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Abstract: Plantations made up of clones carry genetic uniformity that can com-
promise production. The use of multiclonal plantations is a possible solution.
The objective of this study was to identify effects of competition on silvicultural
performance of Eucalyptus spp. commercial clones. The experiment was carried
outin a randomized block design with 12 eucalyptus clones, three replicates, and
five plants per plot. Clones were evaluated for two competition types, intra- and
intergenotypic, at 3 and 5 years of age. Competition parameters were estimated
based on the analyses performed. Differences were found between the types of
competition at both ages for mean annual increment and wood volume. Clones
8 and 9 stood out from the others in both intra- and intergenotypic competi-
tion. At 5 years of age, intergenotypic competition produced productivity gains
of 13% in clones 8 and 9 and 4% overall considering wood volume and mean
annual increment.

Keywords: Eucalyptus spp., clonal complementarity, selection models.

INTRODUCTION

The current area of planted forests will not be sufficient to supply growing
wood consumption demands. Thus, assessments of productivity and efficiency
of species and genotypes on a commercial scale are fundamental. Based on
optimistic forecasts, wood demand by 2050 will be 2 billion m3, while production
will reach 1.5 billion m?, mainly destined for paper and cellulose, solid wood,
and bioenergy production. The largest players in terms of planted forests for
industrial purposes are the US, China, and Brazil, and the most cultivated
species are Pinus spp. (42%) and Eucalyptus spp. (26%) (FSC 2012). In Brazil,
Eucalyptus plantations comprised 73% of 7.84 million hectares in 2016 (IBA
2017), distributed across tropical and subtropical regions (Castro et al. 2016).

Appropriate edaphoclimatic conditions, well-established breeding programs,
and the development of silvicultural management best practices have contributed
to Brazil becoming a world leader in eucalyptus productivity (IBA 2017). Elite
tree selection and efficient vegetative propagation techniques have brought
uniformity to forest plantations, favoring operational management. Currently,
most breeding programs incorporate strategies to obtain clones derived from
interspecific hybrids, aggregating traits of interest (Assis and Resende 2011).
Among the combinations studied, crosses between Eucalyptus grandis and
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Eucalyptus urophylla are of particular interest in terms of yield potential, wood quality, and resistance/tolerance to
major diseases and pests (Hodge and Dvorak 2015).

Vegetative propagation was a breakthrough for the Brazilian forestry sector. However, the reduced number of planted
clones continues to be widely discussed (lvetic” et al. 2016). Despite the recommendation that fewer genotypes are
economically advantageous (Rezende et al. 2014), the lack of genetic variability can result in losses when plantations
cover extensive areas (Castro et al. 2016). Losses can occur from the fact that populations are genetically vulnerable
from a phytosanitary standpoint, consequently increasing the incidence and severity of disease and pests (Bruzi et al.
2007, Marcatti et al. 2017).

To disrupt genetic uniformity, the use of mixtures of clones may increase productivity and benefit individuals in the
face of biotic and abiotic stresses, due to unknown interactions that occur between genotypes (Martins et al. 2014).
These interactions can result in different forms of competition, which have a variable effect on genotype performance,
as each genotype has specific competitive capacities (Pavan et al. 2011, Pavan et al. 2014). Competition can be classified
as intragenotypic, when it occurs in monoclonal stands, or intergenotypic, when it occurs in polyclonal stands (Perecin
et al. 1997).

Competition results from resource division and exists even in monoclonal plantations. In a given location, trees
are subject to different microenvironments that vary in terms of sunlight, shading, water availability, soil fertility, and
interactions with soil microorganisms (Stape et al. 2010). Trees adjust their morphology in response to competition
and resource availability, and competitiveness depends on the relationship between resource acquisition and biomass
investment (Donnelly et al. 2016). As such, the positioning of the roots and canopy can offer advantages over neighboring
trees (Resende et al. 2016).

Relationships between above- and below-ground characteristics are significantly different among clones, affecting the
growth and survival of less productive trees when planted together (Donnelly et al. 2016). According to Donnelly et al.
(2016), morphological and physiological differences have implications in predicting gains for high quality clones, which
may be under- or overestimated. With experimental management of the structure and genotypic diversity of stands,
Boyden et al. (2008) demonstrated that genetic variation reduced the competitive interactions between trees, with
implications for both individual and population performance. Thus, the use of clonal mixtures can reduce inherent risks
in genetic uniformity and allow greater use of natural resources. In this context, the objective of this study is to identify
possible effects of intra- and intergenotypic competition on commercial clones of Eucalyptus spp. at 3 and 5 years of age.

