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ABSTRACT

This study focuses on the effects of different thinning regimes on clonal Eucalyptus plantations growth.
Four different trials, planted in 1999 and located in Bahia and Espirito Santo States, were used. Aside from
thinning, initial planting density, and post thinning fertilization application were also evaluated. Before
canopy closure, and therefore before excessive competition between trees took place, it was found that
stands planted under low densities (667 trees per hectare) presented a lower mortality proportion when
compared to stand planted under higher densities (1111 trees per hectare). However, diameter growth prior
to thinning operations was not statistically different between these two densities, presenting an overall
mean of 4.9 cm/year. After canopy closure and the application of the thinning treatments, it was found
that thinning regimes beginning early in the life of the stand and leaving a low number of residual trees
presented the highest diameter and height growth. Unthinned treatments and thinning regimes late in the
life of the stand (after 5.5 years), leaving a large number of residual trees presented the highest values of
basal area production. The choice of the best thinning regime for Eucalyptus clonal material will vary
according to the plantation objective.

Key words: growing space, forest management, solid wood products, stand density management.

INTRODUCTION

Of Brazil’s 7 million hectares of planted forests,
70% are constituted of Eucalyptus forests. The
majority of these eucalypt forests are destined
for energetic and pulping purposes, characterized
by high planting densities, few silvicultural
interventions after establishment and short rotation
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lengths. Of the total Brazilian Eucalyptus industrial
round wood production in 2013 (138 million m?),
about 11% was destined to solid wood products
(plywood, sawn wood, and treated wood) with the
remainder destined for paper and cellulose (41%),
charcoal (17%), and fire wood (30%) purposes
(IBA 2014). These plantations are destined for the
production of several goods, such as: charcoal, pulp

and paper, construction timber, firewood, honey,
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essential oil, ornamental, and solid wood products
(Ferraz Filho et al. 2014).

The use of eucalyptus for the production of
solid wood products is an attested possibility, with
many successful commercial examples available.
Specifically in Brazil, the product Lyptus® is a high
quality eucalyptus kiln dried wood, which is used
in the manufacture of furniture and floor desks
(Teixeira et al. 2009).

According to the International Tropical
Timber Organization - ITTO (2009), in 2009 Brazil
produced circa 15.5 million cubic meters of tropical
sawn wood, from which 93% was for domestic
use. These figures make Brazil the world’s largest
consumer of tropical sawn wood. The production
of quality wood from planted eucalyptus forests
for solid products purposes can help to alleviate
the pressure of wood demand from native Brazilian
forests.

There is no doubt that thinning leads to an
increase in the growth rates of retained crop trees;
however, there is little information that enables
the prediction of the magnitude of these responses
which are likely to vary with many factors including
site and species (Forrester et al. 2010).

This research focuses on the analysis of the
behavior of Fucalyptus grandis hybrids cultivated
in the Brazilian Coastal Region of Bahia and
Espirito Santo States submitted to different initial
spacing and thinning regimes. This information
is crucial for decision-making support in forestry,
allowing the generation of optimal management
schedules for eucalypt solid wood production.

MATERIALS AND METHODS

STAND ESTABLISHMENT

The data came from 188 plots in four different
thinning experiments (A, B, C and D). Table
I presents the characteristics of the different
experiments. Trial A is located in Espirito Santo
State (grid reference 19°42° S 40° 12° W), the other
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trials are located in Bahia State (all trials located
in a 40 km radius from the central grid reference
17° 58 S 39° 42° W). Trials A, B, and C were
established with initial spacing of 3x3m, while trial
D was established under 6x2.5m. The sites of the
trials can be considered of good quality, with site
index values (mean height of the 100 thickest trees
at age 12 years) of 34.6, 43.2, 36.3, and 39.2 for
trial A, B, C, and D, respectively.

All the stands used in this study are planted
in areas that were previously Fucalyptus forests.
Silvicultural operations conducted before planting
consisted in weed control using a glyphosate
product and a sub soil ripping operation at 40 to 60
cm deeps.

The fertilization done at planting was roughly
the same for all experiments, including the
application of: 2 t/ha of dolomitic limestone, 14
kg/ha of nitrogen, 29 kg/ha of phosphorus, 11 kg/
ha of potassium, 56 kg/ha of phosphorous applied
with the sub soiling operation. Two post-planting
fertilizations were made, with applications of: 100
kg/ha of potassium at age 1 year 6 months; 20 kg/
ha of nitrogen and 50 kg/ha of potassium at age 2
years 9 months.

