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ABSTRACT 
 
Understanding tropical forest characteristics, including forest derivative 
products such as agarwood, is pivotal. This study focused on perceiving an 
ideal habitat of the lowland tropical forest ecosystem of West Papua for 
agarwood-producing tree species. In further, this study identified a close 
association of biotic and abiotic characteristics to underpin agarwood-
producing tree growth. Six sites in three different locations were 
established to ascertain forest composition and the associated insects. Soil 
samples were collected to analyze their physical and chemical properties 
using the Kjeldahl, the Walky and Black, and Atomic Absorption 
Spectrophotometry (AAS). In addition, temperature, relative humidity, and 
light intensity were measured. The results noticed two agarwood producing 
species, Gyrinops caudate and Aquilaria sp., found at an altitude of 400–
402 masl in Manokwari, 200–300 masl in Teluk Wondama, and 167.7 masl 
in Teluk Bintuni. There were no significant differences in temperature, 
relative humidity, and light intensity. The soil cation exchange capacity 
was moderate in Manokwari, but it was low in Teluk Wondama and Teluk 
Bintuni. Total C-organic content in three research sites was classified as 
high. However, total N content in the three research sites was in the 
moderate category. The ideal habitat for agarwood in the West Papua forest 
is from the lowlands to the highlands. Environmental conditions that 
support the growth of agarwood are moderate temperature, high humidity, 
and moderate light intensity. Soil fertility also affected the natural growth 
of agarwood trees.

 
1. Introduction 

Indonesia has been prominent by its diverse richness of biological diversity, in particular 
floral varieties across the Islands. Floral diversity has been abundantly widespread and represents 
unique species in different ecosystems and growing habitats (Sayfulloh et al. 2020; Tuck et al. 
2016). Tropical forests contain a million variations of plant characteristics, and it has been varied 
based on the ecological habitat and growing environment (Gallery 2014). The condition revealed 
the pivotal role of tropical forests in managing forest ecosystems and natural habitat for an ideal 
growing habitat (Nasi and Frost 2009; Tuck et al. 2016). It turned out that ecological attributes in 
different landscapes will generate a variety of forest vegetation and tree species either genetically 
and morphologically.  
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Habitat is an ideal living space for growth and development for plants and animals, and it 
has been providing an absolute realm over time. A suitably decent habitat will subsequently enrich 
lots of flora, fauna, and organisms to be incorporated and living as well as compete among others. 
On the flip side, poor habitat is likely to be uninhabitable for plant and forest microorganisms to 
stay and reproduce. Such circumstances can be caused by less availability of environmental 
parameters such as light availability, climatic condition, temperature, humidity, and soil nutrients 
(Irvantia et al. 2014; Tuck et al. 2016). In addition, plants and organisms require modification and 
adaptation either in their morphological characteristic and genetic change to be more adaptable 
with habitat, retain productivity, and normal growth. One of the common adaptations in most 
vegetation is secondary metabolism that produces an essential barrier to address extreme 
environmental fluctuations and strengthens their pathway in life (Holopainen et al. 2018; Sampaio 
et al. 2016; Yang et al. 2018).  

