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Abstract

Although Gyrinops versteegii has been domesticated by local community in Sragen Regency, the environmental 
factor  and species which high compatibility with G. versteegii still not know  yet. The objectives of this s have  have n
research were 1) o know which one of those vegetation communities that gives the best the diameter and height t
growth of the domesticated G. versteegii  2) to know the environmental factors that influenced the growth of the  , and
diameter and height of the domesticated G. versteegii. Sampling was done systematically with a plot of size 20 20m   × 
for trees, 10 10m for poles, and 5 5m for saplings with a total of 28 plots. SPSS Program version 22 was used for   ×  × 
cluster, one-way anova, correlation, and multiple regression analysis. The results showed that for achieving the best 
G. versteegii growth, the G. versteegii should be planted under the community group which was dominated by   
Paraserianthes falcataria, T  grandis, Gliricidia sepium  and Eugenia aquea. Environmental factors affecting . ,
diameter growth of G. verteegii were organic carbon of the soil and the vegetation density. Meanwhile the  
environmental factors affecting the height growth of G. versteegii were temperature, light intensity, relative light  
intensity, organic carbon, C N ratio, P, Mg, air humidity, and clay content.
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Introduction
Gyrinops verteegii (Gilg.) Domke is one of the 

agarwood-producing tree species that has high economic 
value (Turjaman 2011; Mega . 2012; Susilo . 2014). et al et al
The Species is naturally distributed from the eastern islands 
of Indonesia, i.e. East Nusa Tenggara, Timor, Lombok, 
Sulawesi, to Papua New Guinea (Susilo . 2014; et.al
Trimulyanigsih 2014). Meanwhile .  is distributed on G  walla
the island of Sulawesi and Sri Lanka (Hadi . 2011; et al
Mohamed 2016). The Gyrinops sp has dominated many 
structures of forest vegetation in the tropical rainforest, from 
dry to swamps with altitude of 0 1000 m above sea level −
(Akter . 2013; Susilo . 2014; Trimulyaningsih 2014). et al et al
G. versteegii is found in a lowland primary forest with 
altitude of 0 800 m above sea level. On the Sumbawa Island−  
it − is found at an altitude of 400 800 m above sea level from 
Mount Doro Tambiung in West Sumbawa to Mount Doro 
Saboke East Sumbawa (Susilo . 2014)et al .

The G. versteegii is one of the endangered species due to 
over exploitation, so it needs to be domesticated. Although the 
domesticated G. versteegii has been carried out in Java Island 
including in Sragen Regency, the growth of G. versteegii has 
not be  measured yet. In the nature, the G. versteegii does not en
grow in monoculture system, but it grows in the mix cropping 
community. Because of its origin habitat that poly-culture, the 

planting of G. versteegii should be planted adjoining the other 
species which has highest compatibility with this species. The 
problem of the research is to find the best species which has 
highest compatibility with G. versteegii.

Naturally, the G. versteegii tree is grown in mixed stand 
communities. According to Trimulyaingsih (2014) naturally, 
the G. versteegii tree positively associates with Planchonella 
nitida, Erytrina orientalis, Arenga pinnata, Albizia procera, 
Syzygium polyanthum, Canarium littorale, Nephelium 
lappaceum, Lansium domesticum, Dracontomelon dao, 
Ficus rumphii, Baccaurea racemosa, and Gnetum gnemon. 
The G. versteegii tree which is categorized as a tolerant tree 
has the negative correlation with Theobrona cacao, 
Artocarpus heterphylus, and Toona sureni. In the 
stratification of the canopy, the G. versteegii tree crown is in 
the second stratum or co-dominant tree which receives 
sunlight from above the canopy cannot receive light from the 
side. This suggest that naturally G. versteegii requires lower 
light intensity with high air humidity (Susilo et al. 2014).

Since 1918 agarwood which was extracted in natural 
forest has exported to Saudi Arabia, Singapore, Arab 
Emirates, and other country in form of wood chips (Heyne 
1950). In the period 2005−2008, the G. versteegii agarwood 

-1export quota had steadily increased from 5−25 tons year . 
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Meanwhile in the period 2008−2013 there was no export 
quota for the G. versteegii agarwood. The ability for 
supplying the export target has been decrease from year to 
year. According to Association of Indonesian Agarwood 
Traders (ASGARIN), in the 2013 the G. versteegii agarwood 
export was 8 tons (Ratri 2013). The decreasing of the G. 
versteegii agarwood export has been caused by decreasing 
the natural G. versteegii population due to over cutting and 
the low of natural G. versteegii production. Along with the 
demand of agarwood products continues to increase, the 
natural tree felling cannot be inevitable. While cultivated, 
Gyrinops cannot yet be harvested to produce the agarwood. 
The impact of uncontrolled logging is a very significant a 
natural population decline of G. versteegii. Therefore the 
Government of Indonesia incorporated this species into 
CITES Appendix II to regulate and limit its trade (Turjaman 
2011; Blanchette et al. 2011; Soenarno &Komang 2011). The 
G. versteegii also has listed at Red list IUCN 2009 as the 
endangered species. In addition according to Government 
Regulation Number 7/1999 and Regulation of Forestry 
Minister Number 447/Kpts-II/2003 also stated that the G. 
versteegii is protected species, so it prohibited for trading and 
cutting.

