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Abstract. Rahayu I, Laksono GD, Darmawan W, Maddu A, Prihatini E. 2021. Demarcation area between juvenile and mature wood in 
Elaeocarpus angustifolius. Biodiversitas 22: 2583-2590. Wood for use in building and industrial materials is generally supplied from 
plantations and natural forests. Timber demand has been increasing as the population grows, but the availability of timber from natural 
forests is declining. Therefore, to meet timber needs, wood from community forests is becoming a solution. Community forests are 
widely planted with fast-growing trees, such as Elaeocarpus angustifolius Blume. It offers the advantages of a short cutting cycle and 

large-diameter wood. This study aimed to determine the demarcation area between juvenile and mature wood on 6-year-old E. 
angustifolius based on anatomical, physical, and mechanical properties. The parameters used to determine the demarcation area included 
the following properties: anatomical (fiber length, cell wall thickness, and microfibril angle [MFA]), physical (moisture content and 
green density), and mechanical (modulus of elasticity [MOE], modulus of rupture [MOR], and hardness). Those parameters were 
measured from pith to bark. Data analyses were based on segmented linear regression models using PROC NLIN in SAS. Fiber length, 
cell wall thickness, green density, MOE, MOR, and hardness values increased from pith to bark. Results from the segmented linear 
regression models on anatomical properties allowed extrapolating that mature wood would begin at the 18 cm (based on fiber length), 
the 20 cm (based on cell wall thickness), and the 21 cm (based on MFA) distance from the pith. the proportion of juvenile wood in E. 

angustifolius was 100%. Fiber length, cell wall thickness, and MFA can be used to determine the transition point of juvenile wood and 
mature wood in E. angustifolius. 
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INTRODUCTION 

Wood for use in building and industrial materials is 

generally supplied from plantations and natural forests. 

Timber demand has been increasing as the population 
grows, but the availability of timber from natural forests is 

declining. Therefore, in order to meet timber needs, wood 

from community forests is becoming a solution. 

Community forests are widely planted with fast-growing 

trees, such as Elaeocarpus angustifolius Blume. The 

advantages of fast-growing trees are a short cutting cycle 

and large-diameter timber. E. angustifolius as known as 

ganitri wood is categorized as fast-growing tree species 

with a large diameter. The height and diameter growth per 

year are 3-4 m and 3-4 cm, subsequently. The trees reach a 

height of 25-30 m and a diameter of 30-40 cm (Rachman 

2012).  
The ganitri trees in Indonesia are found in  Java, West 

Sumatra, South Sumatra (Palembang), Aceh, Timor, 

Lombok to Sumbawa (Heyne 1987). In West Java, ganitri 

is widely available in Cicalengka, Bandung, Tasikmalaya, 

Sukabumi, Pangandaran and Cimerak (Rachman 2012). 

Ganitri trees are also found in the lowland forests of 

Bodogol, Gede Pangrango National Park, Sukabumi, West 

Java (Rahayu et al. 2012), in Nepal and India (Jain et al. 

2014). The seed/fruit of the ganitri tree is used for jewelry 

products and the wood for carpentry, and the trees 
themselves are grown as shade trees along roads and 

highways (urban forest). Ganitri timber generally has a low 

percentage of mature wood and a high percentage of 

juvenile wood (Pandit and Kurniawan 2008). 

Variation along radial direction is most studied within 

tree variability in wood, which is generally as a radial 

pattern of change in wood characteristics of juvenile and 

mature wood. The radial changes in wood properties vary 

in growth and different types of wood (Uetimane and Ali 

2011; Ishiguri et al. 2011). Juvenile wood is xylem that 

results from the prolonged influence of the apical 

meristems in the region of the active crown on wood 
formation by the cambium during the years of early growth 

(Panshin and de Zeeuw 1980). Juvenile wood is made of 

smaller and shorter fibers with thinner walls and large 

microfibril angles, lower density and lower strength 

properties (Gryc et al. 2011). The quality of juvenile wood 

is lower than that of mature wood. Thus, juvenile wood is 

not suitable for structural purposes (Bowyer et al. 2007). 
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Therefore, identifying the demarcation area between 

juvenile wood and mature wood in ganitri wood is 

necessary. 

Several methods have been used to determine the 

demarcation area between juvenile and mature fast-

growing wood of Falcataria moluccana, Anthocephalus 

cadamba, and Tectona grandis wood, including segmented 

linear regression (Darmawan et al. 2013, 2015; Rahayu et 

al. 2014), visual interpretation, and polynomial regression. 

