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Abstract

\

Wood quality is affected by several factors intrinsic to the tree and its growth and external and genetic factors that
contribute to unwanted changes that compromise its use in the industry. Pinus taeda is the most widely planted
species in southern Brazil, with a planted area of over 1.5 million hectares, and is of fundamental importance to the
construction, furniture manufacturing and pulp and paper industries. The objective of this study was to evaluate
the influence that the management techniques and the origin of the seeds used in seedling production have on the
occurrence of compression wood and its consequences on wood quality. We analyzed 18 year old Pinus taeda trees
from two different origins, which received silvicultural and non - silvicultural treatments. The trees were evaluated
for their chemical, physical and mechanical properties. The evaluation of the physical properties of the samples
was performed by characterizing the basic specific mass, the chemical properties used in the characterization
were, inorganic material content, ethanol / toluene extractives, sodium hydroxide (NaOH) and total extractives,
insoluble lignin contente and holocellulose, in turn the mechanical properties were measured through the modulus
of rupture and elasticity of the samples to the tests of static flexion and parallel compression to the fibers. The main
results of this study were that the presence of compression wood was found only in trees from South Africa and
were submitted to management techniques, that the application of management techniques can not be considered
as the only causative fator compression wood, which the occurrence of compression wood significantly affected
several properties of Pinus taeda wood, among them the basic specific mass, the indices of the sodium hydroxide
extractives, the ash content, the insoluble lignin and the holocellulose as well as reduced the modulus of elasticity
of the wood in the static bending test. The Brazilian plantations of Pinus taeda are mostly formed by the South
Africa origin, and it was only observed in this origin the occurrence of compression wood, which may cause
significant losses to the Brazilian Pinus production chain.

\_ J
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INTRODUCTION

As a tree grows, it increases the exposure of the trunk to mechanical stresses. The most common efforts are those caused by
the tree's own growth and the incidence of natural factors. In the case of external stresses, the trees respond to these mechanical
loads by changing their composition, modifying their physical and chemical structure to compensate for the unfavourable situation
(KIM et al., 2016). To this wood, formed with distinct characteristics of the wood usually produced by the tree, is given the name
of wood of reaction.

Compression wood, defined as the reaction wood that occurs in Gymnosperms, is one of the main defects that affect the
quality of the wood, due to the uneven growth of the trees. At research on this topic, today is rare, especially in the field of
understanding how compression wood is formed.

Tomazello and Silva (1987) reported as the main known causes of compression wood formation: (i) the growth characteristics
of the species, related to their genotype, such as tortuosity of the trunk, formation of the crown, branches, among others; (ii)
training techniques and forest management, such as seedling quality, spacing, thinning and deforestation; (iii) the incidence of
external agents, mainly winds, acting on one side of the trunk or tree; (iv) stimulation of exchange rate activity by growth
hormones, such as auxin, on the trunk face opposite the slope.
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In the 1980s, Timell (1986) reported that the alterations presented by compression wood occur in anatomical, chemical and
physical properties. Changes in these properties affect the quality of the wood, influencing the final use, whether in laminated
form, unfolded or as a source of cellulose and paper.

Within the group of gimonosperms, the economic importance that the genus Pinus has for the southern region of the country
is expressive, and more than 60% of the planted forest areas in this region of Brazil are composed of species of this genus, being
Pinus taeda the most relevant (IBA, 2017). According to the same author, Pinus taeda forests cover an additional 1.5 million
hectares in the states of Santa Catarina, Parand and Rio Grande do Sul, is fundamental for the production chain of civil
construction, lumber and the production of pulp and paper.

Although the production of Pinus taeda wood has been going on for several years without major problems, in recent years
companies have reported various abnormalities in wood quality. These range from changes in the colouring of the parts to the
locking of some logs in the de-bending equipment, in addition to high defect rates in the drying process. These occurrences
coincide with the presence of compression wood in the trees and parts.

The most relevant fact is that the trees that present the wood of compression are not in conditions related to the known causes,
that favors the formation of this wood. Considering previous researches and company reports, it is necessary to study and evaluate
the aspects that can lead to the formation of compression wood in the region of study.

The objective of this work was to analyze the influence of management techniques and origin on the occurrence of
compression wood in Pinus taeda trees and their consequences on wood quality.

