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ABSTRACT

The production of poles in Chile is done by choosing trees specially selected for that
purpose, however, the forestry that is massively applied is oriented to the
simultaneous production of pruned, sawn and pulpable logs. Silviculture for the
specific production of poles in Chile is a technically complex issue, not addressed to
date, whose description and analysis is what this review attempts to outline. The
technical requirements of poles in terms of size, stem shape, knots, nodal thickening,
straightness, spiral grain and resistance were analysed. These requirements were
related to the variables site, stand density, genotype, pruning, thinning and harvest
age. From the analysis of the variables it was concluded that a high-density forestry
is required with multinodal plants in sites of regular too bad quality, but that
generates high density wood with a low pruning and a selection thinning

Keywords: stem shape; knots; wood strength; silviculture.
RESUMEN

La produccion de postes en Chile se realiza escogiendo arboles especialmente
seleccionados para ese objetivo, sin embargo, la silvicultura que masivamente se
aplica estd orientada a la produccién simultanea de rollizos podados, aserrable y
pulpables. La silvicultura para la produccién especifica de postes en Chile es un tema
complejo técnicamente, no abordado hasta la fecha, cuya descripcion y analisis es lo
gue se intenta esbozar en esta revisién. Para ello, se analizaron los requerimientos
técnicos de los postes en cuanto a tamano, forma fustal, nudos, engrosamiento
nodal, rectitud, grano en espiral y resistencia, los que se relacionaron con las
variables sitio, densidad del rodal, genotipo, poda, raleo y edad de cosecha. Del
analisis de las variables se concluyd que se requiere una silvicultura de alta densidad
con plantas multinodales en sitios de regular a mala calidad, pero que genere madera
de alta densidad con una poda baja y un raleo de seleccion.
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Palabras clave: forma fustal; nudos; resistencia de la madera, silvicultura.

RESUMO

A producdo de postes no Chile é feita escolhendo arvores especialmente selecionadas
para o efeito; no entanto, a silvicultura aplicada macicamente é orientada para a
producdo simultdnea de toros podados, serrados e em pasta. A silvicultura para a
producdo especifica de postes no Chile é uma questdo tecnicamente complexa, ndo
abordada até a data, cuja descricdo e andlise é o que esta revisdo tenta delinear.
Para tal, foram analisados os requisitos técnicos dos postes em termos de dimensdo,
forma do eixo, nds, espessamento nodal, retilinidade, grdo em espiral e resisténcia,
gue estavam relacionados com as variaveis do local, densidade do povoamento,
genotipo, poda, desbaste e idade de colheita. Da analise das varidveis, concluiu-se
gue a silvicultura de alta densidade com plantas multinacionais é necessaria em locais
de qualidade regular a fraca, mas que gera madeira de alta densidade com baixa
poda e desbaste de selecdo.

Palavras-chave: Forma do caule; nds; Resisténcia da madeira; Silvicultura.

INTRODUCTION

The growing global awareness of the impact of climate change and the depredation
of natural resources, occurred in the last century, on the future development of
humanity opens up a challenge to the forestry sector to generate new wood products
to replace building materials, given energy and CO: balance is significantly higher
(Leskinen et al., 2018; Bosch et al., 2019; Tettey et al., 2019).

Sathre and O'Connor (2010) determined that for every ton of dry wood that is
replaced by non-wood products, an additional 3,9 equivalent tons of CO2z are emitted.
These authors point out that the use of wood is an important element in a long-term
strategy for climate change mitigation. The poles that were originally made of wood
and that were mostly replaced by reinforced concrete and metal, in light of the new
environmental paradigm, have a potential market both national and international,
(Francis and Norton, 2006; Lu and Hanandeh, 2016).

The production of poles and wooden crossties in Chile in 2015 reached 290 000 m3
with a share of 1 % of total consumption in pieces using almost exclusively Pinus
radiata D. Don (Pinus insigne). The production was concentrated in the regions of
O'Higgins (14,2 %), Maule (42,3 %) and Biobio (21,1 %), using mainly plants with a
capacity of more than 1000 m3 of production per year. That year, 97 plants
participated, four of them concentrating 82 % of the total production. The market for
these products was mainly domestic with only 36,470 m3 exported. The main uses
were for agriculture reaching 63,2 % and the rest, construction and electric pole. The
products marketed are characterized by having a wide variety of sizes in length,
diameter and processing, which can be cylindrical or natural with or without
preservatives.

The main characteristics of the poles are related to the load bearing properties, the
size of the logs and their sanitary condition. The major constraints are related to
product size, presence of knots and nodal thickening, straightness, spiral grain,
tapering and product maturity.
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Some standards that regulate the quality of poles are the NCh 2122 for Chile, the
NZS 3605 for construction, the NZS 3605 and NZS 3607 for fencing poles in New
Zealand (Carpenter, 1995). While in United States, the norm is ANSI 05.1 (Wang and
Bodig, 1990), which is the oldest and most widely recognized norm for the
classification of poles (Cerda and Wolfe, 2003). Although there is no single norm, all
use visual grades of logs that are directly linked to the physical and mechanical
properties of the wood.

Pinus radiata is classified as a perishable species. Under natural conditions and
exposed to the soil it is highly susceptible to fungal attack. The heartwood, which is
the most resistant section to biodeterioration, starts to form only after 12 to 14 years
and also deteriorates within the first five years (Chee et al., 1998), so it must be
impregnated as a basic condition for use as poles. The preservatives used for the
impregnation of the logs of P. radiata in Chile are controlled under the NCh819
standard and the certifying company is Fundacion Chile.

The supply of logs for this industry in Chile is mainly based on the purchase of raw
materials, with only 11 % being self-sufficient (INFOR, 2016, p. 2006-2015). The
supply of forest for the pole and wooden crossties industry comes from forests
managed for the production of unwindable, sawn and pulpable logs. If, on the other
hand, we consider the deficit in wood supply caused by the mega fire that occurred
in 2017 in the main raw material supply zone and the fact that in Chile no new
plantations or industrial investments are envisaged since the country has reached a
plateau in terms of the productive capacity of its forests or plantations, hence it can
be concluded that this industry should have its own plantations for its supply.