Weed competition was kept under control
using glyphosate application and manual control.
Manual control was carried out about three times
and chemical control about five times in each
experiment. When necessary, sprouting stumps of
thinned trees were killed using glyphosate, usually
one year after the stand’s thinning operation.

The trees of all treatments received two
pruning operations at ages 1 year 8§ months and 2
years 2 months. The pruning heights were 5 and 7.8
m at the first and second pruning, respectively.

TREATMENTS

The thinning treatments were unthinned, one or
two thinnings at different ages and number of trees
remaining. Initial planting densities ranged from



THINNING REGIMES FOR Eucalyptus IN BRAZIL 257

667 (from here on referred to as low density) to
1111 (from here on referred to as high density)
trees per hectare. Table I describes the thinning
treatments carried out in the analyzed experiments.

All of the treatments presented in Table I
consisted of four repetitions. The area of each
plot depended on the number of remaining trees,
with heavy thinning areas receiving larger plots.
The areas of the plots varied from 438 m’ for the
unthinned plots to 1034 m” for the treatments with
150 trees/ha as a final density.

The experiments were divided into two blocks
with two repetitions each, where a post thinning
fertilization treatment was installed. After the
accomplishment of the first thinning treatment, the
following fertilizer application was implemented:

35 kg/ha of nitrogen, 61 kg/ha of phosphorous,
105 kg/ha of potassium and 1.5 t/ha of dolomitic
limestone. After the second thinning treatment the
fertilization was: 37 kg/ha of nitrogen and 111 kg/
ha of potassium.

Yearly measurements of diameter at breast
height and height were made on all trees.

DATA PROCESSING METHODS
Mortality at the time of establishment

Using the number of trees planted per plot and
the number of trees present at the time of the first
measurement, mortality proportion was calculated
for each plot. These values were used to check if
a lower planting density presents lower mortality

TABLE I
Thinning treatments applied to the Eucalyptus stands and mean basal area before and after the last thinning operation.

Age Density Basal area (m*/ha)
Treatments (years) (trees/ha) Pre-thinning Post-thinning % removed
1* 0 1111 12.5 12.5 0.0
2 3.5and 6.5 600 and 300 18.8 10.7 43.1
3 3.5 300 18.4 6.7 63.8
4 35 150 18.0 3.6 80.3
5 3.5and 6.4 600 and 150 18.4 5.7 69.1
6 5 450 20.6 10.7 48.1
7 Sand 7 450 and 250 16.2 9.8 39.7
8 2.5and 5.5 600 and 300 17.7 10.8 39.1
9 2.5and 5.5 600 and 150 18.2 5.5 69.8
10 2.5 300 11.7 4.5 61.5
11 2.5 150 12.2 2.4 80.7
12 0 1111 12.5 12.5 0.0
[** 0 667 10.6 10.6 0.0
2 3.5 300 15.7 8.0 48.8
3 3.5and 6.2 400 and 250 17.0 11.7 31.1
4 35 150 16.7 4.5 72.7
5 Sand 7 250 and 150 12.4 9.8 20.3
6 5 250 19.5 8.7 553
7 2.5and 5.5 400 and 250 18.2 12.2 33.1
8 2.5and 5.5 400 and 150 17.1 6.8 60.3
9 2.5 300 10.5 54 48.8
10 2.5 150 10.7 2.8 74.1

The basal area of unthinned control plots is from age 2.5 years. * refers to treatments of trials A, B and C and ** of trial D.
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levels. Only plots with no thinning interventions and
below 5 years of age where used for this analysis.
All treatments were pooled for this analysis. The
data was stratified considering two groups, low
initial planting density (667 trees per hectare, trial
D) and high initial planting density (1111 trees per
hectare, trials A, B, and C).

Growth at the time of establishment

To determine the effect of the initial spacing in
plantation forests growth, a distinction was made
between measurements taken before and after
canopy closure. This distinction was made since
early diameter growth is accelerated at very young
ages. Thus, to establish the effect of treatments
in tree size up to the time of thinning application
only plot measurements younger than 5 years were
chosen, picking the oldest possible measurement
for each plot prior to any thinning intervention. All
treatments were pooled for this analysis.

