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Summary

Twenty one P. strobus X P. peuce full-sib and two half-
sib families were artificially inoculated with C. ribicola.
The families were arranged in a randomized complete-
block design. Each family was represented by a 10-seed-
ling plot in each of 3 blocks. The results after 5 years of
testing are, as follows: (1) differences both among parents
and hybrids were significant for resistance and growth; (2)
the hybrids’ performances in resistance and growth were
intermediate between the 2 parents’ performances; (3) GCA
variance for resistance is 7 times larger than the SCA one,
suggesting that the additive variance is most important in
the parent populations; (4) concerning growth, the GCA:
SCA variance ratio was 1:1; (5) resistance and growth nar-
row-sense heritabilities were 0.521 and 0.408 respectively;
(6) expected genetic gain for resistance and growth would
be 26%0, 20%, 11% and 4% and 7%, 5%, 3% and 1% respec-
tively if the best 3, 6, 12 and 18 families were selected; (7)
there were good general combiners among the parents.
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Introduction

P. strobus L. has wide genetic variability and high pro-
ductivity in plantations in North America, Europe and the
Far East (KrieBer, 1983). In Romania, it is a fast growing
species as it is able to produce 20.2 m3/year/ha (Rapu, 1974).

Cronartium ribicola Fisca. ex RaBenH. migrated from its
Siberian gene centre to Europe (Leprik, 1967) and by 1900
to North America where it caused losses in P. strobus, P.
monticola Dougl. and P. lambertiana DoucL. (Binguam and
GREMMEN, 1971).

The inefficiency of conventional control methods of the
pathogen has stimulated genetic improvement of resist-
ance. P. strobus improvement has been based both on in-
traspecific crosses (Riker et al., 1943; HemMBURGER, 1972a;
ZsurrA, 1981) and interspecific ones (Parron, 1966; HEiMBUR-
GER, 1972b; Zsurra, 1979). To date, there has been no sig-
nificant increase in the resisitance of selected P. strobus
F, progenies to blister rust (Krieser, 1983). Therefore, the
introduction of resistance genes in P. strobus may be the
only way to form a realistic program with P. strobus (Heim-
BURGER, 1972a). P. strobus X P. peuce Grises. F, hybrids
have demonstrated good resistance (Parron, 1966; Heim-
BURGER, 1972a; SorecarDp, 1972; Brapa, 1986) and growth
LeanDruU, 1982; Brapa, 1986). However, the P. peuce X P.
strobus hybrids is of doubtful value to forestry in North
America because it is slower-growing than P. strobus
Fowrer and HeiMBURGER, 1958; WricHT, 1962). Recently, an
eastern white pine tree used as a female in reciprocal
crosses to Balkan pine, exhibited a favourable significant
cytoplasmatic effect in resistance but not in growth (Brapa,
1986).

The most remarkable scientific and practical results
have been obtained in Moscow, Idaho, where develop-
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ment of blister rust resistant P. monticola by genetic re-
combination, has been underway since 1950 (BingHAM et al.,
1953; Horr and McDonaLp, 1980). These results were pub-
lished in many papers and will not be detailed here. The
first 25 years work resulted in the establishment of three
seed orchards as a result of 2 cycles of selection (phase I)
and a more complex program (phase II) is underway now
Horr and McDonaLD, 1980).

In Romania, the blister rust appeared in 1934 on Ribes
nigrum L. and in 1936 on P. strobus (Georcescu et al., 1957)
but heavy attacks have been noticed on P. strobus since
1973 (Brapa, 1978, 1980; Perrescu, 1980). Because of the im-
portance of P. strobus and the potential danger that the
rust represents a genetic resistance improvement program
started in 1977 (BrADpA, 1980).

The purpose of this paper is to present data on blister
rust resistance and height growth in five years old P. stro-
bus X P. peuce hybrids.