The technical management requirements for the production of poles of high size and
quality standards may in some cases be incompatible with intensive management
schemes (Cown and Hutchison, 1983). Until, 2019 the only study related to that was
done by Manley and Calderon (1982) with some basic ideas for the production of
poles in P. radiata in New Zealand. This paper analyse the main factors affecting the
quality of logs for pole production: density, site, genetics, pruning and thinning of P.
radiata plantations.

Therefore, here it is presented a review of the technical determinants to be
considered for the production of poles. This review describes the main characteristics
of the poles and how they are affected by the site and forestry, in order to make a
specific proposal for their production.

DEVELOPMENT
Roll size and taper

The most restrictive condition for producing large diameter (30 cm) and long (12 m)
poles is to achieve large size trees. If, for example, it is considered as a reference
value to produce a pole 11,5 meters long, with a minimum of 17,5 cm at the lower
end and a maximum of 30 cm at the upper end, the stand to be harvested should
have a geometric mean diameter of 27,1 cm and an average height of 29,8 m. These
values are reached from the age of 26 years in unmanaged plantations, and at 27
years in stands managed for pulp, in the dry interior of the Region of Libertador
Bernardo O'Higgins and the coastal zone of the Region of Maule. For the same stand
but with 6 m long pole, with a minimum diameter of 16 cm and a maximum diameter
of 22 cm, the ages drop to 18 years in both cases.
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The size of the tree is achieved by managing the planting density, applying
intermediate thinning and regulating the harvest age. For the same zone, the
management schemes used in Chile for the production of pruned, sawn and pulpable
trees consider two or three prunings, a thinning to waste and a commercial thinning,
with rotations that vary between 16 and 23 years for pulp and 20 to 27 years for
intensive management, planting densities of 1 250 trees per hectare and final harvest
between 700 and 400 trees per hectare, respectively (Fundacién Chile, 2005).

For pole production in New Zealand, Manley and Calderén (1982) tentatively
proposed a plantation of 2 500 trees per hectare, with two thinning to be carried out,
the first when the stand reaches 5 to 6 m dominant height leaving 1 700 trees per
hectare and the second when the stand reaches 13 to 14 m dominant height leaving
1 000 trees per hectare, with a final harvest at 30 years. However, these authors
point out the difficulty in estimating pole production, expecting to produce at least
500 units per hectare with a percentage of the total standing volume of 40-50 %.
The proposed stand density is based on having a balance between natural mortality
and branch size, as proposed by Grossman and Potter-Witter (1991) in plantations
of Pinus resinosa Ald. in the United States of America. On the other hand, Manley
and Calderdn (1982) point out that very low densities (600 trees per hectare) at
harvest age can mean to obtain undesirably large sizes for poles.

Density management also has an impact on shaft shape or taper and consequently
on pole production. If the poles are calibrated in diameter, i.e. perfectly cylindrical,
it is advisable to maintain a high density in the plantation by taking advantage of the
trees in the intermediate canopy whose trunk shape are less conical than the
dominant ones, and it will also help to avoid wood losses in the process of calibrating
the roll (Larson 1963; Corvalan and Bown, 2013; Jacobs et al., 2020).

Likewise, thinning should preferably be oriented to favour the growth of trees with
straightness and good cylindrical shape. Therefore, Manley and Calderén (1982)
suggest that should be done a high thinning. Management through control of planting
density, thinning, pruning, fertilization or genetic origin (Jacobs et al., 2020) has a
direct effect on the shape of the tree and thus on the production of poles. Thinning
accentuates the conicity of the trunk by allowing more light to enter at the position
of the lower branches, accelerating their physiological activity.

Cown (1974) points out that thinning has a greater effect on diametric growth at the
base of the tree and decreases in height. Thinning tends to concentrate growth at
the base of the trunk immediately after it is carried out and then redistributes it
throughout the entire pole profile during rotation. Its effect is evident in up to five
years. It also known, at long term, lower positions in the trunk have less conicity
than at higher ones. Pruning generates the opposite effect to thinning since the
removal of the branches at the base of the tree decreases the wood aggregation in
this position and increases at the base of the crown which is photosynthetically active,
making the trunk more cylindrical (Lewis et al., 1993; Hevia et al., 2016).

Management regimes rarely use only pruning or thinning, it is usual to perform them
together in temporal sequence (Fundacién Chile, 2005), for that reason there is
scarce information to quantify the change into a pole stage form separately.
Nevertheless, Fernandez et al., (2017) reported a greater conicity in pruned and
thinned stands than in those without intervention.
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Bi and Turner (1983) report on the effect of fertilization applied between four and
five years on the change in pole shape in a natural regeneration of phosphorus-
deficient P. radiata in Australia. After 30 years, the authors found an increase in the
cylindrical shape factor from 0,33 to 0,40 when fertilizing with 100 kg ha? of
phosphorus. The shape factor is explained by the increase in the pole diameter in the
lower third of the tree, similar effect to that of pruning.

Similar results were reported, in the short term, by Gordon and Graham (1986) in
New Zealand, who found an improvement in the pole form, although not significant,
when phosphorus was applied. Corvalan and Bown (2013) also report a positive
change in the pole form in application of sanitary sludge to juvenile P. radiata
plantations on the coast of the sixth region of Chile.

The site has direct impact on tree size (Kimberley et al., 2005; Ojeda et al., 2018;
Resende et al., 2018). In good sites the stands reach greater height and diameter,
are more cylindrical, straighter, with smaller branch size and nodal thickening than
in sites of poorer quality (Maclaren, 1993). The sites of lower quality would produce
less amount of poles than better sites, however, and due to the longer cultivation
time required to reach the desired pole size, the density of its peripheral wood is also
higher. For this reason, Manley and Calderon (1982) propose to use soils where the
site index is less than 27 m.

Genotype selection also controls the straightness and growth rate, being the
multinodal trees straighter and having a higher initial growth rate than the uninodal
type, which would compensate at older ages their growth rates (Lavery, 1986). But,
if the production of long poles is projected, this factor would not seem to be relevant.