Model (1) was formulated to test for variation
on mean tree diameter growth in relation to spacing
as follows:

id, =B, +B,*PD+u+e, (1)

where id is tree diameter growth at or right after
canopy closure (¢cm per year); B, and B, are the
model’s parameters; PD is a factor variable of
the initial planting density (trees/ha). Subscripts
[ and k refer to plot and tree, respectively. u/ and
elk are independent and identically distributed
random between-plot and between-tree factors
with a mean of 0 and constant variances of czpl,
and cztr, respectively. This statistical model was
parameterized using the program R (R Core Team
2012) and the nlme package (Pinheiro et al. 2012).

Post establishment growth

Analysis of variance (ANOVA) using a split plot
in time scheme (as presented in Casella 2008)
was used to access the effect of thinning on tree
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and stand growth. The variables analyzed were:
diameter at breast height (DBH, measured at 1.3m
from the ground), diameter at breast height of the
100 thickest trees per hectare (DBH100), diameter
at breast height of the 200 thickest trees per hectare
(DBH200), total height (H), dominant height
(H100, mean height of the 100 thickest trees per
hectare), stand basal area (G), stand basal area of the
100 thickest trees per hectare (G100), stand basal
area of the 200 thickest trees per hectare (G200).
The statistical software SISVAR (Ferreira 2008)
was used to perform the ANOVA. A significant
distinction between blocks in the ANOVA was
regarded as significant fertilizer effects.

RESULTS AND DISCUSSION

MORTALITY

Prior to any thinning operation, we found a higher
mortality proportion in the high density plots (0.11
+ 0.10, n=148) compared to the low density plots
(0.01 + 0.12, n=40). These results clearly show
that higher density initial spacing establishment
presents higher mortality than lower densities.
Higher mortality proportions found under higher
density stands is consistent with other studies, such
as Schneider et al. (2005) and Leite et al. (2006).
This can be attributed to the lower competition
suffered by trees under low densities.

GROWTH AT THE TIME OF ESTABLISHMENT

The results presented in Table II account for the
difference in initial diameter increment for the
different initial spacing tested (667 and 1111 trees
per hectare), prior to canopy closure or thinning
operations (under 5 years of age).

The difference diameter growth values of the
two initial spacing were approximately 5%. Plots
planted at 667 trees per hectare presented a mean
growth value of 5.1 cm/year, while trees planted
at 1111 trees per hectare presented a mean growth
value of 4.9 cm/year. This value did not present
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TABLE II
Estimates of the parameters and variance components
of the initial establishment model (annual diameter
increment as a function of planting density). The mean
intercept value represents the mean annual diameter
increment in cm/year of 667 trees per hectare.

Parameters Value Standard Error p-value
Intercept 5.121 0.136 0.000
PD 1111 -0.250 0.153 0.104

o X 0.730 - -
p
¢’ 0.451 - -

tr

statistical significance (Table II). This means
that the initial spacing will not influence overall
diameter growth as long as thinning takes place at
the time of canopy closure. This high initial diameter
growth under low planting density is consistent
with the high diameter increment potential of many
Eucalyptus species of 4 to 7 cm per year in the first
3 years (Nutto et al. 2006).

POST ESTABLISHMENT GROWTH

Table SI - Supplementary Material presents the
results of the analysis of variance for all trials and
variables analyzed. Thinning, age or the interaction
between thinning and age were statistically
significant for all the variables analyzed.

The coefficients of variation associated with
the treatment variable in the ANOVA’s presented
in Table SI were low, presenting a mean value of
3.6% and ranging from 1.3% (H100, trial C) to
8.9 (G200, trial D). All the variables tested were
influenced by the interaction of thinning and age or
by thinning and age alone when the interaction was
not significant. A post-hoc analysis using Fisher’s
least significant difference (LSD) was carried out.
The results for the last measurement date (age 11.5)
are presented in Table SII.

FERTILIZATION RESULTS

In the cases where post thinning fertilization
presented a significant difference for mean stand
attributes (significance in the block factor, Table

SI), the differences in the overall means were small.
The trials did not present consistent responses to
fertilization, where trials A, B, and C presented
larger means in fertilized blocks and trial D smaller
means. For the trials that presented elevated growth
by extra fertilization, the range of response was of
0.4% to 0.9% in tree level variables (diameter and
height) and of 1.2% to 2.4% in stand level variables
(basal area). In the case of trial D, a larger effect was
found, with tree level attributes differences ranging
from 2.2% to 3.1% and stand level attributes 3.1%
to 5.2%.