2. MATERIALS AND METHODS

Twenty individuals of Pinus taeda, 18 years old, were selected in two plantations in the state of Santa Catarina, located in the
municipalities of Ponte Alta do Norte and Santa Cecilia, in the southern latitudes of 26° and 27° respectively, and west longitude
of 50°. The selection of these two areas was made based on the report of occurrence of the wood of compression by forest
companies of the region. The stands of both studied areas had the same number of trees per hectare and even line spacing, 2,50 x
2,50m. Another criterion for the selection of areas was based on the similarity of environmental and climatic conditions.

In the sampled trees, the total height silvicultural and chest height circumference (CAP) data, presented in table 1, were
obtained. Six discs were extracted at six heights along the shaft, 0%, CAP, 25%, 50%, 75% and 100% of the commercial height
and also a board that was obtained between the disks of the CAP and the height of 25%.

Table 1: Average cap and height values of sampled trees.

Treatment CAP (cm) Height (m)
T1 83,7 a(9,70) 14,3 a (5,59)
T2 103,56 b (6,37) 13,4 a (6,08)
T3 90,54 ab (2,69) 14,24 a (3,96)
T4 92 ab (11,67) 13,62 a (8,05)

The mean values followed by the same letter and in the same column do not differ statistically. Values in parentheses refer to the
coefficient of variation between samples.

A completely randomized experimental design consisted of four treatments, with 5 individuals (trees) collected per treatment.
The treatments are described in Table 2.

Table 2: Description of the treatments collected

Description Treatments
T1 T2 T3 T4
Provenance South Africa | South Africa | South Africa | Geobrgia
Silvicultural treatments pruned pruned not pruned pruned
Management thinned thinned untrimmed thinned
Compression wood Ausente Presente Ausente Ausente

Treatment 1 (T1) consisted of trees that did not have external and internal characteristics that indicated the presence of
compressive wood, such as eccentricity of the crown, asymmetric shaft, sharp conicity and dark coloration of wood. This
treatment had, therefore, trees with normal wood, without the presence of wood of compression.

Treatment 2 (T2) had the same origin of the seeds and the same silvicultural treatments and management of the treatment 1.
However, both the external characteristics of the tree and the coloring of the wood after the clearing of the individuals indicated
the presence of compression wood .

Treatment 3 (T3) had the same origin as the previous treatments, but the trees were collected in a plantation where the
silvicultural and management treatments used in the previous treatments were not applied.

Finally, treatment 4 (T4) had the same management and silvicultural treatments as treatments 1 and 2, but with a different
origin from the previous ones.

The selection of provenances studied in this work was carried out according to the improvement program applied to the
stands of the region, which identified that for the production of high quality logs in the region, seeds from South Africa and
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Georgia are the most indicated, The treatments T1, T2 and T3 were then produced with seeds from South Africa and T4 with
seeds from Gerogy (USA).

For the evaluation of the management techniques, T1, T2 and T4 samples were submitted to pruning and thinning, but the T3
sample did not undergo any of the techniques mentioned above.

Table 3 presents the tests carried out to determine if the seed origin or the management techniques influence the occurrence of
the wood compression and what the consequences on the quality of the wood.

Statistical analysis

The data resulting from these evaluations were grouped by the mean values obtained in the tests described above. The data
resulting from these evaluations were grouped by the mean values obtained. Statistical analysis was performed using
Statpraphics® software, version 16.1.11, by the ANOVA test with the Tukey test with 95% confidence.

Table 3: Response variables collected to evaluate the effects of the presence of compression wood on Pinus taeda wood.

Test Standard
Physical Analysis Basic specifc mass COPANT 461 - Determinacion Del peso especifico aparente
Mechanical AnalySiSCompression parallel to fibersf COPANT 464 - Metodo de determinacion de la compresion parallel al grano
Static bending COPANT 555 - Metodo de ensayo de flexion estatica
Insoluble lignin NBR 7989 - Determinacéo da lignina insolivel em &cido.
Extratives in NaOH NBR 7990 - Determinacdo do material solivel em hidroxido de sodio a 1%
Chemical Analysis Ash Content NBR 13999 - Determinagéo do Material Inorgénico.
Extracts in Ethanol-Toluene NBR 14853 - Determinagéo d_o material sollvel em etanol:tolueno e em
diclorometano.

The plank collected in the sampled trees was used to obtain the specimens used to determine the physical and mechanical
properties of all treatments.

