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ABSTRACT 

 
Development of Timber Estates (HTI) is a government program to address lack of wood supply as raw material for forest industry. 

Monitoring and evaluation of economic and production of HTI need to be done. One important factor is evaluation of site quality which 

reflecting the production level. This study aim was to determine site index of Eucalyptus urograndis plantation. This study was 

conducted in concession area of PT. Sumatra Riang Lestari, Sei Kabaro Block (PT. SRL). Secondary data from measurement results of 

permanent plot are top height and age that divided into two parts, large part for preparing guide curve with anamorphic Chapman-

Richards model and the other for model validation. The model was parameterized by non-linear regression. Feasible model is used to 

determine site index with a reference age 5 years and divided into three classes, ie good, medium and low. Research results showed that 
anamorphic Chapman-Richards model can describe the variance data with 90% coefficient determination. The model also valid and can 

be used as guide curve to determine site index. Site index for E. urograndis was categorized into Good, Medium, and Low with  SI5 > 23 

m,  SI5 = 21-23 m and  SI5 <= 20 m, respectively. Working area mapping of PT. SRL was based on this site index value. Site idex curve 
indicates that improvement curve is accelerating from two years up to six years age. That plantation is still productive and maintained 

until the sixth year. 
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INTRODUCTION 

 

 Development of Timber Estates (HTI) basically 

more concern to economic aspect and wood 

technological. Therefore, potential land assessment 

for HTI construction must be implemented. This 

potential assessment is not only based on land 

characteristics with dominant effect on plant growth, 

but it must assess overall economical potential. HTI 

definitively interpreted as managed forest and 

cultivated plants is based on company principle in 

order to increase potential and production forests 

quality by applying intensive silviculture to meet raw 

material needs for forest products industry. It means 

the plants type development must be able to provide 

benefits to manager, whereas in terms of national 

economy, it is expected to provide an increase in 

national income, which in turn can improve people's 

lives. 

 Forestry Ministry has developed a tree species 

belonging to group that quickly grew, as Eucalyptus 

spp. Acacia mangium, Acacia crassicarpa, and 

Gmelina arborea Falcataria mollucana. Cutting cycle 

is set around 8-9 years with reason that age have 

enough to produce adequate timber size, pulp, 

suitable for raw materials and relatively safe for 

environment to create a sense of balance between 

input and output of soil nutrients, although data and 

information from research on nutrient balance is less 

available [26]. 

 For Eucalyptus sp., forests preservation is 

strongly affected by site quality and silviculture, 
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where standing stock of forest as sustainability factor 

is very affected by two factors. This is evidenced by 

Garcia and Ruiz [8] which examines the growth 

model of Eucalyptus sp. in Spain. This study show 

that very high growth affects acceleration, and 

silvicultural treatments such as spacing and 

maintenance management very affect on stands 

growth of Eucalyptus sp. It encourage a research to 

know characteristics of a place to grow, due site 

quality information is an important parameter that 

must be known to perform forest management, 

because it determines the silvicultural treatments 

applied [9,10]. 

 HTI development is one of government policy to 

address the scarcity problem of raw material for 

forest products industry, through application of 

intensive silviculture systems. To support this effort, 

information availability on growth and stands yield is 

very important to determine the silvicultural 

treatments applied. After fulfilling growth 

requirements in field, there is stands productivity 

question between one location with other. This is due 

to variability of site quality. Site quality becomes 

timber production potential for a particular type or 

particular forest [2,15,3]. 

 Height growth equations for dominant trees are 

needed for growth and yield projections, to 

determine appropriate silvicultural regimes and to 

estimate site index [27]. A key assumption in using 

dominant height or top height as an index of site 

productivity potential is that height growth of 

dominant trees is not influenced by stand density. 

Several studies have shown this to be generally the 

case [21]. Site index functions are an important tool 

for growth and yield predictions and have been in 

use since decades in many countries to determine site 

productivity [12].  Tomé and Burkhart [3] stated that 

model of Schumacher and Chapman-Richards is 

recommended to make anamorphic site index on 

same plantations age. 