According to Alteyrac et al. (2006), the demarcation area 
can be estimated based on the density, growth ring width, 

and growth ring density. In the current study, the basic 

properties from pith to bark were analyzed to determine the 

demarcation area between juvenile and mature wood. The 

parameters included the anatomy (fiber length, cell wall 

thickness, microfibril angle [MFA]), physical properties 

(moisture content and green density), and mechanical 

properties (modulus of elasticity [MOE], modulus of 

rupture [MOE], hardness).   

According to Darmawan et al. (2013) and Rahayu et al. 

(2014) who determine juvenile and mature wood in 
Falcataria moluccana and Anthocephalus cadamba wood, 

physical and mechanical properties (moisture content and 

density) was not considered as reliable parameters. This 

study aimed to determine the demarcation area between 

juvenile and mature wood on 6-years-old E. angustifolius 

based on anatomical, physical, and mechanical properties. 

MATERIALS AND METHODS 

Plant materials  

Three of 6-years-old ganitri trees taken from 

community forest (cultivated) in Sukabumi (West Java, 

Indonesia) which has a rainy season throughout the year 
with a branch-free height of 7-9 m, diameter at breast 

height of 34-36 cm, and no visible growth rings used in this 

study.  

Procedure 

Test sample preparation 

The preparation of the test sample was adopted from 

Darmawan et al. (2013, 2015) and Rahayu et al. (2014). 

Three ganitri trees were cut into 5 cm thick discs (Figure 

1.A1) and 47 cm long logs (Figure 1.B1). The discs had a 

34-36 cm diameter and were cut from the trunk at 130 cm 

above the ground. These discs were used to analyze the 

anatomical properties (fiber length, cell wall thickness, and 

MFA) (Figure 1.A2) and physical properties (moisture content 
and green density) (Figure 1.A3). Samples for anatomical 

properties were cut at 1 cm intervals, for physical 

properties were cut at 2 cm intervals and for mechanical 

properties were cut an 2.5 cm intervals from the pith to the 

bark then those samples were numbered consecutively. The 

41 cm long logs were cut lengthwise into boards from the 

pith to the bark (Figure 1.B2). These samples were used for 

testing the mechanical properties of the wood. 

Fiber dimension and MFA measurements 

Fiber dimension and MFA measurements were performed 

on the same sample (Figure 1.A2).  Measurement of the 
fiber dimensions was performed using the Schultze 

maceration method (TAPPI 1991). Segments from pith to 

bark were taken from each tree.  Each segment was 

3×2.5×1 cm in size (longitudinal × tangential × radial; 

Figure 1.A2) were cut into smaller pieces (as big as 

matches). These were placed in a reaction tube, 10 ml of 

50% HNO3 and 0.03 g KClO3 granules were added, and the 

tube was then capped with aluminum foil. The tube was 

heated in a water bath for approximately 15 minutes at a 

temperature of 80-100°C until the color of the sample 

changed to white and visible fibers began to separate. 
Fibers that had separated were then rinsed with distilled 

water until acid-free. Samples were placed into clear plastic 

bottles and soaked in a 2% safranin solution for 6 hours. 

The length and cell wall thickness of 50 fibers from each 

segment were measured using ImageJ software and 

calibrated using a stage micrometer. 

 

 

 

 
 
Figure 1. Schematic drawing of the sample preparation for anatomical, physical, and mechanical properties (Darmawan et al. 2013, 
2015; Rahayu et al. 2014) 
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Figure 2. Fitting a segmented regression model (Darmawan et al. 

2013, 2015; Rahayu et al. 2014) 

 

 
 

The dimensions for each sample for MFA measurement 

were 3×2.5×1 cm (longitudinal × tangential × radial; Figure 

1.A2), and samples were numbered consecutively from pith 

to bark, according to the segment from which they were 

taken. Samples were boiled in a 4:1 (v/v) solution of 

distilled water and glycerin, and then cut into 10 to 20 μm 

thick slices with the sliding microtome. The slices were 

soaked in 90% ethanol for 30 minutes and then a few drops 

of iodine was added for 1 minute and afterward 50% 

HNO3. Thirty MFA pictures were taken from each segment 

and later measured using ImageJ software. 

Physical and mechanical analyses 

Samples that were 2×2×2 cm in size (longitudinal × 

tangential × radial; Figure 1.A3) based on (BS-373:1957) 

and taken from the first segment (near the pith) to the 

seventh segment (near the bark) were used for measuring 

the physical properties, including the green density and 

moisture content. Samples were weighed to obtain initial 

weights.  The samples were then placed inside a 103±2°C 

oven until they reached a constant weight. Afterward, the 

weights and dimensions were measured again. 

