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ABSTRACT - Results of experiments with Eucalyptus grandis genotypes obtained from
high intensity selection are presented. Results are discussed with emphasys on the problems
high selective rates may cause in forest improvement. Fifty one selected trees were
evaluated through cloning and also through their respective half sibs progenies. Selections
were effected in populations originated from Coff's Harbour-NSW-Australia under
intensity of 1:5000, and from Zimbabwe, under intensity of 1:200. The following
evaluations were made: a) Coff’s Harbour: flowereing period and species characteristics;
means and ranges of variation of plant height at one year of age in the respective progenies;
b) Zimbabwe: height and DBH means of the clones at 3.5 years and at 2 years in the
progenies. For the latter, the coefficient of correlation between the behavior of clones and
progenies was calculated. In the progeny trial, the coefficient of heritability was estimated
in the narrow sense on individual plant basis for the two characters. It was shown, for the
Coff’s Harbour material, that some inferior progenies were also more heterogeneous. In
addition, such progenies originated from trees of which clones were early flowering and
were not typical for the species. For the Zimbabwe material, correlations between clones
and progenies means were: r=0.020 (DBH) and r=0.33 (height). Estiamtes of the
heritability coefficient were h2=0.18 and h2=0.32 for the two characters, respectively. For
height, the greatest clone-progeny correlation was consistent with its higher heritability.
The F test for progenies indicated presence of additive genetic variation for DBH.
Consequently, the absence of a correlation between clones and progenies was an
unexpected result, in spite of the difference in plant age. It was inferred that individual
selection for DBH is not reliable, since the coefficient r = 0.020 was obtained from means
in trials set up in similar environments. Results reinforce the fact that individual selection
with high intensities is a risky strategy, mainly if followed by a reduction in effective
populational size. Gene dominance compromises its efficiency and may lead to selection of
heterozygotic trees which will produce heterogeneous progenies with undesired yield in the
next generation. An intense individual selection for high heritability characters should also
be viewed with caution, since this practice will cause the elimination or early loss of
favorable alleles of loci responsible for other characters. The risks involved in intense
individual selection can only be reduced if, after selection, effective population sinze is still
maintained high. This requires sufficiently large base-populations.
INTRODUCTION
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The basic objective of forest improvement is to assure increases in productivity and
quality of wood at each selection cycle without compromising the genetic basis of the
population. With such a strategy, it is possible to guarantee improvement program in long
and medium terms.
Plant selection progress is closely related to the selection differential, that is, the
difference between the mean of the group selected and the mean of the original population.
Therefore in selection the greater the selection pressure the greater the differential
(PATERNIANI, 1987).
Traditionally, forest genetic improvement is based on mass an individual selection.
The mass selection process in population involves low intensities (1:10 to 1:20) for its
transformation into Collecting Areas and Seed Production Areas whereas in the individual
selection process, high intensities (over 1:5000) have been used in base populations for
setting up Seed Orchards (FERREIRA, 1976; ELDRIDGE, 1977; KAGEYAMA, 1980;
ZOBEL et alii 1984).
Within the genetic improvement of Eucalyptus, the expected genetic gains have not
always been compatible with those actually obtained. Genotype x environment interaction
has been pointed as the principal cause of this fact, that is, selected material has not
corresponded to expectations when planted in other sites (KAGEYAMA, 1980; PATIÑO
VALERA, 1986; BERTOLOTI, 1987; BILA, 1988).
However, under high selection intensity many other factors may disturb the desired
advances.
A drastic reduction in genetic variability is expected in the short term, and rigid
controls are needed so as not to compromise the expected advances.
NAMKOONG (1974) considers that the reduction in population size may cause
inbreeding risks, with a consequent reduction in the vigor pattern of the forest. On the other
hand, in order to obtain immediate gains, selection pressure should be high. Crow &
