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tion. The techniques developed can assist orchard man-
agers to impose selection intensity that achieves an
appropriate balance of genetic gain and diversity in
orchard crops. Finally, seed demand and the impact of
tree removal on immediate and long-term seed yield
should be also considered.
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Summary

In 1978 a 10 ha clonal seed orchard of black pine
(Pinus nigra Arnold) was established in the area of
Koumani in the western part of Peleponnesos, Greece.
The orchard comprises 52 clones derived from intensive-

ly selected plus trees in the natural forest of black pine
of Peloponnesos. In 1991 three open pollinated progeny
tests were established in Peloponnesos, proximal to the
villages of Raches, Vlachokerasia and Vamvakou.
Seedlings from 52 families including a commercial check
(CC) were planted in each one of the three locations.
Assessments were made when the trees were 4, 7 and 9
years respectively, with the following results.
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The variation among families for growth characteris-
tics were highly significant in all locations examined. In
the combined analyses of variance over the three loca-
tions, significant differences among families were also
detected, while the family x location interaction effect
was not significant. This indicates that the seed pro-
duced from the seed orchard can be freely used over the
environments of the three experimental plantings,
which are representative of the broad area of Pelopon-
nesos.

Narrow sense heritability estimates on individual tree
basis (h2) were variable depending on the characteristic,
age of assessment and the location of the experimental
plantings. The estimates of h2 in Vlachokerasia for
height (HT) were 0.21, 0.40 and 0.43 at the ages of 4, 7
and 9 years respectively. In Raches the corresponding h2

values for HT were nearly the same in all ages (0.29,
0.28 and 0.31 at 4, 7 and 9 years respectively) and stable
but little higher (0.31, 0.28 and 0.31) at the Vamvakou
experimental planting. The heritability values for HT
estimated over the three location, were relatively low
(0.25, 0.23 and 0.19) at the ages 4, 7 and 9 years respec-
tively.

Realized genetic gains were calculated for growth
characteristics at the age of 9 years, by comparing the

performance of the improved (selected) materials to
unimproved materials (CC). For the first stage of selec-
tion (selection made in natural stands) gain of 6.0% for
HT, 8.0% for diameter breast height (DBH) and 24% for
volume were estimated. When 20% of the clones, with
the lower breeding values are removed from the seed
orchard (genetic thinning), an additional gain of 2% for
HT, 3% for DBH and 8% for volume over the unrogued
seed orchard is resulted. Thus, the total genetic gain
from the genetically tested, first generation seed
orchard of black pine at Koumani is estimated as 8% for
HT, 11% for DBH and 32% for volume. These results
indicate that improvement of black pine by selection,
establishment of seed orchard and progeny testing the
clones, is a very promising profitable operation.

Key words: Pinus nigra, Variance, covariance, heritability, cor-
relation, rogued seed orchard, genetic test, genetic base, real-
ized gain.

Introduction

Black pine (Pinus nigra Arnold) is a southern euro-
pean species extending from Spain in the west to central
Turkey in the east. In Greece covers an area extending
from the southern part of Peloponnesos peninsula up to

Figure 1. – Map of Greece showing the geographic distribution of Black pine and the locations of the experi-
mental plantings (1 = Vlachokerasia, 2 = Raches, 3 = Vamvakou).
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the northern border of the country (including the islands
of Euboia, Thasos, Lesvos and Samos), forming many
isolated populations. The natural distribution in Greece
is shown in Figure 1. Silviculturaly it is considered one
of the most important coniferous species that is exten-
sively used in reforestation throughout the country.

The breeding program of the black pine in Greece is
structured in three different populations (Southern,
Central and Northern Greece). In 1978 the first clonal
seed orchard has been established with a set of 52 inten-
sively selected plus trees in the natural forests of black
pine grown in the Peloponnesos peninsula. The repro-
ductive maturity, i. e., the time at which the seed
orchard starts producing adequate quantity of seed of
desirable quality, has been attained at the age of 10
years (MATZIRIS, 1998). Since then appreciable quanti-
ties of seed are harvested yearly and used in reforesta-
tion. It is remarkable that at the age of 13 years (1991),
a year of full cone production, the mean quantity of
clean seed produced reached the amount of 200 kg/ha
with mean number of seeds per cone of 50 (MATZIRIS,
1998).

