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 The thinning are partial cuts made in immature settlements in order to stimulate and 
distribute the growth potential of the forest site in a smaller number of remaining trees 
selected because of its superior characteristics of vitality, trunk quality and vigour of 
growth as well as to increase the wood production with better quality. The aim of this 
study was to evaluate the effect of thinning in the dendrometric features of the 
Eucalyptus grandis W. Hill ex Maiden at 18 years of age. In this regard, a thinning 
experiment, located in the northern coast of Rio Grande do Sul, Brazil, installed in 
randomized blocks with four repetitions for each of the seven experimental treatments 
was analyzed. The seven treatments were defined according to the number of thinning 
interventions applied and ranged from zero to six. The trees were selected, in each 
treatment, on the basis of the Assmann’s dominant diameter and on the diameter of the 
central tree, being referred to as dominant and central trees, respectively. After cutting 
down, the trees were measured and the volume determined by the Smalian method. The 
application of thinning caused gain in diameter at breast height (DBH), height and 
volume for central trees, without changing the form factor. For the dominant trees, the 
DBH and the volume were modified when more than four thinning interventions were 
applied. However, when sawmill logs are intended, more than two thinning 
interventions showed disadvantageous due to the excessive tree reduction and a small 
gain of individuals in the upper classes. Finally, the performed studies show that it is 
possible to combine the management of settlements of the Eucalyptus genus with 
practical aspects involving the use of wood with dimensional desirable characteristics, 
with a view to better technological and/or business use. 

 
INTRODUCTION 

 
In planning the production of a forestry-based company there must be evaluated every aspect which may 

influence, directly or indirectly, in the final cost (Schneider and Schneider, 2008; Cassidy et al., 2012). Factors 
such as plant species, soil, population density and silvicultural treatments are important in determining the 
productivity of a site and should be considered along with the end use of the wood, in the definition of 
appropriate regimes of management (Trevisan et al., 2007; Cassidy et al., 2012; Forrester, 2013; Vallejos et al., 
2015). 

Thus, when the population density is very low, it cannot be taking advantage of the full potential of the site, 
in terms of light, nutrients and water, available on the site (Malan and Hoon, 1992; Glencross et al., 2014). On 
the other hand, if the density is too high, these elements often are not sufficient to guarantee the proper 
development of the settlement trees (Scheeren et al., 2004). The limit of thinning intensity at which stand 
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growth will decline is difficult to predict, and thinning response across different site qualities also varies 
(Forrester et al., 2013). 

The thinning silvicultural intervention consists in removing individuals in immature settlements in order to 
increase the growth of the forest and improve the characteristics of vitality, vigour of growth and quality in 
remaining trees as well as to increase the wood production with better quality (Scheeren et al., 2004; Cassidy et 
al., 2012). It is understood as better quality, larger trees, with a view to improve the yield in sawmills and also 
the physical, chemical and mechanical properties of wood (Acerbi Junior et al., 2008; Schneider and Schneider, 
2008; Forrester et al., 2013; Vallejos et al., 2015). 

With thinning, there is the possibility of conducting a forest stand with quality (Forrester et al., 2012; 
Ramos et al., 2014), since trees with bad forms can be eliminated and larger individuals with better physical and 
mechanical properties can be obtained (Acerbi Junior et al., 2008; Forrester et al., 2013). 

However, the lack of information in this area due to the low number of eucalyptus experiments conducted 
under thinning regime and also to breeding studies generally seek only the increase in total volume and 
improvement of wood characteristics for pulp production purposes and/or coal (Acerbi Junior et al., 2008; 
Ramos et al., 2014). 

Thus, the present study aimed to evaluate the effect of thinning on dimensions and distribution of the trees 
of Eucalyptus grandis W. Hill ex Maiden forest stands, at 18 years of age when subjected to different degrees of 
this silvicultural intervention. 

 
MATERIAL AND METHODS 

 
Features of the experiment: 

The material used in this study comes from an experiment located in the municipality of Capivari do Sul, 
the northern coast of Rio Grande do Sul. The experiment is located approximately in the geographic coordinates 
of 50°30' west longitude and 30°08' of south latitude. 