Kimura, cited by NAMKOONG (1974), consider that the potential of the population ot be
improved in obtaining gains in medium and long terms is a function of populations size
(Ne) and of the selection coefficient (s).
Therefore, a method with high Ne and moderate s(mild selection) should be used for
long term development objectives and another with small N and higher s values, for shorter
term objectives (NAMKOONG, 1974).
Another aspect to be considered is the possibility of genotype x year (climate)
interaction. When this fact is generalized, it may occur that the best genotypes in a specific
year may not be the superior ones, in average performance over a sequence of years. Hence,
selection of a small number of genotypes, in a given year, may result in gains that are lower
than those expected (PATERNIANI, 1987).
High productivity in plants is, in general, related directly to a higher degree of
heterozygosity. These genotype may exhibit degree of heterozygosity. These genotypes
may exhibit heterosis, specially under stressed environments. Under these circumstances,
selection will certainly result in highly heterozygotic individuals and a consequent genetic
heterogeneity in their progeny.
The occurrence of hybridization between genetically divergent or dissimilar parents,
up to the level of subgenus, in possible in Eucalyptus. Coincidentally, the most
economically valuable and most planted species in Brazil belong to the subgenus
Symphyomyrtus (E. grandis, E. saligna, E. urophylla, E. pellita, E. robusta, E.
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camaldulensis, E. tereticornis, among others) and provided there are no corssing barriers,
natural or spontaneous inter- or intra-specific hybridization will occur.
There are several corssing barriers, such as: geographical, flowereing time,
systematic affinity and ecological isolation (PRYOR, 1976).
Even through a certain species may not flower at the same time in different sites,
flowering of several species of the same sub-genus may coincide; therefore, they may
perfectly well intercross when in the same location (see Appendix I).
According to PRYOR (1976), one way of recognizing (interspecific) hybrids
macroscopically is through fruit characteristics which are generally intermediate between
parents. Therefore, in Eucalyptus stands, when trees with atypical fruits are found, this is
an evidence that hybridization has occurred (PRYOR, 1976).
The objective of this paper is to present and discuss results from different tests
which indicate the problems related to high selection intensity in forest genetic
improvement.
MATERIALS AND METHODS
Evaluations were made in Eucalyptus grandis experiments, with materials
obtained from high intensity selections in populations originated from Coff’s HarbourNSW-Australia, and Zimbabwe.
a) Characterization of the material originated from Coff’s Harbour:
Some characters of the clones of selected trees were evaluated in a Clona Seed
Orchard (C.S.O.) and also in progeny tests of these plants.
The Orchar was composed of the best individuals of the best families from a
progeny test of 64 selected trees. These trees were selected phenotypically in base
populations of E. grandis established from seed from Coff’s Harbour. This base
population was grown in two locations in the State of São Paulo, Brazil: Salto and Mogi
Guaçu. Phenotypic selection of trees of this population was made with an intensity of
1:5000 for growth in heigh and diameter and form of the stem.
Using seeds obtained from open pollination of 21 cloens of the Orchard, a progeny
test (P.T.) was set up with plots containing 10 plants and 3 replications in randomized
complete blocks. In addition to the progenies, a commercial control relating to Seed
Production Area from Salto – São Paulo was included in the test.
The test was set up in Itatinga – São Paulo, and the orchard in Angatuba – São
Paulo.
b) Characterization of the material original from Zimbabwe:
Growth characters of the clones of mother trees of the Clonal Bank and their
respective progenies were evaluated.
The Progeny Test was set up in São Simão – São Paulo, and was composed of 64
progenies selected from a commercial stand of E. grandis established using seed from
Zimbabwe. A 1:2000 selection intensity was applyied in this case; a total of 30 plants was
sampled per progeny and tested in three replications with 10 plants per plot. Interplant
spacing was 3 x 2 m.
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The Clonal Bank (C.B. was placed in te same site of the Progeny Test and was
composed of 29 clones from the set of 64 selected trees. These clones, represented by 10
plants, were distributed at random, at a 6 x 7 m interplant spacing.
c) Characterization of the experimentation sites:
Origin
Coff’s
Harbour

