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Tatsuo Kanazasnai, Mikio Sarro and Toshitaka Yokovama :
Estimation of Heritabilities of Cone and Seed Traits in
Pinus densiflora Sies. et Zucc.
by Parent-Offspring Regression.
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Table 1. & FHRRBOERE

Number of cones in female parents and corresponding progeny families.

i) BHEREK ® F PR A H R
Parent tree No. No. of cones Corresponding | No. of sample trees No. of cones
family No. ’ Mean(Min.-Max.)

Tohoku- 3 85 T- 1 19 2.7 (0-21)
24 28 T- 3 20 7.4 (0-71)
35 56 T- a 10 4.2 (0-28)
55 12 T- 6 10 14.6 (3-26)
94 36 T- 7 20 5.1 (0-43)
102 43 T- 8 20 8.6 (0-70)
116 16 T- 9 20 8.7 (0-41)
119 48 T- 10 20 7.2 (0-35)
129 9 T- 11 7 0.7 (0- 4)
173 10 T- 12 7 3.1 (0-14)
189 102 T- 13 19 11.9 (0-79)
199 143 T- 14 20 3.9 (0-26)
213 11 T- 15 10 11.8 (0-49)
214 18 T- 16 10 12.1 (0-32)
215 30 T- 17 20 5.9 (0-25)
224 3 T- 18 10 0.8 (0- 3)
256 2 T- 19 7 13.1 (3-24)
269 29 T- 20 20 1.4 (0-11)
273 20 T- 21 20 5.8 (0-25)
276 34 T- 22 20 12.9 (0-64)
277 145 T- 23 18 2.2 (0-15)
291 15 T- 24 20 10.3 (0-43)
318 506 T- 25 20 4.3 (0-16)
359 56 T- 26 20 7.4 (0-33)
384 154 T- 27 20 4.0 (0-14)
390 53 T- 28 20 5.2 (0-28)
398 26 T- 29 20 8.8 (0-34)
405 114 T- 30 20 4.2 (0~22)

Kansai- 13 30 K- 31 15 0.0
17 64 K- 32 7 0.4 (0- 3)
21 181 K- 33 15 1.1 (0- 6)
23 29 K- 34 14 0.5 (0- 7)
31 15 K- 35 17 . 0.2 (0- 3)
44 14 K- 36 19 1.3 (0-16)
45 49 K- 37 9 0.2 (0- 2
66 232 K- 39 7 0.0
67 101 K- 40 14 0.1 (0- 1)
115 78 K- 4 14 0.0
166 28 K- 43 10 0.0
179 80 K- 44 14 0.0
185 82 K- 45 18 0.2 (0- 2)
207 21 K- 46 15 0.0
217 98 K- 47 20 0.1 (0- 1)
233 12 K- 49 7 0.0
242 127 K- 50 16 0.1 (0- 1)
255 74 K- 51 7 0.0
259 148 K- 52 17 0.0
267 29 K- 53 14 0.4 (0- 5)
281 61 K- 54 14 0.2 (0- 2)
289 68 K- 55 14 0.6 (0- 8)
305 132 K- 56 14 0.4 (0- 5)
315 58 K- 57 7 0.0
343 27 K- 58 7 0.1 (0- 1)
353 115 K- 59 15 0.0
409 170 K- 61 13 0.0

2. KRR

Table 2 i2 & % &, BREFEFBOFIEL 4.25 om, FREEEDEXHES 3.80 cm (BHES 2D 7 —
FTERHEST 2L 3.7Tem) T, FREETORNS LERRLZ, BEFEIIEIT 0,42 on, THEEE
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Fig.1. BRI B 5836 L FHEROBEK

Relationship in cone yield between female parents and

corresponding progeny families.

Solid dots : materials selected at a stand in Tohoku region.
r=-0.235", b=—0.041.

Open dots : materials selected at a stand in Kansai region.
r=—0.093", b=—0.004.
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Relationship in cone length between female parents and
corresponding progeny families.
r=0.517*, b=0.329
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Table 2. BHSf & THRAEE (RRPH) CBULKE - EFOERYE

Cone and seed traits in female parents and corresponding progeny families.

