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: Variations, Parent-Offspring Correlations and
Heritabilities on Stem Quality, Current Year
Shoot and Needle Traits in Open-Pollinated
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FEFETHO RN 23 ATHYIC0 T 5%, 1968 EHFICHER S N 7T < Y HARARZH
KRBT, EHA, 7oy 7HOBEBRRAR I Table l O LB TH 3, HHAE L L UEBHRIZ
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FR, 270y MZOWTERKL, 7oy ZIVEARBERL L LD THENR» OB LI, 77—
YOWY  EDiE, Tuy b7 YYREREAR 36 FOFS 18R EIEEFEL THT, »D, 7
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Table 1. EHis LU 7oy 7 JEDEFERRES LU 7oy M
Number of families and plots in provenances and blocks.

Block 1 Block 1I Block 1II Block 1V

P ena | ®AE | Foy g | RRE 700 bk KR | Fovrs| BRK | Foork
No. of | No.of | No.of | No.of | No.of | No.of | No.of | No. of
families | plots | families | plots | families | plots | families | plots

Bk 29 36 22 27 18 24 16 21
Tohoku

PG E 27 32 22 27 15 19 11 16
Kansai

& & 56 68 44 54 33 43 27 37

Tota
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Table 2. MEMI A8 L CEMT L OSESGHE
The analysis of variance tables for two provenances. and single provenance.
L BHHE ¥ bz il EH¥ T OHFRSD
Source d.f. Sum of squares Expectation mean squares
7 b—1 | Si=3X..2/Sn,—CF 0?4+ nKz?
Pro%,enzﬁ:‘.lce p—1 S, =3(X.;.2/Zbn;))—CF o2 +bo?+n.Ky?
BAForm 1| EMARR
(Two Family-within- 3n;—p S;=3(X..2/b)—CF—S,| op2+boi?
provenances) provenance
g%rr(%i En—1b~1)| S:=S;—5,—8,—S5; o’
’él‘otﬁs bZn;—1 Sr=2X*—CF
“Blodk b=1 | $,=3X,/f~CF ok o+
it f=1 | S;=3X.*/b—CF’ 62/ + 012 +Do?
#A(Form)I1 | o= ,
(S;_)r;%lfenance) EI‘I‘OI‘ (b_ 1)(f— 1) Ss - S’I‘ _Sl - Sz O'ez/nh + Otb
£ & - - —CF
Total bf—1 S;=3X,.*—CF
Tzoei\?ll}t\hﬁ{%ﬁit Zny —bf 2 X pem® = 252/ 0.’
Note)
X! i 70y 7@ | Etcs) 2 kBEQORRZFHE Mean of (k) family in (j) provenance in (i) block.
n; . j BEOFRFZE No. of families in (j) provenance.
b,pandn: 7o v 7, Bt 7oy 2 RERE (=2n;) No. of blocks, provenances and families within

n, :
Kg?:

Ky !
2 RARSE (E#N) Family-within-provenance variance.
. oy b 4538 Between-plot variance.

CF:

0,2

Xikm &
N -

T KFEH No. of families.

n, .

KR E T Oy 7 OKAERASE Variance due to family x block.

T (EXw)?/bf

Ty PRERSE D CHARRRT L@ EE I L ORE/EE T -5 L LTRDIZ

Or?
CF

oot

block.

EHNFE R EME (=p/2(1/n;)) Harmonic mean of the No. of families for each provenance.
7 v 7 [E45rEr Between-block variance.

R4 8L Between-provenance variance.

(2Xx)*/bZn;

i 70y 7OKkRRCH I ImBELOMBEEBEOREM Value of (m)th tree in (k) family in (i) block.
i 70w 20 kKRBT 2EEE No. of trees in (k) family in (i) block.

7y s NEESKO TR (=bf/2(1/n,)) Harmonic mean of the number of trees for each plot.

Tree-within-plot variance ; it was calculated on the basis of the data of single trees. separately
from Form-II
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Table 3. 70y MCB T 5HESIEEES

Number of the trees with forked stem in each plot.

I~ Block I BlockII BlockIll
Families FEAL | SAK BEA | AR W|ERY | AR
plot | No. of | No, of | plot | No. of | No. of | plot | No. of | No. of
No. trees forked | No. trees forked | No. trees forked
observed | trees observed | trees observed | trees
T-1 17 32 0 13 30 1 35 35 0
T-7| 54 31 0 19 34 3 22 35 2
T- 8 12 32 1 29 35 1 5 34 3
T-9) 10 32 0 3 31 2 13 35 2
T-10 22 33 0 37 32 1 7 34 0
T-13 5 31 1 30 31 1 25 34 1
T-14 | 46 35 2 20 30 0 43 35 3
T-17 41 32 1 14 35 0 23 36 1
T-20 7 33 2 40 29 0 34 35 2
T-21| 47 33 1 4 32 0 3 33 0
T-23| 31 25 0 25 33 2 1 34 2
T-25 49 35 1 45 34 0 4 35 2
T-26 | 57 28 0 9 34 0 42 33 2
T-27 60 30 0 18 28 0 15 35 1
T-28| 66 35 1 12 34 1 31 33 0
T-29 | 30 30 2 15 31 0 27 34 1
T-30 [ 63 33 0 34 31 0 38 24 2
K-33{ 39 23 1 36 18 1 17 30 9
K-40 | 44 26 1 23 27 2 11 25 2
K-44 | 37 21 2 6 24 0 21 27 2
K-45| 38 29 2 26 29 0 41 27 2
K-46 52 22 2 42 22 1 37 19 2
K-47 | 62 29 0 8 31 3 20 29 4
K-50 28 24 1 49 21 0 28 26 2
K-52 | 50 22 0 32 21 1 8 22 1
K-53 | 23 20 2 10 26 2 12 26 0
K-54 | 29 18 1 41 20 0 18 27 2
K-55 ] 19 18 2 35 22 0 29 26 2
K-59 | 36 26 3 16 19 2 36 22 1
Note)

1) TixEdeE, KMz

T and K stand for Tohoku and Kansai provenances, respectively.

