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ABSTRACT 

This study aimed to analyze the effect of two planting spacing on dendrometric characteristics and basic wood 

density of eucalyptus clones. The experiment in the municipality of Jataí-GO, Brazil, used a randomized complete 

block design with three replications, in which the spacing (3.0 m x 2.0 m and 3.0 m x 3.0 m) were allocated to the 

plots and the clones (3335, 3336 and 3487) in the subplots. Diameter at breast height (dbh), total height (HT), total 

volume (VT), basic density (db), stem biomass (BS), leaf and branch biomass (BLB) and total biomass (BT) were 

evaluated. The data were submitted to analysis of variance, followed by the Tukey test for comparison of means at 

the 5% probability level. It was found that the dbh and VT characteristics were not influenced by the planting 

spacing nor by the clone types. The HT was influenced by the spacing with the highest value (26.3 m) verified in 

the spacing 3 m x 3 m. The db was influenced only by the clone types and the clones 3335 and 3487 presented the 

highest values (0.46 and 0.41 g.cm-3, respectively). The BS, BLB and BT were influenced only by clones with higher 

yields with clones 3335 and 3487. There were no significant interactions for any of the evaluated characteristics. 

Keywords: Eucalyptus spp., dendrometry, yield, space arrangements. 

 

 

 

Características dendrométricas e densidade básica da madeira de clones de eucalipto em 

diferentes espaçamentos 

RESUMO 

Este estudo teve por objetivo analisar o efeito de dois espaçamentos de plantio em características dendrométricas 

e densidade básica da madeira de clones de eucalipto. O experimento no município de Jataí-GO utilizou o 

delineamento em blocos casualizados em esquema de parcelas subdivididas, com três repetições, no qual os 

espaçamentos (3,0 m x 2,0 m e 3,0 m x 3,0 m) foram alocados nas parcelas e os clones (3335, 3336 e 3487) nas 

subparcelas. Foram avaliadas as características diâmetro a 1,30 m de altura do solo (dap), altura total (HT), volume 

total (VT), densidade básica (db) e biomassa do fuste (BF), biomassa de folhas e galhos (BFG) e biomassa total (BT). 

Os dados obtidos foram submetidos à análise de variância, seguida do teste de Tukey para comparação de médias, 

ao nível de 5% de probabilidade. Verificou-se que as características dap e VT não foram influenciadas pelos 

espaçamentos de plantio, nem pelos tipos de clones. A HT foi influenciada pelo espaçamento, sendo o maior valor 

(26,3 m) verificado no espaçamento 3 m x 3 m. A db foi influenciada apenas pelos tipos de clone, sendo que os 

clones 3335 e 3487 apresentaram os maiores valores (0,46 e 0,41 g.cm-3, respectivamente). BF, BFG e BT foram 

influenciadas apenas pelos clones com maiores produções com os clones 3335 e 3487. Não ocorreram interações 

significativas para nenhuma característica avaliada. 

Palavras-chave: Eucalyptus spp., dendrometria, produção, espaçamentos. 
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One of the main silvicultural decisions in the planning 

of forest production is the choice of planting spacing, 

since this is the first practice that can cause changes in 

the characteristics of the future tree (Akhtar et al., 2008; 

Nolan et al., 2015; Rocha et al., 2016; Rocha et al., 2018), 

especially in the case of fast growth as the Eucalyptus 

plantations (Stape et al., 2010). 

The choice of planting spacing for a given species or 

clone in silvicultural is highly relevant because it 

conditions the amount of natural resources available to 

the growth of each tree. This influences plant growth and 

survival rates and wood productivity per hectare, 

affecting management and harvesting practices and, 

consequently, forest production costs (Stape and 

Binkley, 2010; Lima et al., 2013; Forrester et al., 2013). 

Inadequate spacing can accentuate the effects of 

water deficiency on plants, decreasing forest 

productivity, due to the intense intraspecific competition 

for water, light, nutrients, and space (Leles et al., 1998). 

