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ABSTRACT: Theaim of this study was to assess and model the evolution of the hypsometric relationship in Araucaria angustifolia
plantations grown in the 1940's and 1960's in the Irati National Forest, in the mid-south region of Paran4 state, Brazil. Using the
complete stem analysis method, it was possible to reconstitute the past annual growth of the diameter at 1.3 m (d) and of the total
height (h) of a sample of 30 trees, selected so as to cover diametric and age variability. Eleven discs were removed from each tree at
0.1and 1.3 mand at 15, 25, 35,..., 95% of the total height. Eleven models traditionally used in hypsometric relationships were tested,
two of which were considered generic because they involved the age variable. The models were selected based on the Adjusted
Coefficient of Determination (R, ), Standard Estimate Error (S,), absolute (m) and relative (%), and on the graphic distribution of
residues in percentage. In the models tested by age, no tendencies were observed and erros (Syx) remained below 14.6%, except for ages
5 and 11. However, the coefficients of determination were low, ranging from 0.29 to 0.55. The Curtis generic model (1970), selected
to represent the h/d curve for all ages, also presented a satisfactory performance (RZAdJ. =0.87and S,.= 16%), with results similar to
those obtained for the modelsin each age. As age increases, the h/d curve shiftsto the right and changes level, remaining steep at the
younger ages and more stable and flat as the popul ation nears the end of its cycle.
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EVOLUGCAO DA RELACAO HIPSOMETRICA EM PLANTIOS DE Araucaria
angustifolia NO CENTRO-SUL DO ESTADO DO PARANA

RESUMO: Nesta pesquisa, objetivou-se avaliar e modelar a evolucédo da relacio hipsométrica em plantios de Araucaria angustifolia,
estabel ecidos nas décadas de 40 a 60 na Floresta Nacional de Irati, regido Centro-Sul do Parana. Com o método de andlise de tronco
completa foi feita a reconstituicéo do crescimento anual passado do diametro a 1,3mdo solo (d) e da altura total (h) de uma amostra
com 30 &rvores, selecionadas de forma a cobrir a variabilidade diamétrica e de idade. De cada arvore, foram retirados 11 discos nas
alturas 0,1 e 1,3 me nas alturas de 15, 25, 35,..., 95% da altura total. Foram testados 11 model os tradicional mente usados para
relacdes hipsométricas, sendo dois deles denominados de genéricos, porque envolvem a variavel idade. Os model os foram selecionados
com base no Coeficiente de Determinagdo Ajustado (Re,, ), Erro Padréo de Estimativa (S, ) absoluto (m) e relativo (%) e na
distribuicdo gréfica dos residuos em percentagem. Os model os testados por idade se mostraram sem tendéncias, com erros (Syx)
inferiores a 14,6%, exceto para asidades 5 e 11 anos, no entanto, os coeficientes de determinagéo foram baixos, variando de 0,29 a
0,55. O modelo genérico de Curtis (1970), selecionado para representar a curva h/d emtodas as idades, também apresentou um bom
desempenho (R2,, = 0,87 e S,= 16%) e com resultados similares aqueles obtidos com os modelos em cada idade. Com o0 avango da
idade, a curva h/d se desloca para a direita e muda de patamar, sendo ingreme nas idades mais jovens, tornando-se mais estavel e
aplainada quando o povoamento tende para o final de seu ciclo.

Palavras-chave: Pinheiro-do-Parand, curva h/d, analise de tronco.
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1 INTRODUCTION

Estimating tree volume is, usually, the main aim of
forest surveys, especially when forests and forest stands
are used for commercial purposes (MACHADO &
FIGUEIREDO FILHO, 2003). Therefore, the diameter with
bark at 1.3 m (DBH) and the total height (h) are usually
measured, serving asinputs for the functions that estimate
the volume of standing trees (form factor, volume
equations, taper equations). Astotal height measurement
is rather complex, it has often been estimated using
hypsometric relationships, also known as height/diameter
curves, especially in forest plantations.

