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 Together with the continuous forest suppression in tropical regions, the concern about 

the adoption of sustainable forest management that rests on low impact principles has 

been increasing, and the expectations are that this management contemplates the 
peculiarity of each environment and each species. In this paper, we analyzed growth 

rings of three woody native species of the Brazilian cerrado in São Paulo State (SP) and 

cerrado-pantanal transition in Mato Grosso do Sul State (MS): Qualea grandiflora 
Mart. (Vochysiaceae), a decidual specie; Pouteria torta (Mart.) Radlk. (Sapotaceae), a 

semi-decidual specie and Ocotea pulchella (Nees) Mez. (Lauraceae), an evergreen 

specie. We further used management criteria (GOL concept) and X-ray densitometry 
analysis to evidentiate their allometric growth in terms of diameter at the breast height, 

height, volume and biomass. Our analyses are expected to contribute for a better forest 

management by providing reliable information about the species growth pattern. Wood 
density varied from 0.67 to 0.78 g cm-3, diameter at the breast height from 18 to 51 cm 

and the felling cycle from 6 to 9 years. We demonstrated that each species has 

particularities evident interspecific variation. The minimum logging diameter and 
cutting cycle values found for each species constitute subsides required for their 

conservation and sustainable forest management. The biomass models revel important 
information regarding plans of carbon stock and sequestration for both study sites.  

 

INTRODUCTION 

 

The continuous forest suppression in tropical and subtropical regions (FAO, 2015) stimulates the academic 

forum and those related to the environmental  legislation to discuss the importance of applying sustainable 

management strategies, aiming to promote wood production, while conserving biodiversity (Schöngart, 2010; 

De Ridder et al., 2013; Junk et al., 2013). 

Among the Brazilian ecosystems, cerrado is characterized by a significant plant diversity, many of the 

species are considered endemic (Coutinho, 2006; Silveira et al., 2016). The cerrado represents 34% of Brazil 

territory, but during the last decades it has been drastically converted to cattle ranching and agriculture (Silva et 

al., 2006; Durigan et al., 2007).Cerrado exploitation is also characterized by a selective extraction of hardwood 

species or, eventually, by trees cutting for charcoal production (Pivello & Coutinho, 1996; Klink & Machado, 

2005; Ribeiro et al., 2011; Venturoli et al., 2014). 

This traditional predatory exploitation contrasts to the sustainable forest management technique that has 

being implemented in some tropical forests, for example, some areas of the Brazilian Amazon, where the 

adoption of rotation cycles is promoting a sustainable forest management that is grounded in low impact (Putz et 

al., 2008). In general, in tropical forests there is a concern that the minimum logging diameter has to vary 

between 40 and 70 cm, and the cutting cycle from 20 to 35 years (Schöngart et al., 2003, 2007; Brienen & 

http://www.ajbasweb.com/


93                                                                Patricia Tiemi de Paula Leite et al, 2016 

Australian Journal of Basic and Applied Sciences, 10(16) November 2016, Pages: 92-103 

 

Zuidema, 2006, 2007; Lopez et al., 2013). According to the authors, the adoption of these parameters can result 

in both overexploitation or under exploitation of the timber potential, because they do not take into account the 

specificity of each tree species. 

The dendrochronology, a science that analyses tree rings (Worbes, 2004), has produced valuable 

information about the radial growth pattern of forest trees. This information has allowed a reasonable estimate 

of the better age and logging diameter that promotes a sustainable forest management, which contemplates all 

the singularities of the environment and economical potential (Boltz et al. 2001; Brienen & Zuidema, 2007; 

Leoni et al. 2011; Schöngart et al. 2007, 2015). 