Since the selection of the plus trees was based on their
phenotypic superiority, genetic evaluation, based on
progeny testing, is mandatory for the roguing (genetic
thinning) of the established seed orchard and upgrading
the genetic quality of the seed produced. Collecting open
pollinated (OP) seed by clone in years of full cone pro-
duction, OP families are produced which are evaluated
in field trials and estimates of the general combining
ability are obtained.

The objective of this investigation is to study genetic
variation in growth and quality characteristics in black
pine, identify clones with low breeding value for roguing
the seed orchard and estimate realized genetic gain
from first generation clonal seed orchard.

Material and Methods

Plant Material

Open pollinated seeds were collected from all 52
clones included in a 10 ha seed orchard in 1989, a year

of full cone production. All seed from a clone, regardless
of the ramets from which they were collected, were con-
sidered to be members of the same open pollinated fami-
ly; i. e., they all shared the same genetic mother. Seed
were sown in the nursery (1990) in paper pots filled
with sterilized mixture of peat moss and perlite (2:1). A
year later 1991 three experimental plantings, located in
Raches, Vlachokerasia, and Vamvakou, were estab-
lished. In choosing test locations the rule that progeny
tests were located on sites representative of the lands
that are to be reforested was applied. All locations are
within the broad area of Peloponnesos, southern part of
Greece, within which the breeding materials of the seed
orchard progenies are used.

At each location 52 families plus a control, also called
commercial check (CC), were planted in randomized
complete block design including 4 (Raches and Vamvak-
ou) or 8 (Vlachokerasia) replications. Families plus CC
were randomly assigned within replications in 10-tree
row plot arrangement for Raches and Vamvakou and 4
tree rectangular plots for Vlachokerasia.

Since the geomorphology of the experimental planting
of Vlachokerasia was quite heterogeneous, and in order
to reduce the variability within replications, the number
of replications was increased with equivalent reduction
in plot size. The spacing in all plantings was 2 x 3
meters. The characteristics of the locations and the
experimental plantings are shown in Table 1.

Measurements

Total tree height (HT) was measured, in all three loca-
tions, at the ages of 4, 7 and 9 years. Breast height
diameter (DBH) was only measured at the age of 9 years
in Raches and Vlachokerasia; it was excluded in Vam-
bakou since in this planting there were some short
(below 1.4 m) and therefore no measurable trees. At
Raches the number of branches of uppermost whorl
were counted and bole straightness and crown form
were evaluated, according to a 5 point scale (1 very good,
5 very poor). For Vlachokerasia, total tree height (HT)
and (DBH) were used to estimate roughly the outside

Table 1. – Characteristics of the locations of the experimental plantings.

1CC = Commercial check or control.

D. Matziris.·Silvae Genetica (2005) 54-3, 96-104

DOI:10.1515/sg-2005-0015 
edited by Thünen Institute of Forest Genetics



99

bark volume (VOL) for each tree, applying the conic vol-
ume equation:

VOL = 0.25 (3.14 x DBH2 x HT)/3

Statistical Evaluation

Data were checked for suspected outliers (measure-
ments outside the normal values) before analyses. Such
values may arise from various reasons, as recording
errors during measurements or mechanical damages of
trees in the growing sites.

Analyses of variance for each characteristic measured
or assessed were conducted in two stages due to missing
trees within plots and the need for the estimation of the
within plot variance, following well established proce-
dures (STONOCYPHER, 1966; SNEDECOR and COCHRAN,
1968; NAMKOONG, 1979; BECKER, 1983). Initially the
mean squares within plot variance (σ2

w) were estimated
from individual tree data. Then analyses based on plot
means were made applying the general model of two-
way classification:

Yij. = µ + ri + fj + rfij +wij

Where: Yij. = The mean plot value of the jth family that
is in the ith replication. All Yij. values are treated as if
they had the same number of observations

µ = overall mean
ri = effect of ith replication
fj = effect of jth family
rf(ij) = interaction effect of families x replications
wij. = the mean of the nij deviations

The variance of plot means (Yij.) is σ2
w /rf (1/n11 + 1/n12

+..…1/nrf)= σ2
w/nh., where nh is the harmonic mean of the

number of trees within plots. The within plot mean
square variance (σ2

w) was used for estimating heritabili-
ty values, while the average variance of plot mean
(σ2

w/nh) is used in the analyses of variance for testing
the reps x families interaction effect.

