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ABSTRACT  
The growing space can be used for the basis in describing growth and in providing a picture of tree competition. 
determine the growing space ofPerhutani’s Teak Plusstand 
inPerhutani’s Teak Plus stand plantation in Saradan, Madiun and Ngawi
orchards were chosen based on criteria of number of trees per hectare, the average stem diameter and the average of tree height.
compartement, 30 dominant trees that have a 
measured. Regression analysis was used to predict 
requirement of Perhutani’s Teak were classified into two namely 
is S curve model and Quadratic model to estimate Poor Class. 
in age range 6 to 13 years following the S curve
to the square and hexagon planting patterns because
The growing space requirement and the number of tree
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Teak (Tectona grandis Linn f.) is one of the luxurious forest wood products that has increasing demand in 

the market and mainly developed in Java.
stable, strong and durable. On the other hand
risks factors such as illegal logging, forest fires and forest disturbances 
domination of young age of teak stand (a class age I and II) in the conventional teak stand. The class of 
causes a problem related to lack of harvestable trees 
forest management of teak plantations
Island to make a breakthrough in the improvement of the teak wood quality.

To compensate the increasing demand of teak, Center for Research and Development (Puslitbang) perum 
Perhutani in 1998 develop Perhutani’s Teak Plus or Jati Plus Perhutani (JPP). It is a superior teak produced 
through tree breeding program such as 
generative (planted seed clone). The 
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The growing space can be used for the basis in describing growth and in providing a picture of tree competition. 
i’s Teak Plusstand and to predict itsdiameter and height growth as well

in Saradan, Madiun and Ngawi Forest Districts. JPP plantation originated from clonal seed 
on criteria of number of trees per hectare, the average stem diameter and the average of tree height.

that have a good quality and health were selected. Then,the diameter, height and crown projection were 
to predict the growth, diameter and height of the trees. Results 

were classified into two namely good class and poor class. The fit model is used to estimate good class
is S curve model and Quadratic model to estimate Poor Class. There were an increase of growing space, diameter and height growth for JPP 

the S curve model. Growing space and the number of trees that provided  to t
patterns because,748 trees that should be plantedwas less than the reference

and the number of treeswere very crucial for predicting Perhutani’s Teak Plus timber production

Growing space requirement, diameter and height growth, two generative teak clones, perhutani's teak plus, 

INTRODUCTION  

Linn f.) is one of the luxurious forest wood products that has increasing demand in 
the market and mainly developed in Java. Teak wood has a good quality because its fibers and textures are 
stable, strong and durable. On the other hand, degradation of plantation problems also occur
risks factors such as illegal logging, forest fires and forest disturbances [20]. These are increasing the 
domination of young age of teak stand (a class age I and II) in the conventional teak stand. The class of 
causes a problem related to lack of harvestable trees [19]. This could be a good opportunity and challenge for 
forest management of teak plantations and encourage Perhutani as one of forest management actor in Java 

he improvement of the teak wood quality.  
To compensate the increasing demand of teak, Center for Research and Development (Puslitbang) perum 

Perhutani in 1998 develop Perhutani’s Teak Plus or Jati Plus Perhutani (JPP). It is a superior teak produced 
such as multiplication vegetative (cuttings and tissue culture
. The clones of JPParePHT I and PHT II (code of clones) which
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The growing space can be used for the basis in describing growth and in providing a picture of tree competition. This research aimed to 
as well. This study was conducted 

. JPP plantation originated from clonal seed 
on criteria of number of trees per hectare, the average stem diameter and the average of tree height. From each 

, height and crown projection were 
Results showed that growing space 

The fit model is used to estimate good class that 
diameter and height growth for JPP 

to the 6 years trees was not fit 
the reference number of trees determined. 

timber production. 

