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Table 1. 3533 8t
Characteristics
fmEE/
. %]*/‘:Ei’ﬂ
Bog s e omon | BREE ) WEEE | por | seoxs 7 o=
Tree Age Height Diameter Dp.“l;ﬁxa.gif Clean bole Crown Crown
No. (years) af‘ eti);i?t surrounding| length length diameter
trees

m cm % m m m

3 60 28.32 44.2 130 10.90 17.42 9.54
4 58 25.50 35.2 103 8.60 16.90 5.20
5 59 26,69 38.2 112 16.85 9.85 5.32
6 56 23.35 39.2 115 9.25 14.10 4,58
7 60 25.29 41.1 121 9.77 15.52 5.24
8 58 25.46 39.6 116 12.92 12.54 5.32
9 58 26.00 43.3 128 13.20 12.80 9.48
10 58 24.85 38.0 107 10.70 14.15 8.66
12 57 23.50 41.5 113 11.10 12.40 6.62
14 58 24.35 32.4 91 13.05 11.30 5.88
15 58 26.11 40.0 112 14,95 11.16 6.00
20 58 25.00 35.0 105 14.35 10.65 7.68
25 59 25.65 37.0 119 15.30 10.35 7.18
26 56 26.74 30.9 101 13,58 13.16 3.78
30 59 25.80 31.7 102 13.10 12.70 6.50
41 53 23.45 35.7 109 10.25 13.20 6.78
45 60 23.90 37.8 113 13.20 10.70 7.64
46 59 24.55 44,4 133 10.00 14.55 8.14
55 59 30.00 37.8 122 17.10 12.90 8.84
58 59 27.80 39.9 112 13.80 14.00 8.70
59 58 26.42 35.2 108 19.44 6.98 5.70
61 59 26.69 35.6 107 17.20 9.49 7.90
62 59 27.00 36.2 114 15.40 11.60 8.40
65 56 26.36 29.2 92 17.93 8.43 4,86
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of mother trees.
& X 0 1000 KL B
HEE 7 u—Xxig | BiEDY Largest spreading branch 1000 seed weight
B/EE | REER | B
D.b.h./H [CD/D.b.h.| Branch |8 & |k &| & [ | ZOFRME | oo
nurx]}:}zx; lper Length | Diameter Angle in 1950 in 1952
m cm g -8
1.56 21.6 3.8 4.77 7.0 49 9.02 9.07
1.38 14.8 4.8 2.60 4.9 64 9.25 8.62
1.43 13.9 6.4 2.66 4.8 79 8.84 7.31
1.68 11.7 2.8 2.29 4.3 72 13.04 10.48
1.63 12.8 3.8 2.62 4.4 71 8.55 8.31
1.56 13.4 4.4 2.66 3.7 70 9.63 9.90
1.67 21.9 3.6 4.74 8.0 63 9.27 9.42
1.53 22.8 4.2 4.33 6.9 67 9.60 9.01
1.77 16.0 3.8 3.31 7.1 71 6.45 6.31
1.33 18.2 4.6 2.94 5.5 81 7.24 5.90
1.53 15.0 2.8 3.00 5.6 66 11.20 10.29
1.40 21.9 4.4 3.84 5.0 69 7.79 8.95
1.44 19.4 4.2 3.59 5.2 59 8.01 6.62
1.16 12.2 4.6 1.89 3.4 65 8.96 10.54
1.23 20.5 4.2 3.25 4.0 52 6.27 5.80
1.52 19.0 4.2 3.39 6.2 55 9.95 9.16
1.58 20.2 3.8 3.82 5.8 76 7.33 7.25
1.81 18.3 4.2 4.07 5.7 76 9.51 8.37
1.26 23.4 4.4 4.42 6.0 77 6.90 6.26
1.44 21.8 4.2 4.35 8.4 76 8.88 9.28
1.33 16.2 3.6 2.85 3.8 56 10.22 9.48
1.33 22.2 4.2 3.95 5.2 68 7.56 7.00
1.34 23.2 5.6 4.20 5.3 71 6.70 7.28
1.11 16.6 3.6 2.43 4.3 68 8.56 7.87

FEFn 40 42 10 ABAFE (¥ % 1,000 KIEERERL)



Photo. 1 FEHSOHRRE (1950)

The pine stand which mother trees were selected in.
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Photo. 2 3% B M o Hs #  The test field before planting.
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Location map of the test plantation, divided into three parts by planting year.
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Arrangement of test plots in the parts planted in 1953 and 1955.
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Table 2.

Analysis of variance for tree height of progenies.

KARBOBE IR+ 5 28

. 12 & 11 10 3 9 F 8
=4
37 E ® K 12 years old 11 years old 10 years old 9 years old 8 years old
Source of
Block variation d.f. | M.S. F d.f.| M.S. F d.f. | M.S. F d.f. | M.S. F d.f. | M.S. F
%“ % kokk kkk *kkk kokk skkk
I Progenies 4 24 3.3512 5.33 24 2.6599 6.02 24 2.2748 7.11 24 1.6088 5.61 24 1.1565 4.94
=0
E’ror = 591 0.6291 590 0.4416 588 0.3199 583 0.2870 534 0.2340
% % sokok sokok sk *okok *okk
Pro . 24 3.8196 6.16 24 3.3746 6.69 24 2.7700 6.57 24 2.0225 5.74 24 1.8225 6.78
I genies
Eéror = 624 0.6204 624 0.5053 624 0.4213 624 0.3526 624 0.2690
® % sokk Hokok sk sokok sk
Pro G 23 5.1223 7.59 23 4.6487 8.53 23 4.5126 10.38 23 3.8970 10.81 23 2.8465 10.03
I genies
%-Eﬁrror = 520 0.6745 520 0.5453 520 0.4349 520 0.3604 520 0.2838
r‘%.(—- % * * *
Progenies 19 5.1445 2.17 19 4.8308 2.30 19 4,2346 2.29 19 3.0891 1.82 19 2.3862 1.72
I A - T4 HokK ok *k *Ak kK
N Blocks 2 31.6115 13.34 2 14.5988 6.96 2 14.5303 7.86 2 27.7159 16.37 2 29.2992 21.06
1L
. sz NN ook sekok soksk seokok Hokok
i IZRT B77| se| 23696 | s00| 88| 2.098 | 4.48| 38| 1.8484| 5.33| 38| 1.6928| 5.92| 38| 1.3914| 5.53
o %= 1140 0.7889 1140 0.4681 1140 0.3470 1140 0.2861 1140 0.2516
Remainder : : : . : .

Notes : * Significant at 5% level, ** Significant at 1% level, *** Significant at 0.1% level.
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Table 3.

12EAERFRBEOBIRIC B 5 FIfHREZE

Differences in average total height among 12-year-old progenies.

Block-I Block-1L Block-1IT
Progeny Al,l‘gf;}]gte 5% level 1% level | FroBeny ";fg‘;lgte 5% level 1% level | PTREENY ’};‘;{;ﬁe 5% level 1% level
m —_ m m
65 6.98 W | 45 6.70 62 6.52 -
26 6.75 | 41 6.67 - 45 6.46
62 6.70 2 6.38 = 8 6.43 L
61 6.70 | 37 6.36 26 6.29
58 6.70 65 6.34 58 6.27 .
10 6.66 B N 55 6.34 15 6.18 i
59 6.63 u 15 6.30 65 6.11 L
8 6.57 | 7 6.24 = = 25 6.01 .
25 6.56 _| | 12 €.22 9 5.97
41 6.46 | J 58 6.18 61 5.81 —J H
9 6.39 s 62 6.14 N = 4 5.69 L
3 6.36 4 6.11 1R 59 5.66 % .
45 6.34 _ 3 6.07 55 5.64 J1}
30 6.26 i B 30 6.06 3 5.50 u .
4 6.19 ] _ 59 6.04 12 5.47 L i
14 6.16 B 8 6.03 37 5.45
12 6.14 _ 10 5.96 7 5.39
37 6.07 N n 9 5.85 — 5 5.39
7 6.04 _ 46 5.74 ~ 41 5.30 | .
46 5.98 . _ 5 5.73 J 10 5.21
5 5.81 20 5.59 ~ 30 5.11 i .
20 5.81 - 66 5.58 -JJ 20 5.00 -JJ -
6 5.77 61 5.47 6 4.92
55 5.76 _ 14 5.24 46 4.78
15 5.72 . d| 2 5.15
Sm=6.30 Sm=6.02 Sm=5.69

Note : Values

not included in the same bracket are significantly different at the indicated percent level.
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Relationships of mean height between blocks.
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Relationships of mean diameter at breast height between blocks.
Holedt, Tuys 1 TR R2EEATHEESBO bR Bole, 37 vy 7 2RBCAN LICEE,

Tey IR EBABERELAETDH S, KRL vy 70 REFRZ, 1IELEETHEEESEDLH
7edt, 12 EAETRAEEENRD b -l FREABZ VT, WThoMiicsnTh, FF
HEIF D bR R Y - T2, '

BRERICONTY, BETLLRILFERKC, KROVSEMOENREE TR -7 (Table 5)o
KOPDORRICOVWTHEEZZDONBZN, 3 ~40RCBVWRREBHICENERER L, gL
AEBEERROLNARL B, Fig. 5%, ThoVHECBI 37 vy JEOMFEERLIZLN TS
BRBBONVTRD LN LRI, WEERLBNTY, 3~4NFRAXT vy JHOMEEZELT
w3,

7 v —XBLUEOHRICET 2 5BAWOMEE Table 6 ITRLIc, FRHESKICHRMENEDL
IR, BT, 7v—32R/8HE, DBOBHA, B ER), b7 ) B TH Y, 7
BORIETry JTIRBIVIM TS %L _RNVTHEESED LR, Try 7 I TRAEREIEDOH
ol

MOBREERICOV T, WBER L ORI & {772 - 72 (Table 7). RBFIT, ST LITH
272, WTROHEOVWTH, FRESBCENEEERRD bhi,

4—2. #® 5t

BERER, £7 vy 7OV TRB L, RRCL > TRERLEBVEEDONB, LrL, Try

MABBLOREX T vy 7OREEALREN, 8, IFEATHETIE, FRESERT v v 7S



Table 4.