TWAHEBERRW, BENERC IS E20N24£0E, REOBEELETERDTwE, &
By &3, RRBHMIABRT2EFIUOEICHRE SN 40 FE7 # < Y EHEEMT, TLEH
(CGEAL, hEfA) 0L O LD EWEM (PE, ME, AMME) ©bow, B RO HEEN
FLHRTARZ B OBELEAEZRD T3, KB IT 5 HEERRCHRPEH D K% <
HET 20 A UEBHT, £FEPEKEOETY, #EROBACEELHAKEELSL, BR
EEEbasETnwieEILNG,
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Table 4. 7oy MBI 2EBROEE, BIGHD B L O {E{EE
Number of the trees with straightness, basal crookedness and stem crookedness in each plot.

Block I Block 1I Block I
BE Ryt | BagD | EE | RocHh | BrehD | BE | BTl | BRERD
E# DA | A A NARE | A A DAEE | B
% % | No.of | No. of | No. of | No. of | No. of | No. of | No. of | No. of | No. of
Families |straight| trees stem |straight| trees stem |straight| trees stem
trees with [crooked| trees with [crooked| trees with [crooked
basal trees basal trees basal trees
crooked- crooked- crooked-
ness ness ness
T- 1 4 3 25 9 2 19 7 6 22
T- 7 7 1 23 5 6 23 2 0 23
T- 8 11 4 17 8 1 26 3 1 30
T- 9 11 5 16 8 7 16 6 0 29
T- 10 7 2 24 7 2 23 5 2 27
T- 13 6 4 21 3 5 23 3 0 31
T- 14 6 6 23 4 3 23 1 1 33
T- 17 12 3 17 10 2 23 3 1 32
T- 20 6 2 25 3 2 24 6 2 27
T- 21 4 3 26 2 4 26 3 3 27
T- 23 2 2 21 7 3 23 5 2 27
T- 25 7 1 27 4 1 29 5 0 30
T- 26 0 1 27 6 3 25 4 4 25
T- 27 3 0 27 1 3 24 1 1 33
T- 28 2 0 33 2 4 28 0 2 31
T- 29 4 2 24 5 2 24 2 1 31
T- 30 10 0 23 3 11 17 2 2 20
K- 33 1 1 20 1 3 14 2 1 27
K- 40 0 3 23 5 1 21 0 0 25
K- 44 1 1 19 4 2 18 0 0 27
K- 45 3 1 25 1 0 28 1 0 26
K- 46 1 0 21 1 0 21 1 0 18
K- 47 0 0 29 0 0 31 0 1 28
K- 50 3 0 21 0 3 18 2 1 23
K- 52 4 1 17 1 7 13 1 1 20
K- 53 1 0 19 2 4 20 1 2 23
K- 54 0 2 16 0 6 14 0 0 27
K- 55 3 1 14 2 3 17 1 1 24
K- 59 2 3 21 3 3 13 1 3 18
Note)

71y +No. 8L UFHEREITable 3 1@
See Table 3 for plot No. and number of trees observed

E, MBRUESEEBELTAL L, Tay 7BERCEELLOWE» 57, (Table5, 6),
215 ORE ORHEFHE O, SR HOD T L OBOTHEER T 50D THE I L 2RL TS,
BELLEBEREOFCE, EEEOBES LEEEORHM O CRABENERL 2o
(Table 6 ), FA—FFAMN CIEE RS L 80 FHE, —HBEMT St »Es+ 28R s 3,
HACHEEOADOHE %, 2EHO I 2O 70y 7 ZNFNRRZOLBTHENL 22, BREED 7 v
I (r=—0.474, df.=10) 2B 2D 5 >D 7 vy 7 TELLERTHY, 370y 2 2RAAI
LIRARFEETHTH, MEOAOHBBREMTELSEETho 7, UL, HWEHMLY,
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Table 5.
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Results of analysis of variance in four traits for stem form (Form1).