In the present study, we investigated growth rings of three species of trees occurring in the Brazilian 

cerrado and in the cerrado-pantanal transition. In addition, we used GOL concept (growth-oriented logging), 

developed by Schöngart (2008), to obtain growth models and cutting forecasts that provides subsides for 

sustainable exploitation and conservation. We selected three woody species that have potential for management 

and conservation: Qualea grandiflora Mart. (Vochysiaceae), a decidual specie of primary and secondary 

formation, and with potential for restoration of degraded lands (Almeida et al., 1998; Lorenzi, 1992). Pouteria 

torta (Mart.) Radlk. (Sapotaceae), a semi-decidual specie from rainforest and cerrado, also indispensable for 

restoration programs (Gama et al., 2011; Lorenzi, 1992; Roderjan & Kuniyoshi, 1995); and Ocotea pulchella 

(Nees) Mez. (Lauraceae), an evergreen specie, late secondary and shade tolerant, that has potential for 

reforestation (Spathelf et al., 2010; Lorenzi, 1998; Reitz et al., 1979; Rizzini, 1971; Guimarães, 2012). 

 

MATERIAL AND METHODS 

 

2.1 Study area: 

The study developed in two areas, the cerrado of São Paulo State, and a cerrado-pantanal transition of Mato 

Grosso do Sul State, both in Brazil as follows: 

 

Cerrado in São Paulo State (SP): an area of 260 ha of cerrado sensu stricto located in the municipality of 

Itirapina (22º13'S and 47º53'W), altitude of 610 meters. As pointed out by Alvares et al. (2014), climate is 

subtropical humid with dry winter and with hot and rainy summer and Cwa type according to Köppen-Geiger 

climate classification. Mean annual temperature ranges from 20 to 22 ºC and total annual precipitation from 

1,300 to 1,600 mm (Figure 1a and b). 

 

Transition cerrado-pantanal in Mato Grosso do Sul State (MS): a permanent preservation area with 160 ha in 

the Paxixi valley, the municipality of Aquidauana (20º26’S and 55°39’W), where altitude varies from 232 to 

408 meters. This area belongs to the Universidade Estadual de Mato Grosso do Sul. Accordingly to Alvares et 

al. (2014), climate is tropical with dry winter and rainy summer, Aw type in Köppen-Geiger climate 

classification. Mean annual temperature ranges from 24 to 26 ºC and total annual precipitation from 1,300 to 

1,600 mm (Figure 1a and c). 

 

2.2 Selection of forest species: 

In this study, we selected 105 trees of three species that are abundant in the studied areas (Fina & Monteiro 

2013; Reys et al., 2013). In addition,  all species were previously tested and proved to produce growth rings 

(Marcati et al., 2006; Spathelf et al., 2010), what is a fundamental requirement for the present study. The 

species chosen were: the “pau-terra” Qualea grandiflora Mart. (Vochysiaceae), sampled in both locations, the 

cerrado of São Paulo hereafter cerrado-SP and in the cerrado-pantanal transition in Mato Grosso do Sul, 

hereafter cerrado-MS; and the “abiu-piloso” Pouteria torta (Mart.) Radlk. (Sapotaceae) and the “canela-

lageana” Ocotea pulchella (Nees) Mez. (Lauraceae), both sampled only in the cerrado-SP. 

For all trees sampled we measured the diameter at the breast height (DBH) using a diameter tape and the 

height using laser tape and Blume-Leiss hypsometer (Table 1). The geographical position of each tree was 

registered using a GPS navigation. 
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Fig. 1: Location of the study sites (a) in Brazil (left upper map) showing the main vegetation domains and, on 

the right hand side, detail  of the cerrado in São Paulo State (SP) and in the transition cerrado-pantanal 

in Mato Grosso do Sul State (MS); climate graphs of monthly precipitation (grey bars) and mean 

temperature (black line) from 1948 to 2015 for (b) the cerrado in São Paulo State (SP) and (c) the 

transition cerrado-pantanal in Mato Grosso do Sul State (MS); (Source: NOAA - National Oceanic and 

Atmospheric Administration). 

 
Table 1: Number of trees sampled and total number of radial samples (radius) collected at each study site: cerrado of São Paulo State (SP) 

and in the transition cerrado-pantanal of Mato Grosso do Sul State (MS); minimum, mean and maximum values of diameter at the 
breast height (DBH) and height of sampled trees. 