 The Chapman-Richards model was chosen to 

represent dominant height as a function of age. To 

include the environmental variables a modifier was 

included in the asymptote of the model. The 

asymptote was chosen since this parameter is 

responsible for the maximum value which the 

dominant height can reach. Of the four 

environmental variables most responsible for 

database variation, the two with the highest 

correlation to the mean annual increment in 

dominant height (mean monthly precipitation and 

temperature) were selected to compose the 

asymptote modifier [22]. This research purpose is to 

create anamorphic site index of Eucalyptus 

urograndis plants using Chapman - Richards 

equation. 

 

Material and Method  

 

Study Area: 

 This research was conducted in concession area 

of PT. Sumatra Riang Lestari Blok Sei Kabaro, 

Labuhan Batu District South and North Padang 

Lawas District, Sumatra Province. Industrial 

Plantation Forest area of PT. Sumatra Riang Lestari 

Blok Sei Kabaro sector is part of Permanent 

Production Forest which covers 25.320 ha or 2.40 % 

Permanent Production Forests in North Sumatra that 

managed by PT. Sumatra Riang Lestari Blok Sei 

Kabaro for Eucalyptus urograndis and Acacia 

mangium Plant. Forest plantation area of PT. 

Sumatra Riang Lestari is divided into six (6) 

management sector. This study was conducted in one 

sectors namely Kebaro Sei. Geographical location of 

Sei Kebaro Sector are 1o26’ 20” North Latitude up 

to 1o37’ 30” North Latitude and 100o 10’ 32” up to 

100o 24’ 47” East Longitudinal (see Fig. 1). 

 

 
Fig. 1: Concessions Map of PT. Sumatra Riang Lestari Blok Sei Kabaro at 1:40.000 scale. 

 

 Forest plantation area of PT. Sumatra Riang 

Lestari Blok Sei Kabaro is at altitude of 75-280 m 

above sea level (dry/lowland) with flat topography 

(0-8 % slope) is 20.631 ha (93 %) and ramps (8-15 

% slope) is 4.698 (7 %). Soil type is podzolic (2,921 

ha), association of podzolic - Gleisol - regosol (975 

ha), association of podzolic - Gleisol (16.554 ha) and 

association of Gleisol - Cambisol - alluvial (4.870 

ha). River within PT. Sumatra Riang Lestari Blok 

Sei Kabaro area is River Flow Region that supported 

by Main River namely: Bagan kundur river, Bagan 

Titirah River, black rivers and Kebaro River. 
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Material Data: 

 Inventory of PT. Sumatra Riang Lestari Blok Sei 

Kabaro was starting at age 6 months when the plants 

age are 1 year, 1.5 years, 2.5 years, 4 years and 3 

months before harvesting. Specifical measurement of 

1.5 years and 3 months before harvest was applied 

since 2010. Inventory is conducted by planning and 

monitoring, where responsibility for implementation 

and results of field measurements is done by 

Permanent Measurement Plots (PMP) development. 

 This study uses secondary data from PMP 

results from age 1 to 5.7 years. Circle plots is used 

with radius 11.28 feet or with an area of 0.04 ha. 

Circular plot is more efficient to measure the basal 

area increase [13]. Sampling intensity was 2.5%. It 

follows company rules and value of 2.5 % is 

considered sufficient to represent the homogeneous 

forest. The determination of this value was from 

previous research of PT. SRL themselves by 

reviewing various intensity levels, ranging from 1 % 

to 10 %. 

 The data used is result of measurement 4 tallest 

tree in vast plot of 0.04 ha and separated into two 

parts. The largest portion of data (Table 1) will be 

used to prepare model and some other small 

improvement (Table 2) for model validation. 

 
Table 1: Top height (m) statistics over ages for model construction. 

