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Summary

Changes of genetic parameters for tree height with stand
development were examined on 21-year performance data
from 4 open-pollinated progeny tests of Abies sachalinen-
sis in Hokkaido, Japan. Differences in iree height among
families were significant on each site, while aniong regions
were unclear. Large genotype-environment (GE) interac-
tion was observed. Heritability was highest at the youngest
age, and showed a tendency to decrease with stand devel-
opment. Genetic juvenile-mature correlation was almost
always higher than phenotypic correlation. Expected ge-
netic gain in height by early selection was comparable to
that by selection at 21 years.
Key words: Heritability, juvenile-mature correlation, stand devel-

opment, genetic gain, early selection.

FDC: 165.3; 165.5; 232.11; 174.7 Abies sachalinensis.

Introduction

Information on genetic parameters and time trends in
them with stand development are important for decisions
about breeding strategy and optimal selection age. Herit-
ability and juvenile-mature correlations affect genetic
gains and selection efficiency. These parameters have been
estimated by many authors, and the possibility of early
selection was discussed by them (Topa, 1972; GIERTYCH,
1974; SquirLacE and GANssEL, 1974; NamkooNG and CONKLE,
1976; FRANKLIN, 1979; LAMBETH, 1980; FosTER, 1986; JIANG,
1987; CorteriLL and DEaN, 1988; REnrFELDT, 1992; ERIKsSON et
al., 1993). Genetic parameters at various ages are available
for index selection based on assessment data at different
ages (BurpoN, 1989).

In progeny tests of Abies sachalinensis in Hokkaido,
Japan, differences among progenies are obvious at an
early stage for some traits. For example, susceptibility to
Rhacodium-snow blight and winter desiccation damage
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were observed on seedlings aged 2 and 7 years from seeds
respectively (HATAakEvyama, 1981). However, it remains un-
clear whether early selection in this species is possible for
growth traits. In this paper, time trends of heritability
and juvenile-mature correlation of tree height are in-
vestigated and the possibility of early selection, or of an
effective way of selection is discussed.

Materials and Methods

Progeny test data

Plus trees of Abies sachalinensis have been selected from
natural stands and plantations all over Hokkaido about
1958. Open pollinated seeds were collected from these in-

Fig. 1. — Locations of progeny test sites of Abies sachalinensis in
Hokkaido. Four seed zones (a to d) of YaNacIsawa (1965) are also
indicated.
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Table 1. — General site descriptions for 4 progeny tests of Abies
sachalinensis.

Test site site 1 site 2 site 3 site 4
Annual mean 6.0 1.1 1.2 5.1
temprature ("C)#

Annual mean 815.3 1131.% 1204.4 1042.5
precipitation (mm)#¢

Maximum snow 59 21 123 40
depth (cn)s

Elevation (a) 200 150 200 50
Number of families studied §9 62 $0 29
Nuaber of replications 2 H 3 3
Number of trees per 64 84 64 40

plot at establishment

*) Data from the nearest meteorological station to each test site.
(Japan Weather Associalion, 1991, 30 year average from 1961 to
1990).

dividuals in 1958 or in 1959. They were sown and grown
for 5 years in the nursery at Bibai, Hokkaido and then
transplanted to each progeny test site.

Data from 4 progeny tests (sites 1 to 4) were used for
analysis (Fig. 1). Few snow falls and cold winters are
climatic characteristics of site 1 (Table 1). Climate is
relatively mild in site 2. Heavy winter snow falls charac-
terize site 3. Few snow falls, cold winters and cool sum-
mers caused by sea fog are characteristics of site 4.

The test design is randomized complete blocks with 2
or 3 replications at 1.5 m x 1.5 m spacing. Number of fam-
ilies studied and number of trees per plot are given in
table 1. There were 87 different families in 4 tests and
21 families were common to all 4 tests.

Tree height at 1, 6, 11, and 16 years after planting was
measured for all trees at all sites, except for height at 1
year in site 3. Tree height at 21 years was measured for
all trees on sites 1 and 4. On sites 2 and 3, tree height at 21
years was measured for half of the trees in each plot, and
stem diameter at breast height was measured for all trees.
In these 2 sites, tree height at 21 years was estimated
from the allometric relationship between stem diameter
and tree height on each site. No significant differences
among progenies was observed in the allometric rela-
tionships.