The domestication effort of G. versteegii has been done in 
Indonesia since 1990. Generally, seedling which had been 
taken from the nature and planted in the planting site such as 
home garden, garden, and protected forest. However the 
planting of G. versteegii has still not succeeded yet because 
the planting technique was still not appropriate method and 
the selection of planting site was still unsuitable for this 
species (Trimulyaningsih & Yamada 2007). In Vietnam, the 
domestication of agarwood has been conducted since 2000 
year, and planting was done by monoculture system with 
plantation system (Blanchete 2007). Furthermore, since 
2000 ex-situ conservation of the G. versteegii has been 
conducted by the group community in Java Island with 
planting several seedling of the G. versteegii in their home 
garden. Because of surviving the planted G. versteegii, the 
local government conducts to domesticate the species in their 
region. The Sragen regency domesticated the G. versteegii in 
2004 with mix forest, a little bit monoculture system.

According to Hardiwinoto (2015) in domesticating the 
species, the deep assessing and selecting site must initially be 
conducted before planting the species which will be 
domesticated. Naturally, the G. versteegii grows in the 
vegetation community composed many species which 
interrelationship each other, so it composes the specific 
vegetation community. Domestication, ex-situ conservation 
effort, requires selection of site which ecologically has 
special characteristics of soil, climate and vegetation 
communities. The selection of appropriate environmental 
factors can support not only for the growth of the diameter 
and height but also for the increase of agarwood which has 
quantitatively and qualitatively the best product. Moreover, 
grouping the vegetation which comprises composition and 
abundance of species also affects the G. versteegii growth. 
The research of the effect of a vegetation community for the 
growth of the diameter and height of the G. versteegii tree in 
Sragen Regency has not done yet. The objectives of this 
research were: (1) to know which one of those vegetation 
communities that gives the best the diameter and height 

growth of the domesticated G. versteegii, and (2) to know the 
environmental factors that influenced the growth of the 
diameter and height of the domesticated G. versteegii.

Methods
 The research was conducted in the domesticated G. 
versteegii located in Bendungan village, Kedawung District, 
Sragen Regency, Central Java Province. This site is located 
in the area of state High School Agriculture of Kedawung 
(SMKN Pertanian Kedawung), while the management of G. 
versteegii plantation is controlled by Environmental Bureau 
of Sragen Regency. The research site was geographically 
l o c a t e d  a t  7 2 8 ' 3 1 . 1 8 ” S 7 2 8 ' 4 0 . 9 5 ” S  a n d  o o−
111 2'55.55”E 111 3'8.50”E with 116m above sea level. The o o−
bio-physical condition  of the research site the land slope s are 
of 2 3%, grumosol soil type with rainfall of 2.123 mm year  -1−
and the amount of rainy days of 119. This forest was planted 
in 2004 with the mixed forest pattern by the Forestry and 
Plantation Office of Sragen Regency, in forest area of 2 ha 
with 2 × 3 m planting spacing  .
 Seedling which was planted with height average of 40 cm 
height was taken from seed stand area in the West Nusa 
Tenggara Province via CV Alam Tropika. Planting hole was 
30 × 30 × 30 cm, and each of it was given with Bokashi 
fertilizer of 10 kg average. In the beginning of planting, 
watering was done every 2 days at the dry season using 
irrigation channel. Furthermore after the plantation achieved 
3 years old, watering was conducted only in the extreme 
condition such a long dry season. Neither thinning activity 
nor maintaining pest and diseases were done because of the 
goodness of plantation health.
 A quadratic method was used for taking sample with a 
plot which has size 20 20 m for trees, 10 10m for poles,  ×   × 
and 5 5 m for saplings. The plots systematically designed  ×  
with amount of 28 plots. The data was measured on April 
month until July in 2017. Taking of a soil sample was done at 
0-30 cm in depth then it was analyzed at the soil laboratory. 
The parameter of soil analyses were pH, soil moisture, cation 
exchange capacity (CEC), organic matter, C-organic, C N 
ratio, N element, P element, Mg element, Ca element, and 
soil texture.

Hierarchical cluster analysis method Grouping of the 
vegetation community based on the abundance species in 
each plots depicted as a dendrogram. A cluster method used 
was the hierarchical cluster analysis with a squared 
Euclidean distance computation SPSS Program with of 
version 22 (Ludwig  Reynold 1988; Everitt  2011): & et al.

