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 Tending plays an important role to increase productivity and stand quality. This effort is 

basically how to manipulate stand density and growing space of individual tree. The 

growing space arrangement is related to individual trees growth and formed their stems 
quality. This research objectives were to determine growing space of teak’s family and 

to identify relation between growing spaces and tree growth characteristics: stem 

diameter and tree height. Actual growing space was determined by crown projection 
area based on the average radius. Expected growing space was investigated by family 

with dominant trees which were classified by combination of total height and stem 

diameter of trees. Research result showed that average radius of crown projection area 
could be proposed to calculate actual growing space. There were three dominant 

families namely family number 6, 106 and 105. The expected growing space at 13th 

years old were 45,16 m2, 37,49 m2and 35,34 m2 respectively. There was a positive 
relation between growing space class and growth characteristics. 
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INTRODUCTION 

 

 Teak (Tectonagrandis L.f.) is one of valuable tropical hardwood species for timber production with good 

quality in durability and visual performance. For that reason, teak has been programmed Perum Perhutani, an 

Indonesia State-Owned Forest Company in plantation for several decades. To obtain regeneration, teak 

plantation is mainly relying on generative propagation in which seedlings are produced from seeds of selected 

trees in orchard. However, teak trees planted from generative propagation can be harvested in rotation age 

between 40 and 60 years [17]. An effort to acquire high value forest stands of teak is by means of progeny test. 

The test is expected to produce genetically superior traits in term of growth, form of stem as well as resistance 

of pest and disease [15]. Moreover, environmental factors are also being studied systematically to know how to 

apply in silvicultural treatments. 

 Therefore, information corresponding to development of individual tree growing in progeny test is essential 

to be understood. One of the information is an area of crown projection of each individual because crown 

projection relate to the need of growing space horizontally. The growing space can have an effect to growth of 

trees in which the growing space in teak plantation is required to control competition among individuals in order 

to obtain light and to provide space for root system. Furthermore, the growing space correlates strongly with 

physiological process of each individual tree in producing wood [2,11]. Conclusively, the wider growing space, 

the more light and nutrient are taken [6]. However, in progeny test optimum growing space must be considered 

since the goal of teak plantation is to produce number of wood maximally.  

 Progeny test in Ngawi forest district was established in 1998 by Perum Perhutani. The goal of the progeny 

test is to select plus trees which are phenotypical superior. Then, family, a group of strongly related genotypes, 

was grouped in every plot. During testing, teak trees in Ngawi forest district has been treated by roughing 

selection two times in 2006 and 2009 resulting in alteration of density of each family in 2011. The variety of 

density, furthermore, has an effect on tree competition as a consequence of obtaining light and nutrients. In tree 

competition, dominant families, where their canopy expand above surrounding trees and receive more sunlight, 

out compete other families. The dominant families can be an indicator of growing space required from teak 

family as actual growing space and information of the actual growing space can be used to find out estimated 

growing space. For that reason, this research was carried out to estimate the actual growing space and estimated 
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growing space in progeny test of Ngawi forest district through dominant family approach. Then, relationship of 

actual growing space and diameter and height were investigated as well.  

 

MATERIAL AND METHOD 

 

 The research took place in progeny test in compartment number 49a Sido Wayah forest resort, Kedung 

Galar sub forest district, Ngawi forest district, Perum Perhutani Unit II, East Java. Teaks were planted in 1998 

as program of progeny test. Roughing has been done twice in 2006 and 2009. The plot area is 7.6 hectares and 

relatively flat. Soil types are margalith with colour grey and black, deep surface of soil, rocky and presence of 

organic nutrients. 

 

Data: 

 Data were collected from September to October 2011. The data in this research were clear bole height 

which were measured using haga hypsometer and diameter, breast height (DBH) which were measured using 

phi-band, radius of crown which was assumed as a circle and crown radii were measured using four axes at right 

angles [4]. Data of clear bole height, DBH and radius of crown were taken from all trees growing in progeny 

test. 