MoEREE
Cone and seed traits in female parent trees
Pargt tre*eﬁN 0. KRE HZIN"# T E/ R FEXR 1000 #7 &
Length of Diameter/ No. of seeds | Proportion of | Weight of
cones(cm) |length of cones /cone filled seeds(%) | 1000 seeds(g)

3 4.6 0.56 43.2 97.3 10.30

24 3.8 0.55 21.3 89.8 8.79

35 4.3 0.53 27.6 97.9 10.70

55 4.3 0.53 6.7 93.8 11.11

94 4.0 0.52 26.1 95.1 7.19

102 4.8 0.55 57.2 86.3 10.65

116 4.6 0.53 50.3 89.7 9.08

119 4.0 0.59 39.1 96.2 8.25

173 3.3 0.67 43.2 97.2 7.06

189 4.1 0.55 35.2 99.3 8.30

199 4.3 0.57 38.9 98.8 8.80

214 4.7 0.51 19.2 99.4 12.17

215 4.4 0.52 45.8 96.7 9.05

269 3.9 0.58 36.9 98.0 10.70

273 4.3 0.53 39.5 95.5 9.14

276 4.0 0.51 12.8 91.9 10.46

277 3.7 0.55 38.7 98.1 6.40

291 4.9 0.49 16.5 95.9 13.56

318 3.7 0.56 34.2 95.7 7.25

359 4.8 0.49 26.6 95.6 8.35

384 4.1 0.49 31.6 97.5 7.15

390 4.8 0.52 49.4 97.5 9.35

398 3.9 0.57 33.5 91.9 7.28

405 4.6 0.49 51.3 95.4 8.35

¥ #%) 4.25 0.54 34.37 95.44 9.14
Mean

R EE 0.42 0.04 13.23 4.42 % 2 1.82
S.D.(o)

Note)

* 1 Calculated using the data of individual trees.
* 2 Calculated using the transformed data to Arcsiny/ %,
TO0.24cm (0.48cm) THY, ZhoboEMRMEHET2Z L, 2hTh 9.9%, 6.4% (12.7%)
T, BEFLLFIZRBETH -2,

HRROBTHEMRETRLUFig. 210 & 2 &, HEFYK ERBREEZAZh =0.517", b=
0.329 (BE#ER2 0.119) T, 5% KEDHELRMEMEMBAS NI, Zhh 5 BERPHET S Lhi=
0.66 (BHEZHZ0.24) THoto,

3. BRI
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TRBEOEIE
Cone and seed traits in progeny families
% | AHEAE HEE o R | EFEUBRE FEEX 1000 $r 8
Corresponding No. of Length of Diameter/ No. of seeds | Proportion of | Weight of
family No. | trees cones(cm) | length of cones /cone filled seeds(%) | 1000 seeds(g)
T- 1 3 4.3 0.56 29.4 95.6 6.19
T- 3 2 3.5 0.57 10.9 86.2 4.03
T- 4 2 4.1 0.54 30.6 95.8 5.28
T- 6 7 3.6 0.57 9.0 57.9 4.42
T- 7 6 3.8 0.56 31.3 95.6 4.49
T- 8 7 4.0 0.58 3.1 92.2 5.46
T- 9 6 4.2 0.57 33.5 87.1 5.36
T- 10 5 3.6 0.58 30.5 81.7 4.22
T- 12 1 - - 14.1 94.9 4.97
T- 13 5 3.7 0.61 36.7 94.2 4.67
T- 14 7 3.6 0.54 20.4 52.7 4.02
T- 16 6 3.5 0.62 10.8 73.1 4.61
T- 17 9 3.7 0.58 30.1 82.7 5.33
T- 20 2 3.8 0.59 35.5 90.1 5.12
T- 21 5 3.5 0.57 26.0 93.6 5.08
T- 22 14 3.7 0.56 16.4 88.5 5.38
T- 23 3 3.6 0.58 331 96.1 3.77
T- 24 6 4.0 0.54 16.8 95.8 6.33
T- 25 8 3.7 0.56 22.5 73.4 5.26
T- 26 10 4.1 0.53 27.6 68.6 5.33
T- 27 7 3.9 0.54 36.3 83.2 4.32
T- 28 4 3.7 0.55 31.2 92.9 4.95
T- 29 12 3.6 0.58 29.2 87.7 5.12
T- 30 5 4.1 0.56 38.3 97.7 5.14
3.80 0.57 26.47 85.71 4.95
3.77 % 1 0.57 % 1 26.09 % 1 83.38 % 1 5.01 %1
0.24 0.02 9.01 10.07 * 2 0.66
0.48 *x 1 0.05 %1 12.51 % 1 16.71 x1,2 1.04 %1

Table2 2k % &, BRREERLE KREOERE &) X, SBOFHED 0.53, FHEDOFHE
20.57 T, FHETOPRPRELWHIITEM L ETH -7, HEREER, S8 T0.03, THET
0.02 (BFEEMO7F—5 THET 2L 0.05) THD, IhorsEBRErEHRTZ Lz Fh
5.6%, 3.5% (8.8%) T, SHEK->fhOBEIC{ XTI E Wl B, Lo T, BRERK
it ic L 5B Lod iy, EREEBTORRLHERWNEWHETHEEELZ NS, 7TH
vV OREFRE (RE EE) 2FLEEOHOTYH, ZhLIZIREROEASER I LT
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Relationship in diameter/length of cones between female
parents and corresponding progeny families.
r=0.375", b=0.278
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Relationship in number of seeds per cone between female
parents and corresponding progeny families.
r=0.670**, b=0.473