MATERIAL AND METHODS

The experiment was established in September 2007 by FIBRIA SA in the municipality of Trés Lagoas, Mato Grosso
do Sul, Brazil. The experimental area is located at lat 202 53’ 40” S, long 512 48’ 01” W, alt 402 m asl. Soil is classified
as a Latossolo Vermelho Distréfico with a slope from moderately flat to rolling. According to the Képpen classification,
the climate is Aw (tropical with dry winter), with an average annual temperature of 26 °C, relative humidity of 66%, and
annual rainfall of 1330 mm (Centurion 1982).

The competition experiment design was based on the method described by Perecin et al. (1997) which is based
on a split-plot design, which enables assessment of genotypes and intra- and intergenotypic competition; genotypes
composed the plots and the subplots exhibited competition. According to the examples of the authors, and considering
competition among four genotypes (A, B, C, and D), each replication must have the same number of genotypes and
plots (A, B, C, and D). The number of rows (NR) in each plot is calculated as NR = {[(n-1)x2]+5}; where n refers to the
number of genotypes. Thus, in a hypothetical example, four plots of 11 rows are necessary, arranged systematically to
facilitate visualization (Table 1). The design consists of 1) five rows of genotype i: 1, 5, 7,9, and 11, which are considered
as neighbors; Il) randomly, between these rows (the example is expressed systematically for didactic purposes) are three
rows of genotype i (rows 2, 3, and 4), from which the effects of intragenotypic competition will be measured; Ill) in the
remaining rows (6, 8, and 10), genotype i rows are interspersed with other genotypes, where the effects of intergenotypic
competition on genotype i will be evaluated; IV) rows 1 and 11 are experimental plot borders.

In this experiment, 12 commercial hybrid clones of Eucalyptus urophylla x E. grandis planted by the company were
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Table 1. Experimental design to test competition among plant genotypes, without randomization and replication

Row Number 1 2 3 4 5 6 7 8 9 10 11
Plot A A A A A A B A C A D A
Plot B B B B B B C B D B A B
Plot C C C C C C D C A C B C
Plot D D D D D D A D B D C D

evaluated. The experimental design followed the recommendations of Perecin et al. (1997) in a split-plot design. The
fixed model and form of statistical analysis was adopted and was arranged with three replications as follows: 12 plots
of 27 rows with five plants, spaced at 3.6 x 2.5 m, for a total of 4,860 individuals in an area of 4.37 ha.

Trees were measured at 3 and 5 years of age. The traits evaluated included tree height (H, m) and diameter at breast
height (DBH, cm — at 1.3 m from soil level), obtained from DBH = (CBH/m), where CBH refers to the circumference at
breast height (cm). Wood volume (m3) and mean annual increment (MAI, m? ha year?) were obtained based on the
calculations provided by the company, considering a form factor per diameter class for each clone tested. For data
analysis, average production per row was considered: the surviving trees were measured and the sum divided by the
number of trees planted (five per row).

From the data set, effects of intra- and intergenotypic competition at both ages were calculated. Statistical analyses were
carried out using the first approach described by Perecin et al. (1997) for general evaluation of intra- and intergenotypic
competition within plots. The effect of competition is given in subplots, in which the subplot representing the effects of
intragenotypic competition is measured in rows 2, 3, and 4, and the sub-plot representing the effects of intergenotypic
competition is measured in rows 5, 7, and 9 (Table 1). In the current experiment, information about intragenotypic
competition was obtained from the average of three rows, while intergenotypic competition was evaluated based on
the average of 11 rows, considering the following fixed statistical model: Y =K+ bj +tvte ta.tva te, , where YIS
the phenotype of the i-th neighbor (plot) of the j-th block in the k-th subplot; u is the overall mean of the experiment;
bj is the effect of the j-th block; v, is the effect of the i-th neighbor (plot); e,is the interaction effect between the j-th
block with the i-th neighbor (error a, 62 ); a, is the effect of the k-th competitional arrangement (intra- or intergenotypic
competition) in the subplot; +va, is the'interaction effect of competition of the k-th subplot with j-th neighbor; €S the
experimental error associated with observation of the i-th neighbor (plot) in the j-th block of the k-th subplot (error b, 6§b).