Combined Analyses of Variance over Locations

Genotype x environment interaction arises from the
fact that some genes may have effects that differ from
one environment to another. Such interactions, if exist,
may cause decreased performance when a population
selected under one environment is used under another.
The size and extent of the interaction is very important
for the movement of bread material of the forest tree
species. Therefore, data of height growth measured at
the ages 4, 7 and 9 years, common to all (three) experi-
ments, were pooled over locations and combined analy-
ses of variance were performed following the procedures
outlined in details by COCHRAN and COX (1968) and
NAMKOONG (1979). Since the numbers of replications
were not equal in all locations (four in Raches and Vam-
vakou and 8 in Vlachokerasia) and additionally the
number of trees within plots was also varied, the analy-
ses for getting the locations, families and families x loca-
tions effects were based on plot means.

Genotype x environment interaction (G x E) effect at
the family level was also tested for significance using

the type B (rb) genetic correlation (YAMADA, 1962; PIRCH-
NER, 1969; BURDON, 1977; LAMBETH, 1980; HODGE and
WHITE, 1992; SIERRA-LUCERO et al., 2002). This correla-
tion express the genetic relationship that may exist
between measurements of the same characteristic taken
in different environments and it is expressed as: rb =
σf

2 /(σf
2 + σ2

fp); Values of rb near one indicates no (G x E)
interaction, while values near zero indicates highly sig-
nificant interaction. The variance components of fami-
lies (σf

2) and family x location interaction (σ2
fp) were

estimated from the pooled over location ANOVA.

Genetic Parameter Estimates

Mean squares were equated to expected mean squares
and variance components and heritability estimates
were obtained. It is known (NAMKOONG, 1979) that the
degree to which family members are closely related is
proportional to the degree to which families differ. Thus
the variances among families (σ2

f) obtained from the
analyses are interpreted as one quarter of additive
genetic variance.

σf
2 = Cov (H.S.) = 1/4 σA

2

Narrow sence heritability estimates on individual tree
basis (h2) for each one characteristic and location were
estimated as the ratio of the additive genetic variance
(σA

2) to total phenotypic variance (σph
2):

h2 = σA
2 /σph

2 = 4 σf
2/ (σw

2 + σrf
2 + σf

2)

The values obtained from the above formula are
applicable in the specific environmental conditions
under which they have been estimated and are biased
upwards when are applied to different environmental
conditions

Estimation of Realized Gain

In clonal seed orchards the trees originally selected in
the first phase are crossed and the families produced are
evaluated in field tests and estimates of the combining
ability of the parental clones are made. The clones,
which prove to be poor parents are rogued from the seed
orchard and only the best (genetically tested) are left for
future seed production. Realized genetic gains were esti-
mated for both stages of the selection program i. e., for
the unrogued and rogued clonal seed orchard of
Koumany. The gains were calculated as previously
described in another paper by MATZIRIS (2000). Since
unimproved commercial checks (CC) were included in
all plantings, the gain for the first stage of selection was
computed by subtracting the mean of the unimproved
(CC) from the overall mean of the families of the select-
ed trees included in the seed orchard; the difference was
expressed in percentage of the commercial check. After
roguing the seed orchard on the basis of progeny testing
(genetic thinning) an additional gain is resulted. This
gain was calculated by subtracting the overall progeny
mean of the test (excluding CC) from the mean of the re-
selected families, to be maintained in the seed orchard.
Finally the total realized genetic gain from rogued clon-
al seed orchard was taken by the addition of the gain of
the two stages of selection (mass selection plus progeny
testing)
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Results

In Table 2 the mean tree heights per location at the
age of 4, 7 and 9 years as well as the DBH, volume and
survival at the age of 9 years are listed. Table 3 presents
estimates of variance components and narrrow sense
heritabilities on individual tree basis (h2). The variance
component estimates for growth characteristics obtained
from the pooled over locaction analyses are shown in
Table 4. Finally, in Table 5 the estimated realized gains,
at the age of 9 years, from the two stages of selection are
presented.

Discussion

Survival and Growth Characteristics

Survival at the age of 9 years were variable among
families and locations. At Vlachokerasia the survivals
among the families were ranged from 81.2% up to 100%
with overall mean of the test planting 95.9%. Twenty
families had 100% survival at the age of 9 years. This
high survival is related to favorable growth conditions
and specifically to very good high moisture holding
capacity of the soil. In Raches with less favorable condi-
tions the survivals varied among families from 55% up

Table 2. – Overall mean values for total tree height at the age of 4 (HT4), 7 (HT7)
and 9, (HT9) years, diameter at breast height (DBH9) and tree volume (Vol.) at 9
years, of three open pollinated experimental plantings of Black pine grown in
Greece.