Nodal knots and thickening

The knots constitute a major defect that reduces the strength of the wood due to the
change in the orientation of the grain and also affects the area in the vicinity of the
knot (Lavery, 1986). In a test on samples of 25-year-old dried P. radiata wood pieces
from Kaingaroa Forest, in New Zealand, Cown et al., (1996) proved that there is a
very significant correlation between the maximum tensile strength of sawn wood with
the knot area ratio and with the diameter of the largest branch of the piece, with
values of -0.67 and -0.56, respectively.

In another strength study with 52 poles of P. radiata with 2,44 m length and
diameters of 20 to 30 cm at greenwood stage in the North Island of New Zealand,
Walford and Chapman (2010) proved that the physical-mechanical characteristics
decreased linearly with increasing knot diameter ratio but with a non-significant loss
of strength and stiffness, which its attributed to the fact that the knot location did
not always coincide with the pole break point. In contrast, in another trial carried out
in Chile on 12 m long poles in greenwood stage Cerda and Wolfe (2003), concluded
that the greatest number of fractures are caused by the presence of knots or whorls.
In New Zealand, a maximum knot size of 10 % of the circumference is accepted for
posts and 20 % for poles (Carpenter, 1995), while in Chile, for poles less than 13,5
m long the maximum admissible diameter should not exceed 51 and 102 mm for the
lower and upper half of the pole, respectively (Campos, 1987).

The maximum size of the branches or knots is strongly influenced by the available
growth space (Sutton, 1968; West and Smith, 2020). Lavery, (1986) using
information from a paper by Pederick and Abbott, in Melbourne, points out that there
is a positive linear relationship between the average final branch size at the basal
portion of the piece, the diameter at breast height (DAP) and the growth space.
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Similar results are reported by Wang et al., (2018) in Betula alnoides plantations in
southern China. This relationship manifests one of the greatest complexities of
management: if the size of the tree is to be increased, more growth space must be
given, which will lead to an increase in the size of the branches. Silvicultural regimes
seek a point of equilibrium where a decrease in stand density does not compromise
excessive branch development and with it, wood quality.

Siemon et al., (1976) evaluate the effect of various thinning intensities on branch
size, finding that this can increase significantly, especially in the upper half of the
crown (between 50 and 80 % of the total height) by increasing the proportion of
branches whose size is greater than 3 cm and also doubling the section of the middle
area of the branches, a situation which ceases to have an effect in positions above
80 % of the total height. Branch size is also affected by pruning as reported by Lewis
et al., (1993) who, citing a paper by Jacobs conducted in 1938, point out that the
area at the base of the first branches located immediately above each pruned shoot
grows additionally by up to 74 % and 66 % in the first and second year after pruning,
respectively.

Fernandez et al., (2017) point out that the size of the branches in the upper position
of the trunk presents a larger diameter than in managed stands than in those not
managed in P. radiata plantations in 18-year-old stands. In Eucalyptus nitens Deane
et Maiden, Pinkard (2002) found that a 20 % pruning increases branch growth rates
between 48 % and 68 %, nine months after pruning. Low pruning is a direct way to
control branch size and nodal thickening in that position of the stem from which the
posts will be obtained, however, plantation density seems to be a more efficient way
of control (Manley and Calderon, 1982). Fenton y Familton (1961) point out that
nodal thickening in P. radiata can reach five cm in diameter, which is completely out
of the norm for classification as a pole.

Another important factor that determines the size of the branches is their position at
the height of the trunk. The final size of a branch depends on its vitality, age and
historical growth rate. The largest branches are those that develop and expand when
the tree is growing at its highest rate and are preferably located in the intermediate
height position (Siemon et al., 1976). In pruned, thinned and fertilized stands,
Corvalan and Bown (2013) found an increase in the branch rate (understood as the
average diameter of the four branches with the largest diameter in each quadrant of
logs of 2,44 m) in the treatments of application of composted sludge loads with
respect to the control.

Given that the branching characteristics of the species are determined in the initial
growth stage, i.e. up to 8 years of age, and that the poles, due to their size, make
up a large proportion of the final length of the tree, it is advisable to select the trees
destined for final cut very early (Lavery, 1986). P. radiata presents two alternatives
when selecting branching habits: trees with multiple annual whorls (multinodal) or
one whorl per year (uninodal) (Lavery, 1986). The characteristics that are positively
related to branch frequency are the number of cones produced, the angle of the
branches, the pole straightness and the regularity of the pole tapering, and the
characteristics that are negatively related are the length of the internodes and the
diameter of the branches. These characteristics can somehow be controlled or
accentuated by the growth space.

Certainly, the multinodal type seems to be more propitious for the production of poles
due to its straightness and smaller branch size, which can be as small as 1 cm in
diameter (Carson and Inglis, 1988), coinciding with what was pointed out by
Kininmonth and Whiteside (1991). Genetic selection can be fundamental in achieving
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the maximum branch size in the portion of the tree from which long logs are obtained
(12 m) according to the required standards. An additional problem that limits pole
production is nodal thickening (Fenton and Familton, 1961); Lewis et al., (1993)
which occurs especially in uninodal trees where the vigorous whorl branches growing
at the same height of the tree can cause large diameter differences between the
whorl and internodes (Maclaren, 1993). Larger spacing also produces larger nodal
thickenings (Carter et al., 1986). For example, in New Zealand this value should not
exceed 20 mm (Carpenter, 1995).

Moreover, Maclaren (1993), points out that trees growing at high site indexes have
smaller branches size and nodal thickening than at lower sites indexes. This
description induces to think that good sites are adequate for the pole production,
however, the arguments pointed out by Manley and Calderon (1982) regarding the
characteristics of wood density result in a contrary proposal.