Highly productive and intensely managed forests 

incorporating the most advanced methods in silviculture 

is one solution to the problem of growing demand for 

wood and other forest products (Häggman et al., 2013). 

The behavior of a planted forest in the different types 

of management can provide changes in the quality of the 

wood, influencing the desired final product and, 

consequently, its commercial value (Eloy et al., 2016). 

The search for superior quality material that meets the 

demanding timber market is growing every year. Such 

behavior is reflected in the different forest segments from 

silvicultural and forest improvement, finishing in the 

forest-based technology sector. Thus, the knowledge of 

the variability between the available materials and the 

relationships between the technological and 

dendrometric characteristics are extremely importance 

(Gonçalves et al., 2010). 

The dendrometric variables (height, diameter, basal 

area, individual volume and volume/ha) undergo changes 

with the advancement of settlement age and are subject 

to some growth trends as a function of spacing (Leite et 

al., 2006). There is a diversity of responses in the 

development of these variables, both negative and 

positive among the species, due to the increase in plant 

spacing. 

Since spacing is one of the conditioning factors of 

forest production that can be easily controlled by the 

manager and considering that it can cause reflections on 

the growth rates of the forest and on the properties of the 

wood, it is important to evaluate the effect of this 

silvicultural practice on the dendrometric characteristics 

and to ensure forest production, quality and proper use of 

the product obtained. 

In this context, this study aimed at evaluating the 

behavior of dendrometric variables and the basic density 

of three eucalyptus clones in two planting spacing. 

The study was conducted at the Federal University of 

Goiás, Jataí Regional, in the municipality of Jataí, in the 

southwest of Goiás state, located at coordinates 17°56'S 

and 51°43'W. According to Köppen classification, the 

climate of the site is Aw, with annual precipitation values 

of 1644.9 mm and temperature of 23.7 ºC (INMET, 

2013). The soil is a dystroferric Dark Red Latosol. 

The experimental design was a randomized complete 

block design in split plots. The effect of two planting 

spacing (3 x 2 m and 3 x 3 m) was tested in the plots. The 

treatments of the subplots corresponded to three clonal 

materials of the hybrid E. grandis x E. urophylla named 

as clone 127 (clones 3335, 3336, 3487). In each subplot, 

40 trees were planted.  

After 60 months of planting the trees, the diameter at 

breast height (dbh), total height (HT) of all trees of each 

subplot was measured. Then, four medium trees were 

selected in each subplot (based on the values closest to 

the mean dbh and HT) to be slaughtered for the rigorous 

counting and determination of the total biomass. The 

cubing was performed by the Smalian method, measured 

at heights 0.1; 1.3; 2.0; 4.0; 6.0 m, and so on up to 4 cm 

in diameter of the stem with the bark.  

To obtain the density in each sample tree, 2.5 cm 

thick discs were removed at 0, 25, 50, 75 and 100% of 

the commercial height. From these disks, samples were 

taken for the determination of the basic density in the 

laboratory by the method of immersion. The discs 

removed were sectioned in four wedges, passing through 

the medulla. Two opposing wedges were used to 

determine the basic density of wood according to the 

Brazilian standard NBR 11941 (ABNT, 2003). The mean 

basic density of the tree was considered as the arithmetic 

mean of the longitudinal sampling points in the trunk of 

the trees, without considering the dbh position according 

to the methodology used by Protásio et al. (2014). The 

estimate of the stem biomass was then obtained by 

multiplying the volume by the respective basic density. 

The trees samples were stripped and their components 

(leaves, branches and stem) were weighed in the field. 

After determining the total fresh biomass of leaves and 

branches, samples of these components were taken, 

which were conditioned in sealed plastic bags and taken 

to the laboratory to determine the fresh biomass of the 

sample. Afterward, mass for the determination of the dry 

biomass, they were transferred to paper bags and dried in 

a forced ventilation oven at 65 ºC until reaching constant. 