% & E N BEE  FETA oo
Traits Source d.f. |Mean squares
7av 7 Block 2 135.16 4.41 "~
] EH Provenance 1 554.16 26.48 **
e EAARE 27 20.93 0.68
orxedness Family-within-provenance . :
8% Error 56 30.64
7 a7 Block 2 245.40 7.73**
N EH Provenance 1 1417.04 19.82 **
S e EMPIR R 27 71.51 2.5 "
traightness Family-within-provenance g '
83  Error 56 31.76
7 uaw 27 Block 2 419.04 9.48 **
RIci n M B Provenance 1 40.68 0.78
Basal EHARFR
crookedness Family-within-provenance 27 52.45 1.19
2%  Error 56 44.18
7wawvy 2 Block 2 676.69 16.72*
s % EE#t  Provenance 1 1235.31 13.50**
Stem Etﬁ”}‘]%{% **
crookedness Fami1y~within-provenance 27 91.53 2.26
8=  Error 56 40.46
Note)
) **xBLIU*RZ1%BLU5 %L~ VOEES
* * and * refer to significance at 1 percent and 5 percent level, respectively.
Table 6. H®EE BT 5 EMANIEER GBI
Results of analysis of variance in four traits for stem form (FormlIl).
¥ O H|E R #ikE Tohoku BAvEEE Kansai
N HEHE ETH n HHE SRS
Traits Source F F
d.f. Mean squares d.f. Mean squares
Tav s
Block 2 59.11 2.31 2 95.04 2.43
4r I 5%
Forked- Famil 16 15.16 0.59 11 29.31 0.75
ness b ﬁy
2
Error 32 25.60 22 35.04
Jaw o -k
X Block 2 195.38 6.19 2 62.33 1.84
O P | e
Straight- Famil 16 78.66 2.49* 11 61.11 1.81
ness hi ﬁy
él,é!{'
Error 32 31.56 22 33.82
7o v 7 * *
WA '91’% Bai;;k 2 192.25 4.17 2 238.48 5.37
asa %
crooked- | Family 16 25.57 0.56 11 91.55 2.06
ness sz
Brror 32 46.07 22 44.38
713 V4 7 * % * %
sghn % | Block 2 364.38 8.85 2 336.72 8.23
Stem R .
crooked- | Family 16 78.20 1.90 11 101.91 2.71
ness EEE
Error 32 41.17 | 22 40.89
Note)

D **BIU*RZ1I%BIVE R NVOFENS
* % and * refer to significance at 1 percent and 5 percent level, respectively.
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Table 7. B®EHEO 70 v 7 B L UEMTESE (AXHRE)
Block and provenance means (transformed values) in the
traits for stem form.

% B I ¥ {# Means
Traite | B <— ROSE) —> TR
better (Stem qualities) worse
ot B | Block1(10.6) Block 1 (12.1) Blocklil(14.8)
A %
Straightness 1(21.3) 11(20.4) 1M(15.9)
Ty MOkE | BT
Comparisons Basal 11(12.4) 1(14.7) 11(19.8)
among blocks |crookedness
Bfo%
Stem 11(60.8) 1(63.7) 11{70.2)
crookedness
Forkedness iiPohok:\lxl:(m"‘) E?(zans:ﬁ;ﬁ(ls's)
B o W E % 4
Cofnparisons Straightness i}ohoki (22.6) Eaansagﬁ(m"‘)
between B 0 _—
provenances Stem Tohok:lll (617) E%ansaiﬁ(egll)
crookedness

Note)
1) R n iz v Tk, MEMEICERERZ RS o (Table 5),
There was no significant difference between two provenances in basal
crookedness (see Table 5).

WEMEEBHVETRAMENZ 25 THELRZ STV REWVWOT, MEDS b—F2HlEThiZ
KROFHELTRETH 2 LiFv L E iy,
Ml L IRITH D HI2 DWW TR, HAL, BATEREM L b, REMCEELERRE D ohlzhol
(Table 6). MEOSIT, BLiIRbD L, EEPHERLORBERTHEL b OWHE FE
ZohdH, SEOFETEFNLE2KAT LI L ITARETH o 12, BENLERD, FREE%L
Bund TERICZ>TwEnb LRy, $iz, D BT 2REE, SEgSEd ks L0k
DEALTZEEZONZ2DT, SEORGHRENLETH S,
2, JEETE MY HEICRT 2R T ORMRE L URRTZE & 1ES
BREEIZ T, AETEE (S) BLUHE (B) o ZBEFMThhTwaYD, &
OETFHERICBT 2FEME L8080 i, #no0EMESRTEADHRES O AERE TFE
L7 ERAFMANELZRTICBOTERT L I L 3REYTH 22, FFOBEOMEE %Fig, 1
WWRT, EHEORHD OFR L RAFORHEM D ES 2 LWITEEROR/ L CHAELEREED s
Bdol, T, BERBHEIRRBELOBELFANLI O, RRAECAREDD > LEIED
BEMCEEEOBRHYMECOVT, ZESOBEB L UVMEERD 7T — 9% A THEE % 472
R, HEFREIE—0.02 05 —0.19 TEE TR %, REORT LHBOEEPCHD L 2 EHEOHE
FREEBD BN -T2,
3. BIRTEHEICIT 2RRORER
FHE TR T BREECHET 27— 13, bR LEAROHBROALERETH D,
FOy FTERBOLNL 1 DDOF— I RETHTHEMTET-> T 30T, BEOEERIIRD
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Fig.1. EEMS LU0 Hic87 288 L RR2OMF
Relation between parents and families in straightness and crookedness of stems..

Note)
O ®iLE @ HEE

Tohoku provenance Kansai provenance

6 HREIGOAKHE (FXER)

Freeman-Tukey arcsine transformation for given proportions (See the text).

Table 8. #EREICHET 5 28RS OHEE & FKRORIEER)

Estimates of variance components and family repeatabilities
in four traits for stem form.