The experimental was implemented in May, 1990 with initial spacing of 3.0 x 1.7 m using an attempt to 
monitor the growth by curves of Correlated Trends (Correlated Curve Trend - CCT). Meanwhile, the CCT 
typical experiment in which areas of the parcels may vary from 4046.84 m2 to 809.36 m2 was modified by 
Bredenkamp (1984). The new approach has defined the size of the plots, fixing at 49 the number of trees that 
must exist within the thinned plots, including 25 useful trees and those of the surround. This procedure, called 
Standardized Sample Size (Standardize the Sample Size - SSS), apart from allowing the reduction or increase in 
the number of plots with treatments according to the variation of living space sought in thinning, ensured higher 
reliability and equal probability of reliability, unlike the original method. 

The design used to run the thinning program by the method of SSS-CCT was that of randomized blocks, 
with four replications for each of the seven analyzed experimental treatments. In the experiment, there were 
performed from zero to six low thinning interventions according to the plan of reducing the number of trees per 
hectare, that is, in each treatment were removed dead trees and different quantities of suppressed trees favouring 
the development of trees of larger dimensions. 

The first thinning, with reduction from 1960 to 1176 trees per hectare, was conducted before the settlement 
manifest any sign of competition, being executed in treatments from two to seven, at four years of age. The first 
treatment remained unchanged, that is, with no thinning and containing the original population (Table 1). 

 
Table 1: Treatments used to check the variation of dendrometric features in relation to intervention thinning in Eucalyptus grandis, at 18 

years of age. 

Treat. = Thinning treatments; N = number of trees per hectare; G = basal area per hectare, m2 ha
-1.  

 
At five years of age, it was conducted the second thinning, with reduction from 1176 to 784 trees per 

hectare, in treatments from three to seven. The third thinning was performed five years later, when the 
settlement was ten years old, in treatments from four to seven, with a reduction from 784 to 588 individuals per 
hectare. 

The fourth thinning was carried out in the following year, in treatments from five to seven, and decreased 
from 588 to 392 trees per hectare. At twelve years old, it was executed the fifth thinning in the six and seven 

Treat. 

Implantation 
(1990) 

Number of  applied thinning Rotation 
(2008) 

G 
1 2 3 4 5 6 

0 year 
(N) 

4 years 
(N) 

5 years 
(N) 

10  years 
(N) 

11  years 
(N) 

12  years 
(N) 

13  years 
(N) 

18  years 
(N) 

1 1960       1960 53,5 
2 1960 1176      1176 51,4 
3 1960 1176 784     784 47,1 
4 1960 1176 784 588    588 40,9 
5 1960 1176 784 588 392   392 34,6 
6 1960 1176 784 588 392 294  294 25,6 
7 1960 1176 784 588 392 294 196 196 20,7 
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treatments, with a reduction from 392 to 294 trees per hectare. Finally, the last thinning was applied at thirteen 
years of age and decreased from 294 to 196 the number of individuals per hectare in the treatment seven. 

The selection of trees was done on the basis of diameter at breast height (DBH), being removed from each 
treatment and from each block, a dominant tree and a central tree totalling 56 trees. The study of dendrometric 
features was performed in the remaining trees (dominant and central) because they are those that possibly will 
have greater commercial value and higher wood quality. 

For the selection of the remaining dominant tree, it was employed the concept of Assmann, in which, in a 
hectare, the 100 trees of larger diameter, are measured. Using the simple three rule and considering the internal 
area of each plot, it was determined the number of dominant trees and then calculated the average dominant tree 
to be sampled (d100). For the selection of the remaining central tree (dz), it was proceeded in the traditional way, 
eliminating the smallest and largest individual, alternately, until getting to dz. In case of remaining two trees at 
the end, the choice was made by drawing lots. 

 
Determination of the dendrometric features: 

To study the dendrometric parameters, there were taken diameters and heights of the selected trees. After 
the felling of each tree, the measure of the diameter was performed with the aid of a calliper graduated in tenths 
of centimeters, and the height, with a tape measure. 

With the data of diameter and height, the trees were scaled by the method of Smalian being determined the 
rigorous volume with bark (vr). The factor of artificial form was obtained by the ratio between the rigorous 
volume of a tree determined by the method of Smalian and the volume of the cylinder calculated with the 
diameter corresponds to the DBH and the height of the considered tree expressed by: 

vcil

vr
=f  

Where: f = factor of artificial form with bark; vr = rigorous volume with bark, obtained by the Smalian 
cubing, m3; vcil = volume of the cylinder with a diameter of 1.30 m [(g1.3* h); g1.3 = basal area diameter at 1.30 
m, m2; h = total tree height, m], m3. 