Straightness

The straightness is conditioned by genetic factors (Jayawickrama and Low, 1999).
The heritability of this traits assessed between 5 and 9 years varies between 0,17
and 0,28 and is less than the height and diameter (Wu et al., 2008). Stahl et al.,
(1990) and Malinauskas (1999) point out that Pinus sylvestris L. trees growing in
small spaces have straighter shafts than those growing with greater spacing. Similar
results are reported by Carter et al., (1986) in Douglas-fir (Pseudotsuga menziesii
[Mirb.] Franco, and Erasmus et al., (2018) in Pinus patula. The positive effect of high
density on straightness can be adversely affected by factors such as snow and wind
(Malinauskas, 1999).

Spiral grain

The spiral grain, understood as the angle at which the tracheids deviate longitudinally
with respect to the main axis of the trunk, is a characteristic that makes the wood
reduce its strength, especially the static bending, which can be 50 % less than a
straight grain wood when it reaches a 9,5° turn (Lavery, 1986; Cown et al., 1991).
Another important effect is the condition of turning the wood when it shrinks by
drying. This characteristic is present in juvenile wood, reaching its maximum
deviation according to Bamber and Burley (1983) between the third and fifth year of
formation and according to Cown et al., (1991) in the tenth year, with an average
value of between 4° and 5° and with extremes of -7° to +18°, after which it
persistently declines until the age of 15 years (Cown et al., 1991). The direction of
rotation is usually against the clock and seems to be related to the phyllotaxis of the
fustal needles and the flow of auxins (Lavery, 1986). Spiral grain is increasing in
height and is present in all juvenile wood along the trunk and is highly heritable
(Cown et al., 1991; Moore et al., 2015).

This characteristic of the spiral grain accentuates the need to use mature logs, in
which the peripheral wood is sufficiently old to present a minimum deviation of the
grain considered to be of the order of 2°. To this end, it is very important that the
poles come from the basal section of the tree, so that the spiral grain in its smaller
section is of minimum impact, since the logs obtained from higher heights will be
more prone to rotation given their younger age and the natural tendency to increase
the angle of inclination of the tracheids that the species presents in that position of
the trunk.
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Wood maturity

The most important characteristic of a pole is its ability to withstand loads (Cown and
Hutchinson, 1983; Campos, 1987). Static bending strength is linearly related to the
density of the wood and the wood in turn is related to the modulus of elasticity (MOE)
and modulus of rupture (MOR) (Walford and Chapman, 2010). In practical terms, the
way to ensure that a post has the right density to support the loads is measured
through the number of growth rings in the smaller diameter section of the poles
(Cown and Hutchison, 1983; Campos, 1987).

Cown and Hutchinson (1983) show that both modulus of rupture and modulus of
elasticity are linearly related to the average density of the wood measured in the
outer 20 % of the radius of both ends of the post, with determination coefficients
close to 0.8. The percentage of late wood correlates positively with wood density,
modulus of elasticity and modulus of rupture, and negatively with ring width. Wood
density varies radially in the trunk as a function of age (Cown and Hutchison, 1983;
Cown and McConchie, 1983).

Also the density of the wood is always greater in the peripheral zone and base of the
tree (Cown, 1974; Harris and Cown, 1991). For that reason, the best location to get
a pole with maximum strength is at the base of the trees. New Zealand, for example,
requires its fence poles to be a minimum of 0,7 years/cm in diameter (Carpenter,
1995), while the ANSI Standard for poles prescribes a minimum of 2 years/cm but
with a proportion of 40-60 % late wood in the peripheral 5 cm (Cerda and Wolfe,
2003), both measured at the lower end of the pole. Wood density can be controlled
by increasing the age of rotation (Cown, 1974); Harris and Cown, (1991) and also
with site and soil selection.

Cown and Hutchinson (1983) show how in New Zealand it is possible to predict both
the mean basic wood density of 20 % of the pole's peripheral radius and its modulus
of elasticity and splitting at ages between 10 and 30 years for different sites of wood
density classes and thus to evaluate its suitability for use. Besides, these authors
also shown how high density sites can achieve the required densities to qualify for
poles earlier than medium and low density class sites. The results of the study
indicate that according to NZS 3603 only high density wood sites can reach the
required modulus of elasticity of 9,1 GPa from 25 years onwards as it requires basic
wood density of more than 450 kg m=3. This study agrees with Manley and Calderon's
(1982) suggestion that it is preferable to choose site indices below 27 m.

Another factor that determines the density of the wood is the growth space with
which it is weakly and negatively related. Watt and Trincado (2017) point out that as
the height/diameter ratio of the tree increases, the modulus of elasticity increases
significantly, a situation that is favoured by greater stand density. Thinning in
plantations may temporarily produce less dense woods, but at the end of the rotation,
its effect is minimal.

Cown (1974), points out as an example that a thinned stand of 25 years with an
average diameter of 40 cm has a density between 8 % and 10 % less than a stand
of the same size at 35 years. This same author points out that high thinning
intensities can decrease the density of the peripheral wood up to 18 m in height
(Cown, 1974).

Pruning also has a positive effect by increasing resistance in the pruned area,
however, at the end of the rotation the variation is minimal. Fertilization also has the
effect of decreasing the density of the wood by up to 10 % equivalent to the density
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of non-nutrient deficient sites (Cown, 1974). The effects of forestry are reflected in
changes in stem density that are greater at the base of the trees and decrease
towards the apex. An important factor in controlling density is the genetic origin.
Cown (1974) points out that density can be increased by up to 15 % following the
selection of phenotypes proposed by Shelbourne, given the high degree of heritability
of this trait.

Summary and analysis of the effect of forestry actions on critical variables
in pole production

The Table 1 presents the fundamental effects that silvicultural actions have on the
most restrictive characteristics of the posts (Table 1).

Table 1. - Interactions between silvicultural variables and limiting factors for pole

production

Silvicultural control Pole production limiting factor
variable Size of Ahusa- Size of Modal Fustal Spiral Wood

the roll miento knots thickening rectitude grain maturity
Growth area + + + + - s/fi -
Site Index + - - - + 5/ -
Number of whorls + - - + + s/i s/i
per year
Thinning + + + /i s/ s/ -
Pruning 5/ - + 5/ 5/ 5/ /i
Fertilization + - + s/i s/fi s/fi -

+: positive relationships, -: negative relationships, s/i: undocumented relationships

The selection of multinodal trees seems to be a key factor in the production of poles
since they have a higher initial growth rate, greater straightness, less conicity,
smaller branch size and nodal thickening than uninodal trees.