Materials and Methods

Materials, mating and experimental design

The breeding design and genetic model followed that of
Comstock and RosinsoN’s (1952) experiment II, which was
conceived for intraspecific crosses. There is not such a de-
sign for interspecific crosses, that is why it was adapted
in the respective case. Both populations and parent trees
were selected according to their great number of flowers
but without regard to blisher-rust resistance and to height
growth. Other informations in this context are given in
Table 1-A. The 7 P. strobus female and 3 P. peuce male
parents chosen from the non-inbred populations were
mated in 1979 according to a factorial design. Before fac-
torial crosses, the parental trees were tested neither for
growth nor for resistance to blister-rust. The seeds were
stratified according to Krigser’s (1973) methodology and
then they were sown, in spring 1981, in individual poly-
ethylene bags (22 cm X 18 ecm X 18 cm) filled up with a
mixture consisted of 70% spruce humus and 30% sand.
Over the testing period, the seedlings grew in these bags
and for this reason it is presumed that potential growth
could be higher than the realized one because of the bags
stress on seedling roots. During inoculation, the 21 hybrid
families were placed in a randomized complete-block
design; each family was represented by a 10-seedling plot
in each of the 3 blocks. Two half-sib progenies, represen-
ting the mean of the open-pollinated parent trees, were
included in the test.

Inoculation

Test seedlings were artificially inoculated three times,
between August 20 and 25 in 1982, 1983 and 1984, when
they were two, three and four years old. The inoculum
was obtained from heavily infected leaves of R. nigrum
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Table 1-A. — General information about parent populations and
parent trees.

Parent Parent populations

specles Number Location origin Parent trees
P. strobus 1 Dofteana™ | Unknown 7
P. peuce 1 Dofteana ” Unknown 3

1) Dofteana Arboretum, Romania

harvested from a single plantation. Other inoculation de-
tails were similar to those described by Bincuam (1972).

Rust and growth assessment

The growth was measured at age 5 whereas the blister-
rust resistance was assessed both at age 5 and 6. Rust-
susceptibility was measured according to Brair’s (1970) “c-
score” (adapted), that is a 1 to 10 scale, where 1 = noj
lesions (total resistance) and 10 = seedling dead (total
susceptibility). The c-score, as used in case of fusiform rust
{Cronartium jfusiforme Hepcc. and Hunt ex Cumm.) takes
into consideration both the number and severity of the
stem and branch lesions and presumably all resistance
mechanisms were assessed.

The family means were the basic data for statistical
analysis.

Statistical analysis

The statistical model assumes that the replicates were
fix and male and female random samples from non-inbred
populations. The formula for this model is as follows:
X = M F MF + + (MF

jjkn - M T My B (ME), + By + (MFB) o M
where: X;;), = the observation of the h-th full-sib family
from the cross of the i-th male and j-th female in the
k-th block; m = general mean; M; = the effect of the i-th

male (i = 1, 2, ... 1I); F; = the effect of the j-th female
(G =1,2,...7J); B = the effect of the k-th block (k =
1,2, ... K); (MF);; = the effect of the interactions of the

i-th male and j-th female; (MFB);;; = the effect of the
interactions of the i-th male, j-th female and the k-th
block.

The analysis of variance with the-expectations of mean
squares and formulas for estimating the variance compo-
nents are given in Table 1.

Table I. — Model for analysis of variance.
Source of
variation d.f M. S E(MS)
Blocks (B) K-1 MSB
. o 2 ol 2
Males (M I-1 MSM . + K - + KJOM
, 2 2 2
Females (F) J-1 MSF Oe + KO ¥ + KIC!F
9
Males x Females { I-1)(J-1) MSMF Oz + KT
Pooled zrror (W-1)(K-1) MSe Oi
2 _ 2 2 ) 2 2 2 2 _ .2 2
O MmO /8% O g0 1Oy ks, Opr ~OpyT oK

The standard errors (SE) of the variance components
were obtained from the following formula (AnpersoN and
BANCRoFT, 1952):

(2)
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where: K = coefficient of the variance component; MS?, =
the g-th mean square used to estimate the variance com-
ponent; £ = the degrees of freedom of the g-th mean
square.