The determination of the chemical properties of treatments 1 and 2 were performed from the discs collected in the DAP of the
trees of these treatments. The objective of establishing the chemical properties of these treatments alone was to confirm if the
visual differences used in the selection of these individuals would confirm the presence of the compression wood in the treatment
2.

3. RESULTS

The mean values of the chemical analyzes are presented in Table 4.

Table 4: Structural chemical composition of Pinus taeda wood with and without the presence of compressive wood

Treatment T1 T2
Mat. inorganic (%) 0,26 a (10,02) 0,33 b (6,20)
NaOH?! (%) 3,71 a(10,84) 11,34 b (7,16)
Ethanol-toluene (%) 2,31a(11,08) 2,33a(12,91)
total extractives (%) 3,70 a (0,89) 3,73a(3,21)
lignin (%) 26,94 a (0,91) 32,00 b (0,86)
Holocellulose? (%) 63,08 a (7,75) 50,26 b (8,44)

Averages followed by the same letter on the same line are statistically the same. tSolubility in 1% sodium hydroxide.
2Holocellulose determined by difference. The values in parentheses refer to the value of the coefficient of variation (%).

Regarding the inorganic materials (ash), it can be verified that the average values present statistical differences between the
treatments, being the value of T2 27% higher than T1. The value obtained for T1 is similar to that found by Trianoski (2012) and
Andrade (2006), who found average values of 0,28% and 0,26%, respectively.

Regarding the content of soluble components in sodium hydroxide, it can be stated that the sample T2 presented an average
value three times higher than that of T1.

According the ethanol-toluene and total extractives contents, both treatments had average values close to each other, and no
statistical difference was observed between them.

The difference in lignin content of T2 is 18% greater than that of T1, in holocellulose content this is opposite behavior, as T2
has 20% less compared to T1.

The mean values of specific mass for the treatments and for the six collection heights are presented in Table 5.

Table 5: Average specific mass values according to the collection height in the analyzed tranches
Basic specific mass (g/cm?3)

T1 T2 T3 T4

Top 0,333 a(6,95) 0,350 a (17,90) 0,327 a (7,87) 0,323 a(3,62)

75% 0,316 ab (3,82) | 0,362 a(12,50) | 0,318 ab(7,61) | 0,308 b (4,78)

50% 0,336 ab (7,10) | 0,374 a(10,40) 0,321b(3,71) | 0,312 b (5,39)

Position
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25% 0,368 b (9,61) 0,425 a (7,05) 0,346 b (8,12) | 0,335b (4,91)
DAP 0,396 ab (4,70) | 0,436 a(10,23) 0,381 b (5,34) | 0,374 b (5,13)
Base 0,417 a (9,03) 0,440 a (9,96) 0,392 a (5,74) 0,381 a (7,15)
Average | 0,361 B (12,16) | 0,398 A (13,96) | 0,348 B (10,39) | 0,339 B (9,93)

The mean values obtained followed by the same letter and on the same line do not differ statistically from each other by the Tukey
test with 95% confidence. Values in parentheses refer to coefficient of variation between samples (%).

It is verified that in the base and at the top of the trees, the mean values obtained do not present significant statistical
differences. However, for the intermediate heights (DAP, 25%, 50% and 75%) T2 treatment had the highest mean values and
differed statistically from the others. The same behavior was observed when analyzing the general mean values. T2 presented
higher value and differed statistically among the others. It can be stated that the average specific mass of the treatments T1, T3
and T4 are statistically equal, and it can be inferred that the management techniques and the provenance do not influence this
variable for the mean values of specific mass.

The average results obtained for the modulus of rupture and for the modulus of elasticity from the static bending test are
shown in Table 6.

Table 6: Average results of resistance to static and dynamic flexion by treatment

Treatment | MOR (MPa) MOEdin. (MPa) MOE (MPa)
T1 57 a (21,06) 6633,66 a(37,45) 5504,38 a (39,99)
T2 57 a (23,10) 5170,1 b (28,96) 4279,14 b (27,30)
T3 49 b (25,92) 5563,20 b (26,51) 4593,10 ab (29,95)
T4 50 b (25,56) 5405,08 b (31,67) 4732,72 a (32,69)

MOR: modulus of rupture; MOEdin: Modulus of Dynamic Elasticity; MOE: modulus of elasticity. Means followed by the same
letter in the same column are statistically the same by the Tukey test at 95% probability. Values in parentheses refer to the
coefficient of variation between samples.