In trial A, all tested variables (except dominant
height) were affected by fertilization. Trial B, on
the other hand, did not have extra fertilization
applications influencing the dominant stratum
of the stand (DBH, height, and basal area of the
100 thickest trees), but did influence the overall
means of the other attributes. In this case, fertilizer
applications seemed to benefit trees other than the
dominant ones. Trial C presented fertilizer effects
for all variables except mean DBH, indicating that
fertilizer effect was concentrated on the dominant
stratum of trees. The unusual response presented in
trial D might have been due to fertilization enabling
trees of the lower stratum to grow to larger sizes
than the unfertilized plots. Hence, a more vigorous
growth of these trees may have enabled them to
give a greater degree of competition to trees of
the dominant stratum of the stand, in detriment to
whole stand growth. A similar hypothesis was used
to explain larger stand growth for trees planted
under rectangular spacing when compared to square
spacing of the same size (Debell and Harrington
2002).

DIAMETER AT BREAST HEIGHT GROWTH

For the three trials planted under high initial density
(A, B, and C), thinning regimes leaving 150 trees/
ha resulted in the largest mean DBH production
values. Also, early thinning permitted high diameter
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growth rates. Thus, the largest diameter values
were found in the thinning regime starting at age
2.5 years and leaving 150 trees/hectare (treatment
11). The largest 100 and 200 trees per hectare
followed the same behavior as mean DBH results.
Results for trials A, B, and C also showed that
mean DBH values for treatments 4 (thinning at age
3.5 down to 150 trees/hectare) and 9 (2 thinnings
with final density of 150 trees/hectare) at age 11.5
years were statistically equal. This gives a greater
amount of freedom when choosing between one
or two thinning operations, as long as the second
thinning is conducted before final crop tress are
subject to excessive competition. Since treatment
5 was statistically different from treatment 9, it can
be inferred that, if second thinning is conducted
before age 5.5 years, final crop trees will not be
exposed to excessive competition.

The results found for trial D showed that
trees planted under wide initial spacing (667 trees/
hectare) followed the same behavior as trees planted
under close spacing (1111 trees/hectare). Here,
ecarly thinning operations (2.5 years) coupled with
low residual density (150 trees/hectare) resulted in
the highest DBH values (treatment 10). When more
importance is given to intermediary production
from thinning operations, the statistically equal
productions of treatments 8 and 4 allow for a greater
degree of freedom for the manager to achieve large
diameter values leaving 150 trees/hectare applying
one thinning operation (3.5 years) or two thinning
operations (first thinning at age 2.5 leaving 400
tress/hectare and second thinning at age 5.5).

When a higher number of final crop trees
is desired (250 instead of 150 trees/hectare), the
results of Table SII showed that the largest diameter
gain was achieved through two thinning operations
beginning at early ages (treatment 7, first thinning
at 2.5 years). Again, the statistically equal results
of treatments 3 and 6 allow for similar diameter
production either through 2 thinnings or one
thinning down to 250 trees/hectare at age 5 years.

An Acad Bras Cienc (2018) 90 (1)

Late thinning operations leaving 150 trees/hectare
at age 7 years and early thinning operations leaving
300 trees per hectare resulted in lower diameter
production than the rest of the treatments (excepting
unthinned control plot). Diameter production of the
dominant trees followed the same general behavior
as mean DBH results.

A 78% higher mean diameter value was found
between the most intensive thinning treatment
and the unthinned treatment, while this value was
reduced to 46% for the dominant trees. This shows
that as thinned stands get older, the dominant trees
of the stand are able to increasingly differentiate
themselves from the mean values trees.

HEIGHT GROWTH

Considering height growth, the same tendencies
of diameter growth were found, namely higher
height values for the low density and early thinned
treatments. This was true for both the mean height
and the dominant height. While a significant
difference for mean height can be expected for
Eucalyptus thinning trials (Mufioz et al. 2008,
Scheeren et al. 2004), the significant difference
found in dominant height is unusual. Several
works have reported no significant difference in
dominant height for Fucalyptus thinning trials,
such as: Aguiar et al. (1995), Finger and Schneider
(1999), and Zhang et al. (2003). However, in
the trials planted with 1111 trees/hectare a mean
difference of 12.6m in mean dominant height was
found between the unthinned treatment and the
most intensive thinning treatments (thin to 150
trees/hectare at age 2.5, treatment 11). Even if only
plots with thinning application are considered, the
overall difference is still 9.2m between treatment
6 (thin to 450 trees/hectare at age 5) and treatment
11. These differences were smaller for trial D, of
9.5m and between unthinned and thin to 150 trees/
hectare at age 2.5 and 7m between the former and
thin to 300 trees/hectare at age 3.5.