perhutani's teak plus, the indonesia 

Linn f.) is one of the luxurious forest wood products that has increasing demand in 
its fibers and textures are 

ntation problems also occur by a number of 
. These are increasing the 
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a good opportunity and challenge for 

encourage Perhutani as one of forest management actor in Java 

To compensate the increasing demand of teak, Center for Research and Development (Puslitbang) perum 
Perhutani in 1998 develop Perhutani’s Teak Plus or Jati Plus Perhutani (JPP). It is a superior teak produced 

culture) and multiplication 
(code of clones) which are the two 
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leading clone that already have Perlindungan Varietas Tanaman right (PVT) from the Central of Plant Variety 
Protection by Agriculture Department in 2009. The JPP grows rapidly and homogenly twice or three folds better 
in wood productivity compared to local teak seeds. JPP has a superior and stable growth, and also adaptive to 
various growing places resulting from very tight selection process. JPP can only have a 20-year cycle, 
characterized by straight and silindris in stem performance [14]. 

The growing space is related to the area that was occupied by every tree and declared in the distance to the 
tree [5]. The growing space area is restricted by the surface of the ground that is available and the neighbor trees 
related with the lateral growth [7]. Width and height of tree crown will open a growing space due to the stimulus 
to get enough light. The wider crown and the denser stand population, the more growing space are needed. The 
growing space refers to all of available resources that is required by a tree to be able to survive in a particular 
location [25] and have an effect on the  tree growth [7].  

The increase of age, tree crown has grown and the available growing space will  not insufficient anymore. It 
also happens to the neighbor trees especially for the trees nearby. Overlapping of crown led to the total surface 
of tree crown becomes narrower. As a result, the tree will not be able to do its function as an agent of 
photosynthesis perfectly. This case results in the reduction of photosynthesis products and  growth [26].  

The dynamic of tree crown shows the competitive interaction  that is  better than the less flexible diameter 
[9].  Hann [10] said that the development of tree crown can be used to determining stand density where the 
development of crown are needed by the trees to grow optimally. The space of crown can also be used for the 
basis in describing growth of the tree and in providing a picture of tree competition. The size of tree crown  is  
related to the capacity of tree photosynthesis which is also an important parameter of stand growth. The crown is 
also very relevant with growth rate which is correlated to a crown and the stem diameter, and also the tree 
density of the stand [11]. According to Nurhasybi et al. [13], the variation of diameter growth, the height and 
crown were not only influenced by genetic factors but also the environmental factors. 

  The growing space has very strong correlation with physiological process of each individual trees in wood 
producing [3,15]. This study aimed to determine the growing space of JPP stand  and to predict the diameter and 
height growth of JPP.  

 
MATERIAL AND METHODS 

 
Study site: 

This study was conducted in compartments ofJPPplants in Madiun Forest Planning Sectionnamely Saradan, 
Madiun and Ngawi Forest Districsin Perhutani Regional Division of East Java. JPP plantation originated from 
clonal seed orchards were chosen based on criteria of number of trees per hectare, the average stem diameter 
and the average of tree height. From those three criteria were finally selected JPP compartments with easiest 
accessibility and easiest route of measurement.In JPP compartments, the sampleswere determined by exploring 
and selected 30 dominant trees of JPPthat have a good quality and health including superiority by age 6 to 
13 years that planted from the generative seed clone. The sampling number were determined by considering 
requirements for the normal distribution. The measurement in 2013, 2014 and 2015 were compiled.  
 
Material data: 

The data was collected at the end of 2013, 2014 and 2015 incompartments of JPP Madiun Forest Planning 
Section. Measurements of stem diameter and height of 30 samples dominant trees were carried outin 
eachcompartmentofJPPplant for each age 6 to 13 years. Compartments selection was done by making 3 
compartments in every age class (6-13 years) for each forest district. The location of compartmentswas depicted 
in Table 1. The selection of sample treewas conducted by choosing the tree in each compartments based on 
criteria that were considered to be able to represent the properties of forest representatively. 