Schmidt (1977) defined the hypsometric relationship
as the regression of height over diameter in a stand on a
specific date, which may be expressed by a mathematical
adjustment and is usually represented by “h/d” (FINGER,
1992). Factors such as species, sociologica position, age,
crown size, density, site and silvicultura practices may
influence the relationship between the variables (BARROS
et a., 2002; BARTOSZECK et al., 2004; CARDOSO et d.,
1989; FINGER, 1992).

The stand age affects the relationship between height
and diameter, hindering the use of the same relationship in
successive inventories. Instead, a new relationship should
be made based on new data (SCOLFORO, 1999). Asthetree
stand grows older, the differences between the curves tend
to decrease gradually because, when atree reaches its growth
climax, a characteristic determined by species and gte, its
diameter and height growth are reduced. As a result, the
changes in the height and diameter relationship will be
quite small (FINGER, 1992).

The hypsometric relationship does not have awell-
defined biological relationship, such as height and age or
diameter and age, and there is a great variation in height
for the same diameter in different sites and ages
(CHAPMAN & MEYER, 1949).

The hypsometric relationship in stands with the
same age varies according to their density and to the quality
of the site. In these circumstances, a single hypsometric
relationship adjusted for an entire stand would encompass
severa different relationships, resulting in ahigh variation
around the height over diameter regression line (PRODAN
et al., 1997). Thus, one of the procedures used in forest
inventories to solve the issue has been to adjust
independent equations for each sample unit.

Depending on the factors considered, the h/d curve
may vary inform, inclination and origin (intercept). Theform
of the curve may indicate aforest stand’ s devel opment and
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growth stage: a steep inclination usually indicates a young
stand which is still in development, whereas aflat line indicates
older stands in which the current annual increment, mainly in
height, isin decline. Over time, the height/diameter curves of
the same stand, defined at different ages, tend to move up
and to the right, becoming increasingly flatter with age
(BARTOSZECK, 2000; CARDOSO ¢t &., 1989; CURTIS, 1967;
MACHADO et d., 1994).

Araucaria angudtifolia, aso known as the Paran&
Pine, has a high economic and landscaping value. Itswood is
used in lining, frames, slats, boxes, cellulose, civil construction,
lamination and other products (LORENZI, 1992).

For decades, Araucaria angustifolia was the most
economically important species in Brazil and, until the
1970's, it was ranked amongst the most important export
products in the country’s economy.

Frequently, the volume of this species, whether in
anative or aplanted forest, needs to be quantified, and the
use of hypsometric relationshipsis arelevant dendrometric
tool.

Caldeira et al. (2003) adjusted 17 hypsometric
models for a 14-year-old Araucaria angustifolia stand in
the western region of Parana state. The best adjustment
rendered a coefficient of determination of 0.83.

Barros et a. (2002) tested traditiona and generic
hypsometric models for aPinus oocar pa plantation with 2099
trees distributed in 11 treatments, according to age and number
of prunings. The generic models' coefficient of determination
was higher than that of the traditional ones, while the standard
estimate error values were more or less similar.

Bartoszeck et a. (2004) analyzed the behavior and
dynamics of the hypsometric curve, in relation to site, age
and initial density, in bracatinga stands (Mimosa scabrella
Benth.) in the metropolitan region of Curitiba, Parana state.
The authors found that age and site have significant
statistical effects on the hypsometric relationship, whereas
density does not.

Crechi (1996) studied the effect of ten plantation
densities in an experiment with Araucaria angustifolia
(Bert.) O. Ktze,, in Cuartel Rio Victoria, Missiones,
Argentina. Hyposmetric relationships were devel oped for
al diameters and ages. Results showed that plantation
density had a significant effect on the variables studied,
except on predominant height.

