEREL O ,ICL

BPBEETHEAL D, EQOXSRILEZFMOR T L LTMA 2D, TOBESW I HILTHNET
5, CHEEARBELEYT, KELOBETHRITILENHD, ZOWRIBARORMTH D
# 3

COWREMED 2ICH 2D, MENABREBIZEMHE R B RREEE ML O IR dioboR
BREBRGEBENTICE, MO OEME L MRS HEEE b, £, ARXOED T LD
KB LTI, SNSRI S B0, WEIRIEA YA b X ORI bR & 80075 2 MRl & A 2
Bt fZngc, YLD LTRLhSHEERTINBTH S, S5I0, HAKAGEHIEE—RS
MRZERIIH LR oI TEELEREEICE, ARCOMFEICH D EEBETLN 2L s

VCHIRIN % fo F o - oo F 7, WONHRE M IRBNENT S8R IR AR HE R i SRR b © i iz o
T, WS BICRURATIC O W T (2. = LT, BIRAEREEERS X oM

EABEBECEREE IR SCICEFI BB COUIEHSIChS, ST FDNTEHENICS - 72,
iz, AWXmetﬁ77/%*M®&Nﬁm%@mﬂﬁm PR MA S Y, RIFHEL S XU
HEENRBICET 2BBERMNOBINICE > THON L D TH Do Y LDT £ LT AL LI
FARETH D,
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A Methodological Study on the Analysis of Progeny

Trial Plantations of Japanese Larch
Susumu Kuriosu?

Summary

This paper reports genotype-environment (GE) interaction, plus tree evaluation (breeding
value), and an estimation of the genetic gain for a five year performance of plus tree
progenies of Japanese larch, Larix leptolepis Gordon. Although the data analysid are for the
juvenile stage, the emphasis is put on a systematic statistical analysis of a series of larch

progeny trial plantations in central Japan.

Progeny trial-plantation

The 12 progeny trial plantations analysid were established on different sites from 1973 to
1975 (Table 1). On each of them, 24 to 31 open pollinated families of plus tree clones from
a fixed clonal seed orchard and one commercial lot, as a check, were allocated. The design
for the allocation of families and individuals was as follows : one low plot with 50 plants per
family were replicated three times as the randomized block design. Although, a total of 59
families were tested in these 12 plantations, the make-up of the families, namely plus-trees,
was different for each plantation, except for that of six families which were designated as
common families in all plantations (Table 2).

Tree height, diameter at breast height, and crown width, and eventually the death or
damage of trees, were measured individually in all plantations. For each plot, the survival
ratio, expressed by the ratio of the number of sound trees to the number of planted trees,

was calculated.

Genotype-environment (GE) interaction

The estimated variances of GE interaction for the 12 tested plantations were fairly large
for all traits surveyed. The ratios of the family x site variance to the family variance were
1.0, 0.89, 1.41, and 2.83 for height, diameter, crown width, and the survival ratio, respecti-
vely (Tables 3 and 4). Because the proportion of the family x site variance was the largest
and that of the error variance was the smallest for the height, they seemed to reflect the
effect of the environmental differences of each site.

To stratify the progeny testing-sites into several groups in which the family x site vari-
ance might be minimized, a principal component analysis was applied to the mean height of
six common families on each site. With this procedure, the 12 progeny trial-plantions were
classified into three groups according to their second principal component scores (Fig. 3).
The relative grade of the components of the GE interaction variance to those of the family
variance for the height were reduced to 0.9, 0.43, and 0.29 for the corresponding groups of
A, B, and C (Fig. 5). The family x site interaction in the survival ratio was not statistically

significant within the classified groups of the testing sites (Table 12).

(1) Kanto Forest Tree Breeding Institute
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Geographical distribution of the sites and corresponding areas of A, B, and C seemed to
be clearly separated with the areas designated as follows (Fig. 4).

A-area ; Gunma Prefecture and the central part of Nagano Prefecture.

B-area ; Northwestern part of Fukushima Precture.

C-area ; Adjacent to the A area and at the southern border of the B area.

To analyse the causes of the interaction, climatic diffierences and the varied responses of
the individual families of the three areas were examined. Concerning the climatic factor,
there are diffierences in the patterns of seasonal rainfall in the three areas. The precipitation
in winter during November to March is heighest in the B area and the lowest in the A area,
whereas that in the C area is intermediate (Fig. 7). Regarding the growth responce of indi-
vidual families, the order of mean height of each family drastically changed between A area
and other areas (Figs. 12 and 13). From the results obtained by two diffierent approaches,
namely by the principal-component analysis and by simple zonation of the winter precipita-
tion, I think that, in the GE interaction, there are not a few families whose growth was af-
fected differently by the seasonal differences of precipitation. Therefore, this trend is thought
to be the main source of the larger degree of variance in the GE interaction in Japanese larch.

Practically, it is necessary to test progeny in the A area and in the B plus C areas
separately judging from the data in the juvenile stages of Japanese larch. Although, the
family variance in B areas is much smaller than that in C area, family performances and
climatic conditions in both areas are relatively similar. Therefore, B area is regarded as a
marginal zone of the C area, and in the future, it might be enough to allocate testing plan-
tations only to the C area where family responce is clearly pronounced instead of establishing
testing plantations in both areas (Fig. 8).

Plus tree evaluation

Because usable sites for progeny testing and the producible number of seedlings of each
plus-tree family are limited, diffierent sets of families were allocated to the diffierent testing
sites. Therefore, the data of several testing plantations, being grouged, are non-orthogonal or
unbalanced (Table 2). To evaluate the breeding value of each plus tree by estimating the
mean performance of their progenies without their site effiects, a linear model constituting
the family effect and the site effect was made, and solved by the least-squares method (For-
mulas 4-1 to 4-8). However, in this model, the GE interaction was treated as an error term,
and it was essential to group the testing plantations, namely sites, in which the degree of GE
interaction within the groups might be minmized. This grouping was made successfully by
the principal-componet analysis as stated before. Moreover, with these statistical procedures,
it was possible to have accurate breeding values of each plus tree even for the unbalanced
sets of data (Fig. 10).

It was possible also to make plus-tree evaluations of multiple traits using an index se-
lection combining four traits, height, diameter, crown width, and the survival ratio in each
area (Formula 4-11, Table 20). As a result of index selection, the survival ratio, which was
expected to be reflected largely by the adaptability, was ommited because of its lower repeat-
ability and the lesser economic weight of its data (Tables 15 and 17, Figs. 16 and 17).

Genetic Gain
The genetic gains by the initial mass selection were estimated from four traits in each

site group based on a comparison of the mean of plus tree progenies with those of the check
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(Table 19). Although the results were slightly different among the site groups, relative gains
at this age were 4%, 5%, 5%, and 0% for height, diameter, crown width, and survival ratio,
respectively (Fig. 20).

Genetic gains by the selective use of plus-tree families, based on the progeny performa-
nces, were estimated, assuming the selection of the top 25 clones in the seed orchard with
the selection indices mentioned above in each group. Relative gains at this stage were 7.5%,
14.5%, 7.0%, and 1.5%, for height, diameter, crown width, and survival ratio, respectively.
On the average, these gains were a little larger in the B plus C area compared with those in
the A area, except for the survival ratio (Table 21).

By the selective use of plus trees as seed parents on the grouped sites, it is apparent that
genetic gains can be expected to be larger than those from the initial mass selection, even
under a weak selection intensity. This is because Japanese larch has a large family variance
and a strong GE interaction. Therefore, it is important to conduct progeny testing of larch,
and there is a good possibility of increasing genetic gains by combining the data of many

other testing plantations which are now being established in these areas.