 
Table 1: The selected JPP compartments based on year of observation and age of platation 

Year of 
observations 

Age  
(years) 

Observated Compartment 
(for each Forest District) 

  Madiun  Saradan Ngawi 
2013 6 83a, 92, 112a 121, 104g, 136c 53b, 54c, 56k 
 7 76d, 92b 50a, 165a, 136a 44d, 44a, 47g 
 8 65b, 89b, 34a 133a, 152g, 6b 103a 
 9 118d, 114f 92b, 2b 151g, 3i 
 10 62e, 103g, 76a 77c 151h 
 11 118h, 121d, 62b 123a - 
 12 - - - 
 13 - - - 
2014 6 - - - 
 7 112a, 60c, 59a 152g, 98b, 100a 51d, 3c, 50b 
 8 72c, 70d, 92b 106b, 152a, 160g 4h, 4b, 7b 
 9 34a, 72b, 74d 152b, 152c, 102a - 
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 10 100k, 118d, 114c 2b, 93b 151g, 3i 
 11 123b, 76a, 74c 77c 151h 
 12 117d, 121f, 117k 123a 156b 
 13 - - - 
2015 6 69a, 67d, 103c 16d, 67a - 
 7 26, 2b, 3a 121c, 6b 73c, 174k 
 8 228a,145b, 79a, 69e, 100a 100a, 89b, 104g 45b, 48f, 64g 
 9 92a, 78c, 152b 160b, 114d, 81a 47h, 49d, 65g, 65h2 
 10 34a, 74d, 80a 94b, 6c, 96d 22h, 175g, 143a, 135e 
 11 118d, 296b, 90g 2b, 93c, 84a 2b 
 12 76a, 123b, 82a 71c, 93d, 96a 167e 
 13 121f, 101i, 117k 16a, 91a, 123a 45a, 47a, 52d, 72b 

 
Tree Measurement: 

 Prediction of the JPP stand growing space was conducted by measuring dominant trees crown projection 
area. From each sample tree, diameter, total height and lenght of crown projection in four cardinal directions 
were measured. Measurements of average crown diameter come from four radius, and then divided into two. 
The length crown projection measurement were used to calculate the area of crown projection [22].  

According to Simon [24], diameter measurement, was done using diameter at breast height (dbh), because  
it was easier and had  a strong correlation with other parameters such as basal area and the stem volume. 
Measurements of dbh was done at 1.3 m above ground of stem diameter by using phi band, while measurements 
of tree height was done using haga hypsometer. 

Measurements of crown projection was based on the assumption that the vertical crown projection of the 
tree  was in a circle shape. The average of crown diameter can be defined in a variety of ways, but it is 
commonly based on: average maximum and minimun of crown diameter (1), average maximum crown diameter 
and measured perpendicularly at the maximum  front axle (2), and average diameter by randomly selection in 
some ways and the second diameter was taken perpendicularly from the first [2].   
 
Growing Space Estimation and Requirement: 

The growing space for each individual was defined as the horizontal dimension of surface area that was 
available or large of crown projection to the ground [7]. Crown projection was measured by using the 
assumption that crown area equivalent to circle form that was calculated by using average crown diameter [16]. 
In this study, crowns area were calculated to describe the actual growing space at that time. Crown projection 
area based on the average crown radius with the diameter value was calculated and then divided into two. While 
crown peripherals area where crown area with the diameter calculated based on the largest crown radius 
multiplied by two. 

Growing space assessment in every individual's age was determined from the plus tree as a reference that 
refers to the Assmann formula [1]; Pretzsch [17] Sadono [21] where there were two geometry theories 
describing the setting up the stand growing space:  the square and the hexagon. In this case, the distance 
between the trees could be in square or  triangle. Growing space requirement was obtained by counting the 
prediction of crown projection area. The average of diameter, crown projection area and total height tree in 
every age were analyzed by regression to know the best equation that will be used to determine the growth 
prediction. 
 