                                                                     [1]

note  SED =squared Euclidean distance of the th plot to the :  jjk

k , i j , ij th plot x  = the abundance of the  th species in the  th plot
x  = the abundance of the  th species in the  th ploti k , ik

Agglomeration method was selected for grouping plots.
 The Map of the tree canopy was made by ArcGIS 10.2.1 
software, and photo was taken by Google Earth Prothe .

Important Value Index (IVI) The role of each species in the 
community was based on the value of the density, frequency, 
and dominance (Causton, 1988). Important Value Index 
(IVI) was the sum of the relative density (RD), relative 
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dominance (RC) and relative frequency (RF) calculated 
using the following formula (Kusmana 1997):

                                                                                          [2]

                        [3]

           [4]

           [5]

           [6]

           [7]

           [8]

Correlation analysis method The correlation method was 
applied to know the correlation among variables i.e. air 
temperature, air humidity, light intensity, soil moisture 0.5, 
soil pH, soil organic matter, soil organic carbon, N, C N ratio, 
P,K, Mg, Ca, relative light intensity, cation exchange 
capacity, sand content, silt content, clay content, soil 
moisture 0.2, density, diameter, and height. The value of the 
correlation coefficient (r) was calculated by the following 
formula (Shipley 2004; Orloci & Kenkel 1987):

           [9]

note: r = correlation coefficient, x = variable x, y = variable y, 
n = number of population 

 The calculation of correlation analysis was used SPSS 
version 22 (IBM 2013).

Multiple linear regression analysis To know the effect of 
variables i.e. air temperature, air humidity, light intensity, 
soil moisture 0.5, soil pH, soil organic matter, soil organic 
carbon, N, C N ratio, P, K, Mg, Ca, relative light intensity, 
cation exchange capacity, sand content, silt content, clay 
content, soil moisture 0.2, and density to growth of the 
G.versteegii diameter and height, was used a standardized 
multiple linear regression analysis by using SPSS Program 
version 22 for data computation. The equation model of 
multiple regressions used was as follow (Rawlings et al. 
1989)

         [10]

onote: X = air temperature ( C), X  = air humidity (%), X  = 1 2 3

light intensity (lux), X = soil moisture, 0.5 mm, X  = 4 5

pH (H O) soil, X  = soil organic matter (%), X = soil 2 6 7

organic carbon (%), X = N (%) X = C N ratio, X = P 8 9 10 
-1 -1(%), X = K (me 100g ), X = Mg (me 100g ), X  = cat 11 12 13

ion exchange capacity (CEC), X  = sand content (%), 14

X  = dust content (%), X  = clay content (%), X  = 15 16 17

-1Relative light intensity (%), X  = Ca (me 100g ), X  = 18 19
-1soil moisture 0.2 mm, X  = density (individual ha ), a, 20

b = regression coefficient, Yi = dependent factor 1-20

(Y =diameter, Y =height)1 2

 The independent variables (X variable) have different 
unit and scale, thus it is necessary to standardize the score of 
each variable. Standardization of variables was used the 
formula (Johnson 2014)

         11[ ]

 The variables were standardized using Equation 11  [ ]
then analyzed using multiple regression analysis.

Results and Discussion
Grouping the vegetation community Based on the 
hierarchical cluster analysis the vegetation community based 
domesticated  was clustered into 3 namely: G. versteegii
group 1, group 2, and group 3. The group 1 composed of 
14 species namely:  (IVI = 177.87%), Gyrinops versteegii   
T. grandis   Paraserianthes falcataria (IVI = 35.20%),  
(IVI = 17.28  (IVI = 4.28%),   %), Manilkara zapota   
Dimocarpus longan   Leucaena leucocephala (IVI = 4.39%),  
(IVI = 3.70%),  (IVI = 3.78%),   Aleurites moluccana   Eugenia 
aquea   Mangifera indica    (IVI = 14.64),  (IVI = 3.33%), 
Artocarpus heterophyllus   Gliricidia sepium (IVI = 4.10%),  
(IVI = 23.38%),  (IVI = 4.33%), and   Cassia siamea   Eugenia 
malaccense   G. versteegii (IVI = 3.69%). Because the , 
T. grandis G. sepium, and  have the higher IVI value than the 
other species, the group 1 was group -called as Gyrinops
Tectona Gliricidia which was abbreviated as -  group G-TG.
 Furthermore, Group 2 consisted of 4 species namely: 
Gyrinops versteegii (IVI = 213%), T. grandis (IVI = 
21.53%), Paraserianthes falcataria (IVI = 46.32%), and 
Gliricidia sepium (IVI = 18.34%). The three species that had 
the highest IVI value namely G. versteegii, P. falcataria and 
T.grandis, so this group was called Gyrinops-
Paraserianthes-Tectona group abbreviated as Group G-TP.
 Moreover, group 3 composed of 11 species namely: 
Gyrinops versteegii T. grandis    (130.55%),  (IVI = 74.21%), 
Manilkara zapota   Dimocarpus longan   (IVI = 10.54%),  (IVI
= 9.23%),  (IVI = 16.67%),  Leucaena leucocephala   
Swietenia macrophyla   Leucaena glauca    (IVI = 3.59),  (IVI =
4.79%),  (IVI = 4.67%),  Aleurites moluccana   Eugenia aquea
(19.05),  (IVI = 10.52), Mangifera  indica   Artocarpus 
heterophyllus   Cassia siamea    (IVI = 3.94%),  (IVI = 5.11%), 
Gliricidia sepium   and Bauhinia purpurea (IVI = 3.54%)  
(IVI = 3.47%). The three species that had the highest IVI    
value were  and his group G. versteegii, T. grandis E. aquea. T
was called  group abbreviated as Gyrinops-Tectona-Eugenia
group G-TE ., to characterize with other group
 Canopy cover of Gyrinops versteegii community was 
dominated by dominant tree (Figure 1a). The area of the G-
PT group was characterized by P. falcataria canopy which 
has light canopy, the G-TG group was attributed by G. 
sepium canopy, and the G-TE group was marked by E. aquea 
canopy (Figure 1b). The light achieving the forest floor is 
significantly affected by the characteristic of dominant tree 
canopy. The thicker of the dominant tree canopy was the 
smaller the light coming in forest stand. The light intensity 
under P. falcataria canopy in group GPT of 368.42 lux was 
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Figure 1 A dendrogram of vegetation community clustering