Characteristics 
Species 

Q. grandiflora (SP) Q. grandiflora (MS) P. torta (SP) O. pulchella (SP) 

Trees 27 27 26 25 

Radius 47 55 45 46 

Distribution Minimum / Mean / Maximum 

DBH (cm) 14 / 23 / 32 15 / 23 / 39 16 / 25 / 35 14 / 24 / 40 

Height (m) 4 / 7 / 10 6 / 9 / 12 5 / 7 / 11 8/ 11 / 13 

 

2.3 Characterization of the wood anatomic structure and growth rings: 

Qualea grandiflora has well defined growth rings, with thick walls and radially flattened latewood fibers 

(Marcati et al., 2006). The marginal lines of axial parenchyma observed in such a tangential way to these fibers 

(Gonçalvez, 2010; Marcati et al., 2006). Has a diffuse porosity, without distinct adjustment, tylose, ray vascular 

punctuations with distinct borders (Gonçalvez, 2010). 

Pouteria torta has well defined growth rings well defined, delimitated by a fibrous zone and straighter and 

thinner lines of marginal parenchyma (Gama et al., 2011; Marcati et al., 2006; Roderjan & Kuniyoshi, 1995). 

Diffuse porous, solitary or numerous grouping in two, three or four porous, big and little punctuations at the 

same cell (Gonçalvez, 2010; Marcati et al., 2006). 

Ocotea pulchella has well defined growth rings, characterized by tangential fibrous zones with darker zone; 

the latewood tends to be color chocolate-brown, contrasting with the earlywood, which has a pale yellow color. 

Has diffuse porous, predominating solitary vessel elements or in small radial group. On the latewood can be 
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noted a reduction on the diameter and number of vessels, contrasting with an increase in the concentration of 

fibers (Guimarães, 2012; Spathelf et al., 2000). 

 

2.4 Core extraction and preparation for tree rings analysis: 

Cores extracted at the breast height by a non-destructive method using increment borer with 5 mm in 

diameter (Imaña-Encinas et al., 2005). The holes opened after sample collection were closed using bee wax to 

avoid pathogens attack (Pilcher, 1990). 

In laboratory, samples were air dried to avoid twist and crack. Then, the samples were glued over a wood 

support and finally all transversal sections were polished by different granulations (from 80 to 2,000). This 

procedure promotes a good contrast in the sample and allows a clear visualization of the growth rings (Stokes & 

Smiley, 1996; Asherin & Mata, 2001). 

 

2.5 Determination of apparent wood density using X-ray densitometry: 

For the X-ray densitometry analysis, 67 of the 105 trees sampled were selected: 31 of Q. grandiflora (15 

from cerrado-SP and 16 from cerrado- MS); 20 of P. torta (cerrado- SP) and 16 O. pulchella (cerrado-SP). 

The samples were cut in the transverse orientation (2 mm thickness) with double circular saws as described 

in Tomazello Filho et al. (2008).The thin wood samples were stored inside an air-controlled chamber set to 20ºC 

and 50% air moisture during 12 hours or until reach 12% wood moisture. 

Samples were then scanned on the radial direction by a collimated X-ray beam (80 μm). This procedure was 

done using the QTRS-01X and data were analyzed using the software QMS as describer in Tomazello Filho et 

al. (2008) and Lobão et al. (2012). The values of apparent wood density (ρ) allowed the confection of graphs of 

the radial profile of each tree and the inventory of the minimum, mean and maximum values as described in 

Polge (1965a) and Parker & Meleskie (1970). 

 

2.6 Dendrochronological analyses and growth modeling: 

The tree rings of the transversal sections of the samples of the three species were marked, counted and the 

width of the growth rings measured. The ring width was measured to the nearest 0.01 mm using a digital 

measuring device (LINTAB) supported by additional software TSAP-WinTM for time series analyses and 

presentation (TSAP-Win, 2003). The values of rings width used to construct the diameter growth cumulative 

curves of all 105 trees. These curves adjusted, indicating the existing relation between DBH and the 

chronological age of sampled trees (Brienen & Zuidema, 2007; Schöngart et al., 2007, Schöngart, 2008). 