7A=Y BREHRROKE - BEFRHEORFRHREECEOME (&1812H») —125—

%,

HREFRLOBETEFRERL2Fig. 310X 3 &, HBEE, BRFEREZAFh r =0.375", b=
0.278 (FE#EEP£12 0.152) TH o2, Thh SBIEFERMEET 2 L h2=0.56 TH 243, FHELREN
0.30 K=, HEREZE SR oT,

4, ERHIY OETH

Table2 2k 2 &, REH7: D OBTFROFHME L, BHT 34 458, FHET26.5 8 (BT
DTF—FTEETZL26.15)THY, FHERSBICHL TEWEE2R L, £72, B, F#t
BOERFEZIZAFN13.28, 9.04 (12.58) T, IhrS>EHREEHET 3 L 38.4%,
33.9% (47.9%) =Y, AFEEOEER»EHKEL,

HREH: D OBRFEOBETFHEMGERULFig 412X 3 &, HEFRE, HEGREE, Fhfhr=
0.670**, b=0.473 ({E#EZE30.112) T, 1 %KEOBEHEENRED >hiz, BERHEHRD SRBE
EEHET D L, h?=0.95 (FERE0.22) OFVENEHS I,

BEH72 0D OBTHIL, SESOMEOTNLENBABICHE SN MY, Lnl, vV
TREZHOMKIEELBETFORE S ETREC TCETORMO &5 kMY 4 Fitk 30
T, ZMFIC L > THORERFELRZT L, LI, THETHEEERCZELCHLZLOT,
ERRSTIGHNAE R o720 2, (B, RRCLI>TREL BR > TORAREESE V. 0D
2, BRSO OBFH I —ROBBERFCMA TRMBORFCI2BELZD L2 L 2E 22
b, BEEOHEE (h=0.95) RBEICEV, Lirl, D5 %kEDEEKE (0.50S hes
1.000DTFADOR=0.5~0.7TRELLTYH, BEFOFZHENY L o, KRS0 OBFHIZ
EEZROHBHEWHETHL LART I ENTED,

B, BHROKMHCEES N EEOEBRE, b5 VIIEPEREE, L VBEEOR
W, ¥RbLEBECEHNTROBAEE T rtBEbh 3,

5, FEEE

Table2 iz & % &, FBOFRERIFEY 95.4%, HERE (arcsiny BEBEIC £ 5) 13 4.4% T,
BEEEOZESD L, BEAESNBULOEETH >z, —H, THEETIZFY 85.7% (Bik
B{DT - T3 83.4%), EH#IRZE 10.1% (16.7%) T, I SR TEEMEL, EE
KE s,

FEROFEFEFRERL2Fig. 5 0k 2 &, HBRE, ERERIE, ZhZhr=—0.048™, b=
—0.104 (FEH#EEEE 0.463) T, BELMEHEAED sk o7z, IhbhbEH I W2 HEMIZAE
(—0.21) L&27HBERIF0 EARENDY, EEEEZSEE D HFLBEODT TR A
< (0.93), HEOFEEEILE DD TEL,

SVHEHTIE, BRERE T LREENKRE JET T Y00, £7:, BRIEHORERT % B
FECHRET L TALRE 21T o 7200Cid, BRIEHEISEMT 5L, £ b3 o TRITERRIC
FEEMET T2 2 LSRRI TWSY, Figdizk 2k, BETRIELACOBEETRERY
0%ULEEDT, BRZHOFERFLALEZRT Cukdolcl bbb, —H, FHEETIREY
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Fig.5. FEEZw B 2 88 & FHRROBMK

Relationship in proportion of filled seeds between
female parents and corresponding progeny families.
r=—0.048", b=—0.104
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Relationship in weight of 1 000 seeds between female
parents and corresponding progeny families.
r=0.500%, b=0.180
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WO 7 DETEBE T 2EENDE <, BRI X > THRZBMERIKE (B - T TS E
Vi, TOFBR OB T, BEHERMO X D BTSRRI LM SRTHERONNT Y *
MEALTWLR EELILND, £/, v VETRELBEREEOIERE Ty, BML L &I
ETRBEOBHATEERNETT 59, CORBHMTEHRRBMTT oy FIERINWTH20T, HE
LA OEHRRE L FREOARERO ATV X 2R S ELERO—D2 L% 2,

PED X > HEERIZMEORME, TH0LBERERTRIC L 3BEPHIRIS2, 20
PEBEEORECEASEELSBIIFT, Lo T, 0L wRARMERET, Ly b Ykes
DF—FTIOBEOETHERRLZZLETERVWEEZ NS,