% " #dit#E Tohoku BEpaE Kansai

Traits O'ez/ﬂh + ap? o R |6.2/na+on® ol R

S 0 0
Forked-ness| 29-601 (-3 480)|0 39.039 (.3 246) |0

EE P
Straigtmess| 31-562 | 15.700{0.60| 33.816 | 9.098 |0.45

IRIT

Hi D 0
Basal 46.075 (-6.834) 0 44,382 15.721 |0.52

Crooked-ness
Bt

Stem 41.169 12.345 {0.47 40.893 23.339 10.63

Crooked-ness

HIEMTERY, 72, L LALEL CRSIWTERERERTHET -y THD, Z0
DT — 750 A thic L 5 RERLHE UETESRE T T2 2 28685 »EHMTH
29, L L, EFLxbo TEEL Zh S OBEORKEY, BEERZ I TREZIALIDI TR,
R HTH D, '

ZDHIITRE, IhoDRBEOXBEEZRCN LECHNER L 3EENENIEFSL T
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WELhEHLREELT, RERODREE(R) 2#HE L 7z, KIEZXIZ, Table2 OFERIITTRT FY
FEHOHERS» S IROKXTRD 72,

o;2
(6.2 1y + o2 ./ b + 0y

%8B, RAMAE (6) PADEEZRIHEE, IR0 LRAPIAREEOHEM/E 0 L Lz,
fER Iz Table 8 W23 L BD ThH %, Table 6 DFWANBER P SHARTFHINDZ I THBH, 57
Ik & ARTCHE D iz D w T, RRBMSI BB~ A F ADEETRT LONE L, BEBREDIRTHD
M (R=0.52) #REFROKEFRIZ O LHEESIN, AEEEBHMOEIC OO TIIHEMEBLU T
0.45~0.63 & KBNS WIEEEE S Az,

AEBROGHETH, HEEOXRUER T 2 BEHNERCE S EROFEEE D SNT,
WEH I BC DL TIIEEMTRER ABR X -2, BOBEMECH Y KMET 3BT
= DFBUER N T 2 BENBEROFEHSEEIRE LI LBz SN,

27EL, RIEE (R) OHEMEIEE, Z2OoRX» ookl S ke Pon? 62k EOTHKSTDOME
DHEAMPIXNCE->TEEZLOTHY, FNLHE@E LB L0, ZhASOEEIZDWT
R AEEFEEAER T WL ZERBETH S,

4, YEHSIUHEVEORRMWS L UEHMER

(BR) FEETLD BIUIRBERE, BER HERSIUSEEEO 0y NEYELZ,
FARKE LV IHEARRT s L U7 oy 75icTable 9 (R Y, £72, Th & DBEDSELOTR
%, A 11cD1»TTable 10 i, HFAIIC DWW TTable 11 KEHLEFRTRT,

ZEEMIE A L SEMOHTIE, EEEELRIEMMICREREROSSE I LNTERTY
3, EHIARRE TR, BEEET1%, $ERTSBOKETEREZSED Sz (Table 10),

Ef T L ORI, EEXROHERS I UEREE -, AAERROBEENT, #h
FTHRAMICERELFED 51tz (Table 11),

(£%) Tablell TEMIZ AL e, RILETHABEL b 7oy 7RZCEREEEIED ON
T, MAETCOLBERFEL2R SHENEE CH -2, TOHEBARHEE T2V, FiLE L
NEFEPEEDVS D, FKPREOOHBELEr o LEBEED L OMTHEOHE L L D IEL
FFrOmb Lk,

LEME, BEERS JUHERC DL T, EHEZEENOTALELCEETHD (Table 10),
FALEE 12 o~ T RAVEE O EHMEASK & W (SERSR 1 HdL 19.9 om BAFE 22.3 cm, HES I HIL 5 F
BEPE 106 &<, $HER (HIL7.2cm BB 7.7cm) . AUEEICIDWT, BHOMELEBEOFIEL A
2 eV, RLBELERR, FHLEBECHATHAEENPRPREWEERLTED, ZhoOBEIE
MOZRE2RIVT ML 5REEN D 5,

EDBIFLBREORREMEROBER L DWT Y, RItELHBAETCRE 22 E2T L7
(Table11), LAHL, &E2@EL TA5 L, AEROGE TR, IASHEORREERL, 32
DAEZLDTHEHZVEWLD I EMNTE D,