Given the importance of hypsometric relationshipsin
forest inventories, the am of this study was to assess the
evolution of the hypsometric relationship in Araucaria
angustifolia plantations based on the adjustment of
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traditional mathematical models with data originating from
complete stem analysis.

2 MATERIAL AND METHODS
2.1 Location of the study area

The study was carried out in Araucaria
angustifolia plantations in the Irati National Forest (Irati
FLONA), located between the municipalities of Irati and
Fernandes Pinheiros, Parand state.

The Irati FLONA islocated on the Second Plateau
of Parana state, in the mid-southern region of the state
(SOCIEDADE DE PESQUISA EM VIDA SELVAGEM E
EDUCACAO AMBIENTAL - SPVS, 1996)* . It covers an
area of 3495 hectares, with both native vegetation and a
portion of approximately 1310 ha reforested with
Araucaria, Pinus and Eucalyptus (INSTITUTO
BRASILEIRO DO MEIO AMBIENTE - IBAMA, 2009)2.

It is located in the physiographic zone of Irati, in
the parallel 25°27’'56" latitude south, intersecting the
meridian 50°37' 51" west longitude, at 812 m above sealevel
(IRATI, 2009).

The climate in the region is type Cfb — Humid
Subtropical and Mesothermal, with mild summers, frequent
and severe frosts and no dry season. The mean annual
temperatures in the warmest months remain below 24 °C
and in the coldest months below 18 °C, and with mean
annual temperature of 17 °C (SPVS, 1996). Theregion's

Table 1 — Statistics of the 30 sampled trees.
Tabela 1 — Informagdes estatisticas das 30 arvores amostradas.
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mean monthly rainfall is 193.97 mm, and the relative humidity
iS79.58% (IRATI, 2006).

2.2 Collecting the sample

There are several Pinus and Araucaria standsin the
Irati National Forest, most of which were established in the
1940's, 1950's and 1960's; amost all of them are currently
over 40 years old (FIGUEIREDO FILHO et d., 2006).

Thirty trees of the FLONA Araucaria plantations
were sampled, representative of the various diameter
classes and agesin the forest (Table 1). It isimportant to
highlight that a similar number of trees was sampled in
each DBH class. Initialy, thirty-eight trees were sampled,
from which eight were eliminated for not belonging to the
plantation. These were native trees already in the study
area when the plantation was planted and, when ANATRO
was done, their age was much higher than the
plantations’. This factor contributed to the different
number of treesin each DBH class. The age class 35-39
was not included as there were no plantationsin this age
range, a factor which also contributed to the different
sample sizes in each age class.

Discs were removed from each tree at absolute
heights of 0.1 and 1.3 m (DBH) and relative heights of 15,
25, 35, 45, 55, 65, 75, 85, 95% of the total height for
application of the complete stem analysis technique
(ANATRO) which, based on the annual growth ring
measurements in each disc, enables the reconstitution of

DBH classes Age Classes (years)

(cm) 30-34 35-39 40-44 45-49 50-54 55-59 60-65 Total
15-19.9 1 1 2
20-24.9 3 2 5
25-29.9 1 1 1 1 4
30-34.9 2 1 1 4
35-39.9 1 1 4 6
40-44.9 1 2 1 4
45-49.9 1 1 2
50-54.9 1 3

Total 2 0 9 8 1 30

'Research Society for Wildlife and Environmental Education
2Brazilian Institute of Environment and Natural Resources
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the past annual growth of the measurable variables, such
as diameter, total height and volume, among others.

The discs were smoothed after drying and 4 radii
were marked in each one. The annua growth rings were
measured to obtain the diameter (without bark) at each age.

The final height portions of each age were
estimated based on the hypothesis that the ring ends
occur according to the exit angle of the previous cut and
are equal to the angle immediately following (more
external, from the core outwards). This was the best
procedure among those tested by Barusso (1977). Height
was determined in function of the parallelism to the
preceding ring, according to Rosot et a. (2003). This
procedure is equivalent to the one used by Carmean
(1972), and it has been widely used in the south of Brazil
in studies involving stem analysis.