 using the species abundance.

characteristic affecting its surrounding environment.

1 Diameter growth
 Based on the multiple regression analysis of 20 

variables in the three community groups, it was shown 
that the variable affecting the growth of the G. versteegii 
diameter was different at each community group. In the 
Gyrinops-Paraserianthes-Tectona group (G-PT), the 
variables which simultaneously (F test) affected the 
diameter of the stem were the organic carbon content and 
the clay content. Partially (T test), the variable that 
significantly affected the growth of the G. versteegii tree 
was the soil organic carbon content. Furthermore in the 
Gyrinops-Tectona-Gliricidia group (G-TG), the 
variables which simultaneously (F test) affected  the 
diameter of the G. verteegii tree were density, 
temperature, light intensity, relative light intensity, C N 
ratio, P element, Mg element, cation exchange capacity, 
sand content, and clay content. A variable which partially 
(T test) affected the growth of the G. versteegii tree 
diameter was the density.

 Moreover the variables which simultaneously (F test) 
had affected the growth of the G. versteegii tree diameter 
in the Gyrinops-Tectona-Eugenia group (G-TE) were the 
density, temperature, light intensity, relative light 
intensity, P content, Mg content and clay content. 
Partially, the variables that affected the growth of the tree 
diameter in three communities (G-PT, G-TG and G-TE) 
are organic carbon content and tree density. Based on 
Table 5 and Figure 2, the G-PT group gave the largest 
growth of the tree diameter (13.134 cm), followed by G-
TG Group (12.165cm) and G-TE (11.334cm). The G-PT 
community had the largest diameter due to the more 
suitably environmental condition for growth of the G. 
versteegii diameter. Two variables namely density of 
trees and the organic carbon content had significantly 

relatively higher than the light intensity under E.aquea 
canopy of 286.55 lux. The light intensity under P. falcataria 
canopy in group GPT of 368.42 lux was relatively higher 
than the light intensity under E. aquea canopy of 286.55 lux. 
The diameter growth of G. versteegii growing under P. 
falcararia canopy was relatively better than that growing 
under E.aquea canopy. Moreover the height growth of G. 
verteegii growing under P. falcataria canopy was   
significantly better than that growing under G.sepium 
canopy. The density of G. versteegii establishing under P. 
falcataria canopy was obviously better than that under E. 
aquea and G. sepium canopy. The bigger the grade density of 
G. versteegii was the higher the grade survival ability of G. 
versteegii in this site. Each species has specific canopy 
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Figure 1a The map of the tree canopy composing G.  
 versteegii community in Sragen Regency.

Figure 1b The map of community based dominant tree 
canopy.
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affected to growth of the tree diameter.

 1.1 Density
  The density of trees in the G-PT community had 

-1higher density average (784.34 individual ha ) than the 
-1G-TG community (680.52 individual ha ) and the G-TE 

-1(528.26 individual ha ) (Table 5). The tree density 
affected strongly on the amount of the light intensity 
entering the vegetation canopy. The availability of light 
intensity is needed by plants in the process of 
photosynthesis which depends on the type of plant. An 
intolerant plant will require greater solar intensity than 
tolerant plants. The amount of light that enters the canopy 
of the plant is strongly influenced by climate (weather) 
when cloudy atmosphere of incoming light intensity is 
less than bright atmospheric conditions. Thickness of a 
canopy also affects the intensity that enters a forest 
canopy. The trees which have a thick canopy will get less 
light intensity than trees with a thin canopy. A high 
density will affect the ratio of light intensity which enters 
into a plant canopy.