The mechanical tests were carried out using the UTM 
based on the ASTM standard D143-94 (ASTM 2000). 

Tests to determine the MOE and MOR used samples that 

were 2.5×2.5×41 cm in size (radial x tangential x 

longitudinal) and the hardness that were 2×2×6 cm (radial 

x tangential x longitudinal) from the pith to the bark 

(Figure 1.B2).  

Data analysis 

A segmented regression model was used to determine 

the number of a segment where juvenile wood transitioned 

to mature wood. The development of anatomical properties 

(fiber length, cell wall thickness, and MFA) from the pith 

to the bark were assumed to be described by two functions 
of a curve. The first function is a steep slope of the curve 

over the first years beginning at the pith (juvenile wood), 

and the second function is a constant slope for the later part 

of the curve (mature wood). The fitted regression model for 

the functions takes the form of a quadratic model with a 

plateau (Figure 2). The change of slope in the radial fiber 

length, cell wall thickness, and MFA trends as a function of 

the number of a segment was modeled as follows 

Sastrosupadi (2000): 

 

Yi= A + BXi+ CXi
2+ Ei   

 

Where: Yi is the independent variable for fiber length, 

cell wall thickness, and MFA; Xi is distance from pith. A is 

the intercept of the line of the juvenile wood; B and C are 

regression coefficients, and Ei is the error. 

From theoretical considerations, it can be hypothesized 

that: (i) y = a + bx + cx2; if x<xo, the quadratic equation 

relating y and x; (ii) y = p, if x ≥ xo, the equation is constant 

(a horizontal line) 

Where: xo is the distance from pith at which wood 

changes from juvenile to mature wood, and p is the fiber 
length/cell wall thickness/MFA at which wood changes 

from juvenile to mature wood. 

With segmented regression, the statistical model 

(Equation 1) can simultaneously estimate parameters of the 

model and demarcation areas between juvenile and mature 

wood. The demarcation area could be directly obtained by 

using a nonlinear least-squares procedure (PROC NLIN 

[procedure nonlinear]) in SAS STAT (SAS Institute 2010), 

which minimizes the mean squared error. The PROC NLIN 

procedure in SAS was used to obtain estimates of the 

regression parameters and the demarcation area.  PROC 
NLIN in SAS fit the segmented model, as shown in Figure 

2. The curve in Figure 2 had to be continuous (the two 

sections must meet at x0), and the curve must be smooth 

(the first derivatives concerning for to x are the same at x0). 

These conditions imply that xo = −b/(2c), and p = a − 

b2/(4c). 

RESULTS AND DISCUSSION 

Anatomical properties 

Fiber length 

The fiber length of 6-years-old ganitri tends to increase 

from the pith to the bark. The average fiber lengths of 1 cm 

and 17 cm distance from the pith were (855.95 ± 82.47) μm 
and (1085.76 ± 106.56) μm, respectively. The analysis of 

fiber length by segmented linear regression models 

indicated that the juvenile wood will end at 18 cm distance 

from the pith, after which mature wood would form. 

Therefore, based on the results of the fiber length analysis, 

the proportion of juvenile wood in fast-growing ganitri is 

100% at 6-years-old (Figure 3). 
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Figure 3. Fiber length average values of 6-years-old Elaeocarpus angustifolius  wood from pith to bark (error bar means standard 

deviation of fiber length values at each distance from pith - dotted lines means the line of multiple regression equation) 
 

 
Figure 4. Cell wall thickness average values of 6-years-old Elaeocarpus angustifolius  wood from pith to bark (error bar means standard 

deviation of cell wall thickness values at each distance from pith - dotted lines means the line of multiple regression equation) 
 

 

This result is consistent with Bowyer et al. (2007), 

Palermo et al. (2015), and Mansfield et al. (2016), who 
reported that the fiber length continues to increase up until 

a certain segment and then remains constant closer to the 

bark. The results are similar to those reported by 

Kusumastuti (2018), who found that the average fiber 

length of 3-years-old ganitri was 1040 μm. However, 

research on woods which has a similar density such as 

benuang wood (Marbun et al. 2019), 6 years-old jabon 

wood (Gujar et al. 2015) and white jabon wood (Pertiwi et 

al. 2018) have longer values of fiber length than that of 

ganitri wood, which is 1599.39 μm, 1781 μm, and 1520 

μm, subsequently. 