Zimbabwe

Experimentation
site
Seed Orchard
Itatinga – SP
Progeny Test
Angatuba – SP
Clonal Bank
São Simão – SP
Progeny Test
São Simão – SP

Longitude
(W)

Latitude (S)

Altitude (m)

Area (ha)

48o36’

23o15’

665

6.0

48o27’

23o12’

670

2.0

47º32’

21º26’

750

1.2

47o32’

21o26’

760

1.15

d) Properties and characters evaluated:
Using the materials described above, the following properties and characters were
evaluated:
E. grandis – Coff’s Harbour
. Flowering time – month observations of different stages of flower development of
clones of the Seed Orchard. This observation is based on the fact that a typical species
should have a specific flowering period for a given locality, synchronized with different
clones.
A clone was considered non typical when flowering was not uniform.
. Fruit characteristics – cloes were also classifyied as typical or not according to
fruit characteristics (Appendix II).
. Range of variation of plant height within progenies – this property was also taken
as measure to indicate possible specific out – crosses or self pollination.
E. grandis – Zimbabwe
Mean of plant height and DBH – these measures were considered for comparison
both in clones as in corresponding open pollinated progenies of the selected trees.
c) Biometrical Methods
Based on evaluations of materials of the different experiments, the following
biometric processes were applied:
Analysis of variance of the progeny test and phenotypic variances.
Correspondence between the flowering time and the typifying fruits of selected trees
with the behavior of their respective progenies (Material from Coff’s Harbour).
Estimation of the coefficient of heritability in the narrow sense, at the level of
individual plants for the two characters in the progeny test.

IPEF International (1), Piracicaba: p.58-67, 1990.
Correlation between the clonal behavior and the progeny behavior for DBH and
height data and comparison with the estimate of heritability obtained from the progeny test.
RESULTS AND DISCUSSION
The relationship between the behavior of progenies and flowering time and the
typifying fruits of the mother trees of the Seed Orchard of E. grandis – Coff’s Harbour, can
be seen in Figure 1 and 2, respectively.

FIGURE 1 – Comparison between average, maximum, and minimum values for height data
(m) of progenies of E. grandis. (Age: one year).
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FIGURE 2 – Flower surveys of the selected trees of the Orchard.
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Although these results are preliminary (1 year of age), it may be noted that some
progenies which were found to be inferior to others (progenies 47 and 17) were also the
most heterogeneous (high range of variation).
Based on flowering surveys of the Orchard, conducted in 1986 and 1987 (Figure 2),
it is shown that the same mother trees which gave origin to the inferior progenies, presented
early flowering and non-typical fruits (Photo in Appendix II). This may be an evidence of
the occurrence of hybrids in the material selected with a consequent loss in productivity and
increase in heterogeneity of the progenies.
The early flowering of these clones may lead to inbreeding of the mother trees and,
consequently, loss of vigor in the offspring.
Measurements of DBH and Height of cloned trees at 3.5 years of age and
corresponding progenies at 2.0 years of age, (Zimbabwe material), are show in Table 1,
with correlation for each trait in Appendix V and VI.
Estimates of the coefficients of heritability are shown in Table 2.
TABLE 1 – Mean of diameter (cm) and height of cloned selected trees at 3.5 years of age
and corresponding progenies at 2.0 years of age.
Clone Number
01 (11)
02 (20)
03 (25)
04 (07)
05 (02)
06 (19)
07 (22)
08 (17)
12 (10)
22 (21)
23 (30)
25 (05)
26 (26)
27 (23)
31 (29)
35 (01)
36 (08)
37 (15)
38 (14)
39 (04)
41 (13)
42 (16)
43 (03)
44 (24)
45 (06)
46 (28)
47 (09)
51 (12)
60 (31)
62 (27)
64 (27)
Means

3.5 Years
DBH (cm)
Height (m)
11.10
12.62
10.77
11.66
12.00
11.31
10.88
13.00
11.35
14.42
11.85
11.78
10.20
11.40
1.16
12.00
12.63
13.00
11.09
11.63
11.50
9.83
13.75
13.75
10.72
11.27
11.31
10.68
10.00
10.14
14.00
15.08
12.87
10.25
12.25
12.85
10.75
12.25
13.80
13.40
11.08
12.38
12.20
12.30
12.31
13.87
10.45
11.31
13.07
12.74
12.22
10.83
12.05
12.75
12.56
12.06
6.00
5.50
11.92
11.92
11.27
10.61
12.04
11.44