The use of reduced growth space also allows control of stem taper, branch size, nodal
thickening and peripheral wood density, even if this means extending the age of
rotation. The lower site indexes lengthen the rotation generating a /wood with a
higher peripheral density, thus improving the physical-mechanical properties for the
production of poles. Thinning fundamentally contributes to the initial selection of
individuals for the final harvest. The impact on the size of the branches, nodal
thickening, tapering, straightness and density of the wood is of temporary effect,
which at the age of rotation have already been standardized.

Pruning have a sense only for health and accessibility reasons, since like thinning, it
has no major long-term impact.

Fertilization does not make much sense either, with the exception of sites with
nutritional deficiencies.

The effect of twisting the logs can be only avoided by lengthening the rotation,
essentially preventing the poles from containing only juvenile wood.
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CONCLUSIONS

In summary, the key factors for the production of poles in P. radiata are: relatively
dense plantations with multinodal plants, in regular to poor quality sites with high
density wood production, accompanied by low accessibility pruning and selection
thinning. Management schemes for pole production should be formulated and
evaluated with specific simulation studies.

REFERENCES

BAMBER, R.K., BURLEY, J. y COMMONWEALTH AGRICULTURAL BUREAUX, 1983. The
wood properties of Radiata Pine [en linea]. Slough: Commonwealth Agricultural
Bureaux. ISBN 978-0-85198-516-9. Disponible en:
https://www.worldcat.org/title/wood-properties-of-radiata-
pine/oclc/60087638.

BI, H. y TURNER, J., 1994. Long-term effects of superphosphate fertilization on stem
form, taper and stem volume estimation of Pinus radiata. Forest Ecology and
Management [en linea], vol. 70, no. 1, pp. 285-297. [Consulta: 26 febrero
2020]. ISSN 0378-1127. DOI 10.1016/0378-1127(94)90094-9. Disponible en:
http://www.sciencedirect.com/science/article/pii/0378112794900949.

BOSCH, M., ELSASSER, P., ROCK, J., WEIMAR, H. y DIETER, M., 2019. Extent and
costs of forest-based climate change mitigation in Germany: accounting for
substitution. Carbon Management, vol. 10, no. 2, pp. 127-134. ISSN 1758-
3004. DOI 10.1080/17583004.2018.1560194. Recuperado de:
https://www.tandfonline.com/doi/abs/10.1080/17583004.2018.1560194

CARPENTER, P.M., 1995. Posts and Poles. Forestry Handbook [en linea]. New
Zealand. Hammond: Institute of Forestry, Christchurch, Disponible en:
https://books.google.com.cu/books?id=YVteNzkhHYoC&pg=PA763&Ipg=PA76
3&dqg=Posts+and+Poles.+In+Forestry+Handbook&source=bl&ots=3UB_98Vp
0oE&sig=ACfU3UOmM4ilST-QflI-SWYUwk5JvucTkwQ&hl=es-
419&sa=X&ved=2ahUKEwjvsf-
C_0O_nAhUpnuAKHfVdCKQQ6AEWC30ECAgQAQ#v=0onepage&qg=Posts%20and
%20Poles.%20In%20Forestry%20Handbook&f=

CARSON, M.J. y INGLIS, C.S., 1988. Genotype and location effects on internode
length of Pinus radiata in New Zealand. New Zealand Journal of Forestry
Science, vol. 18, no. 3, pp. 267279. Recuperado de:
https://www.semanticscholar.org/paper/GENOTYPE-AND-LOCATION-
EFFECTS-ON-INTERNODE-LENGTH-Carson-
Inglis/a1244d665a6d648060a4f1f5d5280c1f7c0801bf

CARTER, R.E., MILLER, I.M. y KLINKA, K., 1986. Relationships Between Growth Form
and Stand Density in Immature Douglas-fir. [en linea]. S.l.: The Forestry
Chronicle, pp. 5. DOI 10.5558/tfc62440-5. Disponible en:
https://scite.ai/reports/relationships-between-growth-form-and-0QAKwO.

CERDA, G. y W. WOLFE, R.W., 2003. Bending strength of Chilean radiata pine poles.
Forest Products Journal [en linea], vol. 53, no. 4, pp. 61-65. Disponible en:
https://www.semanticscholar.org/paper/Bending-strength-of-Chilean-radiata-
pine-poles-Cerda-Wolfe/9313eac93276a616041695a75a434a017¢c39202a.

http://cfores.upr.edu.cu/index.php/cfores/article/view/52 1




M

ISSN: 2310-3469 RNPS: 2347 CFORES

Revista Cubana de Ciencias Forestales. 2020; May-August 8(2): 375-391 REVISTA CUBANA DE
CIENCIAS FORESTALES
CHEE, A.A., FARRELL, R.L., STEWART, A. y HILL, R.A., 1998. DECAY POTENTIAL OF
BASIDIOMYCETE FUNGI FROM PINUS RADIATA. Proceedings of the New
Zealand Plant Protection Conference [en linea]. S.l.: New Zealand Plant
Protection Society (Inc.), pp. 235-240. DOI 10.30843/nzpp.1998.51.11659.
Disponible en:
https://www.researchgate.net/publication/265985513_Decay_potential_of ba
sidiomycete_fungi_from_Pinus_radiata

CORVALAN, P. y BOWN, H., 2013. Respuesta en crecimiento, calidad de madera y
mejoramiento de suelos como consecuencia de la aplicacion de biosdélidos en
rodales juveniles y adultos de Pino Radiata en el Centro Forestal y Experimental
Tanumé, VI Regién. Informe Final. Chile: Facultad de Ciencias Forestales y de
Conservacién de la Naturaleza. Universidad de Chile. Santiago.