THINNING REGIMES FOR Eucalyptus IN BRAZIL 261

BASAL AREA PRODUCTION

Total basal area production for trials A, B, and C
were higher amongst the unthinned check plots. For
all these trials, the next highest basal area values
were found for thinning at age 5, down to 450 trees
per hectare (treatment 6). While this treatment
allowed for high total basal area production, the
values for basal area of the 100 and 200 thickest
trees per hectare were the lowest among the thinned
treatments. The treatments consisting of 300 trees
per hectare after thinning were ranked as the next
highest in total basal area production. In terms of
the dominant stratum of the stand, these treatments
comprised the largest basal area production after
the treatments leaving 150 trees per hectare.

When considering the trial under low initial
planting density (D), aside from the unthinned
check plot, treatments initiating thinning at age 2.5
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years with 250 or 300 trees per hectare remaining
(treatments 7 and 9) presented the largest total
basal area production. These were followed by
the treatments with thinning beginning at age 3.5
years also leaving 250 or 300 trees per hectare.
When analyzing the basal area production of the
dominant stratum, the highest production came
from the treatments leaving 150 trees per hectare
and with early thinning interventions (treatments
4 and 10). Under the low initial planting density
of 667, two thinning operations at age 2.5 and 5.5
with residual densities of 400 and 250 trees per
hectare (treatment 7) produced a large amount of
total basal area (third ranked) while also producing
a large amount of basal area for the dominant trees

(fourth ranked).
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Figure 1 - Development of mean DBH (a), basal area (b), DBH of the 100 thickest trees per hectare (c), and
basal area of the 100 thickest trees per hectare (d) considering a high initial planting density (1111 trees/hectare).
Data is from trial A, explanation on the treatments is available in Table II. Error bars represent the standard error

of means.
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Figure 2 - Development of mean DBH (a), mean basal area (b), DBH of the 100 thickest trees per hectare (¢), and basal area
of the 100 thickest trees per hectare (d) considering a low initial planting density (667 trees/hectare). Data is from trial D,
explanation on the treatments is available in Table II. Error bars represent the standard error of means.

MANAGEMENT IMPLICATIONS

Figures 1 and 2 show the development of mean
DBH and basal area as well as dominant DBH and
basal area for three distinct management regimes
considering two initial spacing options, high and
low density, respectively.

Figures 1 and 2 demonstrate that the differences
in thinning intensities provide a tradeoft between
large diametrical production and basal area
production. In the most intensive thinning regime
(T11 in Figure 1 and T10 in Figure 2, both thinned
to 150 trees/hectare at age 2.5), large diameter trees
(mean diameter of 35 cm and 38 cm for 1111 trees
per hectare and 667 trees per hectare, respectively)
are obtained in a short period of time (11.5 years).
On the other hand, total basal area production is
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lower than in other regimes, concentrating growth
on a few selected crop trees of the stand. This type
of regime characterizes an intensive management
scheme, which aims to remove any growth strains
(in this case competition from other trees) on
selected trees to produce high value logs (Ferraz
Filho et al. 2015, Fox 2000, Maestri 2003).
Thinning regimes with two thinning operations
(T8 in Figure 1 and T7 in Figure 2) characterizes
a multiproduct management scheme (Ferraz
Filho et al. 2016). In this type of regime, growth
of the final crop trees are somewhat reduced, but
thinning operations provide wood of commercial
dimensions. Growth rate of the final crop dominant
trees are still elevated, especially when a low initial

density is practiced.
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Figure 3 shows volume production obtained
in the first and second thinning as well as standing
volume. This was done to better understand total
volume production behavior in the different
management regimes and productivities sites.
Individual tree volume was calculated using a taper
function, equivalent to a form factor of about 0.45.
A few trends can be seen in Figure 3. Regardless
of the thinning regime, total volume production
was fairly constant among all treatments, with
differences between the most and least productive
treatments of 22% for trial A and 30% for the other
trials. While the most productive treatment varied
in all trials, the least productive treatment was to
thin down to 150 trees per hectare at age 2.5 years
in all trials.