6. 1000 &

Table2i2 & % &, 1000 KEDTFHEIHTI.14 8, THETL.95 € (BEEMNOT—5T
i$5.01 ) THD, BFHETRERENASORI, LiA-> T, 1000 MERBHOBLIZLZE
BRECBHETHL EEZ N5, BHERERIENT1.82 &8, FHEET0.66 £ (1.04 8) TH D,
EERHIZE N ZF120.0%, 13.3% (20.9%) TH-7z, F|THET 1000 WEBKE S Eh - EE
LLTE, BRBOKES (2, MEROEERSE) 27 1000 MEICHE T IHRERSH DL 2 &, £t
FHBETEEHNIC SR TYA FOREho LI R EBH TN, LTFRL B FERELMRE
ZH0LREZONT, B->2 0 LLERETHTH 2,

1000 REDOE TRFE AR L 72 Fig. 6 i & % &, fHEMRE, FEHEHREEAENR T =0.500% b=

Table 3. 7~ VEHE - BFOFVEOBEROEEME

Estimated heritabilities of the traits concerning seeds and
cones in Pinus densiflora by parent-offspring regression.

& 1z 3 Heritability
i "

Trait Method A*! Method B*?
(SE) (SE)

: -0.082 (0.067)**
B R B Conmeyield | 4'5080(0"017)

¥} H £ Conelength | 0.66 (0.24) 0.64 (0.20)
‘ Diameter

HRIARL per length 1 56 030) | 0.60 (0.25)

HRor) Noofseeds | g5 022 | 0% (0.1

4 Proportion of
HPAER filled seeds -0.21 (0.93)

*iig 1000 Weight of 1 036 (0.13) 0.29 (0.10)
Note)
SE.: f@rean

UFERAROFEHEE T OBBOEONE T -2 L LTHELL

¥l e OFREEOME LG T S BEOEONE 7 -5 L LTEEL
720 BHED 7 — 5 R RAFHREEKIZT S DELTAVoh 2

¥ RALE O

L BAFEE QMR
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0.180 (RHEFEZE 0.067) T, 5% KEOFELMEESTD sl ERFRED» SBEEEHTET
L, h?=0.36 (EH¥EHEE0.13) Th-71,

OBBEREFOREZILLHRRERFCLEREINZOT, RERLOBEMEEL2HA~TA

728, B, FrOUMHBRED SR (BHETr =—0.081", FHEET r =0.340%),
7. BR - BFOMEORCERMTE tOMES

SEIOAAETHE SN KR - BTOEPEDEEE S Table 312 F 7 (Method A), 27
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Estimation of Heritabilities of Cone and Seed
Traits in Pinus densiflora Sier. et Zucc.
by Parent offspring Regression
(Reseach note)

Tatsuo Kanazasur'?, Mikio Sarto®®? and Toshitaka Yokoyama®

Summary

Heritabilities of several traits concerning cones and seeds in Pinus densiflora were
estimated by parent-offspring regression. The six traits estimated were cone yield (number of
cones per tree),cone length, diameter per length of cones, number of seeds per cone, proportion
of filled seeds and weight of 1000 seeds. The means within families measured at 18 years old in
the experimental plantation, which was composed of many half-sib families of selected female
parents and established for the improvement of wood properties in P.densiflora in Iwate
prefecture, were used as the data for offspring. The data of female parents at 50— 60 years old
reported in the previous papers'®-?? were used directly as the data for parents.

The estimated heritability of number of seeds per cone was very high at 0.95 (standard
error 0.22). That of cone length and of diameter per length of cones were 0.66 (0.24) and 0.56
(0.30),respectively. The estimated heritability of weight of 1000 seeds was 0.36 (0.13),but there
was a large difference between female parents and offspring in this trait. The estimated
heritability of proportion of filled seeds was O (minus value). The reason for a low estimate and
high standard error in this trait is that this trait is strongly affected by the proportion of
self-pollination and assortative mating. Both estimated heritability and standard errow of cone
vield were extremely low. As this fact is considered to be due to the great difference of cone
yield between parent and offspring, it is inappropriate to estimate the heritability of cone yield
by the parent-offspring regression at the time when progeny families are young compared to
their parents.

In this investigation, there was a large difference in the number of trees among progeny
families. In order to eliminate the influence of this difference on the estimation of heritability,
a modified estimation was carried out by using the pairs of each individual in offspring and
corresponding parent. The estimated heritabilities based on this method were not so different
from the estimates mentioned above.

Received Janury 5, 1988
(1)(3)ex. Silviculture Division (Forest Environment Division)
(2) Former Asakawa Experimental Forest