R=




T H = YREBOER, HERECHETIER - BERILUER-OFFH)  —107—
Table 9. YUEEB L UHERED 7 v b EHE
Plot means in current year shoot and needle traits.
7o v b No.| BIEARHH (HEEE(m) | BERGE) | $HEE(m) |EEREE/ m)
% =V Plot No. No. of Current year |No. of needles| Needle No. of needles per
Family sample trees| shoot length |- on a shoot length Lom length of a shoot
& II I II I I I II I IT I II
T- 1 17 13 7 10 19.1 1 20,4 | 86.7] 93.7] 7.2 | 7.1 4.6 4.7
T- 3 15 46 9 10 1991190 9.0 929 6.8 | 6.7 | 4.8 4.9
T- 7 54 19 9 10 18.8 | 19.9 | 93.9101.0( 6.7 | 7.1 5.0 | 5.2
T- 8 12 29 9 10 20.3 | 18.8 (1055(111.9( 7.9 { 7.5 5.2 6.0
T- 9 10 3 10 9 195 (1751 90.1| 83.9( 6.8 6.6 | 4.6 | 4.9
T- 10 22 37 9 10 18.0 | 16.4 | 91.4 78.9| 7.2 6.7 5.0 | 4.7
T- 13 5 30 8 9 2191 21.3| 95.2|102.2| 6.9 7.6 | 4.4 | 48
T- 14 46 20 10 9 22.2 | 19.0 | 104.2] 89.8| 7.5 | 7.1 4.8 | 4.7
T- 17 41 14 9 10 187 1208 ) 95.9|101.8| 7.4 | 7.3 | 5.2 | 4.9
T- 20 7 40 10 10 21.2 1 15.8 | 102.7| 83.0| 7.3 7.2 | 4.9 5.3
T- 21 47 4 10 9 206 | 16.4 | 96.0| 83.8] 7.6 | 7.3 4.8 5.0
T- 22 64 54 9 10 183 /210 f 89.3/108.21 7.3 | 7.7 | 4.9 5.2
T- 23 3l 25 8 10 17.9 | 22,7 | 89.3|103.5{ 6.5 6.9 5.0 4.6
T- 24 9 1 10 10 219 | 21.3 | 92.0| 8.9| 7.3 | 7.6 4.2 1 4.0
T- 25 49 45 10 10 229|224 [1105(102.3 7.1 7.1 4.8 | 4.6
T- 26 57 9 8 10 17.4 1 22.3 | 81.9(106.4| 6.5 7.0 | 4.7 4.8
T- 27 60 18 10 8 18.8 | 20.0 | 89.0(102.8| 7.8 | 7.1 4.8 5.2
T- 28 66 12 10 10 21.8 | 21.0 (1025 97.8 7.2 | 7.3 | 4.7 | 4.7
T- 29 30 15 9 10 20.6 | 20.4 | 99.9| 93.8| 7.0 | 7.2 | 4.8 | 4.6
T- 30 63 34 10 10 169 | 216 | 77.7) 9.3 7.5 | 7.5 | 46 | 45
K- 31 68 43 7 8 208 | 240 {1075|126.1| 7.3 | 7.2 5.2 5.3
K- 33 39 36 8 7 18.0 | 22,1 | 8.3} 99.1| 7.6 | 7.7 | 46 | 4.5
K- 34 67 a8 7 7 22,1 {236 |108.8(107.9( 7.8 | 7.5 5.0 45
K- 35 45 22 7 10 19.2 | 19.4 { 8.9| 95.3( 8.1 7.2 45 1 4.9
K- 36 55 39 9 9 1891 16.4 | 89.8| 84.21 7.7 7.2 48 | 4.9
K- 39 43 44 7 7 207 | 27.3 | 95.8|129.4| 7.3 7.5 | 46 | 4.8
K- 40 44 23 7 7 21,3 | 23.8 | 93.6|107.0, 80 | 7.6 | 4.4 | 4.6
K- 41 40 51 7 7 21.3 [ 23.3 1102.7113.5] 7.5 | 7.8 | 4.8 | 4.9
K- 44 37 6 7 7 23.4 (239 |102.21120.0| 8.9 7.8 | 4.3 5.1
K- 45 38 26 8 9 196 1221} 8.9(103.6| 88 | 7.3 | 4.2 4.7
K- 46 52 42 7 8 220 | 241 (106.1113.4; 7.6 | 7.5 | 4.8 | 4.7
K- 47 62 8 9 10 253 1226 (1189|1174 7.9 | 7.9 4.7 | 5.2
K- 50 28 49 9 7 23.3 | 19.7 |1146103.0| 7.9 7.2 5.1 5.4
K- 52 50 32 8 8 21.5 |1 23.1 {110.5(112.8| 7.6 | 7.6 | 5.2 | 4.9
K- 53 23 10 7 7 21,7 1 259 |101.11125.0| 8.1 8.0 | 4.7 | 49
K- 54 29 41 7 7 21.8 | 27.5 | 103.3|129.7 8.1 75 | 48 | 4.8
K- 55 19 35 6 6 | 235|251 |115.8|114.3| 8.1 8.1 49 | 45
K- 56 14 11 7 7 214 (21.2 | 885 99.4| 76 | 7.4 | 4.2 4.7
K- 59 36 16 8 7 205 [ 25.1 | 89.7)120.2) 7.9 | 8.1 4.3 4.8
K- 61 6 47 5 7 21.2 1 25.1 {102.9{115.8| 6.7 7.5 | 4.8 | 4.6
Note)

1) TidsdbE, KixfEmE
T and K stand for Tohoku and Kansai provenances, respectively.

2) I, L7y rs&sS

1 and II mean block number.
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Table 10. LEESB L UCHERECHET 208G ER &R 1)
Results of analysis of variance in four traits for current year shoot and needle (Form1).
i3 =1 = A HHRE EER Y
Traits Source df. Mean squares
A 1 19.13 4.56 *
LIENR EH -
Current year Provenance 1 120.30 24.93
shoot length ISR
Family-within- 38 4.83 1.15
provenance
HE
Error 39 4.20
oy 1 886.88 9.97 **
IR EEHD s
No. of Provenance 1 2293.50 16.95
needles on
EMARR
a shoot Family-within- 38 135.31 1.52
provenance
HE
Brror 39 88.92
oy 1 0.289 2.65
FHEER EH o
Needle Provenance 1 5.513 29.73
length PR |
Family-within- 38 0.185 1.70 *
provenance
RE
Brror 39 0.109
Zoy7 1 0.231 4.48 *
HERE EEH
No. of Provenance 1 0.078 0.57
needles per EHINRS
lcem length Famil AT * %
y-within- 38 0.138 2.67
of a shoot provenance
HE
Frror 39 0.052

Note)

1) **BIU*R1IBBLIUSBLVLOEEN

% % and * refer to significance at 1 percent and 5 percent level, respectively.