  The G-TE community had lower relative light 
intensity (0.4%) than the G-TG (0.9%) and the G-PT 
(0.6%) communities (Table 5). Harper (1993) found that 
in Japan the percentage of full daylight reaching the 
ground between 0.1% (under Humulus japonicus 
species) to 37 % (under Pinus densiflora stand). The light 
intensity which entered in the canopy of the G-PT 
community was 368.418 lux, and the light intensity 
which entered in the canopy of the G-TG and the G-TE 
communities were 286.549 lux and 232.32 lux. The 
growth of the G. versteegii tree diameter was quite good 
at light intensity ranging from 289.549 lux to 368.418 lux 
with the relative light intensity entering stands 
0.566%−0.859%. Even though the G. versteegii is a 
tolerant tree which can grow well under another crown 
tree, the species cannot grow well under the very heavy 
shading as those grown under the G-TE community. This 
data was suitable with research conducted by 
Trimulyaningsih (2014) that the G. versteegii tree grows 
naturally in tight density vegetation, with high air 
humidity (57−90%), with an average temperature of 27.2 
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Figure 2 Graphic of average of diameter growth of G. 
 versteegii tree. 

Figure 3 Graphic of average of height growth of G. versteegii 

 tree.

Table 1 Importance Value Index of the G-TG community group

Species RD (%) RC (%) RF (%) IVI (%)

GTG GPT GTE

Diameter (cm)

Series1 12.16550463 13.13431791 11.33382126
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10
12
14
16
18
20

GTG GPT GTE

Height (m)

Series1 7.797003155 7.225274725 6.798136646

0
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6
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8
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10
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ºC or tolerance temperature 23 ºC−32 ºC, and light 
intensity in the range of 126 lux−7175 lux.

  A vegetation density was negatively correlated with a 
temperature. The higher the stand density will tend to be 
followed by the lower temperature in the forest. The 
average temperature of the G-PT community was 30.33 
°C which was lower than the average temperature of the 
G-TG (30.79 °C) and the G-TG (30.80 °C) communities 
(Table 5). The higher tree density will tend to be followed 
by a decrease in temperature ( igure 4). The best F
temperature for growth of the G. versteegii diameter was 

o30.3 C. The effect of the tree density on the tree diameter 
growth in the G-PT community group was expressed in 
the simple regression equation (d = -0.0116k + 12.771) 
(Figure 4b), where d = diameter of tree and k = density. 
While the effect of the tree density on the tree diameter 
growth of the G-TG community is expressed by the 
equation d = -0.1075k + 15.091 (Figure 4a). The 
relationship of the tree density with the temperature 
average in the G-TE community is expressed by the 
equation d = 0.0333k + 30.091 (Figure 4c).

  Both The G-PT and G-TG communities showed 
that the higher tree density tended to be followed by a 
decrease in a temperature. Tree density in the G-TG 
community had a higher rate of a temperature drop than 
the G-PT community. The value of a diameter change is 
depended on the coefficient value of a regression 
equation. Oppositely, the increasing of the tree density in 
the G-TE community had precisely caused increasing a 
temperature. This condition was caused by damage of a 

tree due to a death which attacked by a disease. In the 
three community groups, the air temperatures within the 
G-PT community gave the best tree diameter growth, as 
the temperature approached the natural habitat of the G. 
versteegii tree in average of 27.2 °C  with a tolerance of 

o o23 C−32 C (Trimulyaningsih 2014).
  The average growth of G. versteegii growing under 

the G-TE community was larger than those which grown 
under both the G-TG and the G-PT communities. 
Therefore the dominant species, which had IVI value 
more than 10 %, that composed the G-TE community 
were T. grandis, Eugenia aquea, Leucaena 
leucochepala, Mangifera indica, and Manilkara zapota 
which those had very heavy crown. Because the light 
intensity that intercepted into the forest stands was very 
small, these species could not normally perform the 
photosynthesis process due to lacking of light intensity. 
The G. versteegii growing under those species with 
strong shading will be suppressed, so their growth will be 
abnormal.

  From this condition, availability of light became 
limiting factor for the G. versteegii diameter growth. 
According to Lutz et al. (2012), large diameter trees 
dominate the structure, dynamic, and function of tropical 
ecosystem. They compose a large fraction of forest wood 
volume, biomass and carbon stocks, and modulate stand 
level leaf area, transpiration, and microclimate. 
Moreover they influence the rate and pattern of tree 
regeneration and forest succession and the greater 
structural complexity of large tree crown supporting 
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Table 2 Importance Value Index of the G-PT community group

Table 3 Importance Value Index of the G-TE community group
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habitat to obligate wild life species and to develop soil 
and to store water within the forest canopy.

