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(3) its dense-brown-reddish wood is useful for handicrafts
(CONTINI and LAVARELLO, 1982); (4) its high resistance to
blister-rust caused by Cronartium ribicola FISCH. ex RABENH.
(BINGHAM, 1972; HOLZER, 1975; HOFF et al., 1980; BLADA, 1987,
1994); (5) for landscaping purposes due to its conic-oval shape
when grown as single trees (BLADA, 1996, 1997b).

Insofar as it can be determined very little breeding within
stone pine has been reported; the main experiments have on
cone and seed studies (ROHMEDER and ROHMEDER, 1955; NA-
THER, 1958; HOLZER, 1972b; BLADA and POPESCU, 1994), prov-
enance testing (BLADA, 1997a), half-sib family testing (HOLZER,
1975; BLADA, 1996), full-sib family testing (BLADA, 1995, 1997b)
and interspecific hybridization (BLADA, 1987, 1994).

A genetic improvement programme with stone pine has been
launched in Romania (BLADA, 1990, 1995) with the following
objectives: (1) phenotypic selection of parents in natural
populations; (2) testing provenances and half-sib families; (3)
intra and inter specific crosses; (4) full-sib families testing with
estimation of main genetic parameters and selection of the best
combiners and families; (5) seed orchards establishment with
the best combiners for both mass seed production and as a base
population for advanced- breeding generation. Five papers
have been previously published as part of this programme
(BLADA and POPESCU, 1994; BLADA, 1994, 1995, 1997a and b),
and this paper is the sixth. The objective of the paper was to
provide early information about genetic variation and inherit-
ance of important traits useful in breeding stone pine.

Materials and Methods

Initial material and mating design

The 10 parent trees used in the crossing scheme (Table 3)
were chosen from an old natural population at Gemenele locat-
ed in the Retezat Mountains of Southern Carpathians, at about
1800 m elevation. Reproductive fertility was taken into consid-
eration in parent selection in order to obtain the necessary
number of flowers for pollination. The flowers were isolated in
paper bags prior to local pollen dissemination. Fresh pollen
was used for all crossings performed in July 1989. A full-diallel
mating design according to GRIFFING’s (1956) Method 1 was
carried out.

Progeny test and experimental design

One hundred seedlots from the controlled crossings were
collected in October 1990. Before sowing, the filled seeds were
separated from empty seeds immersing each seedlot in 90%
alcohol. This procedure ensured that only full seeds were sown;
but, from a statistical standpoint, it may have skewed the data
by decreasing the environmental error variance and increasing
other components of phenotypic variance, such as SCA and
reciprocal variances.

Two seeds per pot, i.e. 96 seeds per family, were sown in
November 1990 in polyethylene pots (22 cm x 18 cm) in spruce
humus. The second seedling was removed after germination.
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Introduction

The natural distribution area of stone pine is restricted to
high elevations of the Alps and Carpathians (HOLZER, 1963;
CRITCHFIELD and LITTLE, 1966). In the Alps, the species grows
between 1200 m and 2500 m elevation (CONTINI and LAVARELLO,
1982) but the main zone is between 1500 m and 2000 m
(HOLZER, 1975). In Romania, stone pine ranges between 1350 m
and 1880 m elevation in the northern Carpathians (GUBESH,
1971) and between 1350 m and 1986 m in the southern Car-
pathians (BELDIE, 1941; TATARANU and COSTEA, 1952; OARCEA,
1966). However, the species was recently found at 2050 m ele-
vation in the Retezat Mts in the southern Carpathians (BLADA,
unpublished data).

Stone pine is important for: (1) reforestation of the subalpine
zone to raise the timberline to its former limit, where it plays a
leading role in slowing watersheds, stabilizing avalanche areas
and reducing the effects of flash floods (HOLZER, 1972a, 1975);
(2) creation of mixed spruce-larch-cembra stands at high eleva-
tions in order to increase windbreak resistance (BLADA, 1996);

Diallel Crossing in Pinus cembra
III. Analysis of Genetic Variation at the Nursery Stage

By I. BLADA

Forest Research Institute, Sos. Stefanesti, 128, Bucharest 11, Romania

(Received 23rd February 1999)



180

Based on results of previous local experiments (BLADA, 1996)
sowing stone pine seed during the autumn allowed the seed to
develop embryos and to germinate the next spring eliminating
the complicated, costly and risky 180 days of stratification
recommended by KRIEBEL (1973). Since sowing was done
during autumn, control measures for seed predation by mice in
the nursery beds were necessary.