5. YENS L USHEREORERMER
HEL A BEES L URSER L OfM %, BEFREMTASE L RRAEIETALBAICD
W, BEEMIFICRRET L/ (Table 12), #RIZL Tk, BE L 4 BE & 0Bz >»T L RE
L7z,
Sr@E L TAaD L, MEMYET, BFEEOHEBGEROMEIELL TEY, BEMOEALERD
WMEOBRERHBNEEL TWELDLALIENTESL, LhL, W OrORERMMHEEIIE
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Table 11. HFEREE L UHERE T 2 EHBISBSMVER @1

Results of analysis of variance in four traits for current year shoot and needle (FormlII).

#JtE Tohoku BipEE Kansai
¥ H Eé A
Traits ource e TS . B FHTH .
d.f. Mean squares d.f. Mean squares
7ay 7 -
P Block 1 0.039 0.010 1 35.133 9.54
Current A
yelar Sh}?Ot Family 19 3.251 0.804 19 6.389 1.73
engt e
Error 19 4.046 19 3.683
7o v 7 * %
p— Block 1 23.000 0.292 1 1396.9 18.37
No. of K% .
needLes Family 19 75.714 0.963 19 195.02 2.57
on a shoot| -
EE
Error 19 78.651 19 76.03
oy s .
Block 1 0.002 0.03 1 0.601 4.58
ot E R B+ *
%\Ieed}lle Family 19 0.176 2.58 19 0.189 1.44
engt g
R
Error 19 0.068 19 0.131
P Tay s
%%?'}0% Block 1 0.026 0.55 1 0.203 3.80
needles K% -
per 1em | Family 19 0.174 3.67 19 0.099 1.85
length 2
of a shoot Error 19 0.047 19 0.053
Note)

1) **xBIU*E1%BIUVSBVRLOEES
% % and % refer to significance at 1 percent and 5 percent level, respectively.

WE o TIEAYEOHEBRETH -2, BERROBECARELERLEI2HELHo T2,

%7z, Table12 THHO 2R & 510, MEMOHBREDOMER, RRFHETH 5 LD bEEKHT
THBHEBE GERIL T3, ZOBOBEMORRUHEELERT 258, FHELT TR M
HRUDME L 3BTV EREEbhd,

4 EEOMEE R A 5 & YERR - FEHOMEE, HEME b 1 %OFEAKETIEDHERE (#
IEEMTT r =0.82~0.88, KAFIMETT =0.56~0.89) »FEDoNIz, £/, BEKLBEETE
ORI OHEEMTL %S LIRS ROKETHEREREOHE (EAREMTr =0.29~0.39, F%
FIET T =0.49~0.53) RD S iz, B0 4 BEEOEME T », YERE L HERTD
A, MEHME S 1 BKRETERTH- 7, YEEDPRINERVIZEYZOYFERIC D $HEHEYS
(B, B TR RARRTOER S NI LIZE 5,

Kiz, BETPHEEZR L ARE oMMz >V Tk, BEE0 SHESER L OHEREDE OE
ERLTz, Lo, BHIICE > THEICAKENHLHFELALN, HECHMEER L ABEZAZN
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Table 12. MEERE, LBEKE L UHEREORERERM

Phenotypic correlations between the traits for stem diameter, current year shoot and needle.

R E EY HERE EEXK st R EREEE
Diameter at | Current year | No. of needles Needle No. of needles per
breast height | shoot length on a shoot length Iom length of a shoot
I)&@ﬁ%ﬁiﬁi av 0.18** 0.25%* 0.06 0.15**
1ameter at *x ™ *x
breast height b 0.19 0.25 0.07 0.16
LERER a -—0.16 . 0.82** 0.19** —0.18**
Sﬁéﬁiﬁiﬁﬁﬁi b 0.52* 0.88** 0.40** —0.18**
NH . a 0.06 0.56** 0.05 0.39**
0. OI needles ** * % - * % ® %
on a shoot b 0.61 0.89 0.17 0.29
ﬁ;} %dlﬁ a 0.27 0.12 0.26 —0.25**
eedle - _ *
length b 0.43 0.29 0.10 0.49
N 2%%%%?&31 a 0.23 —0.44 0.49** 0.21
0. of needles * _ -
per 1 cm length b 0.35 0.09 0.53 0.33
of a shoot
Note)

1) a :#dt#E Tohoku provenance.
b : EAPE#E Kansai provenance.
2) 4.kl Upper side of dashes : {E{&#f; Individual trees
. BHE(d.f.) Tohoku 376, Kansai 297
Tl : Lower side of dashes : % F#f@ Family means
T BHE(dL) Tohoku 18, Kansai 18
¥k BLU*F1BBIVSBLVOFEYE
* kxand *refer to sighficant at 1 parcent and 5 percent level, respectively.