 1.2. Organic Carbon (C-organic)
  The G-TG community group had the highest C 

organic content of 3.07%, and then it followed by the G-
TE community of 2.184% and the G-PT community of 
1.42% (Table 5). The amount of organic carbon content of 
the soil is strongly related to the amount of organic matter 
entering into the soil. The organic matter is strongly 
influenced by type of the vegetation community (Killham 
2001). The G-TG community had more organic material 
than the G-TE and the G-PT communities. The soil 
organic carbon content was significantly associated with 
soil microorganisms, nutrient availability in the soil, and 
it was closely related to the cation exchange capacity 
(CEC). The soil lacking organic matter will result in 
chemical, physical, and biological degradation of soils 
that can damage soil aggregates and lead to soil 
solidification. Organic materials that have been 
decomposed by soil microorganisms will improve soil 
fertility. The rate of a decomposition process was strongly 
influenced by the value of a C N ratio index.

  A value of the C N ratio is relatively constant in the 
range of 8 to 15 with an average of 10 to 12 (Mesic et al. 
2012; Ge et al. 2013). The C N ratio is an indicator 
whether will be mineralized or even vice versa,  the 
organic matter content in the soil will cause nitrogen 
mobilization into soil cell microorganisms. Soils that 
have a high C N ratio value indicate that the organic 

matter content in the soil is quite high but the N content is 
low, so it causes the N element in the soil to be mobilized 
to the tissue of microorganisms. The high C N ratio 
impact will cause the N content in the soil to decrease 
and the crops get nitrogen deficiency.

  The G-PT community group had lower C N ratio 
value (11.981) than the G-TE community group (C N 
ratio = 13.234) and the G-TG community group (C N 
ratio = 16.187). The C N ratio value of the G-PT 
community was categorized as normal because of within 
the range of 10 : 1 to 12 : 1 (Prasad & Power 1997). A 
normal C N ratio will ensure no N element which is 
mobilized by microorganisms, and nutrient availability 
in the soil will increase. The availability of Nitrogen 
element will rapidly increase the growth with the greater 
development in stems and leaves into dark green (Foth 
1984). The value of the cation exchange capacity for the 
G-TG community land had lower score of 28.24 me 100 

-1g  than the soil in the G-TE community of 28.07 me 100 
-1g , and the soil in the G-PT community of 27.78 me 100 
-1g  (Table 5). The high of the CEC value shows the 

increase of soil fertility. The CEC value of three 
communities (G-TG, G-PT, and G-TE) was categorized 

-1as high due to within the range of 25−40 me 100gr .

 1.3. P and Mg elements
  Two elements (P and Mg) simultaneously (F test) 

had an effect on the growth of the G. versteegii tree 
diameter, but partially (T test) had no effect on the 
growth of the G. versteegii diameter. The Phosphor (P) 

Jurnal Manajemen Hutan Tropika Vol. 23(1): 10–22

EISSN: 2089-2063

DOI: 10.7226/jtfm.23.1.10

Scientific Article

ISSN: 2087-0469

Table 4 The Pearson Correlation Coefficient (r) of  A  Environmental factor variable in Community Groups

16



element content in the G-PT community had value higher 
(0.1%) the G-TG community (0.06%) and the G-TE than 
community (0.05%). Phosphor plays an important role in 
the biochemical activity of living cells due to the 
fuel/energy in the form of the adenosine triphosphate 
bond (ATP). The ATP conversion to Adenosine 
diphosphate (ADP) will produce the energy that living 
things use for metabolic activity. Plant tissue contains 
0.3% phosphorus (Foth 1984). Phosphorus content in the 
three community groups was categorized as low because 
of less than normal conditions of 0.2−0.5%. Therefore, G-
PT community had higher diameter growth because their 
phosphorus content was larger than those of the other 
communities.

  The Mg element in the G-TG community had 
-1greater  value (3.248 me 100 g ) than the G-TE 

community (3.24 me 100g ) and the G-PT community -1 
(3.21 me 100g ). A Mg element works for formation of a -1  
chlorophyll in leaves, improves the quality and quantity 
of production as co-factor of an enzyme, increases the soil 
pH and improves the soil structure due to the application 
of chemical fertilizers, reduces the poisonous and 
pollutant due to high Al and Fe content (Foth 1984) .All 
three community groups had Mg content with high 
category because it was in the range of 2.1−8 me 100g  -1

(Yamani 2010). The supply of Mg element in three 
community groups was sufficient so that the Mg element 
is not a growth constraint.as 