Diameter and Height Analysis: 

Simon [24] stated that a common measurement of diameter at breast height as the easiest measurement and 
closely correlated with other tree parameters. Diameter is one of the dimensions that have significance in data 
collection on the potential of forests management purposes. In addition, trees height is also another significance 
dimension in the assessment of forest products. Diameter and height growth were analyzed to show the 
correlation to growing space.  

In the early stages of growth and yield stands modeling is firstly done by data checking with descriptive 
analysis software SPSS 20. Descriptive analysis of diameter and height distribution of the JPP was also done by 
eliminating outliers. Distribution showed various data distribution at each age. Furthermore, regression analysis 
was also followed by curve estimation by entering the age, diameter, and height as variables in each class to 
determine the growth model of JPP. The value of the analysis will use to describe the curve fit. The best model 
for growth and yield JPP stand is selected from the equation with highest R2 that the value approaching to 1 and 
it also has lowest standard error estimation (SEE) or even approaching 0. When the best model is established, 
then, height and diameter at breast height (dbh) was also performed to predict. 
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RESULTS AND DISCUSSIONS 
 

Crown dimension: 
Result of the crown radius projection was used to calculate crown projection  area. By using the value of 

crown radius projection average in circles formula, then, the large of crown projection for tree samples have 
been already known. The distribution of stem diameter, crown projection area and the height in box plot for 
each age before excluding the outliers was showed in  Figure 1. 

 

 
 (a) (b) (c) 

 
Fig. 1: The distribution of stem diameter in the box plot (a) diameter, (b) crown projection area, and (c) total 

height compared with the outliers 
 
According to Sadono (2013), based on the regression analysis result, the relationship between diameter and 

growing space showed linear correlation (P < 0.05) while total height and growing space did not show linear 
correlation (P > 0.05). However, growing space purposes for providing maximum of lateral and vertical tree 
growth.  The distribution of stem diameter, crown projection area and total height in box compartments for each 
age, after omitting the outliers are dispalyed in the Figure 2. There is an increase of diameter, crown projection 
area, and total height for each age. It means that the observed data showed the normality. 

 

 
 (a) (b) (c) 

 
Fig. 2: The distribution of crown projection area in  box plot (a) diameter, (b) crown projection area, and (c) 

total height without the outliers 
 
The measurement result of stem diameter from all sample trees were analyzed by descriptive statistics and 

box plot based on the age, it was used to determine the distribution of stem diameter for each age. After 
excluding the outliers, then it could be seen in the figure of box compartments that the stem diameter value 
between age 6 to 13 years were increasing. The crown projection in the box plot based on the age was used to 
determine the distribution of crown projection area for each age. After deleting the outliers, then it could be seen 
in the boxplot for each age that there was insignifigant differences between crown projection area of age 8, 9 
and 10 years. From the Figure 2, it could be seen that there were many outliers value in each age except 13 years 
old stand. After omitting the outliers, then it could be seen in the boxplot for each age that there was no 
significant differences between the total height trees at age 8 and 9 years. From the descriptive statistics analysis 
of diameter, crown projection area (CPA) and total height trees are presented in Table 2. 
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Table 2: Descriptive statistics for each age  
Age 
(years) 

Number of 
trees samples 
(N) 