FRBEO WRERICHE T 580

Analysis of variance for diameter at breast height of progenies.

. 12 S A 11 i £ 10 9 F L 3 8 3
" ) 12 years old 11 years old 10 years old 9 years old 8 years old
Source of :

Block variation d.f. | M.S. F d.f. | M.S. F d.f.| M.S. F d.f. ] M.S. F d.f. | M.S. F
% % * *xk *okok *okk
Progenies 4 24 4.2398 1.30 24 3.3466 1.67 24 3.5874 2.22 24 3.8140 2.94 24 3.4300 3.87

I
Z8
Error = 587 3.2501 587 2.0064 587 1.6167 587 1.2988 587 0.8861
%? % * *ok sk kkk | *kkk
Progenies N 24 4,3854 1.54 24 4,0533 1.84 24 4.3558 2.45 24 4,7575 3.28 24 5.0321 5.47
I
28
%rror = 624 2.8484 624 2.2009 624 1.7814 622 1.4511 607 0.9203
,-a(;. % *kkk *kk Fkk kkk skkk
I Progenies 23 7.3983 2.37 23 5.7157 2.37 23 6.9139 3.21 23 7.8143 4.68 23 6.2543 7.18
tEﬂﬁrror = 518 3.1194 518 2.4081 518 2.1512 517 1.6707 479 0.8710
x * 19 4,7851 1.24 19 4.7214 1.34 19 5.0490 1.28 19 6.4346 1.56 19 6.5969 1.68
Progenies . . . . . . . . . .
I S m oy 7 *kk * * *okk kK
. 2 23.6725 11.84 2 13.5786 3.85 2 17.2281 4.38 2 48.2839 11.68 2| 61.0504 15.54
T Blocks
R i “ Kk kkk kokk soksk
I %P%(x; my7| 3| 3.8739| 1.39| 38| 3.5314| 1.61| 38| 3.930| =2.20| 38| 4.1345| 2.95| 38| 3.9292| 4.19
% %= 1140 2.7943 1140 2.1823 1140 1.7150 1140 1.3996 1140 0.9373
Remainder : . . . .

Notes : * Significant at 5% level, ** Significant at 1% level, *** Significant at 0.1% level.
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Table 5. 12FE4AFRBOMBERIC BT 5 FHHEHE
Differences in average diameter at breast height among 12-year-old progenies.
Block-I Block-1I Block-TI
P rglgoe.ny (‘ﬁ:ﬁ:&i 5% level 1% level Pr&goe;ny (ﬁzggéi 5% level 1% level Prﬁ]g:ny ﬁ‘izzzﬁi 5% level 1% level
cm cm cm
26 7.5 7 - 41 7.4 - 58 7.2 —
25 7.4 ] 58 6.7 ] ) 9 7.1 -
58 7.2 M B 9 6.7 65 70 | L
4 7.2 55 6.6 ] 4 6.6 - -
41 7.0 — — 20 6.6 45 6.6
30 7.0 10 6.6 62 6.6
65 7.0 65 6.5 ] 25 6.5 -
3 6.9 15 6.5 55 6.4 -
59 6.9 4 6.5 26 6.3
62 6.9 59 6.4 T ] 15 6.3
10 6.9 45 6.4 10 6.3
6 6.8 7 6.4 8 6.3
45 6.7 ] 8 6.3 - 7 6.3
46 6.7 30 €.2 - 61 6.3
12 6.7 3 6.2 59 6.2
5 6.6 46 6.1 3 6.1 — -
9 6.5 62 6.0 ] 12 6.1
7 6.5 37 6.0 5 6.0 -
14 6.4 - 14 6.0 30 5.8 —
8 6.4 6 5.9 J 6 5.7 —
[ 6.4 61 5.8 41 5.7
37 6.3 5 5.8 J 20 5.5 —
15 6.1 - - 26 5.7 16 5.2 _ -
55 5.8 - - 12 5.6 - N 37 5.2
20 5.1 —:| - 25 5.2 - ] - -
Sm=6.4 Sm=6.0 Sm=6.2

Note : Values not included in the same bracket are significantly different at the indicated percent level.
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Table 6. FHREEN 7 v —xBLUKEOBEICET 5080
Analysis of variance for characters of crown and branch.
7 " * B 7uy 71 (Block-1) 7 vy 71 (Block-1I) 7 vy 71 (Block-1I)
Characters | Source of | 4 ¢ | 5. F |df.]| M.s. F |d.f.| M.s. F
. pr =z *okk kKK ) kkok
¥ F & ’f;‘rogenigf 24| 2.3901 5.92| 24| 2.4838| 5.49| 23| 4.0152| 7.40
Clean bole | &
length Error 475 |  0.4038 623 | 0.4528 520 | 0.5423
& % * *
B OB & | Progenies 24| 0.3641 1.53| 24| 0.5250| 1.76| 23| 0.6091 1.68
Branch length| ™o 475 | 0.2387 623 | 0.2989 520 | 0.3627
5 EA
BEoks ?irogenief 24| 0.3402| 1.30| 24| o0.2500| 1.38| 23| o0.5696| 1.32
Branch =
diameter Error 475 | 0.2623 623 | 0.1815 520 | 0.4316
5= k% *kokk
o @E ?—’(rogeni ef 24| 444.95| 4.53| 24| 865.33| 6.94
Branch angle | P Ermr% 475 98.29 623 | 124.75
= kokok *k3kk ¥k
B O X %rogeniéf 24 2.6762 2.92 24 2.0033 2.22 23 2.8517 2.11
Z0
‘Whorl number Error 475 0.9160 623 0.9028 520 1.3498
EREHY o= sokok sokok *
® % |2 R o4 | isiiaz2| 7360 | 24| 10.2013| 576 | 23| 4.7665 | 1.70
Branch _li"rogemes
numliler | &En or 475 | 2.0296 623 1.7718 520 | 2.7999
per whor
’ 5 A k%
VAT -4 Progenies 24| 2.2704 1.31 23 3.0965 2.24
Crown length |
(CL) Error 623 | 1.7323 520 | 1.3795
— = P =z skoksk i kkok
y%/%“éx %rogenief 24| 0.029 2.53 23| 0.0552| 3.70
CL/Tree E
height Error 623 | 0.0117 520 | 0.0149
Notes: 7 my 7 111264, Try 7IBX0T vy 7IMIZI3EELETH 5,

*, Rk R 3 ZRENS %,

1%, 0.1% L ~_NVTHE,

The progenies in Block-I were 12 years old, and.those in Block-II and Block-1I were
13 years old.

* Significant at 5% level.

Table 7.

** Significant at 1% level.

FROWEERE (X) LAREER (V) ¥ 33ko8oh

**% Significant at 0.1% level.

Analysis of covariance for basic density of wood (¥) with diameter at breast height (X).

=
Soﬁrce o?]varia%lon d.f. 2 ¥y 3 d.f. 4 M.S. F
2 . kkk
& % Progenies 24| 104.07 702.0 | 130464 24 | (137478.39)| 5728.2663 | 8.8854
# 2 Error 587 | 1887.65 | —7869.7 | 410593 | 586 | 377783.86 | 644.6824
& {k Total 611 | 1991.72 | —7167.7 | 541057 | 610 | 515262.25 '
2 2
Notes : dp= 332 —XZZ" | oo wye (2 g gy

x

***k Significant at 0.1% level.
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1252417 overshadow &7z, EHRENBERG (1961) V%, Pinus sylvestris 075 A KL <A FAKNAEE
HRRELLR, 77 2AKRBORFIMEL TREERVY, RENCPEELREVWILEREL TS, J
By 7k > CTRAMOBRIEMLS —ETRWEERE, HxORRCOVWTENEFTFHSEEZEL TR
s, RRICL- T, SMOEDOEBCEHRE —BOBBEREEZTFT 0L, bTFpRRENE
I DN E R TRBVHFEET S LI TH B, TN Lix, KED (1965) 27 1~ YEOIEEK
R ET 3 RHEERE LORICERPLVEST OIS, LA -T, RRORELITRIHS, TF
DRFH—REHTTLVRLESELLBZLIRE T, BOhIHEROBEEHELRED 5 LFARKIC, —F
Tk, BRHBETTOLNWORDNWEERETBZLEND S,