2. Height rowthg
 A height which is measured from the top of the soil to the 
highest canopy perpendicularly is one of the parameters used 
as an indicator to measure tree growth. The tree G.versteegii 
growing in the G-TG community had average growth higher 
rate (7.797m) than the G  trees growing in the G-PT versteegii
community (7 225m) and the G-TE community (6.798m) .
(Figure 3). Based on the result of the multiple regression 
analysis on 20 independent variables, the result obtained the 
variables that affect simultaneously (F test) on the growth of 
G. versteegii tree diameter in the G-TG community  were 
temperature, humidity, light intensity, IC ratio, C N ratio, P 
element content, Mg element content, Cation Exchange 
Capacity, clay content, and sand content. Partially (T test) the 
variables affected the growth of the tree height in group G-TG 
were air humidity and clay content. Simultaneously (F test) 

the variables had effected on the growth of tree height in G-
PT group were organic Carbon content and clay content. 
Meanwhile the variable which partially (T test) affect  the ed
growth of tree height in G-PT group was the organic carbon 
content of soil. Furthermore the variables which 
simultaneously (F test) affect  the growth of tree height in ed
group G-TE were temperature, relative light intensity, 
temperature, P content, light intensity, Mg, density, and 
humidity. Variables, that partially (T test) effect  on tree ed
height growth in group G-TE were temperature, light 
intensity, Mg element content.
 Variables which partially affected the growth of the G. 
versteegii tree height in the three community groups were 
light intensity, temperature, humidity, Mg element, organic 
carbon, and clay content.

 2.1. Light intensity, temperature, and humidity
  The G-TG community group had lower light 

intensity (286.548 lux) than the G-PT community group 
(368.418 lux) and the G-TE group (1112.91 lux) (Table 
5). Although the G. verteegii which grew in the G-TG 
community got the lowest light intensity, it grew better 
than two other communities (G-PT and G-TE). This was 
in accordance with research conducted by 
Trimulyaningsih (2014) where the growth of G. 
versteegii in nature ranges from 126−7.175 lux.

  The average of air temperature in the G-TE and the 
G-TE communities was 30.8°C. It was higher than the 
average of temperature in the G-PT community of 
30.3°C. Three communities (G-TG, G-PT, and G-TE) 
had appropriate air temperature for G. versteegii tree 
growth. According to research conducted by 
Trimulyaningsih (2014) that in nature G. versteegii 
grows well at 21.8−32°C tolerant temperature. The 
temperature positively correlated with the light intensity. 
Simultaneous increase of light intensity would be 
followed by an increase in temperature in all three 
community groups.

  The level of light intensity influence in each 
community showed different effects, and the increase of 
light intensity to the G-TG group gave more influence in 
temperature increase than to the other two communities. 
The relationship of temperature and light intensity in the 
G-TG group is formulated by the equation T = 0.0001c + 
30.754 ( igure 8a), where T is the temperature and c is F
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Figure 4 The effect of density to diameter growth of G.versteegii: (a) in G-TG Group (b) in G-PT Group, and (c) in G-TG Group.
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the light intensity. While the relationship between 
temperature and light intensity in G-PT group is 
formulated with the formula T = 0.0007c + 30.061 
(Figure 8b). Furthermore, the relationship of temperature 
and light intensity in group G-TE is formulated with 
equation T = 4E-05c + 30.751 (Figure 8c).

  The air humidity of 67.0% could affect for 
achieving the G. versteegii diameter growth 7.8m, 
followed by air humidity 66.3% with high growth of 7.2 
m, and then air humidity 67.4% with high growth 
reaching 7.6 m (Figure 5). This is in accordance with 
research conducted by Trimulyaningsih that G. versteegii 
tree can grow well on the air humidity tolerance of 
57−90%. Air humidity had a tendency to negatively 
correlate with air temperature. In the G-TG and G-PT 
communities indicate that a temperature increase would 
be followed simultaneously with a decrease of air 
humidity. The relationship between temperature and air 
humidity in the G-TG group is formulated by the 
mathematical formula H = -1.394T + 109.94 (Figure 7a) 
where H is air humidity and T is air temperature. The 
relationship of temperature and humidity in G-PT group 
is formulated with the formula H = -1.2097T + 103.02 
(Figure 7b). In other hand the G-TE community group 
had positively correlated between air temperature and air 
humidity. The increase of air temperature would be 
followed by the increase of moisture, and this condition 
was influenced by the structure of vegetation 

constituents. Air humidity affects tree growth (Jihau et al. 
2015; Pet. 2012). The G. versteegii  growth required air 
humidity of 66.349%. The G. versteegii grows well in 
areas that have moderate humidity (Soenarno 2011).

  The G. versteegii crown in the GSL community 
group was structured by 2 strata. The first stratum was 
structured by P. falcataria and T. grandis, and the second 
stratum was structured by the G. versteegii. The P. 
falcataria and T. grandis crown had reduced the light 
intensity entering into the canopy, so it caused lowering 
the temperature and increasing the air humidity in the 
forest stand. The light intensity greatly affects tree growth 
(Hart, 1988; Ali, 2013; Xiu-ru et al. 2013). The G. 
versteegii tree diameter grew well at intensity 361.67 lux 
because of tolerant type. A tolerant tree in its growth 
requires the shading (Soenarno 2011; Abrari et al. 2012; 
Mori & Takeda 2003).