The dendometric parameters of each tree were
calculated by the Excel software Florexcel supplement,
developed by professor Jilio Eduardo Arce at the Federa
University of Parana (UFPR). In thiswork, specifically, the
variables of interest were total height and DBH with bark
at various ages.

2.3 Determination of the diameter at 1.3 m (DBH) with
bark at various ages

Using the ANATRO, diameter at breast height
(DBH) with bark can be determined only at the cutting age.
In the previous ages, the technique generates only the
DBH without bark. On the other hand, in the hypsometric
relationship or the h/d curve, the total height and DBH
with bark, the variable usually measured in standing trees,
are used.

Thus, it became necessary to find a solution to the
problem of using DBH with bark at various ages. Two models
that could estimate DBH with bark were tested, based on
the variables available in each tree subjected to ANATRO,
such as: DBH with bark, DBH without bark, tree age and the
tota height in the different cutting ages. It isimportant to
emphasize that this alternative, used for determining DBH
with bark, may present some inconsistencies in age classes
below 30, impairing height estimates in the models generated.
Nevertheless, this poses no consequences to the main
objectives of this study, which assessed the evolution of
the hypsometric curve and checked whether modeling
should be done according to age (or age class) or whether a
generic model would suffice.

In order to select the best model for estimating DBH
with bark, the same statistical data as detailed in item 2.5
were used. The tested models were:
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(LAAR)

d =y +bdg. +b,1 +byd |
Ind,, =k, +b, Ind_ +b, In(hl)

where:

In = neperian logarithm;

dcc = diameter at 1.3m with bark (cm);

dsc = diameter at 1.3m without bark (cm)

| = Age of tree (years);

h =tota height (m);

b, b, b, b, = coefficients estimated by regression

o’ 71’ 72" 73

(SCHNEIDER, 1978)

2.4 Hypsometric models tested

After estimating DBH with bark at various ages,
the DBH and h data obtained through ANATRO were
grouped in different ages: 5, 10, 15, 20, 25, 30, 35, 40, 45
years and a group with ages 50, 55 and 60, to evaluate the
evolution of the h/d curve over the years.

This evolution was based on mathematical models
especially adjusted in each age group. Eleven hypsometric
modelsin the literature were studied (Table 2), two of which
were generic models that include age, as well as DBH with
bark, as independent variables.

2.5 Statistical data for selection of the models

The modelsin Table 2 were adjusted with each age
group’ s database, except for the two generic models, which
were fed with the entire database. To select the models, the
following statistical data were used: Adjusted Coefficient of
Determination (R?,,) and Standard Estimate Error (S),
absolute (m) and relative (%). To check for possible
tendencies in the estimates, the graphic distribution of
residues in each age group was determined in percentagein
the two best models, selected based on this statistical data.

The models in which the dependent variables were
not total height (h) required arecalculation of S, and Re.
R was recal culated using the SCHLAEGEL Adjustment
Index (1A), asfollows:

1A=1- ReS
Tot

where:

SQRes:Zn:(Yi-\?i )2

QTot =§n:(w—\7)2



Evolution of the hypsometric relationship ...

Table 2 — Hypsometric models tested.
Tabela 2 — Model os hipsométricos testados.
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N° Models Origin

1 h=b,+b, Ind Henricksen (1950)
2 Inh=h, +b,(Y/d) Curtis (1970)

3 Inh=b, +b, Ind Stoffels (1953)
4 h=b, +bd+b,d? Trorey (1932)

5 h=h, +b,(1/d) Curtis (1967)

6 h=b,+bd +b,d? +hd®

7 h-1.3=d?/(b, +bd+b,d?) Prodan (1965)