1 Values in parenthesis are family mean ranges.

Table 3. – Estimates of component of variances and narrow sense heritability (h2)
on individual tree basis, of three open pollinated experimental plantings of Black
pine grown in Greece.

1 σ2
f, σ

2
rf, σ

2
w, σ2

ph, are variance components estimates for families, reps x families,
within plot and total phenotypic variance, respectively.
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to 100% with overall mean 85%. Finally in Vamvakou,
survival was worst ranking among families from 50% up
to 90% with overall mean 75.6%. Analyses of variance
(not presented) have shown that the diffenences among
families within locations were statistically significant,
while the differences among locations were highly sig-
nificant. Total tree height at the age of 9 years was
related to survival rate. It was higher (3.86 m) at Vla-
chokerasia with the highest survival and lowest (2.41 m)
at Vamvakou experimental planting. The diffences
among families, for total tree height at the ages 4, 7,
and 9 years and volume at the age of 9 years, were sta-
tistically significant. Large variability among open polli-
nated families of black pine for growth traits, at the age
of 10 years, has been also reported by ARBEZ and MILLER

(1972).

Variance Components and Heritability Estimates

Knowledge of variation and the degree of inheritance
of the characteristics of interest are the fundamental
basis upon which a well designed tree improvement pro-
gram must be based. The estimates of variance compo-
nents and the narrow sense heritability (h2) for all char-
acteristics studied have been presented in Table 3. Heri-
tability estimates were variable depending on the loca-
tion , age and characteristic to which they refere.

In Vlachokerasia the h2 for HT growth were 0.21, 0.40
and 0.43 at the ages of 4, 7, and 9 years, respectively.
The h2 for DBH at the age of 9 year was found 0.24 and
that for volume 0.21. It seems that in this experimental
planting the h2 values increase as trees become older.
This was expected since the enviromental variation is
reduced, as trees become older. Similar results have
been also reported in slash pine (HODGE and WHITE,
1992). They found that HT heritability increased from
0.05 at the age of 5 years to 0.1 at the age of 10 years.

In the planting of Raches the h2 values for HT were
0.29, 0.28 and 0.29 at the ages 4, 7 and 9 years respec-
tively, while the coresponding h2 values for 9 years DBH
was 0.35, and that for the number of branches per whorl
0.53. Heritability estimates of HT at the Vamvakou
experimental planting were very close to those obtained
from Raches (Table 3). Heritability values (h2) for
growth characteristics in black pine have been also
studied by ARBEZ and MILLER (1972) at the age of 10
years; from the analysis of an open pollinated progeny
test including 26 families they estimated h2 values of
0.35, 0.20, and 0.24 for total tree HT, DBH and volume

respectively. These values are in close agreement with
those found in the present study. The higher h2 values
for HT at the ages of 7 (0.40) and 9 (0.43) years, estimat-
ed in the Vlachokerasia planting, may be the result of
the higher site quality of this location in comparison
with the other two or the better site uniformity within
replications. Early natural selection against the slower
growing trees is expected to be stronger on better sites
with the consequence the reduction of the environmen-
tal variance. SIERRA-LUCERO et al. (2002) working with
loblolly pine found positive correlation (r = 0.54) between
h2 and height growth, as well as, between h2 and mean
annual increment (r = 0.67), indicating that site produc-
tivity influences positively h2 values. However there are
contradictory results found in the literature. HODGE and
WHITE (1992) found no relationship between h2 values
and site index in loblolly pine and concluded that the
degree of genetic control and site uniformity were the
same on sites of both high and low productivity. Narrow
sense heritability for HT estimated from the pooled
analyses of variance across the three locations were
0.25, 0.23 and 0.19 at the ages 4, 7 and 9 years respec-
tively (Table 4). The differences among families and
among locations were highly significant, while the fami-
ly x location interaction effect was insignificant in all
ages. This indicates, that although there are some dif-
ferences in the rankings of the families, the faster grow-
ing (on the average) remain in the top and the slower
are found in the bottom. The type B genetic correlation
(rb) at the family level was found close to unity, indicat-
ing that family ranks are relatively stable across loca-
tions. This is in agreement with insignificant family x
location interaction effect found from the pooled analy-
ses of variance. The results obtained indicate that geno-
type x environment interaction is not a significant
source of variation and therefore the seed produced from
the clonal seed orchard of Koumani can be freely used
over the environmental conditions of the three locations,
that are representative of the broad area of Pelopon-
nesos. Although, that there are strong interactions for a
few families the genetic gain does not seem to be
influenced when the best families are selected on the
basis of average performance at all locations. Although
the results obtained are based on relative young
progeny tests (9 years), they can be used for preliminary
decisions, such as initial roguing of the seed orchard.
Limiting selection by culling the poorest families at the
age of 9 years has been also recommended for ponderosa
(Pinus ponderosa Lows.) and western white pine (P.