Papua has a unique land cover and highly resourceful floral and faunal diversity across the 
forest ecosystem and habitat (Lekitoo et al. 2017). The area has 20,000–25,000 floristic plant 
species, most of which are endemic (Lekitoo et al. 2017). Hence, it has been considered one of the 
mega-biodiversity regions globally, which accounted for 54% of Indonesia’s biodiversity. In the 
matter of the richness of Papuan forest diversity, one of the merchantable forest products that 
commercially trade is agarwood. Agarwood is one of the preferred timber forest products that has 
experienced a population decline in natural forests due to uncontrolled exploitation. However, it 
requires certain circumstances to be normally hosted by a particular fungus for agarwood to occur. 
Therefore an ideal habitat and descent niche are ultimately needed to retain an existence and 
underpin the productivity of agarwood. Furthermore, to be produced, agarwood required a highly 
supportive surrounding environment, including forest structures, vegetation, landscape attributes, 
and ideal forest microclimate. In terms of plant distribution in Indonesia, Yuliasyah et al. (2003) 
noticed several potential growth areas such as Borneo, Sumatera, Java, Sulawesi, Moluccas, Nusa 
Tenggara, and Papua with the dominant tree genera of Aquilaria, Gyrinops, Aetoxylon, and 
Gonystylus from Thymelaeaceae family (Subasinghe and Hettiarachi 2015). West Papua possesses 
a unique forest characteristic and ecosystem composition, and one of those is agarwood-producing 
species that grow naturally over different ecosystems. However, to precisely determine the ideal 
ecosystem and habitat for the agarwood-hosted plant, the lowland tropical rain forest of West 
Papua is laborious. Therefore, this research studied the suitable circumstance for agarwood-
producing trees to potentially occur through their ecophysiological characteristics. Understanding 
these growing attributes will be potential to mimic for developing suitable habitat for plantation 
intensification since the product has been commercially beneficial.     
 

2. Materials and Methods 

2.1. Study Area 

The selection of the field study was conducted through preliminary observation to assess the 
potential agarwood host plant distribution. Then, in detail, intense discussions among locals and 
colleagues and finding pertinent references to dig more regarding the plant were impartially 
undertaken. From these stages, then three areas were purposively chosen for the study. These areas 
were Teluk Wondama, Teluk Bintuni, and Manokwari districts in West Papua Province, Indonesia 
(Fig. 1). The three study areas represented different landscape attributes and ecological 



Auri et al. (2021)   Jurnal Sylva Lestari 9(3): 444-453 

 446 

characteristics contributing to the various forest structures and vegetation formations. In addition, 
these areas have been commonly known for their potential distribution of agarwood and are still 
dominant forested areas and considered to be dense in forest structure and composition. The study 
was conducted from July–October 2018.      

 
Fig. 1. Map of the research site. 

 
2.2. Study Design  

This study was primarily focused on a forested area where host plants for agarwood are the 
potential to come across. It turned out that the three potential study locations were determined 
based on the occurrence of host plants found from the previous discussions. Therefore, it affects 
the development of plot design in three research sites. The experimental plots were developed by 
adjusting to the occurrence of host plants with a minimum of two agarwood producing trees 
existence. Each experimental plot was square-shaped of 20 m × 20 m (Nguyen et al. 2015). The 
taxonomy and morphology of the host trees in conjunction with the occurrence of agarwood were 
identified. Tree structure and composition were determined by the census for its diameter and 
branch-free height. Besides, fauna surrounding areas were also identified by visual and count for 
its number inside the area. Apart from vegetation, all organisms, including insects, birds, and 
mammals found inside established plots, were recorded.  

 
2.3. Ecophysiological Attributes 

In dealing with the growth of host plant and agarwood potential occurrences, abiotic 
characteristics such as soil composition and nutrient content the relative humidity, temperature, 
and light intensity are pivotal factors to be known. Soil samples were obtained from the 
experimental plots in three research sites by digging up about 10 cm from the soil surface. The soil 
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samples were then put inside a plastic bag and labeled for laboratory analysis. The total nitrogen 
of the soil was analyzed by the Kjeldahl method which goes through three stages, namely the 
process of destruction, distillation, and titration. The percentage of C-Organic in soil was analyzed 
using Walky and Black method, while the soil cation exchange capacity (CEC) was analyzed using 
the Atomic Absorption Spectrophotometry (AAS) method. A thermohygrometer was applied 
inside the established plots to obtain relative humidity and temperature recorded three times a day 
(morning, noon, and afternoon) for one week. Light intensity was measured in three research sites 
at noon using the Lux meter (BSN 2004).    
 