The growth modeling used in this study was based on the GOL concept (Growth-Oriented Logging), which 

was developed by Schöngart (2008) using trees rings. The cumulative growth and the mean characteristic curve 

for each species adjusted by a sigmoidal regression (Equation 1), given as: 

𝐷𝐵𝐻 = (
𝑎

1+(
𝑏

𝑦𝑒𝑎𝑟
)

𝑐)                (1) 

where: DBH is the diameter at the breast height (cm); year is how many years old is the tree (years); a, b 

and c are equation parameters obtained during the sigmoidal adjustment.  

Height growth curves adjusted by a non-linear regression analysis, producing two parameters (d and e), as 

given in Equation 2: 

𝐻 =
𝐷𝐵𝐻×𝑑

𝐷𝐵𝐻+𝑒
                 (2) 

where: H is the tree height (m); DBH is the diameter at the breast height (cm); d and e are equation 

parameters obtained during the non-linear adjustment. 

Total volume for the trees (Vt) was calculated for every year, through a relation between diameter and 

height and a reduction factor (0.6) that was previously determined by Cannell (1984) for tropical forests trees, as 

given in Equation 3: 

𝑉𝑡= [𝜋× (
𝐷𝐵𝐻𝑡

2
)

2

] ×𝐻𝑡×𝑓               (3) 

where: Vt is the volume (m3); DBHt is the diameter at the breast height (m); Ht is tree height (m); f is form 

factor of 0.6 as Cannel (1984). As showed in the above equation, V values can be calculated for every t year, by 

using the DBH and H values for the specific t year. 

From the volume growth, we obtained the current annual increment rates (CAIv) and the mean annual 

increment rates (MAIv). To do this, we used the cumulative growth in different years (CGWv) over the entire 

life span, accordingly to the Equations 4 and 5: 

𝐶𝐴𝐼𝑣 = 𝐶𝐺𝑊𝑣(𝑡+1) − 𝐶𝐺𝑊𝑣(𝑡) (4) 

𝑀𝐴𝐼𝑣 =
𝐶𝐺𝑊𝑣(𝑡)

𝑡
 (5) 

where: CAIv is the volume current annual increment rate (dm3year-1); CGWv is the volume cumulative growth 
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in different years (m3); MAIv is the volume mean annual increment rate (dm3 year-1); t is the total tree life cycle 

(years). 

The minimum logging diameter (MLD) was defined as the age of the tree that results in a maximum current 

increment in volume (IC), and this age was used in the Equation 1 to inversely derive the value of DBH that 

corresponds to the MLD (Schöngart, 2008). After the MLD values was known, we obtained the cutting cycle 

(CC), by estimating the average of the time required for each species to reach the diametric classes of 10 cm, 

until achieving the specific MLD. The CC is given by Equation 6: 

𝐶𝐶 =
𝐴𝑔𝑒(𝑀𝐿𝐷)

𝑀𝐿𝐷×0.1
                 (6) 

where: CC is the cutting cycle (years); Age(MLD) is the age in which trees reach the diameter that 

corresponds to the MLD - minimum logging diameter(cm). 

The independent parameters DBH, H and ρ were applied to estimate the aboveground biomass (kg) for 

tropical forest trees (Chave et al., 2005) as described in the Equation 7: 

𝐵𝑖𝑜𝑚𝑎𝑠𝑠 = 0,1128×𝜌×𝐷𝐵𝐻2 ×𝐻              (7) 

where: Biomass (kg); ρ is the apparent wood density (g cm-3); DBH is the diameter at the breast height 

(cm); H is tree height (m). 

 

3. Results: 

3.1 Apparent core density using X-ray densitometry: 

The X-ray analyses showed that the mean apparent wood density (ρ) was equal to 0.78 g cm-3 for Q. 

grandiflora, independently of the study site (SP or MS). The mean apparent wood density (ρ) of P. torta was 

0.67 g cm-3 and of O. pulchella was 0.73 g cm-3 (Table 2). 

 
Table 2: Analyses of the apparent wood density of the species: cerrado of São Paulo State (SP) and in the transition cerrado-pantanal of 

Mato Grosso do Sul State (MS). Qualea grandiflora (SP and MS), Pouteria torta (SP) and Ocotea pulchella (SP). 