According to Hsing et al. (2016), the total dry biomass 

of leaves and branches were determined from the values 

of total fresh biomass and fresh and dry biomass of the 

respective component (leaves or branches), according to 

general expression: total dry biomass = (total fresh 

biomass component x dry component sample biomass) ÷ 

fresh component sample biomass. The total dry biomass 

of the tree was obtained from the biomass sum of the 
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stem, leaves, and branches. The obtained data analyzed 

the variance and F test with the means compared by the 

Tukey test at 5% of probability. 

The analyses of variance indicated non-significant 

interaction between clones and spacing (P ≤ 0.05). The 

results of the analysis of variance and the means test are 

presented in Tables 1 and 2, respectively.  

Significance was only observed in the influence of 

spacing on total height (HT) and clones on density (d), 

stem biomass (Bs), leaf and branch biomass (BLB) and 

total biomass (BT) and not significant interactions 

occurred for no assessed characteristics.  

The mean value observed for the dbh was 15.6 cm, 

not influenced by the spacing nor by the clones. The 

influence of the distance between plants and 

consequently in the variable diameter is verified in 

several studies on spacing (Berger et al., 2002; Akhtar et 

al., 2008; Ferreira et al., 2014; Moulin et al., 2017). These 

studies prove that the greater the distance between plants, 

the less competition for growth factors, the greater the 

diameter of the tree. However, the results did not present 

statistical differences for the dbh variable in this study 

because only two spatial arrangements were used. 

The total height (HT) data presented a significant 

difference between the spacing, where the spacing 3 m x 

3 m presented the highest mean values of height with 

26.3 m.  

Ribeiro et al. (2017) evaluated 16 planting spacing for 

an interspecific hybrid clone of Eucalyptus grandis and 

Eucalyptus urophylla and verified an increase in the 

average height of the trees as the spacing was enlarged. 

Schneider (1993) reports about the difficulty in 

expressing and justifying the effect of higher densities 

over the height growth, however, he affirms that the 

height growth is higher in relation with the diameter on 

densities that contemplate larger number of individuals 

per area unit, that is, in conditions of competition for light 

and nutrients, the trees have a favored longitudinal 

growth. In general, the results of commercial surveys and 

plantations have shown that the diameter is a highly 

responsive characteristic of spacing, while the effects on 

height had controversial results. There are cases in which 

the average height of the plants increases when the 

spacing is bigger, and in other cases, the result is the 

opposite (Botelho, 1998), as those influences are 

dependent of each species’ characteristics and can be 

either positive or negative with the raise or shortening of 

spacing (Benin et al., 2014). 

The individual total volume of the trees (VT) did not 

have a significant difference between the treatments 

evaluated with an average value of 0.2633 m3. The 

obtained results differ from the reports observed in 

different studies in which the larger individual volume 

occurs in the wide spacing. In the larger spacing, the best 

individual yield in volume is obtained, meaning that in 

larger arrangements, the plant has a better growth in 

relation to the smaller plant spacing due to the greater 

availability of medium resources. This tendency is 

justified by the greater competition between trees in the 

smaller spacing due to a greater occupation of the area 

(Martins et al., 2009; Silveira et al., 2014). 

The difference in volumetric production from one 

spacing to another is only dependent on the time required 

to obtain the full occupancy of the site, with a tendency 

of a similar maximal yield per unit area for all stocking 

density (Soares et al., 2018). 

Only clones effects for wood density (d) was 

observed with clones 3335 and 3487 having the highest 

average values of 0.46 g/cm3 and 0.41 g/cm3, 

respectively. Wood density can vary between species, 

trees and even within the same tree (Henry et al. 2010; 

Sotelo Montes et al., 2012). The natural variation of 

wood density between species is caused by the amount of 

woody matter per unit volume or the amount of voids in 

it (Monteoliva et al., 2015) results in a wide range of 

wood densities within the genus (Barotto et al., 2017). 

Regarding the spacing, the results obtained 

corroborate with those obtained by Sereghetti et al. 