8 h=(d/(b, +b,d))°

9 Inh=h, +b Ind?

10 Inh=h, +b,(1/d)+b,(1/1)+b,1/d) Curtis (1970)
11 h-1.3=0d?/(b, + bd+b,d” + by(dl)) Blanco-Jorge (1984)

In = neperian logarithm ; d = diameter at 1.3 m with bark (cm); | = Age of tree (years); h =total height (m); b

estimated by regression

Y, = total height (m) values observed
Vi = estimated height (m)
Yi = mean total height observed (m)

The adjusted R2 (RZAdj) was determined for all the
equations, allowing for a comparison of equations with
different numbers of coefficients:

n-1 n-1) SORes
Rl =1-{1- Rz)'(n— p}l_(n— p]' QTot

n = number of observations
p = number of model coefficients

Likewise, Syx was recal cul ated when the dependent
variable was not total height (h) using the following
equation:

Finaly, S, was determined in percentage using the
following formula:

b, b, b, = coefficient

o' T1' 72 73

0 XM
X% = 100

2.6 Comparison of height estimates by generic models
and by age

For stands with different ages, the literature
recommends adjusting a hypsometric model for each age
or age class or the use of the so-called generic models.
These models use, as independent variables, in addition
to DBH with bark, age and sometimes dominant height.

To check possible differences between the two
procedures, variation analysis was done in arandomized
design, with three treatments: height at age i; height
estimated by the model at agei and height estimated by
the generic model, with 30 replications. The F test (cc=
0.05) was then applied to test the following hypotheses:

H,: There are no significant differences between
the treatments;

H,: There are significant differences between the
treatments.

If theF test indicated significant differences among
treatments, the Tukey test (cc = 0.05) was applied to
determine which treatments were different.

Cerne, Lavras, v. 16, n. 3, p. 347-357, jul /set. 2010
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3 RESULTS AND DISCUSSION
3.1 DBH estimateswith bark at different ages

Table 3 presents the statistical data of the models for
estimating DBH with bark at various ages tested and indicates
that both models presented excellent results. However, as
emphasized in the methodology (item 2.3), the estimatesin
ages below 30 years may present inconsistencies due to the
cutting age of the treesin the sample.

The logarithmic model was then used to estimate DBH
with bark at different ages. This was necessary to make up
the database for the other ages, as mentioned in item 2.3.

3.2 Adjustment of hypsometric models by age

After determing diameter (DBH) with bark and the
total height in all the ages of each tree, the 11 hypsometric
model s were adjusted based on the data available for each
age, except for the age class 50 to 60 years, in which the
adjustment was based on all the observations available
(25). The best models for each age were selected according
to the statistics cited in the methodology and listed in
Table 4.

In general, Models 5 and 6, respectively the Curtis
model (Inh=b+b,(1/d)) and the third degree polynomial
model (h=b +b, d+b,d?+b.d%), presented the best
adjustments for most ages, except for ages 5 and 40, in
which model 1, the Henricksen model (1950), had a better
performance.

The mean errors (Syx%) are higher at younger ages
(5 and 10 years), but are very reasonable above them,
varying from 12% to 15%. On the other hand, adjustments
(Re, di) varying from 0.29 to 0.55 indicated only areasonable
affinity between height and DBH with bark.

The results obtained are compatible with those
found by Caldeira et a. (2003), who found, for a 14-year
old Araucaria angustifolia stand, coefficients of

FIGUEIREDO FILHO, A. et al.

determination between 0.39 and 0.42 for most of the
adjusted models. Only 3 models presented a better
adjustment, ranging from 0.78 to 0.83, and errors lower
than 15.37%.

In spite of the difficulties in obtaining satisfactory
adjustments for the h/d relationship, better results may be
obtained through the effective control of the basic
independent variable (DBH), which is not possible when
the stem analysis technique is applied. Site is another factor
that affects the h/d relationship (CARDOSO et d., 1989,
PRODAN et al., 1997; BARTOSZECK et d., 2004) and, in the
sampled material, this variable was not subject to control.

Therelative residuesin the best models were plotted
and no tendency was observed for height estimates. Figure 1
illustrates the behavior of the residuesin some ages.