Cell wall thickness 

Cell wall thickness measurements of 6-years-old ganitri 

timber shows an increase as the distance increase from the 

pith. The average value for cell wall thickness in 1 cm 

distance from the pith was 3.60 ± 0.27 μm, while the value 

was 4.39 ± 0.36 μm in 17 cm distance from the pith (Figure 

4). The cell wall thickness analysis was based on 

segmented linear regression models, and the results 

indicated that the juvenile wood will end at 20 cm distance 

from the pith, with mature wood forming after that point. 

Therefore, based on the results for cell wall thickness, fast-

growing ganitri not yet entered the stage of mature wood at 

6-years-old because all parts of the wood (100%) are still in 
a juvenile state. 

Similar results from the pith to the bark were reported 

by Darmawan et al. (2013) for sengon (Falcataria 

moluccana) and jabon (Anthocephalus cadamba) wood. 

However, these results were different from other wood 

species which has similar density values of ganitri wood. 

Five-year-old jabon wood (Wistara et al. 2015) and sengon 

wood (Fajriani et al. 2013) were 6.46 μm and 1.95 μm, 

respectively. 

At the beginning of growth, cell division in the section 

nearest to the pith will be quick, which will generate 
shorter cells. Pandit and Kurniawan (2008) stated that due 

to the anticlinal cell division process, pith grows faster and 

thus generates shorter fiber and thin-walled cells. After the 

end of the growth period, the anticlinal division resulting in 

longer and thicker cell walls will result. According to 

Borrega et al. (2015), the increase in cell wall thickness is 

caused by a thicker S2 layer. Thin cell walls at the 

beginning of growth or young wood have a low density. 

However, according to Jozsa and Middleton (1994), not all 

species mostly on conifer species have young wood 

(usually the first 20-30 years of growth) with low density  
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Figure 5. Microfibril angle average values of 6-years-old Elaeocarpus angustifolius  wood from pith to bark (error bar means standard 
deviation of microfibril angle at each distance from pith - dotted lines means the line of multiple regression equation) 
 
 

 
 

Figure 6. Moisture content average values of 6-years-old Elaeocarpus angustifolius wood from pith to bark (error bar means standard 
deviation of moisture content at each distance from pith - dotted lines means the line of multiple regression equation) 
 

 

Microfibril angle (MFA) 

The measurement results of MFA in ganitri wood in the 

segment near the pith (1 cm distance from the pith) to the 

segment close to the bark (17 cm distance from the pith). 
Visually, the average MFA value decreased from near the 

pith going toward the bark. The average MFA value of the 

1 cm distance from pith was 33.35± 2.89o and that of the 17 

cm distance from pith was 24.29 ± 2.24o (Figure 5). The 

analysis of the MFA based on segmented linear regression 

models indicated that the juvenile wood would end at 21 

cm distance from the pith, and mature wood would begin to 

form after that point. Therefore, based on the MFA results, 

it can be stated that fast-growing ganitri has not yet entered 

the stage of mature wood at 6-years-old because all parts of 

the wood (100%) are still in a juvenile state. 
MFA in wood science refers to the angle of the 

cellulose microfibrils to the direction of the axis of the cell 

(Tabet and Aziz 2010). In the S2 (secondary cell wall), the 

orientation angle of microfibrils in juvenile wood will be 

greater than in mature wood. The results are consistent with 

findings from Darmawan et al. (2013, 2015) and Cahyono 

et al. (2015) who reported that one of the characteristics of 

juvenile wood transition to adult wood is the MFA 

decreasing from the part close to the pith toward that near 

the bark. Donaldson (2008) stated that the average MFA 

hardwood is more than 20°. 

Physical properties 
The 2 cm distance from the pith had a higher moisture 

content than the segment near the bark (14 cm distance 

from the pith). The average moisture content of the 2 cm 

distance from the pith was 78.91 ± 2.3%, while that close 

to the bark (14 cm distance from the pith) was 68.09 ± 

2.8% (Figure 6). the green density gradually increased from 

near the pith segment (2 cm distance from the pith) to close 

to the bark (14 cm distance from the pith). The average 

value for the density of the 2 cm distance from the pith was 

0.69 ± 0.016 g/cm3 and that near the bark (14-cm distance 

from the pith) was 0.85 ± 0.013 g/cm3 (Figure 7). Moisture 
content and green density values from pith to bark could 

prove the existence of juvenile wood in 6-years-old ganitri. 