After sowing, the seeded pots were placed in nursery beds
and arranged in a randomized complete block design. Each of
the 100 families was represented by a 12 seedling plot in each
of 4 blocks. The seedlings were kept in pots throughout the 6
years testing period.

Measurements

Fifteen traits were measured when the progenies were 2 to 6
years old. In addition, the weight of 100 seeds of each family
was measured prior to sowing and cotyledon numbers were
counted after seed germination (Table 1). Lamma shoots were
scored using a 5 point scale: 1 = no lamma shoots; 2 = only a
small number of new needles present; 3 = slight flushing on
leader and secondary branches; 4 = leader and/or branches
with 1 cm to 2 cm growth; 5 = leader and/or branches with
more than 2 cm of growth. Plot means comprised basic data for
statistical analysis.

Statistical analysis

Although initially a full diallel mating design was used, the
analysis was performed according to the modified full diallel
mating design where the self pollinated parents were excluded;
such analysis leads to unbiased estimates. However, the self
pollinated parents were included in the material grown in the
experiment so that comparison of croses with the selfs could be
made in other analyses.

The mathematical model for analysis was a combination of
HAYMAN (1954) and GRIFFING’s (1956) models, such as:

xkij= u + bk + gi + gj + sji + mi - mj + rij + ekij (1)

where xkij = the mean performance in k-th block of the i-th
parent mated to the j-th parent; u = the general mean; bk = the
effect of the k-th block; gi and gj = the general combining ability
effects for the i-th and j-th parents, respectively; sij = the
specific combining ability effect for the cross between the i-th
and j-th parents so that sij = sji; mi and mj = the maternal
effects of the i-th and j-th parents; rij = the difference caused by
the direction of the cross between i-th and j-th parents, such
that rij = - rji ; ekij = the random error.

Plot means of the 17 measured traits were analysed using
the least – squares method by means of the computer DIALL
programme prepared by SCHAFFER and USANIS (1969). The
analysis of balanced modified full diallel according to GRIFF-
ING’s (1956) Method 3, was based upon the random model
assuming that the parents were a random sample from a
random mating population. This assumption makes possible
estimates of the additive and non-additive genetic variance of
the parent population.

The model of analysis of variance, expected mean squares
and formulas for estimating the variance components are listed
in table 2. Since data on individual seedlings was available, a
separate analysis was performed in order to estimate the
within plot variance (σ2

w).

Standard errors (SE) of variance components were computed
with the formula given by ANDERSON and BANCROFT (1952):

Table 1. – Measured traits.

Table 2. – Analysis of variance of modified full diallel, random effects model, in a randomized block layout in
one environment.

1) σ2
w = MSw; σ2

e = MSE; σ2
P = plot error = σ2

e – σ2
w / n; σ2

Rec = (MSRec– MSE) / 2k; σ2
Mat = (MSMat – MSRec) /2kp;

σ2
SCA = (MSSCA – MSE) / 2k; σ2

GCA = (MSGCA – MSSCA) / 2k(p-2); (MSRep= (MSRep– MSE) / p(p-1)
p = parents; n = seedlings per plot; k = replications.

where : ai are the coefficients of the inverse matrix of expected
mean squares used to estimate the j-th variance component.
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The component of variance σ2
GCA was used to estimate the

variance in general combining ability among all of the parents
in this experiment and is used as an estimator of 1/4σ2

A. It is
assumed that all epistatic components of genetic variance were
insignificantly small. The component σ2

SCA, the estimated
variance in specific combining ability, is an estimator of 1/4σ2

D
(with the same assumptions). Therefore, an estimator of the
additive genetic variance is 4σ2

GCA and an estimate of the
dominance genetic variance is 4σ2

SCA (BECKER, 1984).

To estimate effectiveness of selection for early traits, three
types of heritabilities were calculated.

The first heritability is the one commonly used for estimat-
ing the ratio of genetic (additive + non-additive) to total vari-
ance which is appropiate for estimating gain from selection
among families when they are vegetatively propagated. This is
broad-sense heritability and is estimated by:

where: i2 = the selection differential for individual seedling
selection; σph2 = phenotypic standard deviation and it refers to
individual tree values.

If the parents of the best families are to be selected and
intermated, i1 should be doubled to give the expected genetic
gain, such as:

where k = number of bloks.