WEERIZ OV T, ey ZATLALHKEBR L VETFIE, RREASBCEEESRD 5N 508,
Tuy JHABBLIURRX Ty JOREEREEDTELD L, BEHILBOOIE{ 5, #
FHEEICBT 2 RRBSTEISHB ORI L %2> THEERPED bR RoTcZ LizonTid, BE
—HIORERIC & b 72 S WIKNE—DREPHE L 0 b REVREIC, L b @<RER, RRADEER
EBHERESRY, REFOLEWERRTZRLBL RPN LELbN D,

e —ABLUHICET2HEN S L, BT, 7v—3R /88, 83, HARKRCX - THL,
BRHENPWETRT, BiC, FAiX EHRENBERG (1963) « NILSON (1956) A% Pinus sylvestris T, BARBER
(1964) #3 Pinus elliottii T, ZThENFRRIZL » THENTHIREEB TV E0L—KT5, BoE
EBITRIERBNTIL, FREZEETDLARVDE, THOARS LRSI ECEENICEEL THDb
NEWETHY, LrbHEKS TR, HORSEABRNOKLHECKELE S, FKRADEGKRE
TV HSENCKREL 237 dTHA I LELONS,

MOBFHEERC B 3 RAMZERI K&V, o~y BHE >0 TH Ffks REFANEL, P
taeda G BROWN 5 (1961) + GOGGANS (1962) * ZOBEL & (1957), P. elliottii G SQUILLACE 5
(1962), P. radiata G FIELDING (1960), P. sylvestris  ERICSON (1960) 2R#hZh FEBERN
RRFEERPKEL, FHEOTEENKENVILEBEL TV 3, APRICEV T, RBOF-FHE,
BEACOVTEWEEZRTZ L 25, 7THvYRBIIHMOEHBERT, BEEoHWHETHS L
Exbhd,

5. RRELCHISHHEEEE

fHFEEAEYIE R T E 4 DR N EICHN IR EDE SN B LIRS T, ok X iIhA0HE TR,
EVHEZ L OERERRROBIRNRENL i, HIWEANERREPOBENERY L b 25T
W5 ZEREN, BREMICIE, SFHESHEE, H3VZEPOBELENL S, ¥ nEEIHE
VDN TW BRI E 25,

A TIE, BBBIRRHCINT, ENXIRBEANHEAELEDLNI2EHMELT, HE -1
BERE - 7 v~ 2B I UBOBFEMORARMEE, BEs b NicBERNOREIBRIC I 5 Ehfn
HEERE L. HOEHBER L REROBRICOVTIX, BEEZEME LT, R LOERER
DHHLLNFENLRENE L5,

HRARRIE, oy 71T uy 7IRFBBEND B TR TH B, Fry 7MEROVWTIL, EEEHDLR
WRRB—ED - 70T, FHEEANAHOHBECITNEL EL, WY biFedr o7,



Table 8. FREM 12FEECBIT ZHAROHEERE (Fry 2 1)
Correlation coefficients among characters of 12-year-old progenies in Block-I.
% & Characters| H | D.b.h. | CBL | CL co |p.b.h/mco/pbn| BL | BD [BD/DbA| BA BN
H *kk * *% o * ° o o *k o o
D.b.h. 0.6198 ° * o * * * ° o ° °
CBL 0.4795 0.1677 * o o o o * * [ o
cL 0.5527 | 0.4647 | —0.4662 o o l o . o o o o
CD 0.1327 0.2163 0.0472 | 0.C908 o Hokk * * o o o
D.b.h/H —0.4237 I 0.4511 I —0.3333 | —0.1088 | 0.1143 o * | *k o ' * o
CD/D.b.h. —0.2882 | —0.4553 | —0.0736 ’ —0.2204 0.7696 | —0.1774 o | o * o ©
BL 0.0822 0.4238 | —0.3571 0.4236 0,3985 0.4444 0.0833 | *xk koK o o
BD —0.1499 0.2781 | —0.4053 0.2337 0.3979 0.5764 0.0922 0.7747 dkok * °
BD/D.b.h. —0.5195 | —0.2560 | —0.4706 | —0.0387 0.3076 0.3333 0.4315 0.5714 0.7747 o *
BA 0.2298 | —0.0851 0.3516 | —0.1047 | —0.1569 | —0.3985 [ —0.0953 | —0.3470 | —0.3989 , —0.3090 *
BN 0.1285 0.1934 0.2552 | —0.1118 | —0.1362 0.0579 [ —0.2562 | —0.2602 [ —0.3156 ‘ —0.4419 | 0.4705

Notes : o HEMNED LN, * 5%UVNVTHE, ** 1BV RVTHE, »* 0.1%L VTHEE

o No significant, * Significant at £% level, *x Significant at 1% level, *** Significant at 0.1% level.
H=Tree height, D.b.h.=Diameter at breast height, CBL=Clean bole length, CL=Crown length, CD=Crwn diameter, BL=Branch

length, BD=Branch diameter, BA=Branch angle, BN=Branch number.

Ge® () RHIYBoH



Table 9. FZEN 13 FEAK BT 2TEBOHEEBEEK (Fry 27 1)

Correlation coefficients among characters of 13-year-old progenies in Block-1I.

Cﬂ}iractﬁs H D.b.h. CBL CL CD |[D.b.h./H|CD/D.b.h| BL BD |BD/D.b.h| BA BN WN
_ H *% o *kk ° *x o ° o * o o °
D.b.h. 0.5087 ° * ° *k *% * o Kokok ° ° o
CBL 0.2219 0.0726 ° ° o ° ° ° o o ° °
CL 0.6201 0.4449 | —0.0287 ° ° v ° ° ° * ° *%
CD 0.2994 0.3436 0.0056 0.3682 o *okok *okk * ° ° * *
D.b.h./H | —0.5254 | 0.5980 | —0.1396 | —0.1502 | 0.0734 ° ° * ° o ° °
CD/D.b.h.] —0.1563 | —0.5073 | —0.0668 | —0.0067 0.6319 | —0.1504 ° ° *ohk ° * °
BL —0.0107 0.4013 0.0055 0.3672 0.9898 0.0730 0.0663 * o * * Hokin
BD 0.0091 0.3689 | —0.0897 0.2717 0.4876 0.4015 | —0.1779 0.4867 * o ° ok
BD/D.b.h.| —0.4696 | —0.6420 | —0.1528 | —0.1519 0.1375 | —0.0667 0.6791 0.1372 0.4658 ° * °
BA 0.1831 0.2258 0.0316 | —0.4051 0.0593 | —0.0600 | —0.1617 | —0.3985 | —0.2711 0.0657 o Fokx
BN 0.2228 0.2022 0.0944 | —0.3221 | —0.4774 0.0667 | —0.4713 | —0.4521 | —0.1330 | —0.3971 0.0982 *
WN 0.2738 0.3774 | —0.0526 0.5648 0.4756 0.0121 0.1476 | —0.7083 0.5926 0.1433 | —0.6313 | —0.4931

Notes : o FEMNFEDLRARW, * 5%L VT

E, o 1%V RVTHE, »* 0.1%V_VTHEE

H=#%®, D.b.h.=l&E®R, CBL=#TH, CL=/un—%E, CD=7 n—Xig, BL=fnESE, BD=HnKE, BA=Hf, BN=¥,

WN =R %k

o No significant, * Significant at 5% level, =* Significant at 1% level, **+ Significant at 0.1% level.

H=Tree height,

D.b.h.=Diameter at

breast height,

BL=Branch length. BD=Branch diameter, BA=Branch angle, BN=Branch number, WN=Whorl number,

CBL=Clean bele length, CL=Crown length, CD=Crown diameter,

SRR
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5—1. #* £
5—1—1. X A R 48 B

Table 8, Table 9 REHLPHRITEL, Try 7127 vy 7I2BLT, BELAERHERETT
RHIEHEE (E), 7e—3x& (), BHER/#E (A), IEoXRE /MEER (A) Th-T.
BB LETROBERL, vy s I CREERME (r=0.479%) ZRL7ED, Fey s DI TRAERMET
Bobhedrolc (r=0.2219). 7 v —XIE, IHENORS - K& - AE, BEUIBHE L AR RERLRE
ool

MEERIBEIEIZ, Try 7 ITE7 v—-2K, WEER /$BE, THOES LENHEESHAHE
AL, 7 v —X@/EER, IHEOKE /MEERLIAOEERHEEE R LI, ey 7 I TLHE
B ARBABARANRD B 23, O KRE /BRERICSWTREERRRD b hvieh o7,

BTEIZ, Try 7 I Tik7e—3E, JEOKE, HEoks MEERLAOEERHEEERLE
2, ey 7 I TRRACANHEEZRLINEE TR - .

ru—%RiZ, TRy 7 I TRAENORES LENEESEE, Try 7T CRAIBOAELANERER
HEET L Try 7 IRBI2EALOHEBIZATHY, Tuy 7 TRBI KN ES L ik
ETH-720, WEFRLEERERDbhadh o/, &bicT vy 7 I TRETEH L FERANEEER
L7z,

7 u—XEE 7 v —Xig/WEER, IHOES, WHOKS LENEEREBEY T L. BLi,
7wy 7 L bAOHEERLEN, Try s [ CREEESRDORRD 5T,

HImER /B L OB L OBRIc OV T, TRy 7 I CRAKOES - KSLE, BLA0A
BERMEERLEEY, ey s ITRAENKRE LD
ZENEERIMEEER L

7 v —Xig/MEmERL 7 v — X8, ks /
MEERE ENFERMEBEE R LI, BkLixAnt
BERLH, Try s [ CREEENRD S LIZHR
bivied ol