Age 

(years) 

Number of 

observations 

Mean Standard 

deviation 

Minimum 

Value 

Maximum 

value 

1.0 816 6.9 1.4 3.0 12.6 

1.1 6 9.8 3.7 5.2 13.1 

1.5 218 11.3 1.3 7.1 14.9 

1.6 6 10.4 1.2 8.9 11.5 

1.9 10 13.7 0.7 12.5 14.4 

2.0 46 14.9 1.7 8.1 17.1 

2.1 4 13.7 0.1 13.6 13.7 

2.2 2 16.0 na 16.6 16.0 

2.3 14 14.1 1.4 12.0 16.4 

2.4 42 15.9 1.3 13.8 20.2 

2.5 226 16.6 2.4 9.4 21.2 

2.6 58 17.3 1.5 13.2 21.2 

2.7 114 16.6 1.5 12.7 20.0 

2.8 56 16.5 1.4 13.3 20.0 

2.9 54 17.6 2.6 12.4 22.3 

3.0 46 17.5 1.9 13.5 20.7 

3.1 16 18.6 2.0 14.8 20.8 

3.2 17 19.2 2.3 13.9 23.3 

3.3 13 19.4 2.3 13.9 23.3 

3.4 44 19.4 2.4 13.0 23.2 

3.5 26 18.5 2.8 13.5 22.1 

3.6 62 18.5 1.9 13.6 22.2 

3.7 63 19.8 1.7 15.4 22.4 

3.8 21 19.6 1.6 15.4 21.6 

3.9 42 19.3 1.8 15.1 23.7 

4.0 56 20.7 2.7 15.0 25.6 

4.1 46 20.6 2.1 17.0 25.8 

4.2 44 21.9 1.7 18.8 24.7 

4.3 48 20.2 2.6 16.5 24.4 

4.4 26 20.9 1.2 18.3 23.5 

4.5 22 20.4 1.7 18.0 23.7 

4.6 8 21.1 1.6 18.6 22.4 

4.7 10 21.4 1.6 20.1 24.3 

4.8 2 24.7 na 24.7 24.7 

5.0 6 22.9 0.9 21.8 23.6 

5.1 6 22.3 0.5 21.7 22.9 

5.2 4 22.5 0.4 22.1 22.8 

5.4 10 22.7 0.8 21.9 24.0 

5.5 4 23.3 0.4 23.0 23.7 

5.7 2 24.0 na 24.0 24.0 

Total 2316     

 

III. Data Analysis: 

Curves Bonita Development: 

 A Bonita curve development is performed with 

top height model becomes guide curve site index. 

Top height best used as a measure in Bonita because 

relatively unaffected by silvicultural treatments when 

compared to other stand parameters [5]. In addition, 

Dela [6] adds that age is a major factor to determine 

top height model. To research Eucalyptus urophylla 

at Toba Pulp Lestari, North Sumatra, age becomes a 

major factor in each regression analysis. The 

Simplest form of Chapman - Richards equation 

produces anamorphic site index curves [17]. 

 Equations used in top height modeling are 

Chapman - Richards growth model: 
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H = Top height stand (m) 

t = Stand age (years) 

b0, b1, b2= regression coefficient 

 

Table 2: Top height (m) statistics over ages for model evaluation. 

Age 

(years) 

Observa tions Mean Standard 

Deviation 

Minimum 

value 

Maximum 

value 

1.0 18 6.3 1.8 3.5 9.4 

2.0 9 13.8 2.3 8.1 15.4 

2.1 1 13.6 na 13.6 13.6 

2.3 1 14.9 na 14.9 14.9 

2.4 1 16.0 na 16.0 16.0 

2.5 3 18.7 0.3 18.5 19.0 

2.6 2 16.9 0.1 16.8 17.0 

2.7 1 16.6 na 16.6 16.6 

3.0 10 17.8 2.3 13.5 20.7 

3.1 1 14.8 na 14.8 14.8 

3.2 1 16.8 na 16.8 16.8 

3.3 3 17.9 3.6 13.9 20.8 

3.4 3 20.5 0.6 19.9 21.0 

4.0 13 20.9 3.3 15.0 25.6 

4.1 1 17.1 na 17.1 17.1 

4.2 3 21.0 0.3 20.8 21.3 

4.5 4 20.9 1.4 19.7 22.8 

4.6 2 20.5 2.7 18.6 22.4 

4.7 1 24.3 na 24.3 24.3 

4.8 1 24.7 na 24.7 24.7 

5.1 2 22.3 0.8 21.7 22.9 

5.5 1 23.7 na 23.7 23.7 

Total 82     

 