According to the results described, it can be verified that the highest mean value for the modulus of rupture was obtained for
T1 and T2, where these similar treatments were different from the others. The elasticity modulus showed that T1 had the highest
mean value among treatments, differing statistically from T2, T3 and T4.

For the MOR only the pruning and the non-pruning and roughing affected the quality of the wood, but the presence of the
wood of compression does not seem to have had influence in the observed variations.

For the MOEdin., The origin of South Africa with normal wood had the best performance, and the presence of the
compression wood affected the quality of the wood.

For the MOE, the presence of the compressive wood reduced the observed values, making this treatment similar in
performance to the material that was not subjected to pruning and slabs.

The results obtained from the parallel compression test in the samples can be visualized in table 7.

Table 7: Average values of resistance to compression parallel the fibers obtained in the different treatments

Treatment MOR (MPa) MOE (MPa)
Tl 29 a (10,21) 7618,14 a (13,45)
T2 26 ab (15,08) 6875,73 ab (10,26)
T3 24 ab (12,10) 6527,73 a (15,18)
T4 24 b (13,61) 6297,74 b (12,12)

MOR: modulus of rupture; MOE: modulus of elasticity.
Means followed by the same letter in the same column are statistically the same by the Tukey test at 95% probability. Values in
parentheses refer to the coefficient of variation between samples.

The highest average value for the modulus of rupture in parallel compression was obtained for T1, and the presence of the
compressive wood and the lack of pruning and thinning did not influence the quality of the wood, but the origin did. For T2,
although it has the largest specific mass among the treatments, this did not represent significant gains in the resistance, due to the
fact that it is a compression wood. For the MOE, the provenance South Africa with normal timber performed best. Since the
presence of wood compression and non - pruning and management reduced the value of resistance, making these treatments
similar to the individuals from the "Georgia" origin.

Considering the results of resistance to parallel compression, The highest average value was obtained for T1, and the presence
of compression wood and lack of pruning and thinning did not influence the quality of the wood, but the origin did. For T2,
although it has the highest specific mass between treatments, this did not represent significant gains in strength due to the fact that
it is a compression wood.

4. DISCUSSIONS

In organic terms, wood is a material formed by a chemical complex of cellulose, hemicellulose, lignin and extractives, which
are related to its properties. The distribution of these components is very varied, their concentration changes according to the
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species, silvicultural treatments and growth conditions (SEVERO; CALANSEGO, SANSIGOLO, 2006), due to this, Klock
(2005) states that it is of fundamental importance the understanding of these chemical componentes.

According to Fengel and Wegener (1989), the minerals that form the ashes are incorporated into the trees throughout the
production period. Application of the latest components in applications is application limit and shortens the life of cutting
machines. Despite the statistical difference, the values are considered according to the researched literature.

Sodium hydroxide-soluble components indicate the degree of decomposition that wood has undergone by agents such as
fungi, light, heat and oxidation. Considering the results presented in the literature by Mendes (2001) and Trianoski (2012) of
12,98% and 9,31%, these values are similar to the average value obtained for T2. For this property, the values obtained for the
compression wood were closer to those obtained for the wood considered in the study as normal.

It is known that extractives are components that are not part of the chemical structure of the cell wall and are responsible for
characteristics such as color, smell, natural resistance to rot, taste and even abrasive properties, possessing a great variety of
possible components. These minor components have a content of 3% to 5% in conifers (Klock, 2005). Based on the above, it can
be stated that the treatments do not have significant differences in these components, and that the visual changes caused in T2 are
due to changes in the cell wall and / or the middle lamella.

Regarding the major components, holocellulose and lignin, it can be observed that these variables are the ones that present the
most significant differences between the treatments. The term holocellulose is applied to be called cellulose, together with the
other polysaccharides of wood. The determination of this variable is done by totally removing the lignin and extractives from the
sample. Lignin corresponds to the third most abundant component of wood; the amorphous substance located on the middle
lamella, as well as on the secondary wall, with the function of stiffening the cell walls (FENGEL; WEGENER, 1989) (KLOCK et
al., 2005). Considering the results presented in the literature, Mendes (2001) obtained lignin contents of 27,23%, Bortoletto Junior
(1999) found lignin values of 28,76% and holocellulose values between 70,70% and 72,73%. On the other hand, Trianoski (2012),
conducting a study in conditions similar to this one, obtained lignin content of 29,34% and holocellulose of 63,03%. The results
between these researches can be considered compatible with each other, although these values are similar among the values
obtained in this work, it is of fundamental importance to point out the difference between the treatments.