THENESIE, Try 217y 7TEBELT,
MSER - 7 v — X8 - IEOKS L E0HFE2HEM
ERLIC, &biC, Try 7 I TR v—%F - &
B/ - IEOXRES /MEERLE, Tuy 21
TS - BE L AD, ThZhEERHEBEEZ R L
Too TRy 7RI VEEMOKEIRRZN, Tuy
7 LEB} 57 v—3RL OMBEHREL r=0.3672 T 02601

BHPEW Basic density of wood
[=]
g

41}

38 2

Y, 7wy 7y Ticeld sH8 - B L ORI L 0 50 60 70 80 90 W0 1o

FhFRr=—0.2606+r=—0.3470 THV, W 7 m g% Diameter at breast height

vy 7 L bRUEmERL . Fig. 6 FROMEERIC I 2 5%
BERERE

ORI, BALA, TBoKRS /HEEERL . . .
Regression of basic density of wood on
EnHEZRL, HENKES TEERIHKL AN diameter at breast height in each progeny.
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170w7 Only one blo k | I @ 1889
_____ 7097 Both blocks }Posltlve correlation
_____ 1770-‘/’7 Only one block}
————— @70v7  Both blocks Negatlve correlation

H=##, D.b.h. —lHEE, CL=7 r—*&, CD=2 = —Xi§
CBL=#TH, BL=KnEE, BD=HnKE, BA=FFA, BN=3

Fig. 7 WHEM» XRHMHEH
Phenotypic correlation among characters.
H=Tree height, D.b.h.=Diameter at breast height, CL=Crown length,
CD=Crown diameter, CBL=Clean bole length, BL=Branch length,
BD=Branch diameter, BA=Branch angle, BN=Branch number.

BERHEBEZR LI,

JEERE L MOFREBEROHEBL, vy 7 TIZOVWTOATH BN, FROFHERZ -
MERBIIENFEE T RVME (7=0.2157) 2R L7, EFEEZEME LT RRNOERERNS LD
FHeRIDH Fig. 6 ThHd, 2~3NRFEHRE, WHERLHO FREERIAD BRE FL T
5. L L, ZOERBRERERRICE > TriaV B25. £z, A—ERTORRAICE - THHBERIC
REBLBRVNRH B L1k, EGHOTORRELbIC, ZORPLLHALLTH S,

PLEL b RIERBHEBEO 2R L MEICEEST TGRT &, Fig. 70X itk 5,

5—1—2. FEffEIARE

12 A~ AR & 128E4~ 7 4 TWHHER 122V T, FEBEO HIZ L o7 #E% Table
10, Table 11 IZ/;RL 7,

3~ 5 FEMREERE, MOTRTHOFEROMBERT, BOECHBEER Lz, HEGRENAREE2R
L, VB TCEREN RO RERELZTL, FHVEN I Lich s TRT T 3HEMERL,

JRERICOW TS, #E L FR2ERS38 b i,

i L RERE L OMBTIX, 6 FEUEOEFEROBEIL, 8 « IFEAMBER LR LEVHEEE R



Table 10. KRB 2 b N WBERICIY 2 ERHOHEBEK (Fry 2 1)
Correlation values among tree height at ages of 12, 11, 10, 9, 8, 6, 5 and 4 years and diameter at
breast height at ages of 12, 11, 10, 9, 8 and 7 years of the progenies in Block-I.

Characters | Hi | Hu | Hi | Ho | Ho | Ho | B | Ho | Du | Du | Do | Do | Ds | D
Hi sokk *kok kK t Kook >k o * KKk Kk Kk *okk Kokk Kk
Hu 0.9638 koK *okk *kok *% o © Fokk *kk *kk *kk *KkK *kk
Ho 0.9692 | 0.9411 *okk Kook *k ° * Hokk Hokok *okk *okok *kk *kk
Ho 0.9293 | 0.9095 | 0.9798 *okok *% ° * Kk *okok otk kK Xk *okk
Hs 0.8846 | 0.8560 | 0.9461 | 0.9756 Kok o * Kok *oki kK kK ok wokok
Hs 0.5090 | 0.4959 | 0.5084 | 0.5209 | 0.5295 Kk ok * ¥k *k *k *k *k
Hs 0.2793 | 0.2785 | 0.3420 | 0.3557 | 0.3315 | 0.6573 *okk © v v * ° *
Hi 0.3937 | 0.3778 | 0.4533 | 0.4834 | 0.4692 | 0.6737 | 0.7958 o ° o * * *k
D 0.6198 | 0.6312| 0.6462 | 0.6605 | 0.6712 | 0.4613 | 0.2746 | 0.3720 Hokk *okok KKk Fokok *kk
Du 0.6458 | 0.6536 | 0.6713 | 0.6875 | 0.6982| 0.5106 | 0.2651 | 0.3550 | 0.9861 *okk *okok xk *hk
Do 0.6422 | 0.6504 | 0.7052 | 0.7227 | 0.7505 | 0.5138 | 0.2674 | 0.3580 | 0.9345 | 0.9601 *odok kK Fokk
Do 0.7751 | 0.7570 | 0.8236 | 0.8536 | 0.8743 | 0.6250 | 0.3844 | 0.4650 | 0.8664 | 0.9026 | 0.9410 *kok *kok
Ds 0.7813 | 0.7723 | 0.8509 | 0.8942 | 0.9091 | 0.5973 | 0.3672 | 0.4582 | 0.8260 | 0.8673 | 0.9146 [ 0.9728 *okk
D+ 0.7321 | 0.6833 | 0.8109 | 0.8653 | 0.8917 | 0.5444 | 0,3890 | 0.5531 | 0.7956 | 0.8157 | 0.8409 | 0.9221 | 0.9351

Notes : o HEHIBD LNV, * 5V _RNVTHE, ** 1%V _NVTHE, w* 0.1% VvV THE

Hiz, Hu,eeor

Hiz, Hiup,eeoeer , He, =12, 11, ----e- , 4ﬂ"—‘$ﬁf‘.§;~, D1z, Du,eoeer, D7=12, 11,0+ . 733&%;@;@?%

o No significant, * Significant at 5% level, ** Significant at 1% level, *** Significant at 0.1% level.
..and Hy=Tree heighi at 12, 11,...... and 4 years old.
..and Dy=Diameter at breast height at 12, 11,...... and 7 years old.

Di2, Dy, oo
g

I8 RIYPFOHMUES O NYXWAVBGHHOL 2L L
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Table 11. FKFRREOBTE 2 S G WHERIZ BT 2FEMIOMABRR (T y 271
Correlation values among tree height at ages of 12, 11, 10, 9, 8, 7, 5 and 3 years and diameter at

breast height at ages of 12, 11, 10, 9, 8 and 7 years of the progenies in Block-1II.

Characters Hie Hi Hio Ho Hs Hr Hs Ha D Du Dio Ds Ds Dr
I.II? *kk ' ok k k%K ' *okk *kk o o %%k kKK kK% *kK kkk kkxk
Hun 0.9884 Hokk *kk *okok Fokok o o Kk *okok Hokok *okok kK kK
Hio 0.9707 | 0.9927 *okok *okk Aokk o o’ Kok *okk *okk Hokok Hokk *okk
H® 0.9343 | 0.9570 | 0.9703 Hokk *kk o o * Kk Kk kK Hokok ok
Hs 0.9169 | 0.9461 0.9700 | 0.9490 Kok * * *k Hookok kK *okk sokk *:c;*
H- 0.9051 0.9202 | 0.9417 0.9120 [ 0.9826 * * *x *okok *Kk *kk *kk *kk
Hs 0.2451 0.2490 | 0.2694 0.2130 | 0.3321 0.4037 Hokok o o o. ° o °
Hs 0.2338 0.2350 | 0.2625 0.1992 | 0.3322 | 0.3867 0.6506 - ° o o o ° °
D 0.5027 0.5394 | 0.9218 0.4760 [ 0.5260 0.5263 | 0.0084 | 0.0896 *kk *kk Fkk Fkk *kk
Dun 0.6297 0.6671 0.6711 0.6118 0.6894 0.64744 0.1027 0.1664 [ 0.9739 *kk o Fkk Fokok
Dio 0.7289 0.7582 | 0.7760 | 0.7216 | 0.8079 0.8174 | 0.1761 0.2584 | 0.8997 . 0.9573 *xk *kk *xk
Ds 0.6842 | 0.8219 | 0.8375 | 0.7937 | 0.8747 | 0.8837 | 0.2315| 0.2091 | 0.8147 | 0.8994 | 0.9601 dkk *okk
Ds 0.8257 0.8462 | 0.8660 | 0.8298 | 0.9145 0.9325 0.2622 | 0.2977 0.7119 | 0.8071 0.9222 | 0.9475 k¥
D+ 0.7640 | 0.7987 0.8248 | 0.7764 0.8613 0.8664 | 0.3029 | 0.3743 | 0.6435 0.7371 0.8370 | 0.8414 | 0.9157

Notes : o HEMHEH R

Hie,

Hu, -

BHNR, x 5%LRIVTHE, *»* 1%L~V THEE, = 0.1%L _NVTHEE
ey, Ha=12, 11, +woeer » 3ELERE, Dizs Du, =ooeer » Di=12, 11, - > TR

© No significant, * Significant at 5% level, ** Significant at 1% level, *** Significant at 0.1% level.