Y ORI EBERRR 2D 2 T LI TERd o, P L, HBEEORRBIOL, MEER
LUENR, HEEREBERC DO THAGEMAB L URRAEHEOHATI% L LB 5%DFE
BEAKETEOHEIRD 5N, B BT 2@R L2 AROEREZRLONEE I AT,
HEGMELEEDEANLBETHY, LEENRLIBFEHDZ L2 LI, HEROEXIZL -
T—20FHREBIZRD 35, FEE I LIE, HEERLBEEBEF DTV, Lal, &
BOERM? S, IThoHERE LHRORER: OBREHRBCANLZ R TER Y, 7L,
MBEEICOWTE, BB LIURRHL S, WRER L UEEE, WRER LEER L oMizEY
HENREDH LN TVEDT, 9, I3 LEAREELALT—S0ERISLELEZOND,
6. HERS L UHERBEORTEM

LUERB L USHERE4BECOWT, 3L PREROEEER 2Rz, TR, Zhs
4FHE i, BBk, T, T, @, EHls L CRETR T 2L T T - BB ON T B,
REHOT—5 1%, WELELSDbDRETTHZ, Li-7T, ZIT, BHEEOKBRFEH(A)
BLUBEE LI (B) 02207 —F L &RKF[OFEEE A CHEFREE RO 2 (Table 13),
AR FRIITable 9 (R THEALE, BBEES20RKRRTHS,
HFHEBOLROEED:2 A2 L, CTHOBECOWTS, HEIEELEZ S hkdol, 77,
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Table 13. HFERKB X VHEREOBETFHEE L BT ER

Parent-offspring correlation and regression coefficients in the traits for current
year shoot and needle,

¥ 7 ®Jt#E Tohoku BEEE Kansai
Traits BEEATS | BEE LI | SEERTY | N8 LI
(A)® (B)Y (AP (ByY
C’FEE@}%& —0.18 —0.04 0.26 0.12
orrelation
HEMR coefficient
Current year
shoot ler};gth EPEEEY —0.12 —0.02 0.15 0.05
Regression
coefficient
C’Fﬁﬂé{fﬂtﬁfﬁ -0.29 —0.07 0.05 0.03
orrelation
EEH coefficient
No. of needle
ona ggoot ® B RE —0.13 —0.02 0.03 0.0t
Regression
coefficient
C’Fﬁﬁ@lﬁttﬁ 0.42 0.39 0.36 0.15
orrelation
B E R coefficient
Needl
leng-tri3 B RE 0.17 0.13 0.16 0.05
Regression
coefficient
THBEREK 0.19 0.05 —0.01 —-0.01
BT Correlation
coefficient
No. of needles per
1 cm length B R 0.05 0.01 —0.00 —0.00
of a shoot Regression
coefficient

Note)
1) SEHEEETEHA), S#E EHBIIovwTRAYSER
These coefficients were estimated from two kinds of the data, (A) and (B), on parent trees.
The data (A) are mean values based on shoots and needles collected from whole parts of crown
of each parent tree. The data (B) are mean values based on shoots and needles collected only
from upper part of crown of each parent tree.

B & o THEREOBESAKE (B2 Tw i b08H o1, &5, Efuchhrb b 4 1
BEDEE L 2BEP IR EhoTz, 23 LERERTEROV EDELT, BEERROB
BOESREZ OIS,

BHEERTSE & AEE L ROEIR, 2fLRSOBRCH S0, IMEMOLIHOBEIZD
W HAHBIR BT & B THBRE E 2R L 7o & B, RBDHEMEHIEE L » 5 -
TWwaibrrbsd, EFONHRIESE LT LD b L 288ERFHOAT THRVWELZ RTHE
A &t

B L KRR TEHERICHYSOENH 20T, REFATINS OREORTHEIC DL T ERLTE
iz TE RV HERCODOTIREHE 180 L 2 OHEREKE 5 % ORI 0.444 [T VAR R
Uiz, i 3B DT, Table13 THS % & 5 HEBFEMIIIZ LA X +0.2 OBEENTH
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Table 14. YER B L UHERE T 2 98K S OHEME
Estimates of variance components in the traits for current year shoot and needle.
. #Jtk#E Tohoku BHEE Kansai
® A
Traits 0. On? 0.2 Px: O i
LERR 16.69 2.27 0 21.91 0.70 1.35
Current (-0.40)
year shoot
length
430.50 32.75 0 524.96 4.50 59.50
No. of needles (-1.47)
on a shoot
HER 0.51 0.01 0.05 0.55 0.06 0.03
Needle
length
HERE 0.42 0.00 0.06 0.44 0 0.02
No. of needles (-0.01)
per 1cm length
of a shoot
Note)

oy b REEOE¥ES (n,) D HEALE 9.38, BEEE 7.34

Harmonic means (n,) of the number of trees per plot are 9. 38 for Tohoku and 7.34 for Kansai.

Table 15.

KARDIHED B & VT ER» S |E L BEE

Heritability estimates based on variance components of open-pollinated families and
parent-offspring regression coefficients.

FHE G o DHEEE ERRE D & OHEEME
Estimates from Estimates from
¥ B variance components regression coefficients
Traits
#it Tohoku Bi7 Kansai #Hik Tohoku B8 Kansai
LERER
Current year 0 0.23 0 0.30
shoot length
" EH
No. of needles 0 0.40 0 0.06
on a shoot
HER
Needle 0.38 0.18 0.33 0.32
length
No»of el
0. of needles
per 1cm length 0.52 0.20 0.09 0
of a shoot
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D, BEFHEERRO NG Ao A B LTELDDLR G,
7. YESE JUHEREORGE

