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Clonal Variation of Flowering in Pinus thunbergii Seed Orchard'

Sang-Urk Han’*, Wan-Yong Chofi?, Kyong-Hwan Chang’, Tae-Su Kim®
and Jeong-Ho Song2

2 <%

£ d7e 197936 249 A5 AFUdA 6:97H(1995~20009) MNFE Al AL AEE E
2 Ao BAY B 7HA SHES ARH stuA s, _

A 607 22 F 180 22@0%)°] ARt A4ske] AdAQl sl Ee 0.37(1999)~0.46(1995),
3= 0.44(1999)~0.57(1995)2 #rztict oha A vehg o 24 Z84 & AF=E d4de) o
& %l vlstd A ebdok, wW$A(ve, vs) FFAA ARHA FEADSE A2 0.59(1995) ~
0.91(1999)= 0.56(1995)~0.83(1998), A& A(vy) FTANA= 0.72(1995)~0.93(1999)2-2 FA = 2
Aels-AZE S AR WA vebgeh, $3 NSt @ FFASE AA FE 3% o1l
0.4~0.6(0.5+0.1D)9 & Jebid e, dxbols 73%(1996)~100%(2000) 2 ctoksiA el
AR EFHE(AJE 0.09~0.262.2 FAFH 8 FFel vld AHH 22 Yo}l 2 FHH FUdA
€ debligle, B8 fEADS e Ao ARE BYod, Y EF¥EE RE fFAAGSS ¥
o] A3 el

ABSTRACT

This study was conducted in an attempt to quantify some traits that may be involved in the reproductive
process of Pinus thunbergii, During the past 6 years (1995-2000), we surveyed flowering patterns of 60
P. thunbergii clones in a seed orchard which was established in Anmyon-do, 1979. From this survey,
we estimated clonal contributions of male and female flowers and sexual asymmetry. Among 60 clones,
18 clones (30%) accounted for 0.37 (1999)~0.46 (1995) of clonal contribution in female flowers and 0.44
(1999)~0.57 (1995) of clonal contribution in male flowers. As compared with the previous reports in other
pine species, more clones made contributions to reproductive process in P. thunbergii seed orchard. The
relative effective population numbers for females (v:) varied from 0.59 (1995) to 0.91 (1999) and those for
males (v;) were between 0.56 (1995) and (.83 (1998) at gamete level. This showed that the female gametes
effectively contribute to the reproductive process more than did the male gametes. The relative effective
population numbers at clonal level (vs) were in the range of .72 (1995) and 0.93 (1999). More than 73%
of the total clones showed values of 0.4~0.6 (0.5+0.1) in maleness index. The values averaged over all
the clones were temporally variable with the range of 73% in 1996 and 100% in 2000. The degree of sexual
asymmetry (As) ranged from 0.09 to 0.26. These values were relatively low when compared with those
of other trees, suggesting that P. thunbergii seed orchard remains a high level of homogeneity in the
number of male and female. All of the various types of effective population numbers were positively
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correlated with each other while they were negatively correlated with the degree of sexual asymmetry.

Key words : Pinus thunbergii, clonal seed orchard, female flower, male flower, contribution, effective

population number, sexual asymmetry,
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Table 1. The average number of female and male strobili and broad sense heritabilities for 6 years at
the Pinus thunbergii clonal seed orchard.

1995 1996 1997 1998 1999 2000
MeantSD 100.4t84.9 95.3+33.7 158.5+56.4 173.8%81.5 95.4+30.5 105.2%48.3
C.V.(%) 84.6 35.4 35.6 46.9 32.0 45.9
Range 10~681 26~189 63~326 35~424 29~187 15~328
H* 0.18 0.15 0.13 0.34 0.28 0.28
Mean*SD  366.9+331  390.9%337 761.6+432 327.6%175 385.3%196  1431.1+961
C.V.(%) 90.1 86.2 56.8 53.3 50.8 67.2
Range 0~1933 0~1857 120~1983 67~854 55~892 330~5775

H* 0.30 0.29 0.30 0.25 0.30 0.13
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Figure 1. Cumulative production curves for female and male strobilus clones in a seed orchard during
the period of 1995-2000. Straight line represents equal contribution by both sexes.
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Table 2. Estimation of relative effective population number at the gamete level (vs, »:) and clonal
level (us) for 6 years at the Pinus thunbergii clonal seed orchard in Anmyon-do.

N 1995 1996 1997 1998 1999 2000
vy 60 0.59 0.89 0.89 0.82 0.91 0.83
vs 60 0.56 0.58 0.76 0.78 0.83 0.69
) 60 0.72 0.81 0.91 0.89 0.93 0.88
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Figure 2. Maleness indices calculated for individ -
ual clone based on the observations of
proportion of strobilus production for
the period of 1995~2000.
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Table 3. Estimation of degree of sexual asymmetry (A.) at the Pinus thunbergii clonal seed orchard in

Anmyon-do during the period of 1995~2000.

1995 1996 1997

1998 1999 2000

As 0.26 0.11 0.10

0.11 0.09 0.15
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Table 4. Simple (above the diagonal) and rank (below the diagonal) correlation coefficients between the
number of female strobili during the period of 1995~ 2000.

1995 1996 1997 1998 1999 2000
1995 - 0.3073* 0.0427 0.1791 0.1878 0.1223
1996 0.8505** — 0.4089** 0.4362** 0.3213* 0.3482**
1997 0.2297 0.3712** — 0.5921** 0.4706** 0.4297**
1998 0.5035** 0.5060** 0.5431*" - 0.4335** 0.5106**
1999 0.3229* 0.4008** 0.4298** 0.4825** — 0.3741**
2000 0.2477 0.2561* 0.4825** 0.6006** 0.4418** -

and ** : significance at 5% and 1% level, respectively.

Table 5. Simple (above the diagonal) and rank (below the diagonal) correlation coefficients between the
number of male strobili during the period of 1995~2000.

1995 1996 1997 1998 1999 2000
1995 - 0.9941** 0.4414** 0.2455 0.4763** 0.4332**
1996 0.9899** - 0.4584** 0.2259 0.4976** 0.4426**
1997 0.2439 0.2689* 0.6084** 0.5164** 0.4874**
1998 0.1545 0.1620 0.6449** - 0.5305** 0.3925**
1999 0.4146** 0.4457** 0.4442** 0.6231** - 0.5382**
2000 0.3549** 0.3853*" 0.5160** 0.5068"* 0.6404** -

and ** : significance at 5% and 1% level, respectively,
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Table 6. Simple (r,) and rank (1) correlation coefficients between the number of female and male
strobili during the period of 1995~ 2000.

1995 1996 1997 1998 1999 2000
Ts 0.0307 0.0576 -0.0571 0.1212 -0.1252 -0.0656
o 0.2530 0.1158 -0.1212 0.0148 -0.1216 -0.1628

Table 7. Simple correlations between various effective population numbers, yearly averaged number of
flowers in female and male, grade of sexual asymmetry and seed orchard ages of a Pinus
thunbergii clonal seed orchard for 6 years.

ve vz Vb As X X3
Age 0.5319 0.6946 0.7690 -0.5029 0.0602 0.6022
Ve 0.6012 0.8399* -0.9732** 0.1575 0.1484
Vs 0.9235** -0.7014 0.5547 0.0880
vp -0.8712* 0.4035 0.2629
A -0.3259 -0.0053
x s -0.0764
* and ** : significance at 5% and 1% level, respectively.
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