Characteristics 

Species 

Q. grandiflora 
(SP) 

Q. grandiflora 
(MS) 

P. torta 
(SP) 

O. pulchella 
(SP) 

Minimum wood density (g cm-3) 0.49 0.51 0.44 0.43 

Maximum wood density (g cm-3) 1.03 1.02 0.89 0.97 
Mean wood density (g cm-3) 0.78 0.78 0.67 0.73 

Standard deviation 0.04 0.04 0.03 0.04 

Coefficient of variation (%) 5 6 5 6 

 

In this study, the utilization of the X-ray densitometry technique incremented the reliability on the 

determination of the ρ values and on the delimitation of the growth rings for both cerrado-SP and cerrado-MS 

species. The radial wood densitometric profiles presented in Figure 2a, b, c and d. 

 

 



97                                                                Patricia Tiemi de Paula Leite et al, 2016 

Australian Journal of Basic and Applied Sciences, 10(16) November 2016, Pages: 92-103 

 

 
Fig. 2: Dendrometrical profile of three cerrado species collected in cerrado of São Paulo State (SP) and in the 

transition cerrado-pantanal of Mato Grosso do Sul State (MS). (a) Qualea grandiflora (SP), (b) 

Q.grandiflora (MS); (c) Pouteria torta (SP) and (d) Ocotea pulchella (SP). 

 

3.2 Growth models: 

The parameters (a, b and c) obtained in the cumulative growth and the mean characteristic curve (equation 

1): for Q. grandiflora of the cerrado-SP (a= 36.2908; b= 19.6352; c= 1.6078) and for cerrado-MS (a= 33.5237; 

b= 19.3014; c= 1.5767). For P. torta (a= 54.8197; b= 51.2262; c= 1.2559) and for O. pulchella (a= 120.3962; 

b= 79.6071; c= 1.2972). 

The height growth curves adjusted by non-linear regression analysis, and two parameters (d and e) were 

obtained in equation 2: for Q. grandiflora of the cerrado-SP (d= 10.8123; e= 10.5935) and for the transition 

cerrado-MS (d= 18.9043; e= 24.4854). For P. torta (d= 9.7364; e= 9.6874) and for O. pulchella (d= 13.2686; e= 

6.1256). 

Based on the marking, counting and measuring of tree rings we estimate how old are each tree species. 

Qualea grandiflora of the cerrado-SP State estimated minimum age was 24 years and maximum of 52 years, 

while this same specie at the cerrado-MS showed 31 and 59 years as minimum and maximum ages, respectively. 

Pouteria torta estimated minimum age as 47 years and maximum of 99, while O. pulchella showed 23 and 51 

years, as minimum and maximum ages, respectively. 

Based on the results of estimated age we calculated some correlations between the trees age and DBH. The 

correlations were significant (p ≤ 0.001) for all three species. For Q. grandiflora of the cerrado-SP the 

correlation was r= 0.95, while for Q. grandiflora cerrado-MS, the correlation was also high and equal to r= 0.90. 

Similar results were found for P. torta (r= 0.95) and O. pulchella (r= 0.94). Our findings allowed the 

construction of cumulative diameter growth curves (Figure 3a, b, c and d). 

 
Fig. 3: Relation between age and diameter at the breast height (DBH) growth for the three species collected in 

the cerrado of São Paulo State (SP) and in the transition cerrado-pantanal of Mato Grosso do Sul State 

(MS). (a) Qualea grandiflora (SP), number of sample trees (n= 27); (b) Qualea grandiflora (MS), 

number of sample trees (n= 27); (c) Pouteria torta (SP), number of sample trees (n= 26) and (d) Ocotea 

pulchella (SP), number of sample trees (n= 25). Each line represents the cumulative growth of one tree. 
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The interspecific variation in tree growth was also observed on maximum diameter increment rate (Figure 

6a, b, c and d) and on maximum height increment rate (Figure 7a, b, c and d). For Q. grandiflora of cerrado-SP 

the maximum diameter increment rate was 1.12 cm year-1 when trees are 8 years old. For the same species, in 

the cerrado-MS the maximum diameter increment rate was 1.05 cm year-1, also at 8 years. For P. torta 

maximum diameter increment rate was 0.69 cm year-1 when trees are 10 years, while for O. pulchella it was 

0.96 cm year-1 at 17 years (Figure 4a, b, c and d). 