Table 4. – Estimates of variance components and narrow sense (h2) heritability, for
total tree height at the ages 4 (HT4), 7 (HT7) and 9 (HT9) years, from the combined
analyses of variance over the three locations.

1 σ2
f, σ

2
fl, σ

2
w/rh are estimates of variance components for families, families x loca-

tion interaction and within plot, respectively.
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monticola Dougl.) (STEINHOFF, 1974). Other researchers
such as, SIERRA-LUCERO, et al. (2002) for loblolly pine
and SAMUEL et al. (2000) for Sitka spruce, found that
there is no loss in selection efficiency by selecting at the
age of 10 years. MCKEAND (1988), in order to increase
the efficiency of the breeding and testing program at
North Carolina State University-Cooperative Tree
Improvement Program (NCSU-TIP) analyzed 18 first-
generation progeny tests of loblolly pine to find the opti-
mum time for growth assessment. Under reasonable
assumptions for age-age correlation and heritability
changes over time, he concluded that the expected
genetic gain per year in the breeding program was the
greatest for selection between 6 and 8 years. Since gain
rates will be heavily influenced by time, early selection
for seed production and for breed development will be
advantageous (NAMKOONG, 1979; LAMBETH, 1980). How-
ever, these results must be interpreted with caution
since age-age correlation is not always precisely esti-
mated and the performance of the genotypes at young
ages, in most of the cases, is imperfectly related to that
at maturity (NAMKOOMG et al., 1980; LAMBETH, 1980;
OLSON et al., 2001). It is of interest to keep in mind that
juvenile selection is a form of indirect selection the effi-
ciency of which is determined by heritabilities at the
juvenile and mature age and the correlation that exists
between the characteristics measured at these two ages

Realized Genetic Gain

Realized genetic gain was estimated at the age of 9
years. Data for HT, DBH and volume common to two
locations (Raches and Vlachokerasia) were pooled and
family means were obtained over the two locations. The
Vamvakou location was not considered, since the DBH
at this planting was not measured (there were many
trees which at the age of 9 years were below 1.4 m). The
overall family mean values were 3.18 m, 5.4 cm and
0.2425 m3 x 100 for HT, DBH and volume respectively.
The mean values for the commercial check (control)

were 3.0 m for HT, 5.0 cm for DBH and 0.1962 m3 x 100
for volume. Therefore the realized gain for the selection
made in natural stands is estimated 6.0% for HT, 8.0%
for DBH and 24% for volume over the control (Table 5).
Roguing 20% of the total number of the clones with the
lower breeding value from the seed orchard an addition-
al gain of 2% for HT, 3% for DBH and 8% for volume
over the unrogued seed orchard is realized. 

Economic studies (DAVIS, 1967; BERGMAN, 1968; BOU-
VAREL, 1966; SHEPHERD and SLEE, 1969) have shown that
2 to 5 percent increase in yield alone over the commer-
cial plantings is enough to justify the cost of a tree
improvement program. Therefore the realized gain (8%)
for volume, in the present study, resulting from roguing,
makes it clear that roguing is a beneficial part of a tree
improvement program and must be practiced if optimal
expectations from the first generation seed orchard is to
be obtained. The total gain from the first generation
genetically thinned (rogued) seed orchard is summed to
8% for HT, 11% for DBH and 32.0% for volume (Table
5). Since the intensity of the second stage of selection
was quite low (80% of the clones were saved and only
the rest 20% were removed), higher gains should be
expected if this intensity increases. However there is a
need to keep broad the genetic base in the rogued seed
orchard, in order to provide adequate genetic diversity
in the improved commercial plantations. This is espe-
cially needed in black pine, with very long rotations
(over 60 years), that require well-adapted trees with
adequate genetic variation, capable to respond success-
fully to environmental conditions. Reduction of the
genetic base of the seed produced can be also resulted
from differential fertility of the clones, absence of flow-
ering synchronization and embryo and gametophytic
selection (MATZIRIS, 1994). The accumulation of inbreed-
ing is faster and higher if the fertility of both parents
varies (KANG et al., 2001). Furthermore, if the juvenile
mature correlation is weak the first generation seed