The narrow-sense (h?) and broad-sense (H2) heritabilities
formulas, at family level (Grarius and WieBg, 1959), were:

S i R R M @

2
2 M F MF (4)

Two kind of genetic gain was calculated, such as: (1) as
compared to parents mean and (2) as compared to hybrid
population mean. In the first case the formula was AG =
Sh? and in the second one was AG = ih2ap where: S =
selection differential expressed as the mean of the hybrid
families selected for the next generation minus the general
mean; i = intensity of selection; o, = phenotypic standard
deviation.

Estimation of combining abilities followed GRIFFING’S
(1956) method 4 and formulas adapted to a factorial design.

The calculation formula for synthetic indices of selec-
tion (I,) was (CaBuLea, unpublished data): I, = A.B/100
where: A and B = the progress in height and in blister
rust resistance respectively, of a family, calculated (in %)
as compared to the parents mean.

Results and Discussions

Genetic variability (Table 2)

There were significant (p < 0.05) differences among
hybrid families in resistance and highly significant (p <
0.001) differences in growth rate.

Response of parental trees varied with sex and the char-
acter tested. Thus, there were highly significant (p < 0.01;
p < 0.001) differences among females in both resistance
and growth, whereas among males there were highly sig-
nificantly (p < 0.001) differences in growth but no dif-
ferences in resistance. Therefore, growth in males and
females and resistance in females were controlled by genes
with additive effects.

The male X female interactions were highly significant
(p < 0.001) in growth but negligible in resistance, suggest-
ing a non-additive genetic effect for the former character.

Table 2. — Analysis of variance of resistance to C. ribicola and
height growth of P. strobus X P. peuce hybrids.

Source of Resistance Height growth
variation * MS W v Ms l I

Total 62

Replications 2 0. 56 l.o 96.15 14.4

Hybrid families 20  1.26 2.2 41, 46 6.2t
~Females (F) 6 260 45" ee12 9.9t
~Males (M) 2) 0.96 1.6 59. 20 8. ottt
~Males x Females (12) 0. 64 L1 26,17 3. 9+++

Pooled error 40 0.58 6. 66




Table 3. — Blister rust resistance, height growth and synthetic
index of selection rankings for P. strobus x P. peuce hybrids
(DUNCAN test).

Resistance Height growth Synthatic
Family} Mean | DUNCAN|Family| Mean DUNCAN index of
{c-score test (c-score)| test selection
(p<n. 05 ( p-o. 05) FamileLalue
491 1Lo7 567 43.3 5t 26. 6
589 .23 594 40. 8 491 23.7
486 1.33 483 38.4 567 19.8
1% 1.33 481 38.3 488 18.6
394 1. 37 564 33.0 587 15.2
570 1. 50 593 35.5 589 13.8
587 1. 57 387 36.3 593 12.6
488 1.67 583 35.9 561 12.3
590 L73 592 335.5 570 12.0
483 .73 389 34.7 592 lo. 6
593 2. 00 570 34.5 590 lo.o
592 2.07 590 34.1 361 8.0
561 2. 07 561 33.9 483 7.9
485 2.20 569 33.86 569 4.8
567 2. 30 598 33.3 598 4.2
564 2.33 483 33.0 1% 4.1
600 2.37 485 3.4 485 3.8
569 2.7 50l 31 486 1.8
598 2.77 490 30.6 553 1.7
6ol 3.07 485 23.6 6ol 1.5
553 3.53 600 28.0 600 -1l

According to the Duncan test (Table 3), the families were
distributed into 5 and 9 undifferentiated groups for resist-
ance and growth, respectively. According to c-score, the
resistance of the families ranged between 1.07 to 3.53.
Height growth appeared as a more heterogenous charac-
ter. The first 7 families were the best in growth.

The ranking of the hybrid families according to the syn-
thetic index of selection (that into consideration both
resistance and growth values) is shown in the last part of
the Table 3.