2.4. Agarwood Identification 

The identification of agarwood establishment in the host plant was carried out based on 
morphological characteristics through thoroughly visualized observation. In detail, further 
examination focused on the shape of a wound (either caused by insects or artificial wounds done 
by various triggers) (Mangold 1997). Established wounds were measured for their diameter using 
a mini caliper four times to obtain an average measurement. Tree damage symptoms and signs 
were evaluated according to the Forest Health Monitoring method, which was distinguished by 
codes (Mangold 1997). These codes started from 0–9, in which each number represented the status 
and characteristics of the host plant with agarwood infection. The wound that leads to damage and 
the type of damages were then identified and numerically classified based on the contribution of 
significant degradation ranging from 01–31 (Abimanyu et al. 2019; Mangold 1997). 

 
2.5. Data Analysis 

The agarwood infection and host tree found in this study were subjected to detailed 
description and identification, including flora and fauna associated with the host trees in the 
established plots. The most associated tree species as an indicator has been determined to predict 
the potential establishment of agarwood production in its hosted plant. Analysis of variance 
(ANOVA) was performed to understand the relationship among temperature, relative humidity, 
light intensity, and soil cation exchange capacity among the three research sites. Statistical analysis 
was performed using the R statistical program (Version R-3.6.2).  
 

3. Results and Discussion  

3.1. Results 

3.1.1. Tree host characteristics 

Agarwood producing trees are found in Teluk Wondama, Teluk Bintuni, and Manokwari. 
Places of growth and association with other plants, insects, and animals are presented in Table 1. 
Agarwood-producing trees are damaged both naturally and as a result of human activity. The 
damage that occurs to agarwood-producing trees is shown in Table 2. 

The result noticed two agarwood-producing species in each study location. These two 
species were Gyrinops caudate and Aquilaria sp. found at an altitude of 167.7–402 masl. In terms 
of association rate over three research sites, it can be seen that there were forest vegetation, insects, 
and other animals found inside those established plots in the three research sites. The most 
associated forest tree in three research sites was Intsia bijuga and Endospermum malaccense found 
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in all three research sites. The potential agarwood-producing species were generally situated in the 
old secondary forest with a moderate density of forest structure and composition. Whereas the 
most associated insects found were Camponotus pennsylvanicus, Argiope sp., Solenopsis sp., and 
Isoptera. In addition, lizards, as well as birds, were also confirmed over three research sites.   

 
Table 1. Places of growth of agarwood trees and association with other plants, insects, and animals 
in Teluk Wondama, Teluk Bintuni, and Manokwari 

Observed variable Teluk Wondama Teluk Bintuni Manokwari 
Genus Gyrinops caudate 

Aquilaria sp. 
Gyrinops caudate Gyrinops caudate 

Altitude (masl) 200-300 167.7 400- 402 
Association with    
Plants Intsia bijuga 

Endospermum 
malaccense 
Calamus spp. 
Pteridium sp. 
Dryopteris filix 
Asplenium nidus 
Vatica sp. 
Pometia pinata 
Pometia coriacea 
Piper spp. 

Intsia bijuga 
Endospermum 
malaccense 
Pteridophyta spp. 
Pandanus spp 
Nepentes sp. 
Phothos rumpii 
Philodendron sp.  
Pteridium sp. 
Calamus spp. 
Pandanus spp. 
Loranthus sp. 

Intsia bijuga 
Endospermum 
malaccense 
Pandanus spp. 
Vatica papuana 
Pometia coriacea 
Swietenia macrophylla 
Piper sp. 
Vatica spp. 
Calamus spp. 

Insects Camponotus 
pennsylvanicus 
Argiope sp. 
Solenopsis sp. 
Isoptera 

Camponotus 
pennsylvanicus 
Argiope sp. 
Solenopsis sp. 
Isoptera 

Camponotus 
pennsylvanicus 
Argiope sp. 
Solenopsis sp. 
Isoptera 

Animals Lizard 
Bird 

Lizard 
Bird 

Lizard 
Bird 

 
Table 2. The damage occured on agarwood-producing trees 

Location Observation plot Agarwood tree 
Average wound area 

(cm) 
Teluk Wondama Plot 1 Tree 1 1.13 

  Tree 2 0.74 
 Plot 2 Tree 1 0.71 
  Tree 2 0.21 

Teluk Bintuni Plot 1 Tree 1 3.94 
  Tree 2 2.56 
 Plot 2 Tree 1 3.11 
  Tree 2 2.80 
Manokwari Plot 1 Tree 1 34.28 
  Tree 2 2.49 
 Plot 2 Tree 1 4.33 
  Tree 2 6.34 

