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Abstract

Variation in seed size is often observed in samples of
eucalypt seeds and this leads to heterogeneous populations of
plants, principally through variation in the early stages of
plant development. It follows that samples of seeds more uni-
form in size could produce more uniform populations of plants.
In studies of Eucalyptus globulus ssp. globulus it was of
interest to determine whether or not the genetic diversity
within a population, through the use of isozyme markers, was
altered in the subpopulations developed from seeds of different
size classes. A commercial sample of seed was separated by
seed size into three subpopulations and the percentage
germination and mean fresh weight of the seedlings were
determined. Proteins extracted from leaves of the seedlings
were separated by electrophoresis and tested for activity of
eight different enzymes. These eight enzymes showed activity
at 20 loci and mean genetic diversity and  fixation index were
determined using 13 of these loci. The subpopulation of the
smallest seeds contained a greater proportion of abnormal
seeds and had a lower percentage germination and plant
weight compared to the other subpopulations. No significant
differences were found in the number of alleles per locus,
percentage of polymorphic loci, mean heterozygosity. The major
part of the endogamy, indicated by F statistic, was found
within the subpopulations: F(IS) = 0.518; F(ST) = 0.010 and 
F(IT) = 0.523. We conclude that the use of seeds of uniform size
will lead to more uniform germination and plant growth
without alteration in overall genetic diversity.
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FDC: 181.525; 232.312; 232.318; 165.5; 176.1 Eucalyptus globulus: (81).

Introduction

Variations in the size of seeds, commonly observed in
eucalypt seed lots, cause differences in the growth of the seed-
lings in the nursery, even when those seeds are only from
improved genetic sources are used. The production of  different
sizes of seedlings causes low utilization of plants for field
plantations. There is a direct relation between the size of the
eucalypt  seeds, the percentage of germination and the initial
development of the seedlings (MENDES et al., 1978; GOZZO,
1963). According to BALLONI et al. (1978), larger seeds germi-
nate faster, produce larger seedlings for up to 60 days of age
and show a higher seedling survival rate. However the relation
between this variation and the seed genetic nature is not
known.

The reproductive system of Eucalyptus species offers a 
great opportunity for self-fertilization. Having hermaphrodite
flowers they present a rate of self-fertilization of up to 40%

(MORAN and BELL, 1983), provided that protandry does not
eliminate the possibility of self-fertilization (ELDRIDGE, 1978).
There is no conclusive evidence for self-incompability reactions
in Eucalyptus species (GRIFFIN et al., 1987), although they have
been inferred from self-fertility observations (PRYOR, 1976).
Often mixed pollination occurs as the eucalypt stigmas can get
pollen from the  same plant and/or from other plants through
crossing. So it is possible that seeds of both parental types can
coexist inside the capsules (GRIFFIN et al., 1987). The specie
E. globulus ssp. globulus is of great economical importance for
the paper and cellulose companies for producing light wood
free of lignin, besides being of excellent productivity in coun-
tries such as Portugal, Spain and Australia (ELDRIDGE et al.,
1993). But in Brazil its performance is not satisfactory after 3
years of age. The present study has the objective of to analyse
if different seed size influence the genetic structure of a pop-
ulation of E. globulus ssp. globulus.

Material and Methods

Sampling and preparation of the material

The population of E. globulus is from a Seed Collection Area
(SCA) located in Camanducaia, state of São Paulo, Brazil. The
seed lot was composed of seeds collected from at least 30 trees
at SCA, at 10 years-old.  

Seeds were separated according to size, through a set of
GRANUTEST sieves. The denomination of the subpopulations
was given by the mesh size: subpopulation I (seeds between
0.84 mm and 1.19 mm), subpopulation II (seeds of 1.4 mm) and
subpopulation III (seeds between 1.68 mm and 2.0 mm).

The seeds were submitted to 3 analysis in phases, from of
the same seedlot. Plants of different ages were used for the
electrophoresis analysis: (i) at 14 days from seeds recently
collected – phase 1, (ii) at 60 days – phase 2 and (iii) at 14 days
from seeds that had been stored at cold temperature without
humidity for about 12 months – phase 3.

The seeds were germinated in Gerbox plastic boxes on 
filter paper and incubated in a seed germinator at 26°C. 
After germination the normal plants and the abnormal plants
were counted and weighed. For the variation analysis there
was a transformation of the germination data through 
the ��x formula.