Progenie
Number
01 (27)
02 (03)
03 (12)
04 (23)
05 (16)
06 (01)
07 (28)
08 (06)
12 (25)
22 (05)
23 (20)
25 (14)
26 (17)
27 (04)
31 (10)
35 (13)
36 (08)
37 (18)
38 (31)
39 (22)
41 (11)
42 (21)
43 (26)
44 (30)
45 (09)
46 (07)
47 (29)
51 (02)
60 (24)
62 (15)
64 (19)

2.0 Years
DBH (cm)
Height (m)
8.09
6.97
9.10
7.67
10.03
7.56
8.98
7.14
9.07
7.41
10.05
8.22
.46
6.88
9.04
7.61
8.74
7.07
9.48
7.62
9.24
7.30
7.49
9.36
9.10
7.39
9.47
7.66
7.50
8.76
7.51
9.50
8.57
7.60
7.37
9.11
6.33
7.60
9.24
7.16
9.81
7.57
8.33
7.23
7.01
8.12
7.91
6.39
8.66
7.58
7.60
9.26
8.37
6.45
9.19
8.03
8.10
7.09
7.45
8.18
7.31
8.60
7.33
8.93
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Note: Classification in drecreasing order of values for DBH.
TABLE 2 – Estimates of the coefficient of heritability in the narrow sense, for DBH and H,
h 2r : individual plant basis, h2: progeny mean baiss – E. grandis Zimbabwe.
CARACT.
DBH
H

h 2r
0.18
0.32

h 2m
0.40
0.45

It may be noted that the clone- progenies correlation for DBH was almost nihil (r =
0.020) and the correlation for height was low (r = 0.33) (Appendix V and VI). This
indicates that clones showing a good behavior do not always result in superior progenies.
This may be an indication that phenotypic superiority in clone performance may be a
consequence of heterozygosity and a manifestation of allelic dominance. Such a situation,
in selection, will of course, result in heterogeneous progenies, due to segregation.
This low correlation would normally be attributed to genotype x environment
interaction (different spacings, PATIÑO VALERA, 1986). However, these materials were
evaluated in the same locality and at an early age (2 years), therefore, with little
interference of competition.
It is evident that the existence of heterozygous trees is an indirect assurance of
genetic variability in the population. This variability, however, will require progeny tests,
rather than simple individual selection for improvement in the presence of dominance.
The heritability estimate was coherent with the clone-progenie correlation for
height. This was not true for DBH, as the estimate of the coefficient of heritability was 0.18
and the clone progenies correlation was practically null. This unexpected result along with
the lower coefficient of heritability, indicates that individual selection or this trait is less
reliable than for height.
An intense individual selection for a high heritability trait should also be viewed
with caution, since this practice may cause an elimination or early loss of favorable alleles
responsible for other traits.
The risks involved in intense individual selection in genetic improvement may be
reduced only if:
. pure and adapted species are utilized (attention should be directed to be typifying
traits of the species);
. mother trees should be selected preferable under normal environmental conditions
(no stress);
. effective population size (Ne) should maintained at high levels:
. this type of selection should be utilized for short term programs. For average and
long term programs, moderate selection intensities should be used.
Similary, the best results in asexual improvement programs may be obtained if:
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. hybrid species (adapted or not) are utilized;
. mother trees under stress conditions are selected, where heterosis is expected to be
manifested;
. high selection intensities are utilized.
CONCLUSIONS
Results reinforced previous findings that individual selection with high intensities is
a risky strategy in a breeding program.
Reduction in effective population size may lead to inbreeding and loss of vigor.
The difficulty in identifying genetically superior and homozygotic individuals in the
presence of dominance causes high selection intensities to increase risks of selecting
heterozygotic individuals. These selected trees will certainly produce heterogeneous
offspring of low productivity, due both to their heterozygosity as well as to an alteration in
the flowering time, increasing the probability of inbreeding to occur.
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APPENDIX I
Observations of flowering time of some Eucalyptus species in three localities.

Source: - ANDRADE (1961) Horto de Rio Claro x Cia. Suzano (1986/1987) Banco Clonal
– Fazenda das Estrelas – Itapetininga – São Paulo – Brazil.
BROOKER & KLEINING (1983) South of Austrália.
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APPENDIX II
Photographs of typical and non-typical fruits of some clones from the Clonal Seed Orchardmaterial originated from Coff’s Harbour (natural size photos).
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