Mass selection genetic gain (FALCONER, 1981) was estimated
by:

where i1 is the selection intensity taken from BECKER (1984);
σ2

Ph1 is the phenotypic standard deviation which refers to
family means.

The second heritability is appropiate for estimating gain
from selection among half-sib families when they are sexually
propagated. This is a narrow-sense heritability at familiy level,
and is estimated by:

and gain from half-sib family selection is estimated by:

The third heritability is the one commonly used for estimat-
ing genetic gain from mass selection among randomly placed
seedlings. This heritability was estimated by:

where: σ2
w = within plot variance; σ2

p = plot error = σ2
e-σ

2
w/n;

n = seedlings per plot.

The mass selection gain was estimated by:

Results

Genetic variation

Performance comparisons between control-cross-pollinated
(CP) – and control-self-pollinated (SP) progenies from the same
parents are listed in table 3. Data on cross-pollination repre-
sent the mean female values over all males used in the mating
design. These figures showed that throughout the life of the
experiment, selfed families differed greatly in all but one (CN)
trait from outcross families. Differences between the two cate-
gories of families were large. Thus 100 SW among the 10
parents in this diallel ranged from 16.6 g to 20.9 g for control-
cross-pollinated and from 14.8 g to 18.4 g for control-self-
pollinated families (Table 3). This variation caused significant
maternal (extranuclear) gene effects, throughout the nursery
period, in several traits, including growth ones. Means of the
outcrossed families exceeded selfed ones by 52%, 59%, 39%,
89% and 43% in H.6, h.6, DRC.6, NBAL.6 and TNB.6, respec-
tively. Therefore, it is clear that SP families performed signifi-
cantly less well than CP ones. Inbreeding depression is expect-
ed in a naturally outcrossing species such as stone pine.

Variance components

Perhaps, the most prominent feature of this experiment was
that diallel analysis of plot means from the 90 families showing
significant (p<0.05) and highly significant (p<0.01; p<0.001)
variation in general (GCA) and specific (SCA) combining abili-
ties and in reciprocal effects for all traits except H.2. Signifi-
cant or highly significant maternal effects also occurred in 13
out of 17 traits (Table 4, upper part). This suggests that the
respective traits, including growth ones, were controlled by
nuclear (additive and non-additive) and extranuclear genes
and by nuclear x extranuclear gene interactions.

Variance component estimates, standard errors and domi-
nance ratios are listed in table 5. The whole series of growth
measurements indicate a progressive increase with age of the
σ2

GCA within σ2
Ph. Thus, σ2

GCA of the total height, increased
from 2% at age two to 25% at age six. Also, σ2

GCA of the root
collar diameter increased from 8% at age four to 14% at age
six. Similarly, σ2

SCA of the total height growth ranged from 15%
at age two to 27% at age six, whereas the σ2

SCA of the root
collar diameter was almost constant between age four and age
six, i.e. 19% and 22%, respectively.

The diallel analysis indicated that GCA and SCA were
important sources of variation. Dominance, σ2

SCA exerted a
greater influence on 10 out of 17 tested traits as evidenced by
the σ2

SCA/σ2
GCA ratios. However additive variance was higher in

the remaining seven. The magnitude of the ratios, listed in
table 5 suggest that additive effects may be almost as impor-
tant as non-additive ones in this very young stone pine popula-
tion. Consequently, breeding strategy can employ both additive
as well as non-additive variations, indicating that considerable
progress under direct selection is possible.

Figure 1 shows a continuous increase of σ2
GCA, σ2

SCA, and
σ2

Rec, from H.2 to H.6, while contrast, σ2
e displayed a more or

less continuous decline in importance within the phenotypic
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Table 3. – Performance comparisons between control-cross-pollinated (CP) and control-self-pollinated (SP) progenies from the parents.

1) SUP(%) = superiority of CP relative to SP.

Table 4. – Analysis of variance of modified full diallel of the traits at different ages.
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variance; it was sharply reduced from 59% for H.2 to 19% for
H.6. This decline supports the expectation that genetic
estimates of the traits become more and more accurate with
age. This assumption was also confirmed by the small standard
errors of the variance component estimates (Table 5).

Significant (p<0.05) and highly significant (p<0.01; p<0.001)
maternal effects were found in 100.SW, CN, growth traits (H,h,
and DRC), TNB.6 and LS.6 (Table 4). This suggests that these
traits were controlled by extranuclear genes. The largest
maternal component of this study was 10% of the phenotypic
variance (associated with 100.SW) whereas the smallest one of
1% was associated with NBAL.6 and LS.6. Maternal contribu-
tion of the growth traits did not exceed 6% of phenotypic vari-
ance. Figure 1 shows that maternal variance (σ2

Mat) curve exhi-
bits a constant linear character. It requires a longer testing
period in order to determine whether this variance maintains
its significant participation in σ2

Ph. 