To verify the significance of the quadratic components v, b, and bj v, the Snedecor test was used, assessing the
significance of the parameters for zero at 5% probability. Analyses were further developed when the decomposition of the
neighboring interactions by competition were significant. Clone (neighbor) averages, as well as the type of competition,
either intra- or intergenotypic, and their possible interactions, were grouped using the Scott-Knott test at 5% probability.
From analysis of variance, the following estimates were obtained: i) Coefficient of genotypic variation (CVg, %):

e
u
the clones; and u is the overall mean of the experiment; ii) Coefficient of competition variation (CVC, %): Cv =

x100|, where Q); refers to the genotypic quadratic component, which expresses the genetic variability of

/s

u
where @2 refers to the competition quadratic component, which expresses the competitive variability of the clones.

cv=’
g

x100

’

Experimental coefficients of variation for plots (CV_ = [(‘/i) x100|,) and environmental coefficient of variation for
u

(@ ) x100

Development Core Team 2016).

subplots (CV,, %): CV, = were obtained. All statistical analyses were performed using the R software (R

RESULTS AND DISCUSSION

The experiment exhibited good experimental precision at the two ages of evaluation (Table 2), with environmental
coefficients of variation lower than has been reported in the literature (Boyden et al. 2008, Nunes et al. 2017). The
coefficients ranged from 3.4% to 6.0% at 3 years and from 3.6% to 7.0% at 5 years, indicating low levels of variation in
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the data at the treatment level in the different replications (Mora and Arriagada 2016). These same authors compared
several eucalyptus tests and showed that environmental coefficients of variation < 12% are considered low, and the
inputs in the present study are similar to the minimum found by these authors.

Evaluating E. urophylla x E. tereticornis hybrid performance at 10 years of age, Chen et al. (2018) observed environmental
coefficients of variation from 30 to 43% for DBH and from 23 to 30% for height. Evaluating trees at several ages, Li et al.
(2017) observed values of environmental coefficients from 11.7 to 23.7% for height, 13.5 to 26.6% for DBH, and 31.6
to 53.8% for wood volume in E. cloesiana progenies. The low environmental coefficients obtained in this study may
be related to the use of smaller plots, which can increase the level of competition among individuals (Scarpinati et al.
2009). In previous studies, the effect of competition, which generally reduces the values of environmental coefficients
of variation, was not considered. When comparing the values found in this study with values in the literature, the
proportions are almost always the same among the traits evaluated, demonstrating that experimental error is minimized
when considering the effect of competition.

The VOL and MAl traits had higher environmental coefficients of variation than the other traits. This result is expected
since they are based on other variables, such as DBH and H (Scarpinati et al. 2009, Pavan et al. 2011, Pavan et al. 2014,
Pupin et al. 2015).

There was a small increase in environmental coefficients of variation at 5 years in relation to 3 years of age, due to
the experiment being conducted in the field and to factors that arise with advancing age that cannot be contolled. This
resultsin increased error (Pavan et al. 2014). However, Li et al. (2017) observed divergent results for the traits evaluated;
for height, the environmental coefficients of variation decreased with the age of the experiment, whereas for DBH and

Table 2. Summary of analysis of variance for diameter at breast height (DBH, cm), height (H, m), wood volume (VOL, m3 tree?), and
mean annual increment (MAI, m* ha* year?) in Eucalyptus spp. clones at 3 (above) and 5 (below) years of age

Mean Squares (3 years)

Source of variation

df DBH H VoL MAI
Clone 11 5.11%** 7.262%** 0.00181*** 247 .47%**
Block 2 0.004 2.235 0.000007 0.99
Error a 22 0.232 0.382 0.000047 6.42
Competition 1 1.243%* 6.142%* 0.000412%** 56.64**
Clone x Competition 11 0.439 0.694 0.000145** 19.83**
Errorb 24 0.242 0.569 0.000039 5.35
CVa (%) 3.82 3.47 6.05 6.05
CVb (%) 3.91 4.24 5.52 5.52
CVg (%) 23.74 19.98 50.20 50.18
CVc (%) 1.32 2.21 2.85 2.85
Mean 12.59 17.78 0.113 41.89

Source of variation Mean Squares (5 years)

df DBH H VoL MAI
Clone 11 6.13 11.40%** 0.0057*** 282.03***
Block 2 0.646 5.397 0.00018 8.76
Error a 22 0.33 0.68 0.00019 9.36
Competition 1 2.56* 2.43 0.00064* 31.83*
Clone x Competition 11 1.05* 1.56 0.00066** 32.52%*
Error b 24 0.44 1.03 0.00015 7.26
CVa(%) 3.96 3.65 7.08 7.08
CVb (%) 4.57 4.46 6.23 6.23
CVg (%) 22.46 19.53 51.73 51.72
CVc (%) 1.67 0.87 1.91 1.91
Mean 14.52 22.70 0.195 43.22

*** significant at 0.001; ** significant at 0.01; * significant at 0.05 by the F test; CVa: coefficient of variation for plots; CVb: environmental coefficient of variation among
subplots; CVg: genetic coefficient of variation; CVc: competition coefficient of variation.

