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 This study aimed to evaluate the effect of spacing on the shape of the stem of Pinus 

taeda L. at nine years old. The experiment with 9 different spacings covering areas 1 to 
16 m² was installed in the country of Irati, Paraná. The data from the nine treatments 

were grouped into nine classes of diameter. The volume was obtained by the method of 

Smalian, using nine trees to represent each treatment by diameter classes, totaling 81 
trees. The form factor was calculated to express the form of stems and completely 

randomized design was used to verify the influence of spacing on the shape of the 

trunk. It was observed in the denser spacing that form factor tends to be larger, ie, they 
have more cylindrical trunks compared to less dense spacing. The maximum value was 

found in the spacing of 1 m² (0,645) and the lowest one in the spacing 10,5 m² (0,397), 

corresponded to a difference of 38,54%. The spacing around 7,5 m² per tree seemed 
appropriate to reduce the effect of spacing of the trunk form of Pinus taeda L. 

 

 

 

INTRODUCTION 

 

 The genus Pinus along with the genus Eucalyptus are the two most common genera planted in Brazil. These 

plantations are intended to provide raw material to meet the needs of the domestic and international markets, but 

mainly domestic market. 

 Dossa (2005) mentioned that the loblolly pine is the most widely planted species in southern Brazil due to 

its edaphoclimatic adaptations in the region. Given its rapid growth and good quality wood, it is used in several 

industries, generating a plurality of product, in addition to withstand extreme cold temperatures, characteristic of 

southern Brazil. 

 The volume is one of the most important forms of information to the knowledge of forest potential, wherein 

the individual volume provides a starting point for evaluating the content of woody forest stands (MACHADO 

et al., 2005). Many tools have been developed over the years to estimate this variable, including: form factors, 

form quotients, volume equations, ratio of equations and taper functions. 

 Schneider e Schneider (2008) claim that the determination of the form factor is an important practice when 

you want to estimate the tree volume. Many authors have been using this tool, including, De Cesaro et al. 

(1994), Macedo et al. (2005), Flach (2007), Vilas Bôas et al. (2009), etc. 
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 The form factor can be considered one of the most common and oldest ways to estimate the individual tree 

volume. It is also important to understand that conicity effect the degree of utilization of the wood mainly for 

sawmill and veneer uses. 

 As the form factor become closer to 1, more cylindrical is the tree trunk. Factors equal to 1 are not obtained, 

since this would imply that the tree shape would be a perfect cylinder (FINGER, 2006).  

Figueiredo Filho (1991) stated that the quality of the site affects the form of the shaft, where in low-capacity 

sites, trees typically have larger taper or undesirable forms, in addition to growth changes in diameter of the 

shaft, and productive sites. Growth is more concentrated in the tree canopy, whereas in poor sites, the growth 

tends to be uniformly distributed. 

 Finger (2006) mentioned that the factor of artificial form can be obtained by dividing the real volume of the 

tree (full or partial), taken in relation to the volume of a cylinder whose height and diameter at breast height 

(DBH) are equal to the considered tree.  

 This research aimed to evaluate the effect of spacing on the trunk of Pinus taeda L. trees, in the South 

Central region of Paraná. 

 

MATERIAL AND METHODS 

 

 The experiment was installed on the campus of the Universidade Estadual do Centro-Oeste (UNICENTRO) 

in the municipality of Irati, State of Parana, Brazil. The experimental design for installation was randomized 

blocks, with nine treatments and five repetitions. The spacing used contemplated useful areas of 1,0 x 1,0 m; 2,0 

x 1,0 m; 2,0 x 2,0 m; 3,0 x 2,5 m; 3,0 x 3,0 m; 3,5 x 3,0 m; 4,0 x 3,0 m; 4,0 x 3,5 m and 4,0 x 4,0 m. Figure 1 

shows how the treatments are arranged in the area. 