On sites 1 and 3, apparently tree height changed direc-
tionally in a block along a slope. This environmental
effect was evaluated by simple or multiple regression of
the plot mean height on colum and/or row number of the
plot (AxasHI et al., 1971). Regression was significant at 6,
11, 16, 21 years in site 1(r2 = 0.36, 0-38, 0.33, 0.33), and at 11,
16, 21 years in site 3 (r2 = 0.63, 0.76, 0.81). Data was ad-
justed before analyses, by removing environmental effects
as evaluated based on the regression from each individual
tree height.

Statistical analyses

Families of plus trees of Abies sachalinensis show large
genotype-environment (GE) interactions in some traits, for
example, resistance to snow damage, desiccation damage
in winter, and Rhacodium-snow blight (HAaTakerama, 1981).
The breeding program should therefore be established in
each region separately whereby GE interaction might be
reduced. In this paper, genetic parameters were at first
estimated in each progeny test site. In addition, to clarify
the effect of GE interaction on height growth, genetic
parameters for the 4 test sites were estimated from the
unbalanced data consisting of 87 families. Analyses of
variances were carried out using SAS (SAS Institute Inc.,

1989). SAS PROC GLM (general linear model) was used to
test for significance of models. SAS PROC VARCOMP
was used to estimate variance components.

The linear model used for analysis of variance in each
test site is:

Yijla = #i + 1y + Fe + Pijg + Wi

where

#; = the mean height for the i th test;

r;; = random effect of j th block within i th test,

E(rij) =0, Var(rli'j) = Orz;

F;x = random effect of k th family on the i th test,
E(Fi‘k) =0, Var(F-,k) = 0172;
P;jx = random plot error of k th family in j th block of i th
test, E(Pijk) = 0, Var(P.i~jk) = Up2;
Wi = random tree error of 1 th tree ina plot of k th

family in j th block of i th test, E(w;) = 0,
Var(wij) = oy’
and the covariances between all pairs of factors
are assumed to be zero.
The linear model used for analysis of variance including
all test sites is:
Yijg = # + 4 + ry; + fic + £ty + Py + Wy
where

# = a fixed general mean height;
t; = random effect of i th test environment,
E(t) = 0, Var(t)) = o
fy = random effect of k th family,
E(fy) = 0, Var(fy) = o’
ft;, = random interaction effect of k th family with the

i th test, E(fty) = 0, Var (fty) = o
of?, op?, of?, oy? were estimated based on plot means, and
6,2 were calculated separately.

Single-site heritability hy?, heritability for 4 sites h? ge-
netic juvenile-mature correlation r,, and type B genetic
correlation rg were calculated as below.

h? = 4 op?l(op* + 0,2 + 0D, h? = 4 60 + op?
+ 0p? + 0,
Ty = ofx21)/Vor'x) - o @), Tp = of/(of® + op?)
where

6% (x,21) = covariance component of family between height
at age x and height at age 21;
of’(x) = variance component of family at age x;
0’91y = variance component of family at age 21.

Type B genetic correlation is a measure of genotype-en-
vironment interaction (Burron, 1977). Standard errors of
h¢%, h? and r, followed BEckER (1984).

Genetic gain from selection, AG was estimated by:

AG = il‘gh(x)h(gl)
where

i=

selection intensity;

hyy = square root of heritability at age x;
hyy = square root of heritability at age 21.
In this paper, it is assumed that i = 1 regardless of

stand age, and h% r; = 1 when they are larger than 1.0.