 

Determining the dominant family: 

 Each family was classified using the criteria derived from DBH and clear bole height. Classification using 

clear bole height was divided into three categories which are dominance (> 80 per cent of the highest clear bole 

and scored as 1); intermediate (80 – 60 per cent of the highest clear bole and scored as 2); and suppress(< 60 per 

cent of the highest clear bole and scored as 3). Then, the classification using DBH was grouped in three 

categories which are dominance (> 74 per cent of the widest DBH and scored 1); intermediate (25 – 75 per cent 

of the widest DBH and scored 2); and suppress (<25 per cent of the widest DBH and scored 3). Afterwards, 

classes of family were determined through sum of clear bole height and DBH categories. The classes were 

dominant families, intermediate families and suppressed families wheretotal score were 2, 3 – 4 and 5 – 6 

respectively. 

 

Actual Growing Space Parameters: 

 Growing space of family is described as horizontal dimension of surface area or area of crown projected on 

ground area [1,19,6,13]. The requirement of growing space for each family is illustrated in Figure 1. 

 

 
 

Fig. 1: Illustration of growing space requirement for each family [12]. 
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 Area of crown projection was calculated by averaging radius of four directions as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Fig. 2: Illustration of estimating of crown projection area a) observed radius b) average radius. 

 

Estimated growing space: 

 Estimated growing space was derived from dominant family. As stated by Assmann [1] and Pretzsch [13], 

there were two kinds of theories of geometric form to describe growing space in stands namelysquare form 

(quadrate spacing) and hexagonal form (triangular spacing) in which the two forms are displayed in Figure 3 

and 4. 

 

 

Lengthof b is straight side of square while distance 

of tree is calculated as parallel way. Therefore, 

calculation area of growing space is done as follows 

fq = b
2
. 

 

 

 

 

Fig. 3: Model of crown projection area and structure of family in square form. 

 

 

Area of growing space is hexagonal form with 

crown projection as circle. Thus, growing space is 

calculated as 

fs = (crown diameter)
2
 x 1/2  = b

2
 x 0,866 

Fig. 4: Model of crown projection area and structure of family in hexagonal form. 

a 

a 

a 

a b 
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RESULTS AND DISCUSSION 

 

 Result indicated that most of families growing in progeny test were categorized in intermediate. It can be 

seen that classification derived from clear bole height showed 11 families in dominance, 133 families in 

intermediate and 5 families in suppress. Classification derived from clear bole height also gave a picture that the 

most of families growing in progeny test were grouped in intermediate which was 75 families, while number of 

dominant families and suppressed families was 37 for each. 

 After that, the categories above were summed to arrange each family based on family class. The families 

were mostly classified in intermediate families as shown in two categories above which were 108 families. It is 

pointed out that majority of families grow inefficiently in term of receiving sunlight. Suppressed families and 

dominant families were 36 and 5 families respectively. In dominant families, label of families were 6, 30, 105, 

106 and 521, not all of which were used to estimate growing space requirement because families number 30 and 

521 did not survive in progeny test as a result of insufficiency of their replication less than 50 per cent. As 

pointed out by Raharjo [14], in growth of trees in the same area every tree has different adaptability and show 

morphologically in a different way. 

 

Actual growing space: 

 In this study, 149 families were observed and estimated each growing space as each family showed each. 

According to Oliver and Larson [10], tree has a specific ability to survive compared to other tree. For that 

reason, families in the progeny test show different characteristic, although they grow in progeny test where the 

environmental circumstance is similar.  

 
Table 1: Results of crown projection area of each family as actual growing space. 