 Inventory of PT. Sumatra Riang Lestari Blok Sei 

Kabaro was starting at age 6 months when the plants 

age are 1 year, 1.5 years, 2.5 years, 4 years and 3 

months before harvesting. Specifical measurement of 

1.5 years and 3 months before harvest was applied 

since 2010. Inventory is conducted by planning and 

monitoring, where responsibility for implementation 

and results of field measurements is done by 

Permanent Measurement Plots (PMP) development. 

 This study uses secondary data from PMP 

results from age 1 to 5.7 years. Circle plots is used 

with radius 11.28 feet or with an area of 0.04 ha. 

Circular plot is more efficient to measure the basal 

area increase [13]. Sampling intensity was 2.5%. It 

follows company rules and value of 2.5 % is 

considered sufficient to represent the homogeneous 

forest. The determination of this value was from 

previous research of PT. SRL themselves by 

reviewing various intensity levels, ranging from 1 % 

to 10 %. 

 The data used is result of measurement 4 tallest 

tree in vast plot of 0.04 ha and separated into two 

parts. The largest portion of data (Table 1) will be 

used to prepare model and some other small 

improvement (Table 2) for model validation. 

 
where : 

MEFadj:  Reduced efficiency model 

  :  Actual value of stands parameter of 

independent data 

  :  Alleged value of stand parameters based on 

results model 

  :  The average value of actual parameter 

stands on independent data 

 
 

where: 

: The actual value of parameter stands on 

independent data 

: Value allegations stand parameters based on 

model results 

 

MEFadj value near 100 % is better and U-theil test 

has a value between 0 and 1. Value of u-theil closer 

to 0 indicates more reliable models, but if close to 1 

the models increasingly unreliable. 

 Index equation of growth place is made from top 

height growth model at specified index age. Index 

age is used to compile index equation for growth 

place same as age cycle. Age index is used to 

determine growth index value at PT Sumatra Riang 

Lestari namely five years. Selection is based on 

index age of company commercial recycling to 

determine age of cutting plants. PT. Sumatra Riang 

Lestari use recycle age 5-9 years to harvest. 

 As a final step, from top height equation is 

searched index value of growth place from each plot 

that obtained by varying model value of regression 

coefficient in order to obtain some index values that 

represent conditions of stands growth. Bonita value 

is prepared by median value of growth index and 

compiled in a table to lists Bonita top height values 
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at a certain age and class Bonita [9]. Based on a 

model of growth place index, Bonita is made and 

record of top height data in field is to map site index 

PT. SRL area. 

 

Result and Discussion  

 

 Diversity of site quality in eucalypt plantations 

has led to timber production fluctuation. Therefore, it 

needs to group growth site quality. Growth site 

quality become timber production potential for a 

particular type or a particular forest [2,15,3]. 

Production potential is resultant of interaction 

between the type concerned with various factors, 

including soil conditions, climate and topographic 

characteristics [12]. In addition, Kuncahyo [14] 

mentions that these fluctuations have raised harvest 

prospect of bad timber forest plants. 

 The initial and most crucial step in growth and 

yield prediction is to quantify differences in site 

productivity. In the perspective of plantation 

management, site productivity can be explained as 

the production potential of a given site for particular 

tree species. Therefore, site index functions are 

useful for forest management decisions as they serve 

in predicting potential growth and yield of forest 

stands as well as the time for thinnings [23,24]. 

 The productivity of sites for tree growth is 

usually evaluated based on dominant heights. In fact, 

site index is defined as the dominant height at a 

given reference age. Dominant height is independent 

of stand density over a fairly wide range of stocking 

thus well suited as a measure of site productivity 

[18,12]. Dominant height is defined as the mean 

height of the 100 largest diameter trees per hectare 

[1,12,23]. 