COWN, D., 1974. Comparison of the effects of two thinning regimes on some wood
properties of radiata pine. New Zealand Journal of Forestry Science [en linea],
vol. 4, pPp. 540-51. Disponible en:
https://www.scionresearch.com/__data/assets/pdf_file/0009/58689/NZJFS43
1974COWN540_551.pdf

COWN, D. 1., 1974. Wood density of radiata pine its variation and manipulation. New
Zealand journal of forestry [en linea], vol. 19, no. 1. [Consulta: 26 febrero
2020]. ISSN 0028-8284. Recovered from: http://agris.fao.org/agris-
search/search.do?recordID=US201303099792

COWN, D.J. y MCCONCHIE, D.F., 1983. Radiata pine wood properties survey (1977-
19820) (No. Folleto 10757). 1983. S.l.: Forest Research Institute. Wellington,
New Zealand. Recovered from:
https://scion.contentdm.oclc.org/digital/collection/p20044coll6/id/100/

COWN, D., 1983. Wood density as an indicator of the bending properties of Pinus
radiata poles. New Zealand Journal of Forestry Science [en linea], vol. 13, no.
1, pp. 87 99. Disponible en:
https://www.researchgate.net/publication/257409601_Wood_density_as_an_i
ndicator_of_the_bending_properties_of Pinus_radiata_poles.

COWN, D., 1996. Cross grain effect on tensile strength and bending stiffness of
radiata pine structural lumber. New Zealand Journal of Forestry Science [en
linea], vol. 25, no. 2, pp. 256- 262. Disponible en:
https://www.researchgate.net/publication/257409539_Cross_grain_effect_on
_tensile_strength_and_bending_stiffness_of_radiata_pine_structural_lumber.

COWN, D.J., YOUNG, G.D. y KIMBERLEY, M.0O., 1991. Spiral grain patterns in
plantation-grown Pinus radiata. New Zealand Journal of Forestry Science [en
linea], vol. 21, no. 2-3, pp. 206-216. [Consulta: 26 febrero 2020]. ISSN 0048-
0134. Disponible en:
https://www.cabdirect.org/cabdirect/abstract/19930668108.

ERASMUS, J., KUNNEKE, A., DREW, D.M. y WESSELS, C., 2018. The effect of planting
spacing on Pinus patula stem straightness, microfibril angle and wood density.
Forestry [en linea], vol. 91, no. 3, pp. 247-258. DOI 10.1093/forestry/cpy005.
Disponible en:
https://www.researchgate.net/publication/326982276_The_effect_of_planting
_spacing_on_Pinus_patula_stem_straightness_microfibril_angle_and_wood_d
ensity.

http://cfores.upr.edu.cu/index.php/cfores/article/view/52 1




M

ISSN: 2310-3469 RNPS: 2347 CFORES

Revista Cubana de Ciencias Forestales. 2020; May-August 8(2): 375-391 REVISTA CUBANA DE
CIENCIAS FORESTALES
FENTON, R. y FAMILTON, A., 1961. TENDING PINUS RADIATA FOR OPTIMUM
TIMBER-GRADE RECOVERY. New Zealand Journal of Forestry [en linea], vol.
83, no. 3, pp. 415-39. Disponible en:
https://www.researchgate.net/publication/265743912_TENDING_PINUS_RAD
IATA_FOR_OPTIMUM_TIMBER-GRADE_RECOVERY.

FERNANDEZ, M.P., BASAURI, J., MADARIAGA, C., MENENDEZ-MIGUELEZ, M., OLEA,
R. y ZUBIZARRETA-GERENDIAIN, A., 2017. Effects of thinning and pruning on
stem and crown characteristics of radiata pine (Pinus radiata D. Don). iForest -
Biogeosciences and Forestry [en linea], vol. 10, no. 2, pp. 383. [Consulta: 26
febrero 2020]. ISSN 1971-7458. DOI 10.3832/ifor2037-009. Disponible en:
https://iforest.sisef.org/contents/?id=ifor2037-009

FRANCIS, L. y NORTON, J., 2006. Australian Timber Pole Resources for Energy
Networks. A review. Department of Primary Industries and Fisheries [en linea],
Disponible en: http://era.daf.qld.gov.au/id/eprint/3071/.

FUNDACION CHILE, 2005. Tablas auxiliares de produccién. Simulador de &rbol
individual para Pino radiata (Pinus radiata D. Don): Arquitectura de copa y
calidad de madera [en linea]. 2005. S.l.: Fundacién Chile. Disponible en:
https://bibliotecadigital.infor.cl/handle /20.500.12220/7848

GORDON, A. y GRAHAM, 1.D., 1986. Changes in Pinus radiata stem form in response
to nitrogen and phosphorus fertiliser. New Zealand Journal of Forestry Science
[en linea], vol. 16, no. 1, pp. 41-54. Disponible en:
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.707.7934

GROSSMAN, G.H. y POTTER-WITTER, K., 1991. Economics of Red Pine Management
for Utility Pole Timber. Northern Journal of Applied Forestry. 8(1):22-25. [en
linea], vol. 8, no. 1, pp. 25. [Consulta: 26 febrero 2020]. Disponible en:
https://www.fs.usda.gov/treesearch/pubs/12282

HARRIS, J.M. y COWN, D.J., 1991. Basic Wood Properties. En: J.A. KININMONTH y
L.J. WHITEHOUSE (eds.), Properties and uses of New Zealand Radiata Pine [en
linea]. S.l.: Rotorua, N.Z.: N.Z. Ministry of Forestry, Forest Research Institute
with assistance from the New Zealand Lottery Grants Board, ¢c1991, ISBN 0-
473-01181-6. Disponible en:
https://trove.nla.gov.au/work/21073937?selectedversion=NBD8483986

HEVIA, A., ALVAREZ-GONZALEZ, 1.G. y MAJADA, J., 2016. Effects of pruning on
knotty core taper and form of Pinus radiata and Pinus pinaster. European
Journal of Wood and Wood Products [en linea], vol. 74, no. 5, pp. 741-750.
[Consulta: 26 febrero 2020]. ISSN 1436-736X. DOI 10.1007/s00107-016-
1019-0. Disponible en: https://doi.org/10.1007/s00107-016-1019-0