Crop Breeding and Applied Biotechnology - 19: 176-184, 2019 179



BE Pavan et al.

volume, environmental coefficients of variation decreased initially, followed by an increase at more advanced ages,
indicating a parabolic response.

Significant differences (p < 0.05) were found among clones for all traits evaluated at both ages (Table 2). This reveals
the existence of genetic variation among clones, which can enable gains through selection. Furthermore, in principle,
the higher the cv, value, the greater the chance of obtaining genetic gains through selection (Kageyama and Vencovsky
1983). av, ranged from approximately 19 to 51% among the traits studied, showing high genetic variation. Consequently,
VOL and MAI better enable distinctions between clones because they have higher cv, estimates than the other traits
studied. Nunes et al. (2017), working with Eucalyptus spp. clones at 3 years of age, obtained v, values of 8.16% for
DBH, 5.09% for H, and 17.89% for VOL. Resende et al. (2016), evaluating Eucalyptus spp. clones, found cv, ranging from
14 to 28% for MAL. There tend to be higher values of cv, for volume. A similar proportion among traits was observed
in this study, which is consistent with previous studies.

Evaluating eucalyptus clones at 3 years of age under three competition schemes, Scarpinati et al. (2009) obtained a
cv, for MAI of 6.96%, 9.6%, and 15.1% and observed a tendency toward increased genotypic variance with increased
intergenotypic competition. Specifically, smaller experimental plots may favor an increase in the level of distinction among
clones. Considering the present study, which was developed with most of the plots showing high levels of competition,
distinction among clones was likely favored.

Across the ages studied, a negligible difference was observed among the v, indicating that selection is possible
at 3 and 5 years of age. Engel et al. (2016), evaluating early selection in E. macarthurii, observed genetic correlations
above 0.63 among the ages studied, but the correlations at younger ages were lower. Sato et al. (2010) identified high
and positive correlations between the ages of 4 and 21 years in C. maculata. For Pavan et al. (2014), the closer the ages
were, the higher the positive correlations between ages.

The effect of competition was significant (p < 0.05) for all traits evaluated, except for height at 5 years of age. This
suggests different behaviors of the clones when affected by intra- or intergenotypic competition and demonstrates
changes in the silvicultural performance of a clone when affected by different types of competition; a clone may or may
not tolerate the genotypic mixture. Competition has a negative effect on silvicultural performance of clones (Resende et
al. 2018), such that, in general, more competitive clones are also more productive, and vice versa (Resende et al. 2016).
Progeny tests can result in the selection of competitive ideotypes by the experimental structures adopted in them, and
the most competitive materials will not always be the ones with the highest productivity when planted in an equally
competitive situation (Martin et al. 2001)

Increase in height is differently affected by the type of competition when the forest has not yet reached the stage
of canopy closure, and intergenotypic competition favors this growth earlier than intragenotypic competition (Tables
2, 3, and 4). However, there were no significant effects from the type of competition (p < 0.05) on height at 5 years of
age, indicating that, once the height of canopy closure is reached, which is determined by the genotype quality of the
clone, the predominance of intergenotypic competition on the increase in plant height declines. In contrast, although
intragenotypic competition led to important reduction in growth rates initially, this growth was maintained for a longer
period of time, at more advanced ages reaching values similar to those of the trees in intergenotypic competition. Thus,
intergenotypic competition did not favor growth in height from the middle to the end of the cycle.

Diameter at breast height (DBH) had an inverse reaction to height, in that the mean square of competition doubled
from 3 to 5 years, whereas for H, there was a significant reduction. Another parameter that corroborates this finding is
the competition coefficient of variation (CVg), which increased for DBH and decreased for H with advancing age. Once
attaining canopy height, plants begin to invest in growth in diameter, which can explain the fact that at 5 years of age, there
was no significant effect of competition on height. Therefore, competition has a greater influence on DBH performance
of the clones with canopy closure. Wood volume was more affected by intra- than intergenotypic competition, as this
trait is calculated based on almost all other measurements (Martins et al. 2014). Thus, for wood volume and MAI, there
was an interaction of clones with the level of competition.