In phase II the seedlings were produced following regular
nursery procedures. Under these conditions plants grew in
half-shade, being submitted to daily irrigation and weekly soil
fertilization with nitrogen compounds. At about 30 days after
sowing the seedlings were thinned and only one plant per vase
was kept.

Preparation of extracts

For each sample, cotyledonary leaves  (phases 1 and 3) or
parts of the foliar tissue (phase 2) were ground in the extrac-
tion solution described by NAMKOONG (s/d), and cited by
ALFENAS et al. (1991). Fragments of WHATMAN paper of 3 mm
were moistened with the extracts and frozen in small Eppen-
dorf tubes in a freezer at –80°C, for approximately 15 days.
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Table 1. – Enzymes, gel buffer systems and references for staining procedures.

Gel buffer systems used were: MC – gel, 1 in 20 diluition of tray buffer, pH 6.1; tray, 0.04M citric acid,
ajusted to pH 6.1 with N-(3-aminopropyl) morpholine (CLAYTON and TRETIAK, 1972); TC – gel, 1 in 35 dilu-
tion of tray buffer, pH 7.5; tray, 0.223 M tris, 0.086 M citric acid, adjusted to pH 7.5 with 10 N tris (SOLTIS

et al., 1983);  LB – gel, 90% 0.05 M tris and 0.007 M citric acid, pH 8.3 and 10% tray buffer; tray, 0.19 M
boric acid, 0.04 M lithium hydroxide, pH 8.3 (JARRET and LITZ, 1986).

Figure 1. – Diagram of the isozyme variation of the Eucalyptus globulus. The isozyme ACP,
EST, LAP and SKDH are monomeric, and isozyme MDH, GOT and IDH are dimeric.
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Table 2. – Allelic frequencies, observed heterozygosity and sample size of three subpopulation (I, II and III) of E. globulus in
different phases.
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4) From the zymograms the allelic frequencies were calculated for each
locus to estimate the heterozygosity per locus (h1 = 1–∑xi

2; where xi
2

is the allele frequency) and the average heterozygosity [H = (∑h1/r;
where h1 is the heterozygosity per locus, and r is the number of locus
analysed)], fixation index [F = 1–(Ho/He); where Ho = ∑hij and 
He = ∑2pipj], F statistic {FIT = FST + (1–FST). FIS}; and the genetic
distance (D = –n I; I = Jxy /�Jx Jy, in that Jxy, Jx and Jy are arithmetic
means of alleles jx , jy and jxy). The values of genetic distance were
used to generate dendrograms using the unweighted pair-group
method with arithmetic averaging (UPGMA) as described by SNEATH

and SOKAL (1973). Other calculations were made to estimate the
percentage of polymorphic loci (P = number of polymorphic loci /total
number of loci) and the average number of alleles per loci (Ap = total
number of alleles per polymorphic loci /number of polymorphic loci).

Electrophoresis

In each phase about 180 plants (60 per subpopulation) were
analyzed, totalling 540 individuals.

In the separation of the isoenzymes the technique of hori-
zontal electrophoresis in corn starch gel (penetrose 13%) was
used. Eight enzymatic systems were used: Aspartate amino-

transferase (ATT), Acid phosphatase (ACP), Catalase (CAT), 
α-Esterase (α-EST), Isocitrate dehydrogenase (IDH), Leucine
aminopeptidase (LAP), Malate dehydrogenase (MDH), Shiki-
mate dehydrogenase (SKDH). Table 1 presents a summary of
the experimental conditions adopted in this present study.

The genetic control of the isoenzymes was inferred from a
comparison of the phenotypes in different phases of the
development and through studies of various species of Euca-
lyptus (BROWN et al., 1975; MORAN and BELL, 1983; MARTINS-
CORDER et al., 1996; MARTINS-CORDER and LOPES, 1997). For
each enzymatic system the most anodic  isoenzyme was desig-
nated locus 1, the next locus 2 and so on. In the same manner
the most rapid band at each locus was denominated allele 1
and in order of decreasing mobility the other bands were called
2, 3, etc.

Data analysis

The analysis was performed with the use of a computer soft-
ware (BIOSYS-1)4) developed by SWOFFORD and SELLANDER

(1989). It was made for each of the three phases  separately, for

(Table 2 continued)

Blank spaces indicate zero values.
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Table 3. – Means of number of alleles per locus (Ap), percentage of polymorphic loci (P%) (criterion 0.95), mean observed
heterozygosity (Ho) and mean expected heterozygosity (He) in subpopulations (I, II and III) of E. globulus in different
phases.