INSTITUTO FORESTAL (INFOR, CL), 2016. Industria Forestal Primaria en Chile
Periodo 2006-2015 [en linea]. 2016. S.l.: (INFOR, CL). Disponible en:
https://wef.infor.cl/publicaciones/publicaciones.php

JACOBS, M., RAIS, A., & PREUTZSCH, H. 2020. Analysis of stand density effects on
the stem form of Norway spruce trees and volume miscalculation by traditional
form factor equations using terrestrial laser scanning (TLS). Canadian Journal
of Forest Research, [en linea] vol 50 no. 1, p. 51-64. Disponible en:
https://www.nrcresearchpress.com/doi/abs/10.1139/cjfr-2019-
0121#.Xgban5IS_IU

http://cfores.upr.edu.cu/index.php/cfores/article/view/52 1




M

ISSN: 2310-3469 RNPS: 2347 CFORES

Revista Cubana de Ciencias Forestales. 2020; May-August 8(2): 375-391 REVISTA CUBANA DE
CIENCIAS FORESTALES
JAYAWICKRAMA, K.]J.S. y LOW, C.B., 1999. Pinus radiata selections from different
regions of New Zealand differ in branch habit, form, and growth rate. New
Zealand Journal of Forestry Science [en linea], vol. 29, no. 1, pp. 3-24.
Disponible en:
https://www.scionresearch.com/__data/assets/pdf_file/0003/17166/NZJFS29
1_1999 3 24JAYAWICKRAMA.pdf.

KIMBERLEY, M., WEST, G., DEAN, M.G. y KNOWLES, L.R., 2005. The 300 index - A
volume productivity index for radiata pine. New Zealand Journal of Forestry [en
linea], vol. 50, no. 2, pp. 13-18. Disponible en:
https://www.researchgate.net/publication/275964790_The_300_index_-
_A_volume_productivity_index_for_radiata_pine

KININMONTH, J.A. y WHITESIDE, I.D., 1991. Log Quality. En: J.A. KININMONTH y
L.J. WHITEHOUSE (eds.), Properties and uses of New Zealand Radiata Pine [en
linea]. New Zealand: Rotorua, N.Z.: New Zealand Ministry of Forestry, Forest
Research Institute with assistance from the New Zealand Lottery Grants Board,
©199, Disponible en: https://www.worldcat.org/title/properties-and-uses-of-
new-zealand-radiata-pine/oclc/26375272

LARSON, P. R. 1963. Stem form development of forest trees. Forest science, 9
(suppl_2), a0001-42. Disponible en:
https://academic.oup.com/forestscience/article-
abstract/9/suppl_2/a0001/47465697redirectedFrom=PDF

LAVERY, P.B., 1986. Plantation forestry with Pinus radiata. New Zealand: School of
Forestry University of Canterbury Christchurch. Review Papers N° 12.

LESKINEN, P., CARDELLINI, G., GONZALEZ-GARCIA, S., HURMEKOSKI, E., SATHRE,
R., SEPPALA, J., SMYTH, C., STERN, T., VERKERK, P.]J. y EUROPEAN FOREST
INSTITUTE, 2018. Substitution effects of wood-based products in climate
change mitigation. [en linea]. From Science to Policy. S.l.: European Forest
Institute. [Consulta: 26 febrero 2020]. Disponible en:
https://www.efi.int/publications-bank/substitution-effects-wood-based-
products-climate-change-mitigation

LEWIS, N.B., FERGUSON, I.S., SUTTON, W.R.]J., D.G.M, D. y LISBOA, H.B., 1993.
Management ofradiata pine. Australia: Inkata Press Pty Ltd/Butterworth-
Heinemann. Melbourne. https://books.google.com.cu/books/about
/Management_of_Radiata_Pine.html|?id=7TJIAAAAYAAJ&redir_esc=y

LU, H. R., & EL HANNANDEH, A. 2017. Environmental and economic assessment of
utility poles using life cycle approach. Clean Technologies and Environmental
Policy, [en linea] vol 19 no. 4, p. 1047-1066. Disponible en:
https://link.springer.com/article/10.1007/s10098-016-1299-4

MACLAREN, J].P., 1993. Radiata Pine Growers' Manual [en linea]. S.l.: New Zealand
Forest Research Institute. Disponible en:
https://scion.contentdm.oclc.org/digital/collection /p20044coll6/id/9/

http://cfores.upr.edu.cu/index.php/cfores/article/view/52 1




M

ISSN: 2310-3469 RNPS: 2347 CFORES

Revista Cubana de Ciencias Forestales. 2020; May-August 8(2): 375-391 REVISTA CUBANA DE
CIENCIAS FORESTALES

MALINAUSKAS, A., 1999. The influence of the initial density and site conditions on
Scots pine growth and wood quality. Baltic Forestry [en linea], vol. 5, no. 2, pp.
8-19. Disponible en: https://www.balticforestry.mi.lt/bf/PDF_Articles/99-
5[2]/The%20influence%?200f%20the%?20initial%20density%20and%?20site%
20conditions%200n%20Scots%20pine%20growth%20and%20wood%?20quali
ty.pdf

MANLEY, B. y CALDERON, S., 1982. Growing radiata pine for poles. New Zealand
Forest Service [en linea], vol. 27, no. 2, pp. 242-253. Disponible en:
http://nzjf.org.nz/free_issues/NZJF27_2_1982/51351445-E8BD-4BA9-92B6-
41C6072D951D.pdf

MOORE, J.R., COWN, D.]J. y MCKINLEY, R.B., 2015. Modelling spiral grain angle
variation in New Zealand-grown radiata pine. New Zealand Journal of Forestry
Science [en linea], vol. 45, no. 1, pp. 15. [Consulta: 27 febrero 2020]. ISSN
1179-5395. DOI 10.1186/s40490-015-0046-7. Disponible en:
https://doi.org/10.1186/s40490-015-0046-7

OJEDA, H., RUBILAR, R.A., MONTES, C., CANCINO, J. y ESPINOSA, M., 2018. Leaf
area and growth of Chilean radiata pine plantations after thinning across a
water stress gradient. New Zealand Journal of Forestry Science [en linea], vol.
48, no. 1, pp. 10. [Consulta: 27 febrero 2020]. ISSN 1179-5395. DOI
10.1186/s40490-018-0116-8. Disponible en: https://doi.org/10.1186/s40490-
018-0116-8