(2015) and Benin et al. (2017), who stated that the basic 

density is not affected by the spacing. 

 

 

Table 1 - Summary of the analysis of variance for diameter at breast height (dbh), total height (HT), total volume (VT), basic wood 

density (db), stem biomass (BS), leaf and branches biomass (BLB) and total biomass (BT) for three eucalyptus clones implanted at two 

different spacing in Jataí-GO. 

Sources of Variation Degrees of Freedom Average Squares 

dbh HT VT db BS BLB BT 

Blocks 2 0.20 2.14 3.04 38.65 3.01 3.48 18.02 

Spacing 1 15.31ns 10.50* 174.04ns 0.30ns 29.47ns 34.09ns 176.46ns 

Error a 2 3.09 0.17 42.25 23.71 12.47 14.43 74.67 

Clones 2 1.96ns 1.38ns 6.73ns 126.95* 3.50* 4.05* 20.96* 

Clones x Spacing 2 5.95ns 1.03ns 67.49ns 1.23ns 9.28ns 10.74ns 55.57ns 

Error b 8 5.20 2.44 66.45 19.42 8.75 10.12 52.39 

Coefficient of Variation (%) 10,7 1,7 24,6 11,5 32,7 31,5 30,8 

Coefficient of Variation (%) 13,9 6,1 30,9 10,8 27,4 26,7 28,9 
* significant with P ≤ 0.05 ns = not significant with P ≤ 0.05. 
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Table 2 - Mean values for diameter at breast height (dbh), total height (HT), total volume (VT), basic wood density (d), stem biomass 

(BS), leaf and branch biomass (BLB) and total biomass (BT) for three eucalyptus clones implanted at two different spacing in Jataí-GO*. 

Factor dbh (cm) HT (m) VT (m3/tree) db (g/cm3) BS (Kg/m3) BLB (Kg/m3) BT (Kg/m3) 

3 m x 2 m 15.4 a 24.7 b 0.2322 a 0.41 a 95.1 a 12.4 a 107.5 a 
3 m x 3 m 17.3 a 26.3 a 0.2944 a 0.41 a 120.6 a 13.3 a 133.9 a 

3335 15.7 a 26.0 a 0.2515 a 0.46 a 115.2 a 17.7 a 132.5 a 
3336 16.6 a 25.1 a 0.2721 a 0.37 b 99.9 b 14.5 b 114.4 b 
3487 16.8 a 25.4 a 0.2661 a 0.41 a b 108.5 a 17.6 a 126.1 a 

* Means with same letter in each column do not differ statistically (Tukey, P ≤ 0.05). 

 

The stem, branches and leaves and total biomass were 

influenced only by the evaluated clones. The results 

obtained in this study for stem biomass coincide with 

those found by Berger et al. (2002) who, evaluating the 

quality of the wood of a clone of E. saligna under the 

effect of spacing and fertilization, the biomass was not 

influenced by space vital. Ribeiro et al. (2017) observed 

that the biomass production per unit area decreased with 

the increase in plant spacing.  

According to Müller et al. (2005), over time, the 

amount of biomass stored in a given forest site tends to 

equalize at different planting spacing. Therefore, it is 

necessary to know the dynamics of biomass production 

from the initial stages of growth to define planting 

densities and to select the most suitable genetic material 

for timber production. 

The stem, leaves and branches and total biomass was 

superior for clones 3335 and 3487. Alves et al. (2007) 

evaluating the biomass production in leaf leaves and stem 

of 7 hybrids Eucalyptus in Pernambuco verified 

differences between treatments. Bernardo et al. (1998) 

observed that the stem and total aboveground biomass 

per tree increased with spacing. Authors also the 

response of total stand stem biomass to planting density 

differed among the clones. 

The spacings only influenced the total height with 

greater height for spacing 3 m x 3 m. Clones 3335 and 

3487 presented higher values for basic wood density, 

stem biomass, leaf and branch biomass and total biomass. 

There were no significant interactions for any of the 

evaluated characteristics. 
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