Family 

number 

number of 

tree plot 

crown radius (cm) Average of crown 

radius 
(cm) 

Average of crown 

projection area (m2) r1 r2 r3 r4 

1 10 273,7 296,3 314,0 304,1 594,1 27,72 

2 9 324,9 345,3 330,3 341,8 671,2 35,38 

3 10 293,3 287,5 301,1 300,3 591,1 27,44 

4 10 285,9 258,7 248,4 269,6 531,3 22,17 

5 11 283,1 299,0 319,2 292,8 597,0 28,00 

6 9 370,8 357,6 404,2 384,1 758,3 45,17 

7 9 350,0 355,4 339,3 327,2 686,0 36,96 

8 9 336,6 289,4 274,7 311,8 606,2 28,86 

9 11 265,2 288,7 248,1 292,9 547,5 23,54 

10 12 313,7 303,1 311,3 327,6 627,8 30,96 

. . . . . . . . 

. . . . . . . . 

. . . . . . . . 

AV.BJ 8 299,6 317,3 283,9 331,1 615,9 29,80 

AV.CP 9 301,2 302,0 291,2 327,9 611,2 29,34 

AV.PD 9 336,7 301,6 320,9 258,0 608,6 29,09 

AV.PN 1 253,0 271,0 381,0 180,0 542,5 23,11 

AV.PR 7 267,3 263,7 328,1 317,4 588,3 27,18 

AV.RD 10 338,3 323,3 323,2 343,7 664,3 34,65 

Average 291,3 290,0 287,4 295,2 582,0 27,03 

 

 Based on Table 1, every growing space of family was determined by measurement of radius of crown and 

shape of crown. Results showed that growing space ranged from 12.3 to 51.5 m
2
 where the smallest growing 

space was in family with number 581 while the largest growing space was in family with number 30. The range 

of growing space was as result of influence of genetic factor, environmental factors as well as silviculture 

treatments. Study by Brown quoted in [5], variation of size and crown size are controlled by combination of 

both genetic factor and environmental factors. 

 Estimate of actual growing space was determined based on the minimum bias when the growing spaces are 

similar between families (Figure 5). In that Figure, illustration displayed crown projection from different 

families. Family with number 30 and 528 were singled out as consequence of different shape of crown 

projection.  

 The calculation method above is beneficial because area of crown projection is close to measurement in the 

field. As shown in family with number 30 and 528, crown projection area of both families calculated using 

average radius gave the same result as measurement of crown projection in the field. In some cases, not all 

calculation of both crown projection area would not give the same results as illustrated in Figure 6 showing 

average radius (r1) in family with 528. There are some areas which are not covered by area calculated using 

average radius of crown. Therefore, to avoid bias crown projection area is calculated according to average 

radius from four directions in order to obtain actual growing space. The actual growing space is applied to 
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minimize overlap of crown of neighbour. But in some conditions, an overlap of crown among family could be 

beneficial because growth of stem could result in good straightness [16]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Calculation method for area of crown projection using (a) average radius of crown of family with 

number 30.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Illustration of calculation method for area of crown projection using (a) average radius of crown of 

family with number 528. 

 

 The more area of growing space of family is required, the higher growth of family in progeny test. 

According to Daniel et all quoted by Hidayat [7], crown of tree is crucial place where auxin and carbohydrate 

are produced physiologically by tree and those are necessary to form anatomically proportion of late wood and 

early wood.  

 

Estimated growing space of dominant families: 

 Growing space of dominant family can be used to estimate optimum growing space for each family. The 

dominant family has ideal performance in term of diameter at breast height and clear bole height compared to 

intermediate family and suppressed family. Therefore, to estimate ideal growing space dominant family is 

selected to estimate ideal growing space for each family in progeny test with purpose that each family grows 

ideally when growing space is provided as growing space of dominant family. As stated by Oliver and Larson 

[10], growing space could be as control competition among trees because the space provided optimally will 

allow root system and canopy to take nutrients and light. The growing space for each family is described as area 

of crown projection of dominant family which was assumed as circle (Table 2).  

 
Table 2: Results of estimated growing space of dominant family. 