At 3 years, the interaction of DBH, H, VOL, and MAI showed that clones had the highest mean values when in
intergenotypic competition (Table 3). Some authors studying the effects of competition among Eucalyptus spp. trees
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Table 3. Averages for diameter (DBH, cm) at 3 years and height (H, m) at 3 and 5 years of age for Eucalyptus spp

3 years 5 years

Clone
DBH H H
1 12.51c 17.11c 22.08 b
2 12.35b 18.04 c 23.10b
3 11.53 ¢ 17.10d 2147 c
4 11.70c 16.89d 21.65¢
5 12.42b 17.99c 22.92b
6 11.58d 15.74d 20.15d
7 13.15b 18.41b 23.34b
8 14.02 a 19.45a 25.19a
9 14.52 a 19.14 a 24.77 a
10 12.67 a 18.77 c 22.79b
11 12.55b 18.03 c 22.74 b
12 12.10c 16.66 c 22.18b
Average

Intra 12.46 b 17.48 b 22.51a
Inter 12.72 a 18.07 a 22.88a

Means followed by the same lowercase letter in the columns and uppercase letter in the lines do not differ statistically, based on the Scott-Knott test at 5% probability.

have observed that increased genetic homogeneity among individuals reduces growth due to the intensification of
competitive interactions for limited resources. Alternatively, plantations with genetically heterogeneous individuals
may result in improved sharing of resources as they are better able to exploit the resources available (Chesson 2000,
Silvertown 2004, Boyden et al. 2008). Furthermore, differences in growth habit and leaf, branch, and root architecture
among clones can promote higher productivity depending on the different needs of the plants (Martins et al. 2014).

All traits were influenced by the level of competition, showing better performance when in intergenotypic competition.
For height at 3 years, performance under auto-competition was 17.48, which is 3.3% lower than the performance under
allo-competition, and for volume, the decrease was 4.2%. However, performance was not the same for all clones. For
VOL and MAI, at 3 years, almost all clones obtained better or equal performance in intergenotypic competition than in
intragenotypic competition. Therefore, clonal mixtures can be incorporated into planting systems without threatening
production; they are also advantageous from an industrial perspective (Martins et al. 2014), not requiring mixtures
of different wood densities in the digester. Nevertheless, clone 5 had significantly lower production in intergenotypic
competition, while other clones, such as clones 3 and 4, simply had inferior results. As such, these clones can be classified
as mediocre in situations of intragenotypic competition and inferior in the presence of clonal mixtures.

Although clonal mixture is advantageous in general, it may impede the silvicultural performance of particular clones.
Choosing clones that adapt to a mixed planting system can offer significant gains in forest production, whereas clones
that do not adapt to this new system of planting should be eliminated. Martin et al. (2001) report on the difficulty of
finding a single tree ideotype. In this respect, the use of clonal mixtures would allow coverage of a greater number of
ideotypes since different clones could coexist. Such ideotypes need to be complementary to each other, resulting in
greater overall and individual growth.

At 5 years of age, intergenotypic competition produced a significant increase in clone productivity, as observed
through DBH, VOL, and MAI. However, similar to what occurred at 3 years of age for the same clones, competition did
not have the same effect on the clones; for some the effect was negative, for others positive. At 5 years, these differences
became more evident and thus more significant (Table 4).

Clone 9 differed statistically from the others in both intra- and intergenotypic competition, showing a high competitive
capacity. This may result in increases in productivity, since at age 5, the age at which the experiment was completed,
clone 9 had a MAI of 57 m® ha* year™ for intragenotypic competition and 63 m® ha year™ for intergenotypic competition.
Clone 5 at 3 years already showed a limited capacity to tolerate competition, which was confirmed at 5 years of age
with a MAI of 42.55 and 36.41 m3 ha year for intra- and intergenotypic competition, respectively. Clone 4 showed
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no differences between means at 3 years; however, at 5 years, the clone had greater performance in intragenotypic
competition with a MAI of 39.79 m3 ha year™.

The clones maintained almost the same positions in ranking at the two ages for all traits evaluated. Thus, we can
infer that at 3 years of age, the clones already demonstrate the capacity to thrive under or tolerate competition. Some
authors have concluded that early evaluation of eucalyptus in Brazil, in the middle of the commercial cycle between 3
and 4 years, may adequately reflect behavior at more advanced ages (Pavan et al. 2014, Castro et al. 2016). However,
Soares et al. (2017) observed that heterogeneity of trunk growth increases with advanced age due to individual tree
growth capacities and stand competition levels.