The performances of hybrids are shown in Figure 1.
Compared to each parental species, the hybrids were 68%
more resistant than P. strobus and 43% more susceptible
than P. peuce. The hybrids grew 10% slower than P. stro-
bus and 86% faster than P. peuce. The frequency of non-
infected seedlings within parent and hybrid populations
was 16% in P. strobus, 71% in P. peuce and 70% in hybrids.
The results demonstrate the ability of Balkan pine and
eastern white pine to transmit to hybrids their resistance
and active growth respectively.

Variance components

The analysis of variance revealed a highly significant
general combining ability (GCA) variance both in resistance
and growth, whereas specific combining ability (SCA)
variance was highly significant only in growth (Table 2).

The structure of the phenotypic variance for resistance
demonstrated that the GCA variance was 7 times larger
than SCA variance, and GCA variance due to females ef-
fects was 14 times larger than GCA variance due to males
effects. These data suggest that the additive genetic vari-
ance for resistance is most important in parent (mostly in
P. strobus) populations, and a breeding strategy for resist-
ance based on additive variance could be advantageously
adopted (Table 4).

The amount of GCA variance for growth was about equal
to that of SCA variance and GCA variance due to females
effects was 3 times larger than GCA variance due to males
effects. It appears that a program for height growth im-
provement could be based on both additive (that is most
important in P. strobus) and non-additive variance (Ta-
ble 4).

Combining ability (Table 5)

Parents 2 and 63 from P. strobus and parent 14 from P.
peuce had positively significant GCA effects for growth
and could be saved as good combiners. Parents 65 and 6-1
from P. strobus and parent 18 from P. peuce had negatively
significant GCA effects for growth and must be rejected.
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Figure 1. — Performance of P. strobus X P. peuce hybrids in blister rust resistance and height growth as
compared to P. strobus (¢) and P. peuce (3) (X = the parents mean).
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Table 4. — Variance component estimates, standard error and heri-
tabilities, at family level, estimated from P. strobus x P. peuce

families.
- Resistance | Height growth
Components
O':i {GCA - Temalzs) 0.217 T 0. 0%4 4.439 % 3.834
O'sl GCA - malas) 0.0l5 _ o. 02} 1.573 & 2.048
Tota' GCA-variance 0.232 6. 012
O'vz‘F (SCA -variance) 0. 020 = 0. oN 6.502 * 3,332
Toia® genetic va *iance 0. 252 12. 514
62 ienvi i 193 2. 221
MER {environment) o. 1€ .22
Phenotypic variance 0. 444 14, 735
2
h™inarcow -sense) 0. 521 0. 403
2
H .broad-sensa) 0. 556 0.819
2 2
: 5 3:1
OGCA(F)' OGC‘AgM) 14:1
2 2
: H 11
GGCA OSC;’\ 7
GCA and 8703 = general and specific combaining ability

Of all parents, only one (65) had positively (i.e. suscep-
tibility) significant effects for resistance, and no one had
negatively (i.e. resistance) significant GCA effects. For this
reason, the progeny test should be carried out to identify
good combiners for resistance.

Table 5 shows the SCA effects for each parental couple.

Genetic control

Histograms illustrated in Figures 2 (A) and (B) represent
the hybrid distribution according to their blister-rust
resistance at age 5 and 6 respectively. The frequency (A)
departs from the normal but the frequency (B) accords
with normal distribution. Therefore, the resistance in
hybrids at age 5 seems to be inherited in a pattern that
can be attributed to the effects of major genes while at
age 6, the resistance seems to be under polygenic control.
However, the question as to whether or not the resistance
is under major genes or polygenic control remains to be
answered.

Height growth of individual trees within the hybrid
population resulted in a frequency distribution very close
to the normal curve (Fig. 2-C). This pattern of distribution
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Table 5. — Estimates of GCA and SCA effects for resistance to C.
ribicola (R) and height growth (H) of P. strobus () and P. peuce
(3) parents.