The volume per hectare was estimated in function of the DBH and height data extracted from spreadsheets 
of inventory, of the factor of artificial medium form and of the respective size of each sample plot. 
 
Statistical analysis of the data: 

To analyze the effect of the thinning in the dendrometrical features, the sampled data of the dominant trees 
and of the central diameter, at 18 years of age, were subjected to analysis of variance for randomized block 
design and, in the case of rejection of the hypothesis of equality between treatments, the means test (Least 
Significant Difference - LSD, p ≤ 0.05). 

 
RESULTS AND DISCUSSION 

 
Diameter at breast height: 

Table 2, which presents the mean comparison test (T test – LSD), both for the dominant trees as for the 
central plants, shows no difference in the treatments above four executed thinning. 

 
Table 2: Comparison of diameter means at breast height of dominant (d100), in cm, central trees (dz), in cm, total height of the central trees 

(hz), in m, volume of the dominant (v100), in m³, central trees (vz), in m³, and volume means per hectare (V), in m³ ha-1, of 
Eucalyptus grandis on the basis of the analysed treatments (thinning). 

Treatment 
d100 dz hz v100 vz V 

(Executed Thinning) 
7 (6) 40,5 a1 37,6 a1 41,8 a1 2,4262 a1 2,0691 a1 350,8 e1 

6 (5) 39,5 a 35,9 a 41,4 a 2,3867 a 1,9396 a 452,1 d 
5 (4) 37,2 b 33,3 b 40,7 ab 1,9672 b 1,3857 b 610,8 c 
4 (3) 35,2 b 28,9 c 39,6 ab 1,8095 b 1,1366 c 695,0 b 
3 (2) 36,9 b 25,9 d 38,4 b 1,9837 b 0,8442 d 769,2 a 
2 (1) 36,7 b 22,8 e 35,0 c 2,0178 b 0,6333 e 796,2 a 
1 (0) 36,0 b 17,7 f 28,6 d 1,7886 b 0,3142 f 773,9 a 

CV (%) 6,4 24 9,2 14 54 26,4 
1Means followed by different letters in the column differ by the LSD test (Least Significant Difference, p ≤ 0.05). CV = coefficient of 
variation. 

 
A comparison of means for the dominant trees showed that, at 18 years of age, DBH was influenced only 

when thinning exceeded four interventions. The results found are probably related to the actual implementation 
of the thinning, since it was based on the removal of dominated trees and with smaller dimensions.  
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With respect to central trees, Table 2 shows a tendency to increase the diameter of the trees of this stratum 
(dz) by increasing the living space. However, the increase in diameter varied till the treatment six, 
corresponding to five applied thinning. It was also observed that the greatest increase in diameter, obtained in 
central trees occurred between control treatments (no thinning) and with six executed thinning, resulting in an 
increase of 19.9 cm (112.4%), not differing of the relationship between control and the treatment with five 
thinning, equal to 18.2 cm, that is 102.8%. For the other treatments compared with the control, there was an 
increase in diameter with values of 28.8% (5.1 cm) 46.3% (8.2 cm), 63.3% (11.2 cm) and 88.1% (15.6 cm) in 
the treatments two, three, four and five, respectively. 

These results were expected due to the thinning executed below, since thereby raises the value of the central 
diameter, immediately after the intervention, and also with the lapse of time due to the physiological response of 
the trees, and are in accordance with most reports found in the literature, such as Lima et al. (2000), Scheeren et 
al. (2004), Cassidy et al. (2012), Glencross et al. (2014), Ramos et al. (2014) and Vallejos et al. (2015). 

To complement the results found when comparing the mean diameters, it was made the diameter 
distribution of the individuals. As expected, mainly by thinning being executed below, that is, removing 
defective individuals and of smaller dimensions, as many thinning caused an increase in diameter in the 
remaining trees, with a corresponding reduction in the number of trees per hectare (Figure 1A). 