By observing the general behavior of the clones, we can infer that the use of genotype mixtures, in principle, did not
negatively affect productivity. On the contrary, the use of clone mixtures could increase productivity with appropriate
combinations of different densities of wood, providing greater industrial use or even different levels of resistance to
pests and disease.

In general, the genotypes exhibited superior behavior in intergenotypic competition; when affected by such
competition, there was an increase in productivity of the stand. However, clones 3, 4, 5, and 6, when competing with
different genotypes, had lower productivity, with or without significant differences between the types of competition.
The best performing genotypes in intragenotypic competition were also better in intergenotypic competition, whereas

Table 4. Averages for diameter (DBH, cm), volume (VOL, m3 tree!), and mean annual increment (MAI, m3 ha* year?) for Eucalyptus
spp. clones at 3 (above) and 5 (below) years of age

Clone VoL MAI
Intra Inter Intra Inter

1 0.112 Ac 0.120 Ac 41.30 Ac 44.62 Ac
2 0.099 Bd 0.113 Ac 36.81 Bd 42.03 Ac
3 0.103 Ad 0.098 Ad 38.06 Ad 36.15 Ad
4 0.101 Ad 0.092 Ad 37.47 Ad 34.14 Ad
5 0.109 Ac 0.098 Bd 40.53 Ac 36.41 Bd
6 0.098 Ad 0.099 Ad 36.18 Ad 36.61 Ad
7 0.114 Ac 0.114 Ac 42.13 Ac 42.07 Ac
8 0.135 Ab 0.145 Ab 49.85 Ab 53.54 Ab
9 0.149 Ba 0.161 Aa 55.23 Ba 59.59 Aa
10 0.101 Bd 0.123 Ac 37.47 Bd 45.44 Ac
11 0.104 Ad 0.113 Ac 38.37 Ad 41.71 Ac
12 0.105 Ad 0.111 Ac 38.71 Ad 41.09 Ac
Mean 0.1107 0.1155 41.01 42.78
Clone DBH VoL MAI

Intra Inter Intra Inter Intra Inter
1 14.19 Ab 14.79 Ab 0.199 Ac 0.200 Ac 44.23 Ac 44.52 Ac
2 14.30 Ab 15.30 Ab 0.186 Ac 0.203 Ac 41.31 Ac 45.16 Ac
3 13.32 Ab 13.40 Ac 0.180 Ad 0.170 Ad 39.94 Ad 37.70 Ad
4 14.01 Ab 13.30 Ac 0.179 Ad 0.158 Bd 39.79 Ad 35.02 Bd
5 14.93 Aa 13.80 Bc 0.191 Ac 0.164 Bd 42.55 Ac 36.41 Bd
6 12.89 Ab 13.36 Ac 0.175 Ad 0.168 Ad 38.93 Ad 37.35 Ad
7 15.08 Aa 14.42 Ab 0.192 Ac 0.186 Ac 42.72 Ac 41.22 Ac
8 15.47 Ba 16.67 Aa 0.222 Bb 0.258 Ab 49.31 Bb 57.41 Ab
9 15.96 Ba 17.32 Aa 0.257 Ba 0.284 Aa 57.02 Ba 63.00 Aa
10 13.90 Ab 14.95 Ab 0.159 Bd 0.191 Ac 35.44 Bd 42.40 Ac
11 14.18 Ab 14.41 Ab 0.168 Ad 0.183 Ac 37.42 Ad 40.69 Ac
12 13.74 Ab 14.79 Ab 0.189 Ac 0.206 Ac 42.08 Ac 45.82 Ac
Mean 14.33 14.71 0.192 0.198 42.56 43.89

Means followed by the same lowercase letter in the columns and uppercase letter in the lines do not differ statistically, based on the Scott-Knott test at 5% probability.
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the clones with poorer performance did not demonstrate the same behavior. Thus, a genotype considered to be of low
performance when under intragenotypic competition can be more productive when interacting with different genotypes.
As such, clonal combinations that maximize gains should be employed in plantations in order to obtain an increase in
final wood productivity.

CONCLUSION

The type of competition influenced the behavior of the eucalyptus clones. The general performance in intergenotypic
competition favored productivity, but the genotypes differed in their ability to tolerate competition, with some being
better able to compete than others. The type of competition does not influence growth in height at more advanced
ages or in diameter (DBH) when evaluated at a younger age. Intergenotypic competition may benefit both superior and

inferior genotypes, enabling increased productivity.
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