Reciprocal effects were highly significant (p<0.001) for all
but one trait over the testing period (Table 4) suggesting nucle-
ar x extranuclear gene interactions. Its contribution to the phe-
notypic variance was unexpectedly high. Its range of variation
was between 16% and 25% for total height (H2 to H.6), 12% to
16% for annual height increment (h.4 to h.6) and 15% to 21%
for diameter at root collar (DRC.4 to DRC.6) (Table 5).

These results indicate that reciprocal effects are important
in a breeding programme but material needs to be grown for a
longer period to confirm this. The results provide support for
using the diallel mating design for the estimation of GCA,
SCA, maternal and reciprocal variances, even though it re-
quires more effort and financial investment.

There was evidence that GCA, SCA, Mat. and Rec. variance
components were associated with standard errors smaller than

the estimates themselves, in all but two cases, thus making
heritability estimates fairly reliable.

Heritability

Estimates of the three types of heritabilities were listed in
table 6. The greatest narrow-sense heritability on a family
basis was 0.645 for LS.6 whereas the lowest one was 0.065 and
was associated with H.2. This low heritability was expected
since the contribution of σ2

GCA to the σ2
Ph was only 2% and its

standard error was higher than the estimate itself (Table 5).

Table 5 and figure 2 present the change of variance compo-
nents and heritabilities over time. Since the σ2

GCA of total

Table 5. – Variance components (percents in brackets), standard errors and dominance ratios.

Fig. 1. – Changes in GCA, SCA, Mat and Rec and error variance for
total height over 5 years.
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height progressively increased from age two (H.2) to age six
(H.6), narrow-sense heritabilities at both family and individual
level, increased accordingly, ranging from 0.065 to 0.453 and
from 0.021 to 0.366, respectively (Fig.2). In the  same manner,
the narrow-sense heritabilities of root collar diameter, for both
family and individual level, increased from 0.228 to 0.321 and
from 0.126 to 0.157 (Table 6). It is obvious that (1) root-collar
diameter heritabilities were lower than those for annual
growth and total hight and (2) both family or individual herita-
bilities display the same progressive increase with age.

General combining ability

Parents used in this diallel were selected on the basis of
fecundity only and therefore cannot be considered superior
phenotypes but rather random samples used for assessment of
genetic variation within the basic natural population.

General combinig ability effects (g.c.a.) calculated for each
parent tree are listed in table 7. Both positive and negative sig-
nificant (p<0.05) and highly significant (p<0.01; p<0.001)
effects were found for most traits. Thus, parent X had the larg-
est positive g.c.a effects for H.6 whereas parent Z was the
second highest for the same trait. On the other hand, parents 3
and 45 had the largest negative values for H.6. Consequently,
parents X and Z should be selected (Fig.3) for their high posi-
tive g.c.a effects and high breeding value in total height whereas
parents 3 and 45, and some others should be rejected because
of their high negative g.c.a. effects for the same trait. If two out
of 10 randomly selected parent trees exhibited large positive
g.c.a. effects for total height, then by extrapolation one may
assume that 20% of trees within the basic natural population,
could be selected as good combiners.

Fig. 3. – Adjusted general combining ability effects (%) for total height
at age 6.

Fig. 2. – Heritability variation according to the seedling age, for total
height.

As expected, broad-sense heritabilities at family level were
greater than narrow-sense ones whereas individual narrow-
sense heritabilities were the lowest. Figure 2 displays an inter-
esting parallel patern among the three heritability curves.

At present, narrow-sense heritabilities are of most use to
tree breeders, but undoubtedly broad-sense ones will also be
used as vegetative propagation methods and economical
methods of producing specific crosses, such as supplemental
mass pollination, become available.

In summary heritability estimates are high enough to ensure
genetic progress in improving the main traits.

Table 6. – Estimates of phenotypic variances, phenotypic standard deviations and heritabilities.