The obtained values confirm that the wood of T2 is in fact, wood of compression, this is also evidenced by data of literature.
Timell (1986) observed similar behavior in trees of the same genus, where the cellulose content was 20% lower in the
compression wood when compared to "normal™ wood. The lignin content was 38% higher, while the extractive values had close
values, 2,75% for the compression wood and 2,45% for the normal wood. Kwon et al. (2001) and Yamashita et al. (2009) stated
that the lignin content is significantly higher than in normal wood and that the visual change observed in the compression wood
can be attributed in part to this increase in the amount of lignin.

Among the parameters used to determine wood quality, specific mass is highly relevant as it is closely linked to economic and
technological characteristics. Castelo (2007) mentioned dimensional change, mechanical strength of parts, production and quality
of pulp and coal, as well as operating costs related to the transportation and storage of Wood as some points where specific mass
directly affects the process and to products. Therefore, it is considered by industries as one of the most important properties, as it
is easy to measure and is related to various process and final product characteristics. Thus, it can be stated that the average specific
mass of treatments T1, T3 and T4 are statistically equal, and it can be inferred that management techniques and origin do not
influence this variable for the average values of specific mass.

The results obtained for the specific mass of the different treatments presented values below those described by Trianoski et
al. (2013) in a study of Pinus taeda and similar age studied in this study, where the observed value was 0,467 g/cm3. Santini et al.
(2000), Melchiorretto and Eleoterio (2003) measured average values of specific mass with a great similarity with this work, with a
value of 0,410 g/cm3 and 0,370 g/cm3, respectively. Due to the constitution of each tree, species and individuals have their own
specific masses, this parameter being the result of the physiological process of plants and the complex combination of chemical
elements (CASTELO, 2007). This explains why T2 has higher average values of specific mass. The chemical constitution of this
treatment is different from the others, the higher concentration of lignin and less evidence of holocellulose, because this treatment
has a higher specific mass than the others.

Regarding the static flexion test, compared to the values described by other researches with the same species, it is observed
that Santini et al. (2000) evaluating 13-year-old trees found values of 54,5 MPa and 5840,90 MPa for MOR and MOE,
respectively, values below those described for T1 and above the others. The same goes for the values described by Melchiorretto
and Eleoterio (2003) who obtained 49 MPa for MOR and 6329,60 for MOE in a study with 25-year-olds. Trianoski et al. (2014) in
trees of the same age determined for MOR, 64 MPa and MOE 8234 MPa. According to Ferrante (2002), this variable is an
intrinsic property of the material and depends on the stiffness of atomic bonds, as well as the density of bonds, in practical terms,
the modulus of elasticity demonstrates the stiffness of wood. Matos (1997) stated that some materials have considerable reserves
between the resistance between the elastic limit and the maximum resistance, if this occurred with T2.

In the parallel fiber compression test the values found in the literature were similar to those obtained in this paper, for
example, Santini et al. (2000) obtained for the rupture modulus 28,54 MPa and elasticity modulus of 8591,20 MPa for 13-year-old
plantings; Trianoski et al. (2014) established a rupture modulus of 37 MPa and a modulus of elasticity of 12,432 MPa. These
results are superior to those described in this paper. Brand et al. (2004) and Figueroa and Moraes (2016), defined rupture modulus
of 26,7 MPa and 24 MPa respectively.

5. CONCLUSIONS
e The management techniques and provenances studied have an impact on wood quality and the relationship with the
occurrence of compression wood.
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e  Compression wood was observed only in South African trees.

e The occurrence of compression wood increased the specific mass indexes, extractives of HaOH, lignin and holocellulose.

o The mechanical properties of Pinus taeda wood were negatively affected in the static bending test and positively in the
parallel fiber compression test.

e The occurrence of compression wood directly affected the quality of Pinus taeda wood.

6. LIMITATIONS AND RECOMMENDATIONS

e Evaluate the technological and financial impacts of this problem in the productive chain.
e Determine the occurrence rate of compression wood in plantations.
o Intensify research on compression wood, as there are few Brazilian references on the subject.
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