 
Based on disturbance characteristics of host trees, damage of agarwood production tree in 

the three research sites were open wound and termite attack. Most of the disturbances were open 
wounds, with the average number of wounds being 3 per host tree. Host trees infected by fungi 
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have a diameter range from 11.1–34.4 cm with a maximum free branch height of 12 m. Dominant 
wounds occurred close to the forest floor (< than 1.26 m up in height from the forest floor).  
 
3.1.2. Soil attributes 

Soil chemical characteristics have been found slightly different over three research sites. As 
presented in Fig. 2d, cation exchange capacity was higher in Manokwari (24.77 cmol/kg) 
compared to Teluk Bintuni (11.42 cmol/kg) and Teluk Wondama (16.06 cmol/kg). In addition, 
total C-organic analysis indicated the highest was found in Teluk Wondama (5.04%), followed by 
Manokwari (4.02%) and Teluk Bintuni (3.42%). Total C-organic content in Teluk Wondama, 
Teluk Bintuni, and Manokwari are classified as high category. While the total-N contained had a 
slightly varied among three locations, where the highest was in Manokwari with an average of 
0,43%, then followed by Teluk Wondama by 0.37% and the lowest was in Teluk Bintuni with only 
0.27%. Total N content in Teluk Wondama, Teluk Bintuni, and Manokwari are classified as 
moderate category. 

 

 

 
Fig. 2. The ecophysiological and soil attributes in the research sites: (a) temperature (°C), (b) 

relative humidity (%), (c) light intensity (%), and (d) cation exchange capacity (cmol/kg). 
 

3.2. Discussion 

Based on the study, potential agarwood has been found dominant in Gyrinops caudate as a 
suitable host over three research sites.  The damage on agarwood-producing trees is generally an 
open wound.  The fungus can use the open wound on the trunk as an entrance to the plant tissues. 
There are several potentially hosted plants to be infected by the fungus to generate potential 
agarwood. However, it has been widely known that the most tree species to become hosts are from 
Aquilaria and Gyrinops genus. As an endemically tropical plant, both genera have been 
widespread across the Pacific up to South Asia, including India, Bangladesh, and Pakistan 

(a) (b) 

(c) (d) 
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(Whitmore 1972). The wide distribution of the genus was likely to be hosted by the preferred 
fungus to develop agarwood products. Both genus are common to discover in Indonesia from 
Sumatera up to Guinea Island in the east, including in few small islands. However, in terms of the 
suitable habitat and distribution, there is an indication that Gyrinops is likely to be more widely 
distributed in the eastern region of Indonesia started from East Nusa Tenggara and most locations 
in West Papua province up to Papua New Guinea (Rindyastuti et al. 2019). Hou (1960) highlighted 
that most of the Gyrinops have only been distributed in east Indonesia. Moreover, In West Papua, 
the distribution of G. caudate has been reported mostly in the south region, such as Merauke, 
Agats, Mappi, and Boven Digoel (Mulyaningsih and Yamada 2007).  

In terms of an altitudinal range of the agarwood producing species distribution, it has been 
noticed that all the agarwood-producing species plant was distributed in the lowland areas with 
less than 1,000 masl. Lowland areas across tropical regions have been known for their high rate of 
tree distribution, dense structure combined with a complex forest ecosystem which is turned out 
to be an ideal habitat to uphold tree growth and development (Amazonas et al. 2018; Gallery 2014). 
This study indicated that all agarwood-producing trees had been distributed in the lowland area 
with less than 450 masl. G. caudate has been found distributed in the lowland tropical forest with 
a slightly disturbed condition in which suitable to the species for growing and development 
(Indonesian Institute of Science 2014). Soil characteristics indicated that all three research sites 
have been made up of dominant sandy loam soil and had a record of temporary inundating when 
over rainfall occurs. Mulyaningsih and Yamada (2007) noticed that G. Caudate distributed in the 
south of West Papua ideally grew in the common soil type of sandy clay. Even though slight 
variation was noticed, there was no significance for temperature and relative humidity from these 
three research sites (Fig. 2b). Light intensity is also designated with no significant differences 
among the three research sites (Fig. 2c). Agarwood has been found suitably growing at the ranging 
temperature from 14 to 28 °C (Oyen and Dung 1999). Tree growth is determined by the quality of 
the place where it grows (Artika et al. 2015). 