 Requirements of plants growth both land and 

environmental circumstances are vary depending on 

the type. Eucalyptus sp is a type that grows naturally 

in eastern Indonesia. This suitable to dry climates 

like region with rain type C, D and E of Schmidt and 

Ferguson. It grows well on alluvial soil and nest, 

well drained soil and tolerant to acidic soil and 

dense, mineral -poor soil and less water content and 

relatively resistant to fire [30]. It grows well on flat 

land or with relative slope land, and grows on 

alluvial soil near water but not waterlogged and 

contains clay. Flower and fruit season Eucalyptus sp 

is between January and August [4]. 

 To make Bonita curves of Eucalyptus plant, it 

will be made top height growth model, then it made 

equations growth index site at specified. Scatter 

diagram result of top height in several ages can be 

seen in Figure 2. According to Wolff Von Wulfing 

[11], average top height is higher than 100 tallest 

trees that spread evenly on a one hectare. High 

growth trees of dominant and codominant greatly 

affected by site fertility place, strongly correlated 

with volume, but weakly correlated with stand 

density [28]. 

 
Fig. 2: Observed top height over age in the Eucalyptus urograndis sample plots. 

 

 Mathematical model can be used to project 

compilation results of stands that will be harvested at 

end rotation. However, before analyzing these 

parameters it need to know value of site index 

quality at each sample compartment. Quality 

footprint can be determined by predicting top height 

of each compartment. Here is a top height model 

based on Chapman - Richard's model from 

compartment that observed and presented as a guide 

curve: 

TH = 22,501 x (1 – exp(-0,708x A))
1,721

 

R square = 90,0% 

Where: 

TH: Top height (m) - top height 

A: Age (Years) 

 Proposed guide curve was tested with a set of 

data evaluation that has been prepared for validation. 

Scatter diagram of data evaluation for guide curve is 

presented in Figure 4. MEFadj dan U-Theil value 

obtained are 86.38 % and 0.066, respectively. Based 

on these values, it can be stated that curve is valid 

and can be used as guide curve site index. 

 From equation model above we can make 

equation to create Bonita curve with top height 

projection 5 years. We get the following equation: 

SI5 = TH x ([1 – exp (0,708 x 5]/[1 – exp (0,708 x 

A])
1,721 

Where: 

SI5 : Site index at age reference of 5 years (m) 

TH  : Top height (m) 

A  : Age (years) 

 Based on above model, it will be established 

Bonita curve by dividing into three classes, namely: 

Good if SI5 > 23 m), Medium (if SI5 = 21-23 m), and 

Low (if SI5 = 20 m). Site index graph as a final result 

can be seen in Figure 5. Widodo [28] states, age 

together average tree height of dominant and 

codominant trees very well to show the site quality 
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level, with provision that high growth average of tree 

is not affected by silvicultural treatments. 

 The curve above shows a top height increase is 

still experience growth acceleration from two years 

up to six years, so that plant is still productive to be 

maintained in next year. In early stages, plant growth 

has been slow and faster follows plant age. This 

condition lasts until reaches maximum growth point. 

After that it will continue grows [16]. 

 
Fig. 3: Predicted over observation data. 

 
 

Fig. 4: Guide curve over evaluation data. 

 
 

Fig. 5: Site index graph for E. Urograndis. 
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 Site quality classification using age and 

dominant height provides a convenient and 

consistent evaluation method of site quality, since all 

environmental factors are reflected interactively in 

height growth, which is also related to volume [22]. 

Based on curve Bonita above then it mapped the 

compartments spread based on the class as presented 

in Figure 6. 

 

 
Fig. 6: Spread map based on Bonita curve of E.urograndis. 

 

Conclusions: 

 Based on top height value of inventory data, it 

can be made guide curve and can be used as guide 

curve site index. From guide curve obtained, it can 

be made equation to create Bonita curve with top 

height until 5 years. E. urograndis site quality is 

divided into 3 classes: good (if SI5 > 23 m), Medium 

(if SI5 = 21-23 m), and Low (if SI5 < = 20 m). Top 

height improvement still experience accelerated 

growth from two years up to six years. That plant 

still productive and maintained in next year. 
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