Hi, Hu,
Diz, Du,

-and Hs=Tree height at 12, 11,.--.-. and 3 years old.
-and Dy=Diameter at breast height at 12, 11,-.--- and 7 years old,

SRR Y
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7 A=Y ORI B ARERRICKT HEBEORENE GBIl E2) — 51 —

L7z,
5—2. #§ B

B L o TE & 0FEEBIRIC DWW Tix, Table 9, Table 10, Fig. 7 226, KNI LHRHLR LR
oTe TibE, BEOKERFRIWBEENLKL, 7r—XERNRL, WEERZED HIEAITIT 1R
s B ERYRRV. #EL 7 v —XRRLTICHTE L ORI TR ENENHBENTEET 5%, 7
v —XRLETEHEZANHBE R L. ZHI—RFETHIO5BOh3H, 7u—XBRWHAE
Ex TR L, ALAREEE L2 LN THLEMENR—EEHBEREN RV —TTdi 7 v —X23E
WAL, BORED RBOICDICERREENEL, BRELTI v —XBRWBELBELX NS, L
TR, WL s r—3ELOMRENEOERE, 7 v+ ELKTHOBRIREOERET L
LNTHSH, BARBER (1964) ik, 94E4 Pinus elliottii RHT, BELHENESBIUENAS
CENHEZMBEANHFET S LEBEL TR, FHERER TR, ZhoBERICHE’ D 5 L3R
DENRP o7, BEIEBNT, HORIBIVEAOKIIEL TIIRRHZERZZD L2V, #E
CELTREERZERNEET S Z L8, ZhonER2PHLETELD L, RLES, K&E0K
FLORZECEVT D, FRICE - THERESRARZZ L5 2 8bh 3,

MRERZ I v —FE, HORSLHEERENHBELRL, HOXKS LEIFETEARVARL L ENH
BaErd. HOREBIVAREEZ, #ELD L, WEERL OBICEVWHERBBEAEETZ LI TH S,

BOWREEOEEL 0BRERL S obT LN L LT, WEER BELEANLFONE, Thb
B, M@ L THREROKEVERRE, HrRL, ERKL, EoBHANNSWERERL, %
7o, HOBHAZERY 75, AEOREVFRRIIESHL, EL, BEBEL, BrEfEmne: R
L7, Zihi BARBER (1964) 2% Pinus elliottii AL THE L -HERE—FT 5. X VARIEVE
EETARRELVEIMANEEZ DI LBHFINI0T, ENOEHATREVEL LTEETHS L
EZxbhd,

MoOAEEER L WEERT, FREBML LGS, MEBRR2S 3 L3Bo b0, EfrH
fre LTRFRHOMEOEHRE RS &, 2FMICANEEEZTT, LrL, HENCEBEIRRCL > Th
29 HR7e%, BUUTENEN (1963) 2% Pinus taeda REFEFNOEEFICOWTEH L EBEBERLBERL
DFEBEEEIL r=—0.06~—0.123 TH V., KROTEHEE AV 7HE1T r=—0.02~—0.43% TH 57,
MCELWEE (1963) 13WA WA RFERD Pinus serotina 7 -oWT r=—0.257% ¥ 87, Pinus elliottii
12 2WTix PERRY & (1958), Pinus taeda \Z->VWTit ZOBEL & (1958) 7%, #HFIZENBWEED
BRI NV—F RO T ERL BV I V- ORBEERIC, ZRTDbhepr -l beHELT
W5, ABIFRICHR L RHEE (234) iKW T, WRERET 15cm & - 7220, FREERLEEE
BLoOHBREL 7=-0.22 TH D, FEEZED AP o1, ThONEREBRET L, HoRH
BERLERT, —BROCIADHEBRERTY, BEEE - REFEHLREL, BECERENRDLL
BRWEFL DR RNZ L ERLTW S,

¥E 2 b NS ERICET 3 EBE MBIV TIE, FEREITEVWEEREBE R, o<
v BRIFETIX, CALLAHAM & (1963) 2% P. ponderosa [>T, 12 FH~20 F4EBE O FHEREN
7=0.647%%~0.883** TH Y, 12FEBE T FEME LB EEETTRTZ LN TEHZLER
$%1, LESTER & (1966) % P. resinosa [2>W\WT, 8~ 9QEEBET20ELETSETHORES TRIT
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BTLBRTEZLMEL TS, BARBER (1964) X P. elliottii ¢ 2 ~ 8 FEABRIZOWT, KEHR
CEWEERERRS Y, LALERENATE DI L) - THERENETT3/E22E8THY, &
BreRR L —5T %,

MEER L HREOBRICEWT, 8 ~ I FANEEREN, 10~12F4WHERID b, 10~12 F4H
HEEWHEBERLIZZ LIZOWTIL, HIfiTHReZT e 10EED EOMBEET, FREZEN K
DLl THBHILELBNS,

6. HEHECHIIZHTFIEE

L 2o FEEPESE L OBE—RBTHE I, BoWENE0RETFHICELONELARLI S

PEERDTERETD - T, BFHERNHEIKETIE, BTSRRI EEE Tz 5 EER X
VEV, T, BEAPETFVERFHEELENEWEL R T2 L3 B Eh S,

ZORFFETIE, B0 F X0 1,000 hIE, 50 FARE, 50 FAMRER, 10 FARE, 10 FEBE
&, M40 FHENROWHER, AFEATSMEER L FREO ERBIBER b i WEER L 0
HERE, B - 7 m— X BORER D CICH o ARBERIC B 28 FHEE L 5~

BRI & TR R 23 TH 5,

RRABOBE L WEEREBRBOBEIZ, Try 7 INR2EERE, Te v IR BEEREND
NTHBo

6—1. & g

Table 12, Table 13, Table 14 ZHFHOEFNHEBRETH 5.

BBt # % 0 1,000 HIEE & RRABOME L 0BIFRE B3 L, —BICANHBENRD bh3H, 2L L
TENEEZFTHNRE L, HEREIHBOBEME & QRT3 EHMER LI, L, 5§%LV~_VT
MR EEENOED S RIcni, Ty 7 105 FERE, Try 7 I 3EARBCOVWTHOART
»5o

B 50 EAERR L RZOBRE L 0iEEiX, T ry 7 1 Tik4 - 5 EATENHEE R HBBEIEE
T3 LEDOIRY, KL, —EOHEHAEFE 2057 B0 10 AR L FRO BEOHTL
FEREBEREIRD ONARD o 7edd, RO I~IELET, £ vy 7 & bHEBEROE X BEANE
Bohs. B 10 FABEIR, 50 FAEMELY b, KROME L OHERENFRICHWERLZD
bz,

B#oEERR X OWEER JAEAEENSERT, RROME L AOERNHEREL RT 2L -
7o '

B # 20> 1,000 R EZ 5 IR L RROMWEER L XENHEBEZFTHRE L, WEEER T
ADHEEFRTHRED - 2o WThoOFlIBW T, HERKCEERZRD bR 5T,

B . 7 v—X - BoRMEICBT 3B T4 Tk, MEBRBICEEMOED b IR, Try
& > THENHBEFRTHRE P o T,

Fig. 8 BEMOFREEER L FROVEFRBER L 0BRERLZ LN TH S, MEOMIC BOE
NFBEREATED b (r=0.65%%%), EHLLENEE R TBORRIZ, 3FI2EkRE, FRENLTY
PEnfE%ER LI, Fig. 9 REBICRT 2 RRBEEROERICT 3EE»bNREEL, FROTVHE



Table 12.

Bt # x> 1,000 008, BHE, W & FREORE & DHIBIREK

Correlation coefficients between 1,000 seed weight, height and diameter at hreast height of

mother trees and height of progenies.