3.3 Adjustments of the generic hypsometric models

Models 10 and 11 are generic modelsin which the
variable age is included in the equation. This allows for
only one adjustment for all the data and makesit easier to
visualize the evolution of the hypsometric curve in time.
Table 5 shows the coefficient and the adjustment statistics
of these models.

The best adjustment was found for model 10
(CURTIS, 1970), which presented a high coefficient of
determination (Re,; = 0.87) and a mean error (Syx%) of
16.25%. Nevertheless, no improvements in the mean error,
in comparison to the models adjusted by age, were
observed. Also, statistical analysis (item 3.4) indicated that
similar results are found for both procedures. Crechi (1996)
obtained similar results with the Curtis model (1970) for an
Araucéria plantation in the region of Missiones, Argentina.

3.4 Comparison of generic models with models at each age

Table 6 shows the results obtained by the variation
analysis F test (ANOVA) and the respective p-values for

Table 3 — Coefficients and adjustment statistics of the tested models.
Tabela 3 — Coeficientes e estatisticas de ajuste para os model os testados.

Model Coefficients

Reagi Syx (cm) Syx%

b = -0.43130
bl= 1.27785
b2 = 0.01504
b3 = -0.00214
b0 = 0.45149
b1= 0.98290
b2 = -0.03304

d, =b,+bdg +b,l +b,d_l

Ind, =b,+b,Ind_ +b, In(hl )

0.9820 1.13 3.87

0.9822 112 3.85

Cerne, Lavras, v. 16, n. 3, p. 347-357, jul /set. 2010
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Table 4 — Models selected for each age with their respective coefficients and adjustment statistics.

Tabela 4 — Model os selecionados para cada idade com seus respectivos coeficientes e estatisticas de ajuste.

Ne°. of
observations

Age

Models
(years)

Coefficients Reag; Syx(m) Syx%

5 h=b, +bInd 30

10 h=h,+bd+b,d*+bd? 30

15 Inh=h,+b(1/d) 30
20 Inh=h,+b(1/d) 30

25 Inh=h,+b(1/d) 30

30 h=b, +bd+b,d*+bd® 30

35 h=b, +bd +b,d*+b,d® 28

40 h=b, +bInd 28

45 h=h,+bd+b,d*+hbd? 25

50-60 h=b,+bd +b,d? +b,d® 25

b0 = 1.55902
bl=1.44631

b0 = 9.28607
bl=-2.3582

b2 = 0.30522
b3 = 0.00976

b0 = 19.7835
bl=-129.992

b0 = 23.4406
bl=-177.869

b0 = 25.2238
bl=-203.014

bO= -55.1487
b1=7.38406

b2=-0.24844
b3 = 0.00281

b0=-52.0129
bl=6.90598
b2=-0.22433
b3=0.00247

b0=-12.113
bl=9.44825

b0=-70.4697
bl=7.92436
b2=-0.23105
b3=0.00226

b0=-81.7819
bl= 8.53682

b2=-0.23522
b3 = 0.00216

0.3832 1.05 28.33

0.4436 2.00 25.94

0.5521 1.76 14.57

0.5440 181 12.22

0.5211 1.98 11.98

0.4879 2.33 1311

0.4416 249 12.71

0.4326 2.60 13.02

0.5151 249 12.05

0.2929 2.68 12.54

each age. It is important to highlight that the degrees of
freedom changes according to the age in which the tree
was cut down. Thisinevitably interferes with the F and p
values.