X = Trait mean
σ2

Ph1 = 2σ2
GCA+ σ2

SCA + σ2
Mat + σ2

Rec+ σ2
P / k + σ2

w/ kn ; k = replications; n = seedlings / plot; σ2
Ph2 = 2σ2

GCA+ σ2
SCA + σ2

Mat + σ2
Rec + σ2

P + σ2
w;

σ2
P = σ2

e – σ2
w/n; h2

1 = h2
bs = (2σ2

GCA + σ2
SCA)/ σ2

Ph1 ; h2
2 = h2

ns = 2σ2
GCA / σ2

Ph1 ; h2
3 = h2

w = 4σ2
GCA / σ2

Ph2 ; h2
bs, h

2
ns, h

2
w = broad-sense,

narrow-sense and within plot heritabilities, respectively.
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Good combiners for total height, can be used for seed orchard
establishment and for developing advanced generation breed-
ing populations. 

Correlations

Strong positive genetic correlations obtained (Table 8) be-
tween height and diameter traits imply that genetic gain in
any of these traits even if selection was practiced on only one
easy measurable trait, such as diameter. On the other hand,
both low positive or negative correlations were found among all
growth traits and any other trait from this experiment.

It is interesting to notice that 100.SW was moderately
correlated only with root-collar diameter, i.e. DRC.4 to DRC.6.

These results need to be confirmed from long-term juvenille-
adult correlations with additional traits of economic and ecolog-
ic values.

Selection and genetic gain

Selection is based upon the principle that genetic value of
selected families or individuals will be better than the average
value of individuals in the population as a whole (ZOBEL and
TALBERT, 1984).

In this experiment, the selection can be made at family and
individual level; individual selection refers to the best seed-
lings within families and best parents according to their g.c.a.
effects.

The genetic gains that could be achived at both family and
individual level are presented in table 9 where, for instance,
the gain for total height at age 6 (H.6) is, as follows:

– if the best 10, 20, 30 or 40 out of 90 tested full-sib families,
were selected and generatively propagated, a genetic gain of
10.6%, 8.3%, 6.8% and 5.5%, respectively could be expected;

– if the best 5%, 10%, 15% or 20% individuals within the best
families were selected, a genetic gain of 16.5%, 14.0%, 12.4%
and 11.2%, respectively, could be achieved. At the same intensi-

ty of selection a lower gain in DRC.6 could be made, i.e. 6.0%,
5.1%, 4.5% and 4.1%, respectively;

– if the best 20 or 30 general combiners of 100 parents were
selected and intermated and their progenies planted, a genetic
gain in H.6 of 17.4% and 14.5%, respectively, could be obtain-
ed.

It is possible that all the above mentioned gains are under-
estimated because the parental selections were random with
regard to any of the tested traits, including growth ones; for
this reason the obtained gains relate to the initial (mother)
population mean.

The gain at age six may be a good predictor of later results;
however later age correlations, which are not available, will be
more reliable for the final gain estimation.

The genetic gains, described above, can be multiplied for
substantial returns in large planting programs.

Discussions

It should be noted that this was the first complete set of full-
diallel families to be made in stone pine.

GCA and SCA variances

Results in this study indicate that σ2
SCA was generally

slightly greater than σ2
GCA for total height, throughout the

testing period. Conversely, σ2
GCA consistently exceeded σ2

SCA for
annual increment in growth; this increment was more reliable
than total height since the latter was stronghly influenced by
transplanting and other early environmental effects. At the
same time, σ2

GCA of the total height progressively increased
with age (Fig.1), so that one may expect it will exceed σ2

SCA in
the coming years. But, at present, the magnitude of σ2

SCA rela-
tive to σ2

GCA for height, and some other traits, suggests that
additive gene effects may be almost as important as non-addi-
tive gene action in very young stone pine progenies.

Table 7. – Adjusted general combining ability effects.
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Maternal variance 

The high variation in 100 SW among the 10 parents and
their full-sib families resulted in significant maternal effects in
most traits; including growth ones, suggesting extranuclear
gene control. The maternal variance of total height (H.3 to H.6)
was significant and the effects due to this source were constant
over years, but relatively low throughout the testing period
(Fig. 1). However for annual height increment, which is the
most reliable trait, the F-test significance at ages four to five
disapeared at age six indicating non-durability of such effects.
These results are in accordance with those reported, in other
species, by several authors (HOUGH, 1952; SCHNELL, 1960;
GREEN, 1971; BARNES and SCHWEPPENHAUSER, 1978; BRAMLETT

et al., 1983). Significant extranuclear gene-effects were found
for blister-rust resistance in nine year old, F1 hybrids resulting
from reciprocal crossing a Pinus strobus L. female with three
P.peuce GRISEB. males (BLADA, 1992). The results are contradic-
tory. Reliable information will only be obtained after a longer
testing period. Until then, maternal effects should not be taken
into consideration in the stone pine improvement programme.