 
Block 1 3,0 x 3,5 3,0 x 3,0 1,0 x 1,0 4,0 x 3,0 4,0 x 3,5 2,0 x 1,0 3,0 x 2,5 4,0 x 4,0 2,0 x 2,0 

Block 2 4,0 x 3,5 3,0 x 2,5 4,0 x 3,0 4,0 x 4,0 3,0 x 3,5 1,0 x 1,0 2,0 x 2,0 2,0 x 1,0 3,0 x 3,0 

Block 3 3,0 x 2,5 4,0 x 3,0 3,0 x 3,5 1,0 x 1,0 3,0 x 3,0 4,0 x 3,5 2,0 x 2,0 2,0 x 1,0 4,0 x 4,0 

Block 4 3,0 x 2,5 4,0 x 4,0 3,0 x 3,0 2,0 x 2,0 3,0 x 3,5 4,0 x 3,5 2,0 x 1,0 1,0 x 1,0 4,0 x 3,0 

Block 5 2,0 x 2,0 1,0 x 1,0 2,0 x 1,0 3,0 x 3,0 4,0 x 3,5 3,0 x 2,5 3,0 x 3,5 4,0 x 3,0 4,0 x 4,0 

 

Fig. 1: Distribution of treatments (m x m) in the experimental area. 

 

 The size of each treatment varies due to the number of trees, following a logic of living space. Higher 

densities have more trees. The blocks are equidistant 28 meters parallel. Table 1 shows the vital areas, the 

number of trees per treatment and the number of trees per hectare in the implementation of the experiment. 

 
Table 1: Treatments, living space, number of trees per treatment and number of trees per hectare. 

Treatments (m x m) Living Space (m²) Nº. of trees/Treatments Trees/ha 

1 x 1,0 1,0 200 10000 

2 x 1,0 2,0 104 5000 

2 x 2,0 4,0 104 2500 

3 x 2,5 7,5 72 1333 

3 x 3,0 9,0 72 1111 

3 x 3,5 10,5 72 952 

4 x 3,0 12,0 56 833 

4 x 3,5 14,0 56 714 

4 x 4,0 16,0 56 625 

 

 First an inventory was compiled by treatment, measuring 25 trees from the center of each treatment to avoid 

the edge effect. From the data obtained from 25 central trees of each treatment, we chose to classify in diameter 

classes per spacing and we used the Sturges equation to determine the number of classes: 

(1)                         
 k = Number of Classes; n = Number of trees per treatment; log = Logarithm of decimal base. 

 Data was collected in June and July 2012 (population of 9 year olds), choosing a tree by each diameter class 

(9 classes for each treatment - Table 2) from the diameter distribution, specific to each treatment. It was 

considered data collection regardless of the blocks, using completely randomized design (CRD). This decision 

was also grounded in analyzes by LIMA (2010). He found no statistical differences between the blocks and 

therefore the experiment can be considered as a CRD. 
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Table 2: Specific diameter classes for each treatment established for the collection of a tree in each class.  

Treatments Diameter classes (cm) 

(m x m) 1 2 3 4 5 6 7 8 9 

1 x 1,0 (1 m²) 3,0 - 4,9 5,0 - 6,9 7,0 - 8,9 9,0 - 10,9 11,0 - 12,9 13,0 - 14,9 15,0 - 16,9 17,0 - 18,9 19,0 - 20,9 

2 x 1,0 (2 m²) 5,0 - 6,9 7,0 - 8,9 9,0 - 10,9 11,0 - 12,9 13,0 - 14,9 15,0 - 16,9 17,0 - 18,9 19,0 - 20,9 21,0 - 22,9 

2 x 2,0 (4 m²) 6,0 - 7,9 8,0 - 9,9 10,0 - 11,9 12,0 - 13,9 14,0 - 15,9 16,0 - 17,9 18,0 - 19,9 20,0 - 21,9 22,0 - 23,9 

3 x 2,5 (7,5 m²) 10,0 - 11,9 12,0 - 13,9 14,0 - 15,9 16,0 - 17,9 18,0 - 19,9 20,0 - 21,9 22,0 - 23,9 24,0 - 25,9 26,0 - 27,9 