Thus, from the silvicultural standpoint, the execution of thinning attended one of its main objectives, which 
was to increase the commercial value of assortments with increasing the size of individual trees. However, 
analyzing the number of trees per hectare depending on the diameter class in Figure 1A and considering a 
technological approach, such as the production of logs to sawmill, for example, it is found that thinning 
exceeding two interventions prove to be unnecessary or even disadvantageous. 

The main justification for this argument is based on reducing drastically the number of trees in lower 
diametric classes when further intervention is performed in confrontation with the small increase of individuals 
in higher diametric classes. This can be evidenced by comparing the number of individuals belonging to the 
diametric class from 20 to 30 cm and from 30 to 40 cm, when two or three, three or four, four or five and five or 
six thinning are carried out (Figure 1A). 

The results of the first comparison, for example, (two or three thinning) showed that thinning with two 
interventions provided a frame of 401 trees per hectare in the class from 20 to 30 cm, while in the course of 
three thinning, this number reduced by almost half (258 trees per hectare). When compared to class from 30 to 
40 cm, it is perceived that the number of individuals is close to both analyzed situations (255 and 281 trees per 
hectare with two and three thinning, respectively), that is, the increase in number of individuals of larger 
diameter is small in relation to the number of individuals removed, allowing to infer that thinning higher than 
two interventions are expendable. Thus, excluding the justification of the existence of a market that compensate 
for the loss of trees of smaller dimensions, interventions exceeding two thinning in the settlement is not 
recommended. 
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Fig. 1: Frequency distribution of the number of trees per hectare of Eucalyptus grandis in function of the 

diameter class (A), volumetric class (B) and of the number of executed thinning. 
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These results are similar to found per Glencross et al. (2014) where the removal of 30 to 60% of the basal 

area resulted in large changes in the diameter distribution in the treated stands immediately after thinning. 
 

Total Height: 
The analysis of variance for the total height of dominant trees (h100) showed that the factor number of 

thinning was not significant, showing F value equal to 1.13. This result was expected and confirms the theory of 
Assmann that the thinning, when run below, does not affect the height of the dominant trees, even when the 
average stratum is studied. 

Results obtained by Aguiar et al. (1995) for Corymbia citriodora and Forrester et al. (2012) for Eucalyptus 
nitens, at 14 and 8.1 years of age, respectively, also show that the average dominant height was not affected by 
the thinning. The same conclusions were described by Trevisan et al. (2007) studying Eucalyptus grandis, at 14 
years old, but analysing the largest trees of each treatment. Likewise, Forrester et al. (2013) and Niemistö 
(2013) also conclude that, generally, the intermediate trees are more likely to show increased height growth 
while the dominants show no changes or reductions in rates of height growth. 

In Table 2, which shows the comparison of means test (T test – LSD) for central trees, the total tree height 
of the central diameter (hz) variable does not present difference in the treatments with thinning above three 
interventions. 

It is verified still, that all means were different compared to control without thinning (Table 2). This result 
showed that the effect of competition in medium height growth has not been removed by the thinning, even 
when the number of interventions performed was low. Thus, the stabilization of the competition can only be 
observed when treatments with interventions exceeding three thinning are applied. 

Similar results were also found by Lopez and Aparicio (1995) and Trevisan et al. (2007), who related the 
height differences found with the level of competition between individuals, concluding that the largest number 
of dominated trees results in a tendency of average heights lower in denser settlements. 

Likewise, Balloni and Simões (1980) also describe a reduced height with the use of smaller living spaces, 
commenting even the existence of several controversies in relation to the influence of this factor on the growth 
of tree height. One of these controversies can be seen in the quotes of Scheeren et al. (2004), in which the author 
describes the elimination of competition over the average height with the use of thinning, even in the thinning 
cases with slight interventions. 

 
Form Factor: 

The analyses of variance for the variable factor of artificial form (f) of dominant trees and of the centres, 
depending on the number of applied thinning, as well as the comparison between these layers in each treatment 
revealed no differences.  

Thus, the factor of artificial medium form, found for Eucalyptus grandis, at 18 years of age, was of 0.4383. 
Likewise, Oliveira et al. (1999) and Haselein et al. (2004) also evidenced for Eucalyptus grandis form factor 
values similar that was found in this study, with values between 0.37 and 0.51. 