Table 5. – Realized genetic gain for height (HT), diameter (DBH) and volume (VOL)
from two stages of selection (mass selection plus progeny testing) at the age of 9
years (Raches and Vlachokerasia progeny tests combined).
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orchard cannot be rogued heavily when still young
(LINDGREN, 1994). Realized genetic gain can be also
increase by applying appropriate strategic use of the
improved materials (FOSTER and KNOWE, 1995; Anony-
mous, 2001). On this base, some large Companies in the
southeastern U.S.A. are collecting seed and keep it sep-
arately by mother tree, in order for seed of the higher
genetic value to be used first. Seedlings of these geno-
types may be used separately in single family blocks
(mosaics) or they can be mixed prior to planting. Both
operations have advantages and disadvantages which
must be carefully considered (see, FOSTER and KNOWE,
1995).

Although the results of the present study are not
directly comparable with other found in the literature,
because of different species, age of evaluation, charac-
teristics of interest and environmental conditions, some
important results found in the literature are discussed
here. Estimates of realized genetic gain in coniferous
species have been reported in the past by many investi-
gators (STONOCYPHER, 1969; ZOBEL et al., 1969, 1974;
WEIR, 1973). MATZIRIS (1974) has reported results from
an extensive study including 11 control pollinated proge-
ny tests of loblolly pine (Pinus taeda L.) of the NCSU-
CIP grown in the southeastern USA. At age 10 years,
realized genetic gain for volume production from first
generation seed orchards was 18.0% in the north seed
orchards and 16.0% in the south. By comparing predict-
ed with actual realized gain he concluded that “Predict-
ed genetic gain based on selection indices developed
from reasonably accurate estimates of components of
variance and covariance are good indicators of the actu-
al realized gains”. MATHESON et al. (1986) has shown
that Pinus radiata trees from first generation seed
orchards had considerable better growth (15–30%) than
the control seed lots. LI et al. (1999) reported that loblol-
ly pine in the southeastern United States grown from
seed of first generation seed orchard produced 7–12%
more volume per unit of area at harvest time, than trees
grown from unimproved wild stands. SAMUEL et al.
(2000) evaluating the tree improvement program of the
U. K. reported that the realized genetic gains from first
generation seed orchards were; 15–18% for Sitka
spruce, 8–12% for Scots pine and 10% for Corsican pine.
Departure from the ideal conditions in the seed orchard
accumulate relatedness and inbreeding in the progeny
and consequently affect the genetic quality of the seed
produced (KANG et al., 2001).

The realized genetic gain in the present study has
been estimated from relative young materials (9 years).
Since the performance of genotypes at young ages in
many cases are imperfectly related to that at maturity,
further evaluation will be made as the trees become
older.
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Abstract

Clonal differences in fertility (expressed as the num-
ber of female and male strobili) were determined for
three consecutive years (2002–2004) in a clonal seed
orchard of sugi (Cryptomeria japonica D. Don) in Korea.
Fertility varied among clones and among years produc-
ing three-year averages of 196 and 652 for female and
male strobili per ramet, respectively. Correlation

between female and male strobilus production was posi-
tive over the three years and statistically significant in
2003, a good flowering year. Based on the observed fer-
tility variation, the status numbers (Ns, measure of
genetic diversity) were calculated and varied from 25.6
to 31.7 among the three studied years. On average
(pooled), relative status number was 86% of the census
number (N). Variation in female fertility was higher
than that in male fertility, and this variation was
reflected on female and male parents’ status numbers.
Pooled Ns estimated from the three years was higher
than that for any single year, implying that genetic
diversity would increase when seeds collected from dif-
ferent years are pooled.

Key words: fertility variation, sibling coefficient, status num-
ber, effective number, flowering, sugi.

Introduction

Sugi (Cryptomeria japonica D. Don) was introduced to
Korea in 1924 and has been widely planted on highly
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