i 38 £ g Correlation coefficients
I it Fayy *x % ic3 %) B OB Height of progenies
Mother trees Blocks | ot ot | o i |a e 7 ®E 6 k|5 Fa|s®a|s g
12 years | 11 years | 10 years | 9 years | 8 years | 7 years | 6 years | 5 years | 4 years | 3 years
I —0.0262 | 0.0173 | —0.0230 | 0.0163 | 0.0431 0.2753 | 0.3627 | 0.1139
F X 0 1,000 K K il 0.1772 | 0.2183 | 0.2419| 0.2236| 0.3053| 0.2914 0.1096 0.4955
1,000 seed weight i 0.0818 | 0.0812| 0.0987 | 0.0694 | —0.1311 | 0.0934
I 0.0041 | 0.0482| 0.0109 | —0.0697 | 0.1388 0.0545 | 0.3639 | 0.5219
S0 & i) 0.2083 | 0.1753| 0.1421| 0.0853| 0.0620| 0.1612 —0.1465 0.1973
- i S0 years i 0.1714 | 0.2044 | 0.1965| 0.2184| 0.1530 | 0.0719
. I 0.1927 | 0.2814| 0.1635| 0.1820 | 0.1281 0.1284 | 0.4988 | 0.359%
Height 0 & A4
T 0.1795| 0.3053 | 0.2501 | 0.2614| 0.2465| 0.2257 —0.2394 —0.0888
10 years i 0.1882| 0.1419 | 0.1533 | 0.0694 | 0.1333| 0.1042
I —0.3284 | —0.2272 | —0.2437 | —0.2070 | —0.1753 0.0004 | 0.0451 | —0.0979
so & I —0.0072 | —0.0395 | —0.0434 | —0.0529 | —0.0338 | —0.0049 —0.0375 —0.1125
m 50 years - _ _ _ 6 | — _ _ 61
W TR m 0.2013 | —0.2142 | —0.202 0.2260 | —0.1776 | —0.15
Di I —0.1372 | —0.0331 | —0.1791 | —0.1555 | —0.1792 0.2220 | 0.3414| 0.3039
1ameter 10 ﬁz 4:
&= 1 0.2442 | 0.2474 | 0.2587 | o©0.2827 | 0.2921 | 0.2786 —0.1671 —0.1139
10 years 1T —0.0488 | —0.0718 | —0.0574 | —0.0575 | —0.0326 | —0.0321
ﬂﬁmﬂ@%}ﬁ?&/q:ﬁm - 1 —0.2923 | —0.2016 | —0.4269 | —0.2255 | —0.1801 0.1848 | —0.0171 | 0.0703
ABAE I EE R _ _ _ _ _
Diameter of mather tres Avernge| I 0.0002 | —0.0604 | —0.0726 | —0.0814 | —0.0561 | —0.0345 0.0875 0.0002
diameter of surrounding trees I —0.1570 | —0.1759 | —0.1705 | —0.1692 | —0.1119 | —0.0582

Note : Values exceed 0.4133 are significant at 5% level.

MED WIBOHMES AL NELWIVE o2« L
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Table 13.

B> & > 1,000 K, HF, MEER L RKRFOERE L OMHBERK

Correlation coefficients between 1,000 seed weight, height and diameter at

breast height (D.b.h.) of mother trees and D.b.h. of progenies.

18 5] % ¥  Correlation coefficients
B 1t Ty ® % B o J§ % B & D.b.h. of progenies
Mother trees Blocks 12 11 A 0 F£ A& 9 &£ A& 8 & A g
12 years 11 years 10 years 9 years 8 years years
I 0.1343 0.1436 0.1657 0.0751 0.0393 0.2201
& o 1,00 i H I 0.3646 0.3695 0.3801 0.3171 0.3202 0.3351
1.000 seed weight i 0.0684 0.1650 0.0702 0.1023 0.1541 0.0822
I —0.1901 —0.1599 —0.1579 —0.0951 —0.0658 —0.2139
S0 & i 0.2376 0.1819 0.1574 0.0331 0.0249 —0.0281
ot - S0 years g 0.2763 0.2693 0.2868 0.2231 0.1761 0.1609
Height o & & I 0.0135 —0.0421 0.0454 0.0877 0.0343 0.0851
I 0.0099 0.0650 0.1181 0.0917 0.1703 0.1122
10 years I 0.1678 0.1315 0.1097 0.0954 0.1128 0.0128
I —0.2473 —0.2871 —0.2315 —0.3007 —0.2409 —0.1939
50 F & I 0.0167 —0.0078 0.0588 —0.0201 0.0978 0.0273
. 50 years _ _ _ _ _ _
& I 0.1983 0.1918 0.1694 0.15C6 0.0579 0.0216
I —0.1244 —0.1842 —0.2321 —0.1998 0.2184 —0.1489
D.b.h. 0 & A
I 0.0829 0.1248 0.1898 0.1624 0.3099 0.3043
10 years 1 —0.0343 —0.0741 —0.0789 —0.0885 0.0046 0.0053
}]@ﬁﬁfé/}m[zﬂ*zpigﬁ@?%—ﬂ?é I '_‘0.0721 —0.1732 _0.1387 “‘0.2215 —0.1706 —‘0.1914
D.b.h./Average D.b.h. of n —0.0181 —0.0476 —0.0157 —0.0192 0.0696 0.0252
surrounding trees il —0.1567 —0.1533 —0.1062 —0.1180 —0.0375 —0.031C

Note : All values are not significant at 5% level.

SRR
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Table 14. #i#, 7 v —FB I UEOREICET 25 FHEREK
Parent-offspring correlation coefficients for stem, crown and branch characteristics.
Blocks
L= o Characteristics
I I
MEREE @ Diameter at br?gt.b}fiijg)}}Height(H) 0.2756 0.0561
53 T # Clean bole length 0.2243 —0.0496
r/m—3K/# ® Crown length/H 0.0587 0.3561
7 v — X H & Crown diameter(CD) —0.2984 0.1776
7uv—XER/MEER CD,/D.b.h. —0.2491 0.0328
Vil # Largest spreading branch
® & Length —0.1397 0.1776
X X Diameter (BD) —0.1669 0.1378
RE/EER BD,D.b.h. —0.0504 0.0469
. S Angle 0.0295 —0.0017
B H 72 v B3 Branch number per whorl 0.1897 0.2716

Notes: 7w v 7 113 1244, vy JMIX IBFEETH S, 5%V NV THERBIZEEEOEDS

NHWEZ R -7,

Age : Block-I...... 12 years old, Block-TI..---. 13 years old. All values are not significant

at 5% level.
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RFE0 BB Basic density of progenies
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Basic density of mother trees
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Fig. 8 BAHEERCRIT 288 LR R2NERK

Relationships in basic density of wood between mother trees and their progenies.

’i-Y;:‘O.MGS +0.46X

EEER L OBERETLIELNATH Y, Fig 8 DA LIZLALRLTh -7z (r=0.66%*), &5,

JERZFEREREGE 7/ =0.63%%* Th 57,
6—2. # 5i

I OWERER TR, HOSBEERERE, SHHE0EVWFERED P o1, TRy 7ICL 5
TEVHENED OMAENS - Th, FANMO T v v 7 CHEWES, FodEEEERHF»E

P ole
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e
@
®
1

e

w

=2
t

L]
/Y:o.s_sw +0.48X

o Regression line
.

. (r=0.66)
0.34 |
./
____________ — g% —— ———— —— —
. '3 Mean value |
) . ) | of progenies
0.32 |- ° .
|
o b |
|
0.30 |
- |
fa 1 1 L 1 1
T_/ 0.04 0.02 (=) 0(+) 0.02 0.04

RRO BHBEY Basic density of progenies

, BEoSHMBEN0 HEIFLHT IBR, S 0F/E
Deviation from regression on diameter in basic density
of mother trees.

Fig. 9 A0 EMBEROBERICHTT BE/R» S nREL
ZTHhONFROFREBER L 0%

Relationships between the deviation from regression line on diameter in basic density
of wood of mother trees and basic density of wood of their progenies.

<V BRI BT 3EHEORFHBIC OV T, BOHEBERTH L E S TRVERW L P BES
NTWB, SQUILLACE & (1954) X, P. monticola 12313 2 10 FEARE L, Fhto 2 EASS
CHEERBEERNDH S Z L #HEL TW5, WETTSTEIN (1949) i P. nigra =YY =HECZH
J B ETFHER, NisoN (1956) i3 P. sylvestris d¥ » BOIRE L O Needle cast 12543 3 EHitkic
B BEHI— half-sib F#BICSWT, ZTAZEREELMBERBARIEET 3L 2RMEL WD, —F,
EHRENBERG 5 (1957) B XU BRSET (1951) i, P. sylvestris ORER X UBOTRICB N T ETF
TSRS NP o722 L EMEL THBY, MINCKLER (1942) i3 P. taeda ¢ 5FEAEFELEFRSR b
OBIBIZ DV T, SHERRY (1947) 1% P. radiala OOKRE, BER, HiE, BomEMHECOVWT,
FNFNRTHESAETRP - I L2 WRELTWS, 0%, RIGHTER b (1958) %, P. radiata
ZoWT, FTARLZAFAKRD 5 FABARRERREREL, RRICOWTENRFHEEE RN,
FEUHORDOLAARNZ L EHERL TV S,
MOBBEERIZOWTIZ, ZoBEL & (1957) BX U BROWN & (1961) 2% P. feeda 0> BIRATHIR
F, BEBRER. AIRERRELOR, RRMOFHEEERO LRV BBOFREELN bW L
KE—E+ 52 L 2T LTz, ERICSON (1960) ik, Picea abies iz2\T, FipiE, HHoLEH
ORIR, WELOAEEERY HICHE LS AREERE LW T, Bt zns v oliRe
Lo, BWENHENEET I LE2HELTWS, 72, JACKSON & (1962) 4%, Pinus elliottii b
Pinus taeda \Z0WT, BRAREFRFLBHOAEEERCHT 2108 r=0.871, THERFZ TRHH
D L FHOHEN r=0.903, BELFHR r=0.810, RF L TN r=0.573 THBHZ L #HWEL
TW3,