Reciprocal variance

Compared to other reported results (MORGENSTERN, 1974;
KRIEBEL et al., 1974; WYK, 1977; BARNES and SCHWEPPENHAU-
SER,1978; BARNES et al., 1992) reciprocal effects in the present
experiment seem to be too large, particularly for growth traits.
Hence, their contribution accounted for about the same percent-
age of the total variance as did g.c.a. or s.c.a. effects. These
results indicate that such effects could be of major importance

in a breeding program for young stone pine, but progenies
should be grown for a longer period to confirm this observation.

Breeding strategy

Significant additive as well as non-additive variances were
detected in growth traits, indicating that both variances could
be used in stone pine improvement.

Reliable data on the amount of additive variance have al-
ready indicated the likely gains from programmes based on
using best general combiners combined with clonal orchards.
To date, only two good general combiners for total height were
detected out of 10. But, the objective of the programme was to
test more phenotypes and to select enough such combiners. If it
is assumed that 20 or 30 parents selected out of 100 with good
general combining ability will be used for establishing a seed
orchard, using the improved seed in planting programmes
could result in a genetic gain in height growth of 17.4% and
14.5%, respectively.

As earlier stated, non-additive variance can also be used. In
an improvement programme to exploit non-additive variance
most desirable parents would be the ones that had both high
g.c.a. effects combined with other parents to consistently pro-
duce families with high s.c.a.. Their high g.c.a. would ensure a
high expected full-sib family mean when the parents were cross-
ed, and the high s.c.a. potential would provide the possibility of
producing better than expected specific crosses. The progenies
resulting from these crosses can be vegetatively propagated,
providing there is the potential of  (a) expanding the number of
seedlings produced from a small number of full-sib seed

Table 8. – Genetic correlations between traits.

Table 9. – Expected genetic gain (�G) for the main traits, if selected the best families (�G1 �G2), the best individuals within family (�G3) and the
bet g.c.a. combiners (�G4).

�G1and �G2 = genetic gain if the best 10, 20, 30, 40 families are selected out of 90; �G3 = gain from mas selection if the best 5%, 10%, 15%, 20% of
individuals are selected within a family; �G4 = gain if the best, 2 out of 10, 20 out 100 and 30 out of 100 parents, are selected.
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(ARMSON et al., 1980); and (b) selecting superior trees, within
full-sib families, for mass cutting propagation (KLEINSCHMIT

and SCHMIDT, 1977). In the same context, experiments with
somaclonal embriogenesis techniques are underway in our
laboratory (PALADA, unpublished data). Further substantial
gain can also be anticipated using biclonal orchards composed
of parents with proven positive specific combining ability, or
more importantly, the mass propagation by vegetative means of
any good material derived from the exploitation of non-additive
variation. Perhaps, the most practical method is the propaga-
tion of seedlings derived from bulked mixtures of full-sib
families with proven s.c.a.

Conclusions

High variation was found in all traits, not only in cross
pollinated families but also in selfed ones.

Selfed pollinated families performed worse than cross-
pollinated ones for most traits.

General and specific combining ability variances of the
growth traits were of practical significance; both of them can be
used in an improvement programme for growth characteristics.

Reciprocal variance could also be taken into consideration
for stone pine improvement.

Significant extranuclear gene effects were found in most
traits but they are not reliable, yet.

High frequency of parents with a good general and specific
combining ability for growth traits was detected within the
parent population; they should be used for further crosses to
get stocks for planting programmes and for advanced breeding
populations.

Narrow-sense heritabilities at both family and individual
level, progressively increased with age in all growth traits,
indicating that the breeding programme could be successful.

Positive genetic correlations were found throughout the
testing period suggesting that correlated responses for all
growth traits will be obtained if selection is done on only one.

Selection can be done at family and individual within family
level, as well as at individual parent level; therefore, three
kinds of genetic gains can be expected.

Substantial genetic gain in growth and other traits could be
achieved if the improved material – parents and families – will
be used in planting programmes.

This test supports the adoption of a full diallel mating design
in stone pine even if it requires more effort than a half-diallel
one; this way it is possible to detect the maternal and recipro-
cal effects.

It is emphasized that all interpretations of the data were
only up to the six year; to avoid erroneous decisions, observa-
tions should be confined and selections should be done later.
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