However, based on visual observation, those values from 

pith to bark are still fluctuating.  Therefore, moisture 

content and green density are not considered as reliable 

parameter to determine demarcation area on ganitri. 
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Figure 7. Green density average values of 6-years-old 
Elaeocarpus angustifolius wood from pith to bark (error bar 

means standard deviation of green density at each distance from 
pith - dotted lines means the line of multiple regression equation) 

 
 

Figure 8. MOE average values of 6-years-old Elaeocarpus 

angustifolius  wood from pith to bark (error bar means standard 
deviation of MOE at each distance from pith) 

 
 

        

 
 

 

Figure 9. MOR average values of 6-years-old Elaeocarpus 
angustifolius  wood from pith to bark (error bar means standard 
deviation of MOR at each distance from pith) 

 
 

Figure 10. Hardness average values of 6-years-old Elaeocarpus 

angustifolius wood from pith to bark (error bar means standard 
deviation of hardness at each distance from pith) 

 

 

 

The hygroscopic properties of wood enable it to adjust 

to ambient humidity by absorbing or releasing water. 
According to Uar (2014), the wood near the pith has thin 

cell walls and lower density, which results in the amount of 

water in this area increasing. The results are similar to Bal 

et al. (2011) that the average value of moisture content 

decreases from the pith to the bark.  

Wood density is the ratio between the mass or weight of 

wood to its volume, and it is expressed in kilograms per 

cubic m or g per cubic cm. The average value of increasing 

green density from the direction of the pith to the bark in 

this research is by following Miranda et al. (2011) and 

Blohm et al. (2016). These results are similar to Bowyer et 
al. (2007), which indicated that the density of wood 

increases from the pith to the bark. Low density in the 

segment near the pith is likely due to the large proportion 

of juvenile wood in that area.  

Mechanical properties 

The average MOE value on a segment near the pith (2.5 

cm distance from the pith) was 4618.6 ± 370.2 Mpa, while 

the value for the segment close to the bark (10 cm distance 

from the pith) was 5029.5 ± 302.5 Mpa (Figure 8). The 
average MOR value on a segment near the pith (2.5-cm 

distance from the pith) was 25.1 ± 5.5 Mpa, and the value 

for the segment close to the bark (10 cm distance from the 

pith) was 27.6 ± 3.2 Mpa (Figure 9). The tangential and 

radial hardness directions increase from segments near the 

pith to those near the bark. The average tangential and 

radial hardness directions values for near the pith (2.5 cm 

distance from the pith) were 11.9 ± 2.4 Mpa and 9.4 ± 3.0 

Mpa, respectively, while near the bark the values (10 cm 

distance from the pith) were 16.0 ± 5.8 Mpa and 15.2 ± 3.8 

Mpa, respectively (Figure 10). Wood hardness shows the 
ability of wood to resist local pressure on the wood surface. 

This capability is referred to as the ability to resist breakage 

and to withstand abrasion on the wood surface. The 

mechanical properties cannot be used as a parameter to 

determine where wood juvenile transitions to mature wood, 

however, they can prove the existence of the juvenile state 

in a segment near the pith because of low values of MOE, 

MOR, and hardness. 
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Testing generates static bending MOE and MOR 

values. Wood strength can be measured by the ability of 

wood to maintain its original shape during being loaded. 

The more rigid the timber, the harder it will be to change 

its shape or size. Stiffness properties of wood are expressed 

as the MOE, while the MOR reflects the ability of the 

timber to withstand the maximum load. MOE and MOR are 

parameters for determining the quality of wood.  

The results indicate that the MOE and MOR values 

increase from the segment near the pith towards the 
segment near the bark. These results are similar to 

Darmawan et al. (2013) in that the MOE and MOR of 7-

years-old sengon (F. mollucana) and jabon (A. cadamba) 

also increased from pith to the bark. However, the results 

of this current research are smaller than Prihatini et al. 

(2020), who found the results of the MOE and MOR values 

of 5501.45 Mpa and 39.14 Mpa respectively. 

In conclusion, based on analyses of fiber length, cell 

wall thickness, and MFA, mature wood can be extrapolated 

to begin to form at 18 cm, 20 cm, and 21 cm distance from 

the pith, respectively. These results indicate that timber 
from fast-growing ganitri at 6-years-old, with a diameter of 

36 cm, is 100% juvenile wood. The parameters used for 

determining the transition point of juvenile wood to mature 

wood were fiber length, cell wall thickness, and MFA. 

Meanwhile, physical and mechanical parameters cannot be 

used for determining the transition point and can only be 

used to prove the existence of juvenile wood. 
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