Even if the volume production is fairly
constant among all treatments (especially for the
least intensive ones) the diameter of the harvested
trees is dependent of the thinning regime chosen.
For instance, for the most productive site (trial
B), regardless of the number of trees, thinning
regimes conducted at age 2.5 years yielded trees
with mean DBH class of 13 cm. If the first thinning
was postponed to 3.5 or 5 years, the harvested trees
would be of DBH class of 18 cm. The same general
behavior was found in the trial planted with the
lower density of 667 trees per hectare. Trials A and
D (planted with 1111 trees per hectare) yielded
trees with 13 and 18 cm DBH class in the first and
second thinning, regardless of the treatment.

The choice of the best thinning regime for
Eucalyptus clonal material will vary according to
the objective of growing the plantation (Pinkard
and Neilsen 2003). For cellulose or energy,
planting at high initial spacing with no thinning
interventions will maximize standing basal area.
The decision is more complex if growing wood
for solid wood products. For instance, Medhurst
et al. (2001) recommended a final density of 200
to 300 trees per hectare for thinning Eucalyptus
nitens plantations, considering a rotation of 20 to

25 years. From the results of this study, shorter
rotations (15 to 20 years) seem possible if early
and intensive thinning regimes are used. Nutto et
al. (2006) recommends wide initial spacing (500
to 800 trees per hectare) on sites of good to very
good quality for high quality sawlog production for
Brazilian Eucalyptus plantations. This assures that
the high diameter increment potential of Eucalyptus
for the first 3 years is maintained and enables short
final rotations of 15 years.

The use of large logs for solid wood products is
advisable, since they provide a greater proportion of
sawn timber recovery (Wardlaw et al. 2004) and tend
to be more stable during drying process (Mckenzie
and Hawke 1999) when compared to small
diameter logs. For instance, the aforementioned
authors recommend logs with minimum small-
end diameter of 40 cm to reduce drying degrade in
Eucalyptus regnans. The results presented in this
study are still provisory, since a rotation of 15 years
or more is required for many of the tested thinning
treatments to produce considerable quantities of
large scale timber. Economic analysis identifying
the most profitable thinning regime once the trials
reach a full rotation age will help elucidate the best
thinning regime for the clones and sites tested.

CONCLUSIONS

Stands planted under high densities (1111 trees
per hectare) presented a higher initial mortality
proportion prior to thinning interventions than
stands planted under low initial density (667 trees
per hectare).

Diameter growth prior to canopy closure and
thinning operations was not influenced by planting
density, presenting an overall mean of 4.9 cm/year
up to 5 years of age.

Post thinning fertilization permitted a small but
statistically significant growth advantage compared
to treatment without post thinning fertilization.
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Figure 3 - Volume production in the first and second thinnings and standing volume (age 11.5 years) for thinning trials A, B, C,
and D. The numbers inside each column represent the mean diameter class of the harvested trees: 13 =10.5 to 15.5 cm; 18 = 15.5
t0 20.5 cm; 23 = 20.5 to 25.5 cm; 28 =25.5t0 30.5 cm; 33 = 30.5 to 35.5 cm; 38 =35.5t0 40.5 cm.

Thinning treatments conducted early in the life
of the stand (2.5 years) and leaving a low number
of trees (150 trees/ha) presented the highest values
of mean DBH, DBH of the 100 and 200 thickest
trees per hectare, mean height, height of the 100
and 200 thickest trees per hectare, and basal area of
the 100 and 200 thickest trees per hectare.

Unthinned treatments and thinning treatments
conducted late in the life of the stand and leaving a
high number of trees presented the highest values
of total basal area.
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SUPPLEMENTARY MATERIAL

TABLE SI - Summary of the analysis of variance using a split
plot in time formulation to determine the effect of thinning
treatment on different aspects of tree and stand growth.
TABLE SII - Results for the LSD post-hoc analysis for
different tree and stand variables for the Eucalyptus thinning
trials A, B, C, and D at age 11.5 years, explanation of the
treatments are given in Table I. Numbers followed by the same
letter on the same columns are statistically equal.
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