Results and Discussion

Family mean tree heights at 21 years in 4 test sites are
shown in figure 2. For convenience, all families are as-
signed to 4 regions (a to d, Fig. 1) based on seed zones of
YanacisawAa (1965). In site 4, differences among regions
are obvious. Families originating from regions c and d
showed better growth than those from region b. This
differentiation of height growth on regional level coin-
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Table 4. — Expected genetic gain in height at 21 years (meters)

a d ' ' o $ T I ) by selection at various ages.
b . ®e oo Smen ¢ oo .
Site 1 Stand age (year) site 1 site 2 site 8 site 4 { sites
c * o se eimame ¢ 1 0.52 0.19 - 0. 55 -0.1¢
d % we ] 0.29 0.12 0. 28 1. 01 0.14
. R T | 11 0. 34 0.13 0. 40 0. 81 0.12
| — T T T T T T ] 16 0.25 0.17 0. 44 0. 87 0.12
a L 21 0. 34 0.12 0.30 0.92 0.07
R b o0 o.-vooo--o
Site 2 .
¢ * coommeme vee regional level are not so clear as in susceptibility to Rha-
d - awmeces ® codium-snow blight, winter desiccation damage, and snow
= = — T damage (HATAKEYAMA, 1981). In the present analysis, effects
a ¢ e T e e of regions were not included in the models.
v
Site 3 b ¢ oo iadeted Variance among families of tree height at 21 years was
Cc we ®@eo om o significant on each site (P<<0.04, 0.05, 0.007 and 0.01 on
3 sites 1, 2, 3 and 4 respectively). But it was not significant,
d i . ] R S . J and GE interaction was significant (P<<0.0001), when the
a r ' ' ' T ' l ' R 4 test sites were analysed together.
b ces s 7 o o o Heritabilities for height (both single-site heritability and
Site 4 . heritability for 4 sites) decline with age (Table 2). This is
c ® e S0 o000 due to increase of plot error variance ¢,?, and/or within-
d . . ol o o . plot variance, o2
L — 1 N N STV |
5.0 7.0 9.0 FrRaNkLIN (1979) distinguished 3 developmental phases
’ . in 4 conifer species. Heritability decreased in the juvenile
Tree height (m) genotypic phase, abruptly increased in the mature geno-
Fig. 2. — Family mean tree height of Abies sac’;"”’%e“isb“ 4d typic phase, and decreased again in the codominance sup-
ze;tsfégs.z:::sy §frey°::fiifﬁ i?lts;:is';. reim nlsn (:itt;; 1 Faf& 1::, :::y pression phase. He considered that inter tree competition

were adjusted by removing environmental effects (see materials
and methods). Open triangles indicate means on tree height in
each region.

cides with that of winter desication damage at age 2 years
(HATAKEYAMA, 1981). It appears that desication damage at
a younger stage affected tree height at 21 years on site 4.
On the other hand, scatter within a region is large on all
sites, and differences among regions were generally low
at all ages in sites 1 to 3. Differences in tree height on

causes an increase of additive genetic variance and leads
to the mature genotypic phase. FosTer (1986) and HoDGE
and WHITE (1992) reported an increase of heritability in
loblolly pine (Pinus taeda L.) and slash pine (Pinus elliottii
E.), respectively. But in Abies sachalinensis, little increase
of heritability can be seen, in spite of narrower spacing
compared to FrRankLIN’S (1979) and FosTer’s (1986), and
canopy closure at about 11 to 16 years. The reason for
this difference is not clear. However ,it seems reasonable
that plot error variance and within-plot variance increase

Table 2. — Single site heritabilities (hs’), heritabilities for 4 sites (h?), and type B
genetic correlations (rB) for height trait at various ages in progeny tests of Abies
sachalinensis. Standard errors of heritabilities are in parentheses.

he?
Stand age e re
(year) site 1 site 2 site 3 site 4
1 1.05¢0.14) 0.51(0.09) 0.39(0.08) 0.73(0.13) 0.82(0.05) 0.32
[ 0.12(0.03) 0.31(0.06) 0.34(0.07) 0.72(0.09) 0.21(0.08) 0.63
11 0.20(0.05) 0.30(0.06) 0.32(0.07) 0.41(0.08) 0.13(0.02) 0. 41
16 0.09(0.03) 0.25(0.05) 0.38(0.07) 0.45(0.07) 0.138(0.02) 0. 43
21 0.16(0.04) 0.09(0.03) 0.18(0.04) 0.47(0.03) 0.04(0.01) 0.24

Table 3. — Genetc correlations (r_) and phenotypic correlations (rp) between height at various age and height at age 21.
Standard errors of rg are in parentheses.