3 x 3,0 (9 m²) 9,0 - 11,9 12,0 - 14,9 15,0 - 17,9 18,0 - 20,9 21,0 - 23,9 24,0 - 26,9 27,0 - 29,9 30,0 - 32,9 33,0 - 35,9 

3 x 3,5 (10,5 m²) 10,0 - 12,9 13,0 - 15,9 16,0 - 18,9 19,0 - 21,9 22,0 - 24,9 25,0 - 27,9 28,0 - 30,9 31,0 - 33,9 34,0 - 36,9 

4 x 3,0 (12 m²) 14,0 - 15,9 16,0 - 17,9 18,0 - 19,9 20,0 - 21,9 22,0 - 23,9 24,0 - 25,9 26,0 - 27,9 28,0 - 29,9 30,0 - 31,9 

4 x 3,5 (14 m²) 15,0 - 16,9 17,0 - 18,9 19,0 - 20,9 21,0 - 22,9 23,0 - 24,9 25,0 - 26,9 27,0 - 28,9 29,0 - 30,9 31,0 - 32,9 

4 x 4,0 (16 m²) 15,0 - 16,9 17,0 - 18,9 19,0 - 20,9 21,0 - 22,9 23,0 - 24,9 25,0 - 26,9 27,0 - 28,9 29,0 - 30,9 31,0 - 32,9 

 

 Altogether 81 trees were felled down, and then cubed. Diameters werw measured at the absolut heights 0,1 

m and 1.3 m from deground and at the relative heights of 15%, 25%, 35%, 45%, 55%, 65%, 75%, 85%, 95% of 

the total height. Volumes were calculated by the Smalian equation. 

 Artificial form factor for each tree, was obtained by dividing the total volume outside bark in relation to the 

volume of a cylinder based on the DBH cross sectional area and total height. 

      = 
        

        
 

 Wherein:      = Artificial form factor /         : volume obtained – by the Smalian method (m³) /         : 

Cylinder volume based on the total height and cross sectional area at DBH. 

 After obtaining the artificial form factor (     ) of each tree, it was estimated the average form factor for 

treatment (living space). Curves were constructed to illustrate the influence of density on the shape of the trees 

(living space x      ). 

 Bartlett's test was used to verify the homogeneity of variance of the data at 1% of significance level. After 

the Bartlett's test, we then applied the analysis of variance (ANOVA) which was used to evaluate the effect of 

spacing on the form factor at 9 years old. When the ANOVA F test was significant, we applied the Duncan test, 

also at the 1% level of significance to check for differences between the means of treatments. 

 

RESULTS AND DISCUSSION 

 

 Table 3 presents the form factor values for each treatment and its nine repetitions. The maximum value was 

found in the living space of 1 m² (0,645) and the lowest in living space 10,5 m² (0,397), corresponded to a 

difference of 38,54% between these amplitudes. 

 
Table 3: Artificial form factor at nine years of age for each repetition and treatment (spacing). 

Treatment Replays 

(m x m) 1 2 3 4 5 6 7 8 9 

1 x 1,0 (1 m²) 0,492 0,544 0,507 0,479 0,645 0,646 0,587 0,478 0,495 

2 x 1,0 (2 m²) 0,570 0,465 0,507 0,462 0,563 0,488 0,505 0,571 0,424 

2 x 2,0 (4 m²) 0,497 0,538 0,428 0,543 0,477 0,528 0,513 0,519 0,508 

3 x 2,5 (7,5 m²) 0,448 0,450 0,473 0,423 0,556 0,524 0,528 0,507 0,445 

3 x 3,0 (9 m²) 0,454 0,427 0,442 0,471 0,455 0,449 0,498 0,469 0,508 

3 x 3,5 (10,5 m²) 0,404 0,397 0,449 0,475 0,425 0,468 0,425 0,488 0,473 

4 x 3,0 (12 m²) 0,444 0,479 0,437 0,526 0,488 0,446 0,422 0,400 0,416 

4 x 3,5 (14 m²) 0,430 0,461 0,458 0,453 0,479 0,469 0,483 0,532 0,458 

4 x 4,0 (16 m²) 0,428 0,509 0,494 0,426 0,418 0,465 0,449 0,484 0,441 

 

 From the Bartlett test, there was not rejected of H0 for the form factor data at the level of α = 0.01, where 

this way could be subjected to analysis of variance (ANOVA). The F test in Table 4 indicates statistically 

significant differences between treatments (p <0.01). 