FFRICHR S N BT, 1 HINTS I AFAICEREEZI - L0 Th B, EREOHRNL
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NTHB, LML, BEICONWTHEL WERIT, FEERIRDOhEWES5 L, ENHEBE RIS
BLAETH D, LichisT, EANHRWCERKE RO L 2ORREITEEBCBR S ERD
BT AT, BT VAR 23 »b Lhky, 7, BTHEEEZE2 2546, FESMEL
%%, WH GRER) JH7 <Y BORRICET 3EERNOFHIC L 2EHEMITL, 12FLUTL 354E
OFEEEL . 1BELEL 35 FENHEENBEVEREB TV, FHER/RTIE, KREOBEIEHEO
50 FEAMIE X D b 10 E£48E L OHEENEV 0T, ThivYolERECET 3 BTHRCREY T,
BINEBENLEES I LIC - THENEE5Z L IFES IS,

MEERCET 2R TFHREEN T vy 712k Y, FRRFERICIVEAN—ETRWEEFRT I LIC
DWTH, KEOBEACHET 3RARELSHAL 2R X I, ZORFBEROKREIVRECL - T
KESNDT=DTHS ),

T MoRREERCET AR TR oW TR, thoMETED ATV SRR LR, By
RLTZe ZTOTEIE, KEMMOIY CEVER) THLHOBREVFARETH S LETTLINTH S,

BE, 7 v —XBIUBOHBEZS VTR, BLRROZTAThOMHEE EAEDRMHBELL LR
Teo BELMHBERPFEETZLRDONZFABH ZM, Z0HEbhFIT vy 712X TEAD, —F
DFEERE 2D 5T,

7. BEADHEE

KBBC X 5 BEE TR OGS, TODRPEOBRELDLbAD ML, MFREMOBEKFENERLRN
BT 5, HRAERIZBT 2 BEADHEEIZSV TR, BERBW CEREESRE 5 57-» 0 EH2A
IRELEAD BRI IZEAL ThbhTWANr e, BRMIBEERALOIREShTWEZ L
R, ANIZREMCEL THLFERICOVTY, BLAYOBEABARIII ST R
TRV, #EShFEROBEMEIXERN,

IOFEIZBNTYH, BREMORRZREBNLNTHY, LENHEHS L0 TRAW, TheY
OEAFRZHCEL THELZEGHO 1L LTE Y BT,

TWEIHBIEE, HBIEER, 7 v — 3B IR0, HoRRBERERY 1, kNkd
RSN EITR - T, BOBROBEBENEHEEL

B TORS (1)

= W | 0B 4 E A #
EHEHR | W H KD

£ & éfi—l

%’3 % FEE] xX—1 M, ge+kalf

£ % A BIETE M ote

(5 BRFI, Yo ik i BERJOBEEE, ki3 y CBELER)



— 58 — MERRIFFERE 55207 5

SRS L TR (2)

= 53] B B B 2 L
SEEEHF R &

£ & rxy—1

7w oy 7 r—1 Ms 62e+yoly s+ y-x02,

® % M x—1 M. 02+yalous+ yras

Tuy 7 XFHR (r—1(x—1) Ms 2% +Y02%y s

£ % W xr(y—1) Ms o2

(x IRFRE Y BFRFREEE, » 572 v 750

2T, MHEES Fr BECENLOTHS L FUE, RRMOSKRS (02 &, KHLHEOH
MEGREA (%) 0 UVADEELBOT, o & 4EFHZ LICk > T 0% BRDENB, LI > T
s gkt (PEESR) yyote ;s 5 LTS,

e AT e
PAES Ry #xX, Formula (1)
s A0 e
13 T o+ oteny 5, Formula (2)
7—1. #& 2

Table 16 IXZHFBEICOWTHE L BEITH S, ‘
BE - HTE A - B3 AEEEESBVWEEZTRL, WRER 7e—2E - BENRE - oKX
DPEVMEEZR LTz, TRy 7IIBA—RICEWEEZR L7200, o —EERREERSh L - Tolcd, T

Table 15. 12 AR RRERRBOEVEICET 28BN

Heritability values (in narrow sense) for 11 characters of 12-year-old
open-pollinated progenies.

= = v 7 Blocks
i B  Characters
I I I I-I-1Ir

il ® Height (H) 0.5791 0.6636 0.9038 0.2131
M9 B E & Diameter at breast height 0.0474 0.0816 0.2298 0.0212
53 T % Clean bole length 0.7893 0.5910 0.8833
7 v — % £ Crown length (CL) 0.0475 0.2089
se—xEK/#& CL/H 0.2258 0.4311
2| #% Largest spreading branch

£ =y Length 0.1024 0.1131 0.0704

X & Diameter 0.0586 0.0565 0.0557

A BE Angle 0.5996 0.7463
B ¥ Whorl number 0.3506 0.1798 0.1895
B 72 DS Branch number per whorl 0.9966 0.6211
MOBEHEEES Basic density of wood 0.8675

Note: 7my 71, II, MNEREFNOEIKEN—1, Try 7] + I MOEIHEL 21X >T
HHShicbnTh 5,
The values of Block-1, Block-Tland Block-II were calculated by Formula-1, and
those of Block-1 « II + Il were calculated by Formula-2.
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Table 16. 8 ~12 EABAREFREOBEZ L NICWEERICET 585

Heritability values (in narrow sense) for tree height and diameter at breast height of
open-pollinated progenies from 8 to 12 years old.

£ 5 Age (years)
Characters Blocks
12 11 10 9 8

I 0.579 0.658 0.774 0.618 0.581
H = I 0.662 0.719 0.708 0.618 0.576
Tree height It 0.904 0.999 1.173 1.211 1.142
I-I-10 0.213 0.306 0.344 0.245 0.204
I 0.047 0.101 0.189 0.283 0.406
M oE E ® I 0.082 0.126 0.211 0.324 0.602
Diameter at s 0.230 0.230 0.358 0.563 0.899
breast height [-0-1 0.021 0.035 0.040 0.097 0.157

Note: 7my 71, I, MOMERER—L, Trv s « I - MoEIER—21CE - TEHEhR
LNTH 5B
The values of Block-1, Block-II, and Block-II :were calculated by Formula-1, and
those of Block-1 ¢ II » Il were calculated by Formula-2.

RESEO My FEAENERTEARLEEIN TS Z LR, BEENODRVTRRRVL S1E
FhTWBIERENFREEZLRD, LALRES, £7uy 72BLT, EEH0EWEELES
TRWEEPHAY x SIKRHIEN S,

Table 16 (1 & WEERICET 2 HHIc X 2 BEHENCELETLIZLNTH S,

Tey JIIARFECKERELRL, 8 ~10FEEMEOEENT 1.0 ENEEZFLEN, Try s 1
L7y 7 UTHELALEUNEEZRL TV S, BiEIKOVTR2 L, 1084 T120MEFHRT 51|
MR HNBD, HEHIC X - THRICEST 5 2 Lidhv. —F, WEERCET3EENET, i
nEME L LIZELETT %0

Try 7T LCHELLEREAL 3 T ey 2 RO L THELICBEA LR, REAENDY,
BEAHEORLSUTOEE R LI,

7—2. #

HANEREICET 3 BEHNHEEE, FH (19521959 - 1961) ¥ v F 7w —rEHANT, ZAX0
BEIZ oW T0.68 B L10.89, BHOKSIZONTO0.58BLU0.84 DIEWERD BEALZHEL, 55
KAFORBBBIEERFZHEAC T, BEBLUROKRIICHAT 2 HRWERNBENE, ThTh0.265,
0.260L #EE Lo B3k, ZL NMENE OEZS>WTHOBEIVPHEESHTE .,

=Y BIZOWTiE, CALLAHAM 5 (1961) 231544 Pinus ponderosa ¢ 81 BHBIBIRFE L5, #
BNOEES0.39 R HEE LT, F/, SQUILLACE H (1962) & RIRENBEICE+5#&E /1% 0.36 TH
% LHE Lice EHRENBRG (1963) (X P. sylvestris o 8 FEAMBIEHEES1210.41, BARBER (1964) iX
P. elliottii ORBIRFICIT 5 6 FEAME0.25, 8 EARE 0.20, AURROHKELRIZTS
RERTIE 5 FAEMEN0.35, THEAMBEN 0.4 Tho LI LEREL TV 5,

TR OHEEFEINTROMS (2) KEFBZLNTHY, Table 16 M3 Ty 7 FRABIHITLT
HE LB 0BG (0.204~0.344) LIZELIEEZRLTNS, ZhHNHEREBRAETDL, v VR
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iC B B SO BRI B ROBIRO BB, KfE0.2~0.4 nHERICH S b0 LIEESHD,

MEEEROBEIEL, »OoNBEOMEINCE b2 TELIET TS, ZOfAIE. BARBER (1964)
X ->THBHLNTRY, P. eliottii »BRERFHRTIE, 6F£TO0.16, 8FLTO0.06 THY, H
—RRADMORRK Cix, 5FEAETO0.37, 6FEETOMNDHEGHIVEESh TS, R, F—
FREZHR L TOLRBR BL ER L OREEAPKE L, BEAOHEEG 220 B2 Z L EFRIC
FLTW3,

Table 150 5%, 7 v —XBITHEOKECEL UL, Tey 2tk > THEROWG SR 25700,
B (2) KX AHEIITERD -7, FE (1966) 1X3 ~ 4 EAT IV ROV THBREANR, WAHN
BORMGTEN L HICRRZPERIL, T vy 7 LRROZEERERFZOSEL LR &, BEX
PRYVNSREEZFTZEREHRELTWS, Table 15 OEIROWTY, BER L CICWEERY LM
T35, TRy eEBETME XVNESRERZTFTLOEELXOND. LM LAEL, HEBOHSE
ZOWTRET vy 7 L LFECHAZRLTHWBNT, HFH - HA - BRI ES - K& - 7u—*
RICHBLT, BYWBEHEFTLOLHE SIS, P. dliottii T2 Th, HTFEOBREI0.36,
0.52Th YV, 7v—FEOREHN0.16 THTREL Y HEWVWZ L% BARBER (1964) H|EL T3,