Stand age site 1 site 2 site 8 site 4 4 sites
(year)
rs I Ts Iy I Te Iy Ts Iy
1 0.63(0.08) 0,383 0.67(0.09) 0.25 - - 0.48(0.13) 0.28 -0.83(0.04) 0.19
] 1.25(-0.09) 0.57 0.58(0.13) o0.31 0.68(0.08) 0.38 0.90(0.08) 0.72 0.93(0.02) 0.42
11 0.91(0.08) 0.8 0.91(0.03) 0.68 0.99(0.004) 0.59 0.96(0.01) 0.86 1.06(-0.02) 0.70
16 1.04(-0.02) 0.91 0.89(0.04) o0.81 1.08(-0.01) 0.79 0.98(0.01) 0.93 1.08(-0.01) 0.88
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with stand development because of the accumulation of
microenvironmental effects and inter tree competition.

An increase of heritability might occur when supressed
trees in a plot die and consequently the within-plot
variance decreases. If it were so, the causes of difference
of our tests’ results with others’ might lie in a species
difference. Since Abies sachalinensis is a shade-tolerant
species, supressed trees survive longer in the understory.
Should intensive thinning be carried out or stands devel-
oped further till suppressed trees die, the within-plot
variance might decrease.

Type B genetic correlation rg is comparable to that in
slash pine (HobGe and WHITE, 1992) from 6 to 16 years
but lower at 1 and 21 years. It is believed that relatively
large GE interaction operates for height growth at all ages.
This agrees with the result of the test for family variance
as mentioned above.

Genetic correlations between height at various ages and
height at age 21 in single sites are always higher than
phenotypic correlation (Table 3). They reach more than 0.9
at age 11 on all sites. Genetic correlations estimated for
the 4 sites together showed a high positive value from 6
years to 16 years, while negative correlation was observed
at year 1.

Genetic gains in height at 21 years expected from selec-
tion at early stages on each site are comparable to that
expected from selection at 21 years (Table 4). It is consid-
ered that early selection for Abies sachalinensis is pos-
sible in view of the genetic gain in height, similarly as
was shown for other tree species in many researches
(SquiLLace and GANsEL, 1974; FRANKLIN, 1979; LAMBETH, 1980;
FosTer, 1986; CorTErILL and DEaN, 1988; ReHfFELDT, 1992;
Eriksson et al., 1993). On the other hand, some researchers
have reported the negative phenotypic juvenile-mature
correlations for the more aged progeny tests and risks of
early selection (Topa, 1972; GIERTYCH, 1974). In Abies sa-
chalinensis, age 21 is about a half to one third of rotation
age. There is a possibility that negative genetic age-age
correlations are observed for our tests with further in-
vestigations continued. But in practice, precise estima-
tion of genetic parameters for more aged stands will be
difficult in our tests if plot error variance and within-
plot variance become still larger.

In Abies sachalinensis, accerelated flowering is not
developed as yet. Therefore it is impossible to shorten
the breeing generation for the present. Nevertheless early

assessment data is useful for selection because the expected
genetic gain is high. The best use of data at various ages
to maximize the genetic gain needs to be examined.

Acknowledgements

The author wish to thank Drs. K. Owsa and S. KurInosu for
helpful suggestions on a draft and Dr. M. GiertycH for reviewing
the manuscript and providing valuable comments.