 
Table 4: Analysis of variance (ANOVA) for the completely randomized design (CRD). 

Variation source GL SQ QM F 

Treatments 8 0,07296 0,00912 5,1058 ** 

Residue 72 0,12861 0,00179 
 

Total 80 0,20158 
  

** significant at 1% probability (p <= 0,01) 

 

 From the ANOVA results, the living space significantly influences the trunk form. The Duncan test (p <= 

0,01) was then applied to the average form factors in different spacing at nine years of age (Table 5). 
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Table 5: Artificial Form Factors average of Pinus taeda L. by each spacing and the results of the Duncan test. 

Treatments 
Form Factor 

(m x m) 

1 x 1 (1 m²) 0,541 a 

2 x 1 (2 m²) 0,506 ab 

2 x 2 (4 m²) 0,505 ab 

3 x 2,5 (7,5 m²) 0,483 bc 

3 x 3 (9 m²) 0,463 bc 

3 x 3,5 (10,5 m²) 0,444 c 

4 x 3 (12 m²) 0,450 c 

4 x 3,5 (14 m²) 0,469 bc 

4 x 4 (16 m²) 0,466 c 

CV% 8,800 
 

Means followed by the same letter are not statistically different from each other by Duncan test at 1% probability (p <0.01). 

  

 Ferreira et al. (1997) found similar results for Eucalyptus spp., and the form factor values decreased as the 

spacing increased, ie, more cylindrical trunk in a narrower spacing. 

 Van Laar (1978) cited by Balloni (1980) working with Pinus patula also found that the form factor 

decreased as the spacing increases. This change could mean an increase of almost 10% in real volume, 

highlighting the importance of evaluating such a feature in the study of vital space. 

 Figueiredo et al. (2005) conducted a study with estimates of the form factor in stands of Tectona grandis in 

the state of Acre, where the form factor presents a closer relationship to the cylindrical shape for younger trees, 

whereas for older individuals the conicity is higher. 

 The form factor has high importance in the final uses of the wood, where more tapered logs generate a 

smaller quantity of processed wood (sawn, veneers etc.) for any minimum diameter use in any country. This 

reflects a loss in the quantity of processed wood, consequently economic losses. 

 Spacings around 7,5 m² is a focal point in reducing the effects on the conicity of the trees. By using the 

Duncan test the form factor shows that living space differs only the average shape of the shaft in denser space (1 

m²).  

 To better visualize the fluctuation of trunk form at 9 years of age for each treatment, we used a column 

chart (Figure 2). There has been a decrease in the form factor as living space increases, supporting the theory 

that the more is cylindrical the trunk the smaller living spaces. 

 

 
 

Fig. 2: Average artificial form fator by each spacing at 9 years of age. 

 

 What was found was a variation of approximately 17% in form factor between the largest and smallest 

spacings. This means that at the age of nine years, less dense spacing trunks grow 54% of the cylinder volume, 

while larger spacings produce shaft with about 17% more tapering. 

 Nogueira (2008), studing the influence of initial spacing in Pinus taeda plataions regarding the shape of the 

trunk, found that higher initial living spaces result in higher conicity, while under high shaft, not applying 

thinning regime is in relation to smaller spacing. 

 

Conclusions: 

 The form factor at 9 years old indicated that higher initial densities result in more cylindrical stems up to 

17% when compared to lower densities. 

 Living spaces around 7,5 m² are adequate to reduce the effect of spacing on the form factor of Pinus taeda 

L. shaft. 
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