G. caudate as potential agarwood-producing species found in the research sites was a 
relatively young tree, as can be seen from the diameter range (11.1 cm - 32.8 cm). Based on the 
G. caudate tree characteristics reported by Mulyaningsih and Yamada (2007), the maximum 
diameter could reach36 cm, with the total height of 17 m. Due to these characteristics, the species 
has been categorized as a tree. It seemed that the likelihood of agarwood to occur was in the 
relatively young tree with the age range from five to twenty years, as noticed by Farida-Hanum et 
al. (2009). Rindyastuti et al. (2019) pointed out that another Gyrinops versteegii that grow in the 
Lombok region potentially produce agarwood with a mean diameter of 29.35 cm. Chowdhury et 
al. (2017) noticed the ideal agarwood-producing species to be purposively wounded by fungus 
infection for agarwood was at 8 or 9 years old with the diameter range between 15 – 19 cm. Based 
on the result found in Manokwari, Teluk Bintuni and Teluk Wondama, it was noticed that wound 
in hosted plants has been an initiation in order to stimulate agarwood production through the fungal 
infection process. These wounds have been seen in the bottom part of the hosted plants. However, 
a few cases used the trunk as an initiating media for infecting wood (Chen et al. 2018).  Agarwood 
can be spread across all parts of the tree from the transfusion point in the truck to all branches and 
the root system. Tree wounding has been one of the prominent pathways in generating agarwood 
production, and various methods have been known for wounding trees (Liu et al. 2013).   

During the initial infectious process by fungi and potentially related insects, an underlying 
factor underpins the process. The most indicator to be concerned was an association in the growing 
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habitat of agarwood-producing trees. Tree association in the ecosystem will generate either 
potential development of fungus or vise versa, leading to the inhibiting agent. Some studies found 
the process of agarwood in the hosted tree was on account of stress adaptability when the 
surrounding environment was unbalanced, which led to under stress (Novriyanti and Santoso 
2011). Endospermum malaccense and Intsia Bijuga had a very close association to agarwood-
producing trees over three research sites that mean as a key indicator to these species. From the 
ecological viewpoint, these two species are potentially rendered a suitable niche for hosted plants 
and likely trigger fungus and insects to stay and attack wounded stems. Besides, these two tree 
species have been endemic that can be found in the lowland tropical rainforest of West Papua with 
a large tree characteristic. In addition to insect association with agarwood-producing trees, the 
common insects found were Camponotus pennsylvanicus, Solenopsis sp., and Argiope sp., over 
three research sites. As agarwood produces specific chemical compounds and exudates resin, these 
natural products then entice these insects. Several birds are also discovered around potential 
agarwood-producing trees, and these birds are likely looking for fruit produced by the tree. Based 
on a previous report (Indonesian Institute of Sciences 2014), for Aquilaria and Gyrinops species 
in Sumatera, several potential birds have been seen eating their seeds, and the larva of beetles ate 
the wood.  
 

4. Conclusions 

Three research sites in Teluk Wondama, Teluk Bintuni, and Manokwari have been selected 
to assess the ideal ecosystem for agarwood-producing trees in the West Papua forests. The results 
indicated that the species-specific tree and insect association are needed to be acknowledged for 
the development of agarwood-producing habitats in the lowland tropical rainforest of West Papua. 
Noticing ideal habitats and their association is fundamental for the future development of 
agarwood plantations in West Papua.   
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