References

AxasHl, T., Kusasa, T. and Hara, M.: A model of eliminating
effects of macroscopic environmental variations from measured
individual growth values in a stand. J. Jap. For. Soc. 53: 396—399
(1971). — Becker, W. A.: Manual of Quantitative Genetics. Fourth
edition. Academic Enterprises, Pullman, Washington (1994). —
Burpon, R. D.: Genetic correlation as a concept for studying geno-
type-environment interaction in forest tree breeding. Silvae Genet.
26: 168—175 (1977). — Burpon, R. D.: Early selection in tree breeding:
principles for applying index selection and inferring input para-
meters. Can. J. For. Res. 19: 499—504 (1989), —— CorrER1LL, P. P.
and Dean, C. A.: Changes in the genetic control of growth of
radiata pine to 16 years and efficiencies of early selection. Silvae
Genet. 37: 138—146 (1988). —— ERrIkssoN, G., Jonsson, A., DorMLING, I.,
Norerr, L. and Sterner, L.-G.: Retrospective early tests of Pius
sylvestris L. seedlings grown under five nutrient regimes. Forest
Sci. 39: 95—117 (1993). —— FosTER, G. S.: Trends in genetic para-
meters with stand development and their influence on early
selection for volume growth in loblolly pine. Forest Sci. 32:
944—959 (1986). —~— FrankLIN, E. C.: Model relating levels of ge-
netic variance to stand development of four north American
conifers. Silvae Genet. 28: 207—212 (1979). —— GiIerTYCcH, M.: In-
adequacy of early tests for growth characters as evidenced by a
59-year old experiment. Proceedings of Joint IUFRO Meeting,
Stockholm. 237—242 (1974). —— HaTAkEYAMA, S.: Genetic and breed-
ing studies on the regional differences of interprovenance varia-
tion in Abies sachalinensis Mast. Bull. Hokkaido For. Exp. Stat.
19: 1—91 (1981). —— Hopce, G. R. and WuIre, T. L.: Genetic para-
meter estimates for growth traits at different ages in slash pine
and some implications for breeding. Silvae Genet. 41: 252—262
(1992). —— Jiang, I. B.-J.: Early testing in forest tree breeding: a
review. For. Tree Improv. 20: 45—78 (1987). —— LawMmserH, C. C.:
Juvenile-mature correlations in Pinaceae and implications for

early selecton. Forest Sci. 26: 571—580 (1980). — NaMmxoonc, G. and
ConkiLe, M. T.: Time trends in genetic control of height growth in
ponderosa pine. Forest Sci. 22: 2—12 (1976). —— RenreLdT, G. E.¢

Early selection in Pinus ponderosa : compromises between growth
potential and growth :rliythm in developing breeding strategies.
Forest Sci. 38: 661—677 (1992). —— SAS Institute Inc. : SAS/STAT
user’s guide. Version 6. 4th edition, volume 2. SAS Institute Inc.,
Cary. NC. (1989). ~—— SquiItLace, A. E. and Ganser, C. R.: Juvenile;
mature correlations in Slash Pine. Forest Sci. 20: 225—229 (1974).
—— Topa, R.: Heritability problems in forest genetics. IUFRO-
SABRAO Joint Symposia Proceedings, Tokyo, A—3(I), 1—9 (1972).
—— Yanacisawa, T.: Regional variation in shape of strobile of
Abies sachalinensis. Forest breeding in Hokkaido 8: 8—25 (1965).

Genetics of Rubber Tree (Hevea brasiliensis (Willd. ex Adr. de Juss.)
Miill. Arg.)

I. Genetic Variation in Natural Populations*)

By J. R. DE Pa1val), P. Y. KaGEvama?), R. Vencovskyd) and P. B. ConTeLY)

(Received 20th June 1994)

*) Part of a thesis presented by first author to ESALQ/USP in
partial fulfillment of the requirements for the Doctoral degree.

1) EMBRAPA/CPAA, P. O. Box 319, 69. 048—660-Manaus, AM, Brazil,

?) ESALQ/USP, Depto. Ciéncias Florestais, P. O. Box 9, 13.418—900
Piracicaba, SP, Brazil.

) ESALQ/USP, Depto. Genética, P. O Box 83, 13.400—970 Piracicaba,
SP, Brazil.

‘) FMRP/USP, Depto. Genética, 14049 Ribeirdo Preto, SP, Brazil.

Silvae Genetica 43, 5/6 (1994)

Summary

Electrophoretic analyses were effected in 2 populations
of rubber trees (Hevea brasiliensis) for the enzymatic
systems MDH, SKDH and LAP, with the objective of
drawing inferences on the genetic structure of the popu-
lations. Four loci (LAP-1, LAP-2, SKDH and MDH-1),
with 5, 4, 5, and 3 alleles/locus, respectively, were identi~
fied. The estimated variability parameters exhibit a high
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