 
Fig. 4: Diameter growth curves of the three species cerrado of São Paulo State (SP) and in the transition 

cerrado-pantanal of Mato Grosso do Sul State (MS). (a) and (b) are Qualea grandiflora (SP and MS), 

respectively; (c) is Pouteria torta (SP); (d) is Ocotea pulchella (SP). Gray line: diameter cumulative 

increment, black line: current increment and dashed line: mean increment. 

 

The non-linear regression analysis between DBH and height was significant for Qualea grandiflora of 

cerrado-SP (r= 0.4 and p ≤ 0.03) and for Qualea grandiflora of cerrado-MS (r= 0.6 and p ≤ 0.001). On the other 

hand, this correlation was not significant for Pouteria torta (r= 0.33 and p ≤ 0.09) and Ocotea pulchella (r= 0.31 

and p ≤ 0.11). 

For Q. grandiflora of cerrado-SP the maximum height increment rate was 0.65 m year-1 when trees are 4 

years old. For trees of the same species, of cerrado-MS, from the cerrado-MS the rate was 0.59 m year-1, when 

trees are 5 years old. For P. torta maximum height increment rate was 0.47 m year-1 when trees are 3 years old, 

while for O. pulchella it was 1 m year-1 at 3 years old (Figure 5a, b, c and d). 

 
Fig. 5: Height growth curves of the three species cerrado of São Paulo State (SP) and in the transition cerrado-

pantanal of Mato Grosso do Sul State (MS). (a) and (b) are Qualea grandiflora (SP and MS), 

respectively; (c) is Pouteria torta (SP); (d) is Ocotea pulchella (SP). Height cumulative increment is 

represented by the gray line, current increment by the black line and mean increment by the dashed line. 
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From the combination of the results of cumulative growth in diameter and height, we derived the models of 

cumulative volume growth (CGWv). The age and the DBH of the species when trees produce their maximum 

current increment in volume (CAIv) was equal to the minimum logging diameter (MLD) for each species 

(Figure 8a, b, c and d). The MLD represents the moment when the species reach its maximum volume increment 

rate, and thenceforth initiates a progressive reduction on increment, what characterizes tree senescence (Figure 

6a, b, c and d). 

 

 
Fig. 6: Growth modeling of tree species of cerrado of São Paulo State (SP) and in the transition cerrado-

pantanal of Mato Grosso do Sul State (MS). (a) and (b) are Qualea grandiflora (SP and MS), 

respectively; (c) is Pouteria torta (SP); (d) is Ocotea pulchella (SP). Volume growth curve (CGWv) is 

represented by the gray line. Minimum logging diameter (MLD) is found by identifying the age when 

the maximum current increment (CAIv; black line) occurs and then matching this age to the graph of 

cumulative diameter, finding then the MLD. Mean current increment (MAIv) is represented by the 

dashed line. Felling cycle is estimated by the time required by each species to reach the 10 cm 

increment in diameter until the MLD is reached. Values above the x axis indicates the mean passage 

time in years of each species to reach increments of 10 cm in the DBH until reaching the defined MLD 

 

Age values found on the moment of the MLD are presented in Table 3, together with the data of maximum 

current incremented in volume, MLD and cutting cycle (CC) for all three species. 

 
Table 3: Age, maximum current increment in volume, minimum logging diameter (MLD), and cutting cycle (CC) for all three studied 

species of the cerrado of São Paulo State (SP) and transition cerrado-pantanal of the Mato Grosso do Sul State (MS). 

Species 
Tree age at 
MLD (year) 

Current increment max (dm3 yr-1) MLD (cm) CC (years) 

Qualea grandiflora (SP) 20 10.27 18 9 

Qualea grandiflora (MS) 21 10.84 18 9 

Pouteria torta (SP) 43 7.24 24 6 

Ocotea pulchella (SP) 63 36.43 51 8 
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For the above ground biomass production models, the higher rates were found for Qualea grandiflora of 

cerrado-SP with 9 kg year-1 when trees are 19 years old. For Qualea grandiflora of cerrado-MS these values 

were very similar: 10 kg year-1 and 20 years, respectively. Pouteria torta resulted in 6 kg year-1 when trees are 

38 years old, while 25 kg year-1 and 56 years were the values observed for Ocotea pulchella (Figure 7a, b, c and 

d). 