N is mean number of sample.
NL1, NL2 and NL3 is number of loci analyzed in each phase.
Values in brackets are standard deviations.

Table 4. – Means of number of alleles per locus (Ap), percentage of polymorphic loci (P%, criterion 0.95), mean observed
heterozygosity (Ho) and mean expected heterozygosity (He) in three subpopulations (I, II and III) of E. globulus.

Standard deviations are enclosed in brackets.
Pool analysis of the three phases.

pairs (phases 1 and 2, phases 1 and 3) and for the three phases
together. 

The observed allelic frequencies for the enzyme systems
were subjected to statistical analysis to compute various
within-phase variability measures such as mean number of
alleles per locus, percentage of polymorphic loci, observed and
expected levels of heterozygosity (BROWN and WEIR, 1983).
Fixation index and F statistic (WRIGHT, 1965); and genetic
distance (NEI, 1978) were subjected to statistical analysis to
compute between-phases analysis.

Results and Discussion

The gel patterns found in the various enzymatic systems are
shown in figures 1. For most of the systems analyzed the
patterns obtained from 14 day old plants were the same as
those from 60 day plants. This probably occurred because the
tissues analyzed were the same in all 3 phases. However there
was a lack of Acp-2, Got-1 and α-Est-5 in the plants of 60 days,
which may have been a consequence of differential gene action
(SCANDALIOS, 1974) related to the different ages of the tissues.
Reproducible profiles of ACP activity were not obtained from

phase 2 plants. The cause(s) of this anomaly have not yet been
determined.

Isoenzymatic variability

For the estimates of genetic variation of the three subpop-
ulations following the frequencies were used: (i) 44 alleles in 20
loci related to phases 1 and 3, (ii) 31 alleles in 15 loci related to
phase 2. Table 2 shows the allelic frequencies of the three
subpopulations.

The genetic variation within the sub-populations is shown in
table 3. Subpopulations I, II and III in phase 3 (plants from
stored seed) showed slight increases in the values of the
genetic estimatives when compared with the subpopulations in
phase 1. When phases 1 and 2 were compared, using 15 loci,
the heterozygosity of subpopulation I of phase 2 (Ho = 0.086)
was less than that of the same subpopulation in phase 1 (Ho =
0.126). In the combined analysis – 3 phases  together – the
subpopulations maintained constant values of genetic diversity
(Table 4).

For populations in HARDY-WEINBERG equilibrium the fixation
index should be zero. Values above zero indicate the occurrence
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Table 5. – Indicies of fixation (F) in three subpopulations (I, II and III) of E. globulus in different phases.

of endogamy and values below zero represent a selection in
favor of heterozygotes (BROWN et al., 1975). Subpopulation I
showed lower values of fixation index than subpopulations II
and III, and in phase 2 there was a decrease in the rate in all
subpopulations (Table 5). In general the subpopulations of 
E. globulus presented  high rates of self-fertilization among the
recently collected seeds, stored seeds and in the seedlings of
the nursery. However the subpopulations I presented smaller
rates of endogamy. It is probably true that the reduced fixation
index of subpopulation I can be explained through the elimina-
tion of the self-fertilized individuals shown by the low percent-
age of germination and by the higher number of abnormal
plants in this class. Among the losses individuals are included
with high genetic load which originated from the more drastic
form of depression of endogamy that is self-fertilization
(FALCONER, 1987). The results obtained from the seed germina-
tion rate and  plant weight of E. globulus confirm this and will
be discussed later. However there was no evidence for selection
in the nursery against self-fertilized individuals had not that
been eliminated through natural selection. Eucalypts are auto-
compatible hermaphrodite plants that show different levels of
self-fertilization and of depression by endogamy (ELDRIDGE and
GRIFFIN, 1983). Small variations on the endogamy level can
drastically change the performance of individuals, families and
populations (POTTS et al., 1995). These authors related that the
individuals and the population can react differently to
endogamy due to the casual variations in the genetic load of
the recessive alleles. Positive fixation indexes are frequently
observed in the seeds and young plants due to self-fertilization,
but rarely in the adult phase (MITTON, 1989). HARDNER and

POTTS (1995) noticed that self-pollination reduced seed set
severely and the growth of plants of E. globulus in the field.
These authors noticed that the levels of depression due to
endogamy for growth and progeny survival in open pollination,
were intermediate between controlled self-pollination and
controlled crossing, and that there was a strong tendency for
the depressive effects of the endogamy to increase with  plant
age. ELDRIDGE and GRIFFIN (1983) observed that in E. regnans
endogamy depresse plant mortality significantly up to 5 years
of age. For E. gunnii, POTTS et al. (1987) related an even lower
survival rate in progenies from controlled self-pollination than
in those from crossed pollination, in nursery and field condi-
tions one year after the sowing. VOLKER et al. (1994) detected
high self-pollination levels in a test of progenies from open
pollination of E. globulus.