RESISTANCE AT

Nﬂ‘ 14 18 20 [ GCA Q)
Q H R H R H R i R
SCA-effects
~ N — 3
1 -3.5 -0. 58 1.8 0.68 1.7 ~o0.lo 1.1 0. 63
+
2 47 o0 L7 035 3.0 0.4t 2.3 .17
62 -0.2 0, 06 L5 ~0,49 -13 0. 43 0.3 -0. 50
+ +
63 -3, 5+ 0,23 0.7 - 0,02 2.8 -o.21 2.8 -0.17
+ +
85 1.1 -o,0l -Lo -0,55 -o0.1 0.56 =-4.0 0,77
6-1 0.3  -0.08 19 0.28 -2.1 -o0.20 -3.5" -o.27
6-2 L2 0.23 -3.3" -~o25 21" -o0o0d Lo -0.63
IGCA (d) 1.4% o.04 =~1,8" 0.19 0.4 ~-0.23 0.0 0.0

Legend: + = p < 0.05; GCA and SCA = general and special com-
bining ability; positive values in case of resistance means suscep-
tibility, and negative ones means resistance.

is specific to continuously-variable characters (MATHER and
Jinks, 1977), and it is therefore assumed that the height
growth of the hybrids is controlled by polygenes.

Heritability

Blister-rust resistance and height growth estimates of
narrow-sense heritabilities on plot mean were 0.521 and
0.408 respectively (Table 4). Broad-sense heritabilities, as
expected, had higher values due in part to a high level of
non-additive variance. The results indicate that selection
on the basis of family comparisons could be effective.

Genetic gain

If the hybrids are planted on suitable sites a substantial
genetic gain will be achieved by family selection. Thus, if
selected the best 3, 6, 12 and 18 of 21 hybrid families, a
genetic gain of 26%, 20%, 11% and 4% respectively, for
resistance and 7%, 5%, 3% and 1% respectively, for growth
would be expected. The size-of genetic gain is different if
calculated against the parental mean (Table 6).

Conclusions

Fast growth of P. strobus can be combined with rust-
resistance of P. peuce in a valuable intermediate hybrid.
There is sufficient additive genetic variance in parent
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Table 6. — Expected genetic gain (%) at family level for P. strobus
X P. peuce hybrids as compared to their mean and parents mean
(in brackets).

Characiers Genztic giin if selected the
best ... families
3 o 12 18
Resistanze 23 20 1t 4
G1 o} (6% (3}
Height grow'h 7 5 3 1
(3} (8) (4 1§}

populations to utilize in a selective breeding program for
resistance and growth.

Some parents had positively and some negatively signifi-
cant GCA effects for growth. No one parent combines
significantly favourably the resistance to C. ribicola.

Growth seems to be under polygenic control, but the
question of whether or not resistance is under single
gene or polygenic control remains to be answered.

Narrow-sense heritabilities had moderate values both
for resistance and growth, but if the hybrids are planted
on a large scale a substantial genetic gain should be achiev-
ed, particularly in resistance.
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Age-to-Age Correlations in Growth Processes with fixed and random
‘Effects

By S. MAGNUSSENY)

(Received 29th November 1987)

Summary

A model to predict phenotypic single tree age-to-age
correlations is developed. Correlations are predicted from
variance ratios and a factor d which depicts the relative
proportion of size dependent growth in a quantitative
juvenile trait. Observed age 10 to age 35 correlations of
stem volume in a Pinus resinosa (Air.) spacing trial indi-

1) Research Scientist, Canadian Forestry Service, Petawawa Na-
tional Forestry Institute, Chalk River, Ontario K0J 1J0, Canada

Silvae Genetica 38, 2 (1989)

cated that the model is a good first approximation at a
spacing of 2 m X 2 m. Correlations were underestimated
at closer spacings and overestimated at wider spacings.
Prediction bias could be explained by spacing dependent
changes in d. With time, d approached an upper limit
asymptotically. Accurate predictions were possible once d
was close to its limit. Examples from the literature il-
lustrated the potential for predicting age-to-age correla-
tions of tree height. An application of the model as a tool
for tree breeders to settle questions about selection age is
demonstrated.
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