Family 
Number 

Average of 
crown 

diameter 

(m) 

Actual crown 
projection (m2) 

Growing space form 

square form hexagonal form 

growing space 

(m2) 

number of family 

per hectare 

growing space 

(m2) 

number of family 

per hectare 

6 7,6 
6,9 

6,7 

45,166 57,507 174 49,801 201 

106 37,496 47,741 209 41,344 242 

105 35,346 45,004 222 38,973 257 

Average 7,1 39,336 50,084 202 43,373 233 

r 1 

r 2 

r 3 

r 4 

a 

r 1 

r 2 

r 3 

r 4 

a 
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 In Table 2, growing space for family with number 6 and 105 are45,166 m
2
and 35,346 m

2
 respectively. 

Those growing space can be as indicator on how much family can take materials from circumstance and then the 

family can grow to reach diameter and height as expected. 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.  

 

Correlation between diameter, height and actual growing space: 

 As said by Laar and Akça [9], crown characteristic could be used to calculate approximately response of 

space need, thinning, fertilizing as well as soil moisture. Consequently, the crown characteristic could be used to 

know growth model by estimating between crown and other crown characteristic (Table 3). 

 
Table 3: Correlation between diameter, height and actual growing space. 

Growing space classes Interval of growing 
space (m2) 

Frequency Diameter 
(cm) 

Height (m) 

Clear bole 
height 

Total height 

Unsuitable < 25,301 62 17,9 5,31 14,11 

Less suitable 25,301-38,352 78 20,7 5,64 15,15 

Suitable >38,352 9 23,4 6,31 16,26 

 

 Afterwards, growing space is grouped to see relation between the actual growing space and diameter, clear 

bole height. The growing space of families, then, is categorized assuitable; less suitable and unsuitable (Table 

3). It can be seen from Table 3 that only a few family were in suitable category compared to less suitable and 

unsuitable classes. Families in suitable class are able to take nutrients and light in order to reach optimal growth. 

As a result, the families have bigger diameter and higher clear bole height compared to families in two other 

classes. According to Daniel et al. [5] and Krishnapillay [8], crown area correlated positively with radius of root 

to take nutrients from soil. In addition, the wider crown area could support positively photosynthesis process. 

Therefore, it can be correlated growing space with diameter and clear bole height.  

 Based on multiple regression test, diameter correlated linearly significant with growing space as P<0.05 

while clear bole height and growing space did not show a significant linear in correlation as P>0.05.Then, 

equation for liner correlation between growing space and diameter was expressed mathematically as GR = 14.16 

+ 0.654 DBH where GR is growing space and DBH is diameter at breast height. The equation shows positive 

correlation between variables which is also significant for linear correlation (P<0.05). On the other hand, the 

correlation is not strong as coefficient correlation is 0.236. 

 

Implication of growing space requirement: 

 As explained in previous discussion, crown of family plays an important role in growth. Thus, the crown 

size can be used to control competition, density of family as well as family spacing. Furthermore, growing space 

requirement is useful information to decide thinning method and intensity. Based on this research, growing 

space requirement for each family can be determined using growing space of dominant family as family with 

number 6, 106 and 105 are 45,16 m
2
; 37,49 m

2
and 35,34 m

2
respectively. Hence, those growing space of 

dominant families can be proposed as optimal growing space for teak family in progeny test. The growing space 

requirement of dominant family is scientific result which is useful to make a decision on application of 

silvicultural treatments to accomplish wood in good quality and valuable [3]. 

 

Conclusions: 

 Based on this study, there were 3 growing space of dominant families in progeny test. Then, growing space 

of dominant families were used to estimate optimal growing space for each family. Those dominant families are 

family with number 6, 106 and 105 in which the growing space are 45,16 m
2
; 37,49 m

2 
and 35,34 m

2 

respectively. Furthermore, diameter of family shows linear positive correlation with growing space. 
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