BEFEOHE L, £%, BEHECSVC CREHESS Y DBREMN S 22 TFHT 572012175
LOTHb, ZITLVHIT24HBEE, PR ELHEDE I 2BENRROHBII 2 2HE L
Bz, L -7, DT TEEEAHET 28K, BEENRRPRETH T2 -0 Tk
{, ZheDWEORBEHMERIIN LEGEHNERC L 2EENENEBLXFE L TwinsRY00
BIriEHB,

HZWEOEERIL, BT 2TORBEEE 2EL TR HE L, RROSEES»ORD
BHECL 5T, BT L THEE L7, BFIC DWW T, Table 2 DRER IR FHTEH DO EIFR
FIPSRDATRD Iz,

h?=402/ (a?+ 0o+ o2

Table 14 iZ i3 382 OHETEE %, Table 15i2i3Table 14 DAEE S » S HEL B EE L
Table 13 OFEFEIRGEED S HE L BEEL Hb¥ TRT, %8, Table 13 OFEFER R
BT L AR L0 2B ouTEohTW A, HiF» s OEERET:, SHERTE
WOF -5 o B NIERMERO AL > TiTo 7, BREIEHRLO~1OHBOELZ S0
T, RARMSE (0f) LEFERFEPAOERRTHESE, %0 LFEs» ZECEOHEM
2O0ELic, AELL ABEOEEGRR, EHCHEARCLIOLZDONT Y FERLT, BE
MES L UBEEROEMLEERR, BIETOTH SO LEREEIZ 0.06~0.40 DEERTRL, BE
FEORERRR, DEED DS OHEEED 0.20~0.52 TH 30t L, BIRGRED & 0HFEHEIZIE
LAEQILEN o, EAEO BT, HEESAREZCREZBHICDLTERHBET DLW,
I LHEROBEGRE, EMPEEFEC DL ST, 0.186~0.38 &, B ERLBPRE
ELRHEEETH >,

HEFELEMIZL D, HEBECKERANZYXFLH), BE2OBECAKELERKELILESZ
LiRTE RO, ERNCAT, BEER, HEAB LI UEEEBEORDGERIP LD EVIOTS
53 xBbhd, Thbb, REROGHE T, s IHEORARNERCEENERC L 3E
ERFLS5TLEERLEDECENI ZENTES, THRICHS, HERCOVWTE, BENER
WEISEROFEWREL I ZVIIHBCRED SNz B LI EWTE LS,

5 B X m

1) HMEFEFEN  MEEEICET AR, B L&, Jit7 7 4 < v, R, 222, 1~113,
(1969)
2) MEEEWRH MEEECBE T SR, B 2%, EET T 4 <Y, HETTER, 244, 1~114,
(1972)
3) MOSTELLER, F.,, and YouTz, C. : Tables of the Freeman-Turkey transformations for the
binomial and Poisson distributions. Biometrika 48, 433~440, (1961)
4) ZL#ES I TAHARVERERRROLER, SREHCHET 2HTFHEEE L EEE, AR,
355, 77~96, (1989)
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6) [IHE{TH  EVFEOREE (9). &E, 28 (12), 73~79, (1974)
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Variations, Parent-offspring Correlations and Heritabilities on
Stem Quality, Current Year Shoot and Needle Traits
in Open-pollinated Families of Japanese Red Pine,
Pinus denstflora Sies. et Zucc.
from the Iwate Experiment Plantation

Chiaki Yamamoro®, Susumu Suiraisui®¥? and Satoru Yokora®V

Summary

Variations between provenances or among families, parent-offspring correlations and
heritabilities on stem quality, current year shoot and needle traits were investigated with 40
open-pollinated famlies which were derived from randomly selected Japanese red pines, Pinus
densiflora, in two natural stands of the Tohoku and Kansai regions. These families were planted
in a test plantation established 16 years ago in Iwate prefecture in the Tohoku region.

Four traits, namely, the forkedness, straightness, basal crookedness and stem crookedness
were studied for stem quality. When comparing the Tohoku and Kansai provenances, the
straight trees were found to be more frequent in the families of Tohoku, and the rates of the
forked trees and the stem crooked trees were higher in the families from Kansai. There were
significant differences among families for straightness in Tohoku and for stem crookedness in
Kansai.

The estimates of family repeatability on forkedness in both provenances and on basal
crookedness in Tohoku were zero, but those on straightness and stem crookedness ranged from
0.45 to 0.63 through the two provenances. It was clarified that the traits of the straightness and
stem crookedness must be considerably controlled by the genetic factors in Japanese red pine.

The current year shoot length, number of needles on a current year shoot, needle length and
number of needles per 1 cm length of a current year shoot (needle density) were also studied for
shoot and needle traits. The average values of shoot length, number of needles and needle length
in the family of the Kansai provenance were remarkably larger than those of the Tohoku
provenance. The same tendency had been observed in the parent trees of these families.

There were significant differences among families for needle length and needle density in
Tohoku and for number of needles in Kansai. Parent-offspring phenotypic correlations were
non-significant for all of the four traits on shoots and needles in both provenances. Phenotypic
correlations between shoot length and number of needles were outstandingly significant in the
families of both provenances. The same result had been already obtained from the parent trees
in both provenances.

The estimates of single tree heritability were computed by the application of two methods,
that is, the variance components and parent-offspring regression coefficients. The heritability
estimates on shoot length, number of needles and needle density fluctuated irregularly in the
provenances and the applied methods, but the estimates on needle length were a little stable
from 0.18 to 0.38. It was suggested that the traits of the needle length may be more or less
governed by the genetic factors in Japanese red pine.
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