Table 6. – Means of the F statistic for the subpopulations of E. globulus.

Fixation index within (FIS), between (FST) and total (FIT), according
WRIGHT (1965).



12

Figure 2. – Dendrogram based no UPGMA clustering of Eucalyptus globulus subpopulation using the genetic distances of
NEI (1978).

The results obtained in this study suggest that the
elimination of endogamic individuals was more drastic in the
initial phases of development, mainly in subpopulation I.
However the viable seeds could  have originated  both from

cross-pollination and from self-pollination, probably with
different endogamy levels. It is possible that the depressive
effects of endogamy are more significant after planting in the
field.
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Figure 3. – A dendrogram based on UPGMA clustering of E. globulus subpopulations using the
genetic distances of NEI (1978).

The F statistics (WRIGHT, 1965) presented in table 6 show
that the major part of total endogamy is due to fixation within
the subpopulations that presented higher values.

The degree of differentiation among the subpopulations was
low, although there were changes in the genetic composition of
the populations due to the differences in the allelic frequencies
and the presence of a greater number of alleles at specific loci.
Cluster analysis using NEI’s unbiased genetic distance 
(Figure 3) revealed that the distances between populations
were very small. In phase 1, the subpopulations I and II were
more related, in phase 2 subpopulations I and II were more
related and in phase 3 the genetic distance of the subpopula-
tions was close to zero.

Germination analysis and plant weight

Seed germination, average plant weight and number of
abnormal plants of  subpopulations I, II and III were shown in
table 7.

Subpopulation I differs statistically from both populations II
and III, in terms of  percentage of germination, so forming two
distinct groups. For the average weight of the plants  all 3

subpopulations were statistically distinct. The number of
abnormal plants was greatest in subpopulation I; possibly due
to a greater number of self-fertilized seeds in this class.
According to HARDNER and POTTS (1995) self-pollination in 
E. globulus appears to result in fewer fertilized ovules and in
an increase in the rate of embryo abortion. The effects of self-
pollination in eucalypts cause a reduction of seed set (POTTS

and SAVVA, 1988; SEDGLEY and SMITH, 1989; SEDGLEY et al.,
1989), an decrease in the germination percentage (ELDRIDGE

and GRIFFIN, 1983), an increase in the frequency of abnormal
individuals (HODGSON, 1976; POTTS et al., 1987), a reduction in
the growth and vigour of the plants in field conditions
(ELDRIDGE and GRIFFIN, 1983; POTTS et al., 1987; GRIFFIN and
COTTERILL, 1988) and a reduction of seedling survival both in
nursery and in field conditions (ELDRIDGE and GRIFFIN, 1983;
POTTS et al., 1987).

A high positive correlation (r = 0.83) was found between seed
germination and the average weight of the plants. The medium
and large sized seeds presented a higher percentage of germi-
nation than the smaller ones and also produced bigger and
stronger seedlings. In nursery conditions the differences were
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Table 7. – Test of TUKEY for mean values of seed germination transformed to ��x, mean weight of
seedlings and number of abnormal plants in each of the three subpopulations of E. globulus.

1) Determined after 14 days (8 replicates).

notable. Similar results  have been reported for other species of
Eucalyptus by GOZZO (1963), CANDIDO (1970) and MENDES et al.
(1978).

Conclusions

In practical terms the use in nurseries of seeds that were
chosen by size is beneficial, due to the differences in develop-
ment that the different classes present. Through the use of
uniform seeds it is possible to obtain more uniform germina-
tion and a lower variation in the plots without changing the
genetic diversity. As a consequence the selection of seedlings
for field sowing will be more efficient.

In general the population of E. globulus studied presented a
high rate of endogamy, which probably has  accumulated with
time. In the field the population presented an unsatisfactory
behavior in terms of growth and form. The narrowing of the
genetic base in this population could be the factor responsible
for the low levels of heterozygozity and for the increase in the
levels of self-fertilization.
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