 2.2. Organic Carbon (C organic)
  The soil organic carbon significantly influenced the 

height growth of The G. versteegii tree. A high organic 
carbon content affected the availability of nutrients for 
plants to perform metabolic processes. Carbon and 
Nitrogen elements are the main elements used for the 
process of photosynthesis. If the soil has high content of 
C-organic with low content of Nitrogen, the Nitrogen in 
the soil will be mobilized to microorganism. The 
threshold which the net mineralization of N element 

Jurnal Manajemen Hutan Tropika Vol. 23(1): 10–22

EISSN: 2089-2063

DOI: 10.7226/jtfm.23.1.10

Scientific Article

ISSN: 2087-0469

Table 5 The result of laboratory analysis and field measurement of environmental factors in three type of a community group.

18



equal to net mobilization of N element occurs on the value 
of C N ratio equal 20:1 (Killham 2001). If the C N ratio 
value is above the threshold (C N ratio > 20), there will be 
mobilization of soil Nitrogen to the microorganism. In 
other hand if the C N ratio value is brought to the 
threshold (C N ratio > 20), there will be nitrogen 
mineralization meaning that the soil gets N element from 
the decomposition process done by microorganisms. The 
C N ratio value is negatively correlated with the 
availability of Nitrogen in soil. The lower of the C N ratio 
value in the soil is the greater the availability of N in the 
soil (Foth 1984). Three communities (G-TG, G-PT, and 
G-TE) had the C N ratio value under the threshold so that 
C organic could be an additional nutrient for plants. In the 
G-PT community group, C-organic did not only 
significantly influence the growth of tree height but also 
had a significant effect on the growth of tree diameter G 
versteegii.

 2.3. Clay content
  The percentage of clay content contributed 

significantly to the growth of the G.  tree height. versteegii
Based on the correlation analysis of the height growth of 
the   in the three (G-TG, G-PT and G-TE) G. versteegii
communities showed that the percentage of clay content 
was negatively correlated with the growth of tree 

diameter. The percentage of clay content in the G-TE 
community group value 41 726% than with . was higher 
the G-TG community with value 40 369% and the G-PT .
community with value 38 6%. In the other hand the .
average growth of the tree height in the G-TE group 
(6.798m) than two other communities (Table was lower 
5). The height growth of the   in the G-TG  G. versteegii
community was 7.797 m which was  best growth the 
because the soil was fertile which characterized by was 
the percentage of clay content of 40.369%. The effect of 
clay content to the height growth in each community was 
different. The influence of clay content response to the 
tree height in G-PT group was formulated with linear 
equation t = -0 2328x + 16 06 (Figure 6b), where t = . .
height of tree, x = percentage of soil clay content. The 
influence of clay  percentage to the tree height in G- soil
TG group was formulated with the equation t = -0.033x + 
9.1276 (Figure 6a). The influence of soil percentage clay 
in G-TE group is formulated with the equation t = -
0.1107x + 11.419 ( Figure 6c). 

  The clay texture soil gave the height growth of G. 
versteegii trees larger than the sandish and dustish texture 
soil. Clay texture soil has the ability to provide more 
nutrients and water than the texture of the sand (Qamar-
uz-Zaman  Schumann 2006; Blevins . 2005; Jones & et al
& Jr 2012).
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Figure 6 The effect of clay content to height growth of G. versteegii tree: (a) in G-TG Group (b) in G-PT Group, and (c) in G-TE 
Group.

Figure 5 The effect of air humidity to height growth of G.versteegii tree: (a) in G-TG Group (b) in G-PT Group, and (c) in G-TE 
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Figure 8 The effect of light intensity to temperature (a) in G-TG Group (b) in G-PT Group, and (c) in G-TE Group.

Conclusion
 For achieving the best G. versteegii diameter growth, it 
should be planted under the G. versteegii-P. falcataria-T. 
grandis community which was dominated by Paraserianthes 
falcataria, T. grandis and Gliricidia sepium. Furthermore the 
highest G. versteegii growth will be achieved if those species 
were planted under the G. versteegii-T. grandis-G. sepium 
community which was dominated by Paraserianthes 
falcataria, T. grandis, Gliricidia sepium,  and Eugenia 
aquea. Environmental factors affecting diameter growth of 
G. verteegii were organic carbon of the soil and the tree 
density. Meanwhile the environmental factors affecting the 
height growth of G. versteegii were temperature, light 
intensity, relative light intensity, organic carbon, C N ratio, P, 
Mg, air humidity, and clay content.
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