In relation to the thinning similar results were described by Scheeren et al. (2004) who studying Eucalyptus 
saligna Smith, at 11 years of age showed no influence of thinning in the factor of artificial form. However, for 
Ferreira and Silva (2002) variables that change the shape of trees, such as age and silvicultural practices 
(thinning, fertilizing, planting practices, among others), must first be analyzed with respect to their influence on 
growth in height and diameter before being considered as isolated factors. 

 
Individual Volume: 

In the Table 2, which presents the comparison test of means (T test – LSD), the volume of dominant trees 
and of plants followed the same variation found to study the diameter, that is, it does not present difference in 
treatments with interventions exceeding four thinning. 

For the dominant trees, the result shown in Table 2 was already expected, since the total height of the 
individuals of that stratum was not affected by the thinning. Thus, the justification for the effect of this 
silvicultural intervention probably is also associated with the implementation of thinning, as mentioned in the 
study of the DBH of dominant trees. Similar results were described by Niemistö (2013) where the mean volume 
of the largest trees tended to increase as stand density decreased, but significant differences existed only 
between heavy or moderate thinning. 

Regarding central trees, all means of the volume was different compared to control without thinning (Table 
2). This result confirms that the effect of the competition in the volume, as in the DBH and in the total height 
was also not eliminated with the thinning, even when the number of executed thinning was low. Thus, it is 
verified that the competition stabilization can be observed only when interventions exceeding four thinning are 
performed. 
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The presented results are similar to those found by Trevisan et al. (2007) and Cassidy et al. (2012), in 
which the major vital spaces caused the greatest individual volumes. The development in diameter and height 
also contributed to the achievement of higher volumes in these individual spacing. 

 
Volume per hectare: 

In Table 2, which shows the comparison test of means (T test – LSD), it is verified that the volume per 
hectare presented differences between the treatments of thinning, at 18 years of age. 

By analyzing the means of Table 2, after the second executed thinning, corresponding to the third treatment, 
the greater the number of these interventions and consequent increase in the vital space, the smaller the volume 
per hectare. It is noticed that, when compared with the control without thinning, this treatment caused a 
volumetric non-significant reduction equal to 0.6% (4.7 m3 ha-1). 

However, from two thinning, the results indicate a volume reduction compared to the control without 
thinning, ranging from 10.2% (78.9 m3 ha-1) in treatment four, till 54.7% (423.1 m3 ha-1) in the treatment seven. 
Thus, considering the volume variable per hectare, thinning higher than two interventions still prove to be 
unnecessary due to the caused high volumetric reduction.  

These results are in agreement with the finding of Assmann (1970) that concluded that managing areas with 
heavy thinning produce smaller volumes than those with slight thinning, even when heavy thinning provide 
greater growth in the basal area. 

To complement the results obtained, it was performed volumetric distribution of individuals into three 
classes of volume (0 to 1 m3; 1 to 2 m3; 2 to 3 m3), considering the number of trees per hectare in each treatment 
of thinning at 18 years of age (Figure 1B). As mentioned in the study of the number of trees per hectare 
according to the diametric distribution the treatments with larger thinning performed also transferred greater 
number of trees per hectare for higher volumetric classes (Figure 1B). 

Thus, in the same way as mentioned before, but now looking at the number of trees per hectare depending 
on the volumetric class and considering the technological approach of production of logs for sawmill, for 
example, it is verified that thinning above two interventions appear to be unnecessary or even disadvantageous. 
The main justification for this argument is based on the excessive reduction of the number of trees when two or 
more thinning are performed and in the slight increase of individuals in volumetric upper classes. This can be 
demonstrated by comparing, for example, the number of individuals belonging to the volumetric class from 0 to 
1 m3; 1 to 2 m3 and 2 to 3 m3 when two or three thinning are carried out (Figure 1B). 

From the above mentioned this positive outcome found with the study shows that it is possible to combine 
the management of settlements of the Eucalyptus genus with practical aspects involving the use of wood with 
dimensional desirable characteristics, with a view to better technological and/or business use. 

 
Conclusion: 

The application of thinning caused gain in dendrometric features for central trees, without changing the 
form factor. For the dominant trees, the DBH and the volume were modified by thinning exciding the four 
interventions. However, with regard to a focus on technology, more than two thinning interventions showed 
disadvantageous due to the excessive tree reduction and a small gain of individuals in the upper classes.  
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