PINKARD, E.A., 2002. Effects of pattern and severity of pruning on growth and branch
development of pre-canopy closure Eucalyptus nitens. Forest Ecology and
Management, vol. 157, no. 1, pp. 217-230. ISSN 0378-1127. DOI
10.1016/S0378-1127(00)00647-2. Disponible en:
https://www.sciencedirect.com/science/article/abs/pii/S0378112700006472

RESENDE R. T., SOARES, A. A., FORRESTER, D. I., MARCATTI, G. E., DOS SANTOS
A. R., TAKAKAHASHII, E. K., ... & LEITE H. G. 2018. Environmental uniformity,
site quality and tree competition interact to determine stand productivity of
clonal Eucalyptus. Forest ecology and management, 410, 76-83. Disponible en:
https://www.sciencedirect.com/science/article/abs/pii/S0378112717315918

SATHRE, R. y O'CONNOR, J., 2010. Meta-analysis of greenhouse gas displacement
factors of wood product substitution. Environmental Science and Policy, vol. 13,
no. 2, pp. 104-114. ISSN ISSN 1462-9011. DOI 10.1016/j.envsci.2009.12.005.
Disponible en:
https://www.sciencedirect.com/science/article/abs/pii/S1462901109001804

SIEMON, G.R., WOOD, G.B. y FORREST, W.G., 1976. Effects of thinning on crown
structure in radiata pine. New Zealand Journal of Forestry Science, vol. 6, no.
1, pp. 57-66. Disponible en:
https://www.scionresearch.com/__data/assets/pdf_file/0004/58936/NZJFS61
1976SIEMON57-66.pdf

ST,&HL, E.G., PERSSON, B. y PRESCHER, F., 1990. Effect of provenance and spacing
on stem straightness and number of stems with spike knots in Pinus sylvestris
L. - northern Sweden and countrywide models. En: Num Pages: 16 [en linea].
Report. Uppsala: Swedish University of Agricultural Sciences. [Consulta: 27
febrero 2020]. 184. Disponible en: https://pub.epsilon.slu.se/4155/.

http://cfores.upr.edu.cu/index.php/cfores/article/view/52 1




M

ISSN: 2310-3469 RNPS: 2347 CFORES

Revista Cubana de Ciencias Forestales. 2020; May-August 8(2): 375-391 REVISTA CUBANA DE
CIENCIAS FORESTALES
SUTTON, W.R.]., 1968. Initial spacing and financial return of Pinus radiata on coastal
sands. New Zealand Journal of Forestry, vol. 13, no. 2, pp. 203-18. Disponible
en: http://nzjf.org.nz/free_issues/NZJF13_2_1968/A8FFCE6C-C2CD-4901-
9672-72353EECB1FF.pdf

TETTEY, U. Y. A.,, DODOO A., & GUSTAVSSO, L. 2019. Effect of different frame
materials on the primary energy use of a multi storey residential building in a
life cycle perspective. Energy and Buildings, 185, 259-271. Disponible en:
https://www.sciencedirect.com/science/article/abs/pii/S0378778818306741

WALFORD, G. y CHAPMAN, ].B., 2010. Evaluation of the strength of shaved steamed
Pinus radiata poles. New Zealand Journal of Forestry Science, vol. 40, pp. 83-
90. Disponible en:
https://www.researchgate.net/publication/297142054_Evaluation_of the_stre
ngth_of_shaved_steamed_Pinus_radiata_poles

WANG, C. S., TANG, C., HEIN, S., GUO, J. J., ZHAO, Z. G., & ZENG, J. 2018. Branch
development of five-year-old Betula alnoides plantations in response to planting
density. Forests, 9(1), 42. Disponible en: https://www.mdpi.com/1999-
4907/9/1/42

WATT, M.S. y TRINCADO, G., 2017. Modelling the influence of environment on
juvenile modulus of elasticity in Pinus radiata grown in Chile. Forest Ecology
and Management, vol. 400, pp. 238-245. ISSN 0378-1127. DOI
10.1016/j.foreco.2017.06.006. Disponible en:
https://www.sciencedirect.com/science/article/abs/pii/S0378112717305637

WEST, P. W., & SMITH, R. G. B. (2020). Effects of tree spacing on branch-size
development during early growth of an experimental plantation of Eucalyptus
pilularis in subtropical Australia. Australian Forestry, 1-7. Disponible en:
https://www.tandfonline.com/doi/abs/10.1080/00049158.2020.1715016

WU, H., IVKOVIA, M., GAPARE, W., MATHESON, A., BALTUNIS, B., POWELL, M. y
MCRAE, T.A., 2008. Breeding for wood quality and profit in Pinus radiata: A
review of genetic parameter estimates and implications for breeding and
deployment. New Zealand Journal. Disponible en:
https://www.researchgate.net/publication/279710782_Breeding_for_wood_qu
ality_and_profit_in_Pinus_radiata_A_review_of_genetic_parameter_estimates
_and_implications_for_breeding_and_deployment

WANG, Y., BODIG, J. (1990). Strength-grading method for wood poles. Journal of
Structural Engineering 116(11): 2952-2967. Disponible en:
https://ascelibrary.org/doi/10.1061/%28ASCE%290733-
9445%281990%29116%3A11%282952%29

http://cfores.upr.edu.cu/index.php/cfores/article/view/52 1




M

ISSN: 2310-3469 RNPS: 2347 CFORES

Revista Cubana de Ciencias Forestales. 2020; May-August 8(2): 375-391 REVISTA CUBANA DE

CIENCIAS FORESTALES

Conflict of interests:
The authors declare not to have any interest conflicts.

Authors' contribution:
The authors have participated in the writing of the work and analysis of the
documents.

E"' R
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0
International license
Copyright (c) 2020 Patricio Corvalan Vera

http://cfores.upr.edu.cu/index.php/cfores/article/view/52 1