The dimensions of 
trees 

Mean 
 

Standard 
deviation 

Confidence Interval 95%  

 Lower limit Upper Limit 
6 388 stem diameter 11.691 cm 2.908 cm 11.401 cm 11.981 cm 
  CPA 9.822 m2 5.607 m2 9.262 m2 14.382 m2 
  total height 9.389 m 2.322 m 9.158 m 9.621 m 
7 678 stem diameter 14.137 cm 2.781 cm 13.928 cm 14.347 cm 
  CPA 14.056 m2 6.375 m2 13.576 m2 14.537 m2 
  total height 11.672 m 1.806 m 11.536 m 11.808 m 
8 774 stem diameter 15.873 cm 2.776 cm 15.677 cm 16.069 cm 
  CPA 16.899 m2 6.583 m2 16.435 m2 17.364 m2 
  total height 12.113 m 1.723 m 12.992 m 12.235 m 
9 617 stem diameter 16.049 cm 2.741 cm 15.833 cm 16.266 cm 
  CPA 16.512 m2 6.441 m2 16.003 m2 17.022 m2 
  total height 12.226 m 1.770 m 12.862 m 12.366 m 
10 576 stem diameter 16.603 cm 2.689 cm 16.383 cm 16.823 cm 
  CPA 16.936 m2 6.882 m2 16.373 m2 17.499 m2 
  total height 12.969 m 1.806 m 13.821 m 13.117 m 
11 450 stem diameter 17.775 cm 2.936 cm 17.503 cm 18.047 cm 
  CPA 19.285 m2 8.548 m2 18.930 m2 20.077 m2 
  total height 13.178 m 1.858 m 13.006 m 13.350 m 
12 332 stem diameter 18.399 cm 3.069 cm 18.067 cm 18.730 cm 
  CPA 20.694 m2 7.477 m2 19.886 m2 21.501 m2 
  total height 13.567 m 1.793 m 13.374 m 13.760 m 
13 285 stem diameter 19.547 cm 3.104 cm 19.185 cm 19.909 cm 
  CPA 23.445 m2 8.950 m2 22.402 m2 24.489 m2 
  total height 13.982 m 2.410 m 13.702 m 14.263 m 

 
In the Table 3 the growth equation of diameter, crown projection of JPP and total height tree were shown, 

which were selected from analysis based on the highest R2 value and the lowest SEE value. The fit models that 
can be used to estimate diameter, crown projection area, and total height are S model for each dimension (P < 
0.05).  
 
Table 3: Equations for diameter, crown projection, and height of JPP 

The dimensions of 
trees 

Models Equation R2 Adj R2 SEE F Sig. 

Diameter S Y= e (3.340-5.130 /age) 0.331 0.331 0.190 2029.767 0.000 
Crown projection S Y= e (3.700-8.699 /age) 0.175 0.175 0.492 868.995 0.000 
Height S Y= e(2.929-3.787 /age) 0.258 0.258 0.167 1422.541 0.000 

 
Results showed that R2 value of diameter growth model, crown projection, and the heigth of tree as well as 

were likely to have the highest R2 that close to 1 and the lowest SEE that close to 0.  These equations that have 
the highest R2 would be the best equation.  

From the growing space prediction, diameter and height were analyzed by each relation. Figure 3 
shows  the scatter compartments that described the correlation between each tree dimension that were analyzed 
by Pearson correlation. The relations between growing space and the diameter was very strong and the relations 
between growing space and the height was low. According to Schuler et al. [23], the relationship between 
diameter (DBH), and the crown diameter was described from a linear regression model and the diameter (DBH) 
could be the most important predictor. 

 

 
 
 (a) (b) (c) 

 
Fig. 3: Scatter plot for correlation of (a) height with the growing space (b) height with  diameter,(c)diameter 

with growing space 
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In each class of good and poor, the correlation analysis done for each variables. The result shows that in the 
class of good, relationship between the diameter and growing space has a strong and positive correlation of 
0.561, it means that more larger of the diameter more wider the growing space. For the relationship between the 
growing space and total height indicates that the growing space has positive correlation but tend to be weak 
amounting 0,279. The results of the correlation between the variables in the  Good class can be seen in table 4. 