MOREEERCET 2 BEHOEEFIISL, P. radiata iI2-5WTiE FIELDING & (1960) 46 4
ERERRTROERNOHEMES0.20%, 131920547 v~V TREWEROEENE T EN 0.7,
0.8, 0.5 LHEELTH Y, DADSWELL b (1961) ik 8 4L v— U TEY BROEES 0.7 2HEEL
Tco P. taeda {Z2WTiX, GOGGANS (1962) 755 FAEFEAEFKFKRTO0.76, 0.87, BUITENEN (1962) %%
2 FE A NTZERIARAR T 0.37~0.46, 6 FFA B RRERKFR T 0.64~1.00 DPWEROBEAZHE LI, P.
elliottii \Z-DV™TiX, SQUILLACE & (1962) #° 14 &4 ALRFHK SR T 0.56 DIV ERDEIE S, ZOBEL
B (1963) 35 LY v —VTIEVWEKRNEE S 0.46~0. 73 2 HEL TWB, ZITHLALT IYD
FREBERCET 3RV EROBENIEEEL 0.87 TH D, MoOBETHESHIELY L ZVEWE
ETRTH, 170y IOBZOETHDIPE, SHIRFNEET S, 2L, BHTFHELERCENC L»
BIMOEREICHEL, FLLBWBEEEFIHETH S Z LIZHBN RS EZ I THS,

BEA (D EBRE () LEEEESE (J6) »b

W=4G/i
ELTHHETE D,
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Table 17. MOEEBMEELICE T 28HKE () LBEESRRE (406)

Genetic gain expected from selection for basic density of wood.

x ES Bk 1 % B
Mother trees Progenies Mother tree Progenies
A 3 2
d;hdéfﬁ vﬁ?unﬁﬁ 0.403 0.333 0.403 0.333
No. 62 0.439 0.369 0.439 0.369
No. 10 0.437 0.352 0.437 0.352
B % No. 65 0.433 0.343 0.433 0.343
No. 14 0.428 0.353
Selection | No, 9 0.426 0.333
Mﬁﬁvﬁle 0.436 0.355 0.433 0.348
-7 - €))
Selection differential 0.033 0.030
(%) (8.2) (7.0)
BLEER (46)
Genetic gain 0.022 0.015
(%) (6.6) (4.5)

OREFICHILBLTWNED Z L TH Y, RSN NGB T L, EBEBBORET
b5 L2 bRKAORENOEENRTEE 2 LEBRV, ¥, BEFHRICHT 3EHMER X 0L
HoE, EHR0BEETFHERICRT 2 BHENORE, BESEENOHRECIBR L 2T ERLBELD
FERD 2, BERET2HE2S, ZhOnRESBMEET 5 Z LIEAFETSH D, ThArboREL
LTEEN 5,

8. #& &

AWFEE, THVICRT BEBEOBGEEL LbRB7HIC, BFRRREEHHNCAT T RL-Y %
MHELT, BEMEARRRRC L5 RIBREHREREL, ERE 106, ILELEBLEZRRCON
T, RRWER, WEHEE, BEOFTHEE, BEHZLOREZLOTHS,

By, —BAEAEMEFEREERCET T 7 1Yy Kp b BKERZ LN TH B, HRE» L,
1950 £, 1952 FFR XN 1954 FED IEIC D,  VEL # X BRIML, BEFERORRIRR L &R
ERBEUHBTER L

REMKT, —B7 7~V RERRHM CGREHARARITRRE) NIZREL, REFEIFEC, £hTh1953
4, 1955 FR I V1957 FERIC, 1EREBEEZMEER L. 17 ny MIIFRRI V2D, 10X 7 =70 44
%, MEEFFEE 1.0X1.5m Th 5. FHEEXKRS N HEKNO 7 = v  EERIE Fig. 2, Fig. 31
RENBLBY TH S,

AT, 1953 K & 1955 EEHEK 2 HH L LT, FAFRERE 10 EL5 T L EXRBLE
1962 EFk & 1965 EFKITIT/R » 720 HRFRIFRICLBLTEEND KR L L, MR (1FBEN
BRORIR) o TERBIEE, ERIEEER, 7 - X BIUHNREE, HoREEELLEL
7o
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Inheritance of Some Characters in Open-pollinated Progenies

of Pinus densiflora SIEB. et ZUCC.

Mitsuo IWAKAWA, Misao WATANABE, Téru SATO,
Susumu MIKAMI, Masayuki INUMA and Sinobu KIDA

(Summary)

The present study was conducted to obtain some information on the performance of open-
pollinated progenies of Pinus densiflora in Japan. In the present paper, growth rate, morpho-
logical features and wood quality of progenies in the younger stage are surveyed, and differences
among progenies, phenotypic correlations between several characteristics, resemblance of progenies

to their parents and estimates of heritability are discussed.
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Materials and methods

Sixty-seven trees were selected in 1950 from the plantation of Pinus densiflora in IWATE
f)ref., northern part of Japan. Open-pollinated seed was repeatedly collected from each mother
tree in 1950, 1952 and 1954. The progenies were planted in OKITA test plantation near the
original stand in 1953, 1955 and 1957. Therefore, the plantation consisted of three parts ac-
cording to planting year (Fig.1, Fig. 2). Within each part, progenies were assigned at random
to 121 plots. The number of seedlings in each plot was 7X10=70 with a spacing of 1.0X1.5
metres. The part planted in 1955 was divided into two blocks because the site condition was
not uniform (Fig. 3).

The first thinning was done on the progenies in Block-I (planted in 1953) in the autumn of
1962, and those in Block-II and Block-II (both planted in 1955) in the autumn of 1965. The
thinned trees from twenty-five progenies common to all three blocks were examined on the
following characters ; tree height, diameter at breast height, clean bole length, crown length,
crown diameter, whorl number, branch number per whorl, branch length, branch diameter,
branch angle and basic density of wood.

Twenty-four mother trees investigated in the present paper were cut down in 1965, except
one which had been already lost by a storm, and were examined on the same characteristics for

their progenies. Available information on the mother trees examined are shown in Table 1.
Results and discussion

Differences among progenies in several characteristics were analysed by means of analysis
of variance, analysis of covariance and multiple range test. The tree height and the diameter at
breast height were recorded at each age of 3 to 12 years and other characters at 12 years
old in Block-I and at 13 years old in Block-II and Block-II. The basic density of wood was
measured at breast height in the portion of 10 to 12 years old, and analysed by covariance with
diameter because it is generally accepted that the basic density of wood negatively correlates to
diameter.

On the height growth, significant differences were found among progenies at ages of 10, 11
and 12 years, although differences among blocks and block-progeny interactions were also highly
significant (Tab. 2, Tab. 3, Fig. 4). The growth rates of many progenies were not much
influenced by the site conditions of blocks, although those of a few were notably influ-
enced.

On the diameter at breast height, pronounced differences were found among progenies at
younger ages in each block. However, at age 12 years no significant differences were found
in Block-I and significant level had dropped to 5 percent in Block-II. Considering the variation
among blocks, no pronounced differences on diameter were found among progenies (Tab. 4,
Tab. 5, Fig. 5). It seems that the diameter was affected more intensely than the tree height
by the selective pressure owing to the developing of closed crown within a stand.

Differences among progenies in crown length,“tree height, clean bole length, branch angle,
branch number per whorl, whorl number and basic density of wood were significant, but not
in crown length, branch length and branch diameter (Tab. 6, Tab. 7).

Phenotypic correlation among characteristics were examined (Tab. 8, Tab. 9, Fig. 6, Fig.
7). The results demonstrated that the tree height positively related to diameter at breast height,

crown length, clean bole length, branch angle and branch number per whorl, and negatively
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to branch diameter /tree diameter. The diameter at breast positively correlated with crown
length, branch length and branch diameter, but not significantly with branch diameter.

The branch angle significantly related to other branch characteristics and stem form. The
results indicate that the progenies having large branch angle tend to have more numerous and
slender branches, shorter branches and less value of diameter,/tree height than those which
have acute branch angle.

The external resemblance of the progenies to their mother trees was analysed by means
of parent-offspring correlation. No significant correlations were found between them except
for the basic density of wood (Tab. 14, Fig. 9, Fig. 10).

The narrow sense heritability values were estimated on the basis of variance components.
The values of tree height at each age of 8 to 12 years ranged from 0.204 to 0.344 and those of
diameter at breast height from 0.021 to 0.157 (Tab. 16). The heritability values varied accor-
ding to materials, site conditions and ages. Table 15 shows that the estimated values for
clean bole length, branch angle and branch number per whorl were larger than those for branch
length, branch diameter and crown length. The value for basic density of wood was estimated
at 0.867. As was previously mentioned, the parent-offspring correlation in this character was
also significantly high, and consequently it may be supposed that the basic density of wood is

more heritable than the other characteristics investigated in the present paper.