 
Fig. 7: Above ground biomass production of tree species of cerrado of São Paulo State (SP) and in the transition 

cerrado-pantanal of Mato Grosso do Sul State (MS). (a) Qualea grandiflora (SP and MS), respectively; 

(c) is Pouteria torta (SP); (d) is Ocotea pulchella (SP). The gray line, the current increment by the black 

line and mean increment by the dashed line represents cumulative growth. 

Discussion: 

The variation on mean apparent wood density (ρ) among the  species studied might be associated to their 

light demand, to the diameter growth rates and to their life span, where shadow tolerant species shows higher 

density as compared to  light demanding species (Whitmore, 1998). Wood density values may vary accordingly 

to the environment where trees grow. For instance, the mean apparent wood density for species of Pouteria in 

Neotropical region varies from 0.63 to 0.77 g cm-3 being this variation strongly observed when considering the 

same genus (Baker et al., 2004; Chave et al., 2006). 

Tree rings is a good alternative approach to develop sustainable management techniques and conserve 

tropical forests, since the cumulative growth exhibits intra and interspecific variations (De Ridder et al., 2013; 

Brienen & Zuidema, 2006, 2007; Schöngart et al., 2007). The models we produced in this study demonstrated 

that every species has some growth peculiarities, indicating an interspecific variation. The observed relationship 

between age and DBH demonstrated that as trees become older they also increase in DBH. Volume growth 

models are known as a tool that allows the determination of MLD of each species. This type of characterization 

is still poorly used at the cerrado (Venturolli et al., 2015), and has been more applied in the Amazonian 

vegetation (Schöngart et al., 2007; Schöngart et al., 2008, Schöngart et al., 2015; Brienen & Zuidema, 2007). 

The MLD and the felling cycle of the species here studied also confirmed the existence of an interspecific 

variation and revealed the necessity of stablish some technical parameters that can provide the required subsides 

for conservation and proper specific management of each species. In the Brazilian Amazon, specific arboreal 

growth models were used for the creation of the Normative Instruction Nº 5, from December 11, 2006 of the 

Ministry of Environment. This Instruction approaches the technical procedures for the elaboration, presentation, 

execution and technical evaluation of Sustainable Forest Management Plans at the Legal Amazon. This 

produced a great improvement for forest management in wetlands of the Central Amazon as pointed out by 

Schöngart (2008). The possibility of implementing other new Normative Instructions that supports the 

sustainable forest management of other species, in other Brazilian biomes, endorses the relevance of studies like 

the present one, where arboreal growth model works as a foundation for sustainable cerrado management plans. 

However, the implementation of such plans requires information regarding regeneration and population 

structure of the species willing to be managed (Schöngart et al., 2007; Leoni et al., 2011). 

The results of the biomass production models are of fundamental importance for a better comprehension of 

future studies related to carbon stocks and carbon sequestration. The application of this methodology seems to 

be efficient, allowing the verification of the biomass production in such a fast way, faster than monitoring 

permanent plots. Besides that, the use of the three independent parameters (diameter, height and ρ) produced 

more reliable and adequate estimates (Chave et al., 2005; Schöngart et al., 2011).  
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Conclusions: 
Al three studied species showed high wood density, besides of the Qualea grandiflora that, although collect 

in two different regions, showed similar values. The X-ray densitometry promoted reliability on the delimitation 

of growth rings. Growth rates of Qualea grandiflora were similar in both regions where samples were collected. 

All three species showed particularities on the cumulative growth, what demonstrates an interspecific variation. 

The minimum logging diameter and the felling cycle of each species can subsides a better conservation and 

sustainable management of these species. Biomass models presented can contribute with important information 

for future works about carbon stock and sequestration for both studied areas. 
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