 
Table 4:  Correlation between variables in Good Class 
Correlations 
 Growing space Diameter Total height 

Growing space 
Pearson Correlation 1 0.561**  0.279**  
Sig. (2-tailed)  0.000 0.000 
N 2095 2095 2095 

Diameter 
Pearson Correlation 0.561**  1 0.434**  
Sig. (2-tailed) 0.000  0.000 
N 2095 2095 2095 

Total height 
Pearson Correlation 0.279**  0.434**  1 
Sig. (2-tailed) 0.000 0.000  
N 2095 2095 2095 

**. Correlation is significant at the 0.01 level (2-tailed). 

 
In the class of Poor, correlation between growing space and the diameter has a strong and positive 

correlation of 0,618. While, the correlation between growing space and total height shows positive correlation of 
0,441. The value of the correlation is greater than 0.5, it means that variables have a strong correlation with 
other variables and vice versa. The results of the relationship between the variables in the Poor class can be seen 
in table 5. 

 
Table 5: Correlation between variables in Poor Class 
Correlations 
 Growing space Diameter Total height 

Growing space 
Pearson Correlation 1 0.618**  0.441**  
Sig. (2-tailed)  0.000 0.000 
N 2005 2005 2005 

Diameter 
Pearson Correlation 0.618**  1 0.630**  
Sig. (2-tailed) 0.000  0.000 
N 2005 2005 2005 

Total height 
Pearson Correlation 0.441**  0.630**  1 
Sig. (2-tailed) 0.000 0.000  
N 2005 2005 2005 

**. Correlation is significant at the 0.01 level (2-tailed). 

 
After that, things that further to be done was the T Test statistics. The T test was conducted to see the 

difference of each class significantly or not. The T test was done by using the software MS Excel through 2 
ways namely T-Test with Two-Sample Assuming Equal Variances and T-Test with Two-Sample Assuming 
Unequal Variances. The results show that the P value for each test has a value < 0.05 amounting 0.000 which 
means that growing space on the class of Good and Poor differ significantly.  The results can be seen in Table 6. 

 
Table 6: Result of T-Test for two independent growing space class 

 Class of Growing Space Equal Unequal 
  Good Poor Variances Variances 
Mean 22.15808528 11.05934365   
Variance 40.15700901 17.0607324   
Observations 2095 2005   
Pooled Variance 28.86249014   
Df 4098 3620 
T Stat 66.12476117 66.71343733 
P(T<=t) two-tail 0 0 
T Critical two-tail   1.960542984 1.960619471 

 
Number of trees in the plants area were determined after knowing the prediction of crown projection and 

the count of crown diameter based on the growing space. There were two ways to determine the number of trees 
based on the growing space, they are square and hexagon. 

Classification of growing space was differenciated into two based on the good and poor growing space 
obtained from the regression of percentile value.  Figure 4 presents the graphic of growing space distribution 
that based on 50thpercentile. It shows howthe distribution of growing space increased from the percentile value. 
After the percentile could be seen from the data,  then the distribution of growing space class could  be 
determined. From graphics, growing space class could be determined based on the location of percentile graphic 
line. Good growing space classwas located above the line graph of 50th percentile, while poor growing space 
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class located under  the line graph of 50th percentile. Table 7 provides crown projection growth equation, 
diameter and the height based on the good and poor growing space respectively. The results show that the 
models for crown projection area, diameter, and height in Good class of growing space follow the S curve (P < 
0.05). Meanwhile, in Poor Class of growing space, the crown projection follows the Quadratic model. The 
diameter and height growth models follow the S curve (P < 0.05). Table 8 present a growing space requirement 
on the good and poor growing space respectively. Table 9 present the number of trees per hectare in the two 
classes. Afterwards, growing space is grouped to see relation between the actual growing space and diameter, 
total height. 

 
 

 
 

Fig. 4: The distribution of growing space separated into two parts based on modeling the median value  
 

Table 7: Equations for diameter, crown projection, and height of JPP trees in good and poor growing space class 

Class 
The dimensions of 
trees 

Models Equation R2 Adj R2 SEE F Sig. 