ANOVA indicated that there was no significant
difference between the treatments, except at age 5. The
Tukey test (Table 7) was then applied and indicated that

treatment 1 (height at agei) is similar to treatment 2 (height
estimated by thei age model). However, treatment 3 (height
estimated by the generic model) differed from the others.
Ignoring the difference found at age 5, when the
forest is till establishing itself, the estimates of the models
developed for each age were identical to the estimates
provided by the generic model in the species studied. This

Cerne, Lavras, v. 16, n. 3, p. 347-357, jul /set. 2010
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Figure 1 — Residue distribution of model 5 at age 15 (a) and 20 (b), model 6 at age 30 (c) and of model 1 at age 40 (d).
Figura 1 — Distribuico dos residuos para os modelos 5 naidade 15 (a) e naidade 20 (b), 6 naidade 30 (c) e 1 na idade 40 (d).

Table 5 — Coefficients and statistics of the generic models.

Tabela 5 — Coeficientes e estatisticas obtidas para os model os genéricos.

Model Coefficient

R Syx(m) Syx%

b0= 8.51664
bl=0.727506
b2 = 0.0336932
b3=0.00888085
b0 = 3.35825
bl =-5.44963
b2 = -9.22368
b3 =18.8333

Blanco-Jorge

Curtis, 1970

0.85 4.92 31.97

0.87 2.50 16.25

indicates that the procedures are equivalent. It also
suggests the possibility of using a single model that
encompasses age, a favorable aspect for growth and
production modeling.

3.5 Evolution of the h/d curve

To assess the evolution of the h/d curve over
the years, height was estimated by the Curtis model and
plotted in a graph (Figure 2). As expected, as age
increases the h/d curve shifts to the right and changes
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level, becoming more stable and flat. This indicates that
height growth tends to stabilize as age increases, tending
towards a line parallel to the x axis as the plantation
nearsits final asymptotic value. The same behavior was
found by Crechi (1996) in Araucéria plantations in
Missiones, Argentina, and by Bartoszeck et al. (2004),
in bracatinga stands (Mimosa scabrella Benth.) in the
metropolitan region of Curitiba, Parana state, among
others (CARDOSO et al., 1989; CURTIS, 1967;
MACHADO et al., 1994).
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Table 6 — F and P value of the variation analysis at each age.
Tabela 6 — Valor F e P das andlises de variancias realizadas em cada idade.

Ages (years) F Vaue P Vaue

5 3.9609 0.0233
10 1.1386 0.3250
15 0.0119 0.9881
20 0.1332 0.8755
25 0.1265 0.8814
30 0.1880 0.8290
35 0.8045 0.4508
40 0.7943 0.4554
45 0.6110 0.5456
50-60 0.6979 0.5010

Table 7 — Tukey test for comparison of the means.
Tabela 7 — Teste de Tukey para a comparagéo das médias.

Treatments Mean height (m) Comparisons
1 (height at age 5) 3.698 A
2 (height estimated by the model at age 5) 3.698 A
3 (height estimated by the generic model) 2.999 B
25
—O— 5 years
20 1 —— 10 years
X/M/X/H —0— 15 years
—— 25 years
g 0/9/6/6 —*— 30 years
- 10 —®— 35 years
A/a/A —&— 40 years
—— 45 years
37 B/E' —a— 50- 60 years
0 T T T T T T T T T )

250 7.50 1250 17.50 2250 27.50 3250 37.50 4250 47.50
DBH (cm)
Figure 2 — Evolution of the h/d curve in Araucaria angustifolia plantations.

Figura 2 — Evolucéo da curva h/d em plantios de Araucaria angustifolia.
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4 CONCLUSIONS

The equations devel oped to estimate diameter with
bark, using complete stem analysis, were efficient,
especially for the scope of the sample, which included
trees over 30 years old.

The use of stem analysisto build h/d curves hinders
the control of the independent variable diameter and may
generate models with greater errors and lower adjustment
indexes.

The generic model developed had a similar
performance to the best models selected for each age,
indicating that, when it is possible to design a generic
model, it is not necessary to generate amodel for each age
or class age.

The hypsometric relationship in Araucaria evolved
as expected, that is, as age increased the curve shifted to
the right and changed level, being steeper at younger ages
and becoming increasingly stable and flat as the stand
approached the end of its cycle.
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