Good Crown projection S Y= e (3.897-7.194 /age) 0.416 0.415 0.218 1489.211 0.000 
Diameter S Y= e (3.364-4.64 /age) 0.358 0.358 0.159 1167.430 0.000 
Height S Y= e (2.834-2.779 /age) 0.174 0.173 0.155 439.815 0.000 

Poor Crown projection Quadratic Y=-.019+3.143*age-
0.099*age 2 

0.419 0.418 3.150 721.584 0.000 

Diameter S Y= e (3.334-5.804 /age) 0.418 0.418 0.182 1438.374 0.000 
Height S Y= e (3.024-4.813 /age) 0.354 0.354 0.173 1099.274 0.000 

 
Table 8: Growing space requirement for each class 

Class Age (years) Number of trees Diameter (cm) Height (m) Growing Space  (m2) 
Good 6 170 13.338 10.706 14.850 
 7 386 14.896 11.438 17.624 
 8 479 16.183 12.020 20.040 
 9 292 17.260 12.493 22.146 
 10 245 18.174 12.885 23.989 
 11 206 18.957 13.215 25.610 
 12 158 19.635 13.496 27.044 
 13 159 20.228 13.738 28.321 
Poor 6 218 10.661 9.224 6.275 
 7 292 12.241 10.344 8.131 
 8 295 13.578 11.272 9.789 
 9 325 14.718 12.051 11.249 
 10 331 15.699 12.713 12.511 
 11 244 16.549 13.282 13.575 
 12 174 17.293 13.775 14.441 
 13 126 17.949 14.207 15.109 
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Table 9: The number of trees per hectare of good growing space for each age  

Class Age (years) Crown  Diameter (m) The radius (m) 
Number of trees (N/ha) 
Square Hexagon 

Good 6 4.348 2.174 529 611 
 7 4.737 2.368 446 515 
 8 5.051 2.525 392 453 
 9 5.310 2.655 355 410 
 10 5.526 2.763 327 378 
 11 5.710 2.855 307 354 
 12 5.868 2.934 290 335 
 13 6.004 3.002 277 320 
Poor 6 2.826 1.413 1252 1445 
 7 3.217 1.608 966 1115 
 8 3.530 1.765 802 926 
 9 3.784 1.892 698 806 
 10 3.991 1.995 628 725 
 11 4.157 2.078 579 668 
 12 4.287 2.143 544 628 
 13 4.386 2.193 520 600 

 
In that  range of 6 to 13 years, growing space requirement increased and followed the S curve. It was 

planted with the plant distance of 3 x 3 m and the thinning activity was conducted at age 5 years. After thinning, 
there were 748 remaining trees. The growing space provided at that age of 13.37 m2 area. The growing space 
requirement of age 6 are a bit narrower from the available growing space which was equal to 13.37 m2. In the 
age over 8 years,  the growing space requirement various increasingly.  

The 748 reference trees at age 6 years up were not suitable for square and hexagon pattern because the 
number of trees that there should be in the plants area was lower than the suggested number in the reference. 
Number of live trees at the age 6 years with square and hexagon pattern were not fit with 748 number of 
reference trees.  According to Sadono et al. [22], based on two models to estimate growing space, square form 
(quadrate spacing) cannot provide space maximally, but this form is more efficient with respect to application in 
field. On the contrary, hexagonal form (triangular spacing) is efficient theoretically and families are arranged to 
minimize competition, but application of hexagonal form in progeny test is impracticable. 

 
Conclusion: 

Growing space requirement of JPP in Madiun, Saradan, and Ngawi Forest District were classified into two 
namely good class and poor class. The fit models that can be used for estimating good class is S curve and 
Quadratic model for estimating poor class. There was an increase of growing space, diameter and height growth 
for JPP in age range 6 to 13 years that follow the S curve model. The reference of growing space and the 
number of trees that provided at the age 6 years was not fit to square or hexagon planting patterns because the 
number of trees that there should be in the plantation area was less than the determined number of trees. The 
reference of growing space and the number of the tree was very important  in predicting the JPP timber 
production.  
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