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ABSTRACT 
 

Damar (Agathis labillardieri) is endemic species to New Guinea, occurring 
naturally in Papua and West Papua Province, Indonesia. The species is 
economically valuable due to its resin and wood. This research aimed to 
study the cones and seeds characteristics of A. labillardieri collected from 
Sorong Nature Park at Klasaman, Sorong, Papua Barat. The characteristics 
observed included cone size and weight, number of scales, empty and filled 
seed, and seed moisture content. The germination test was also performed. 
Although the stands could produce cones, not all scales contained seeds, 
and not all seeds were filled seeds. On average, 53 filled seeds per cone or 
only 50.3 ± 5.7% of the total seeds found as filled seeds. The seed was 
characterized as a recalcitrant seed with high moisture content and rapid 
germination. On average, the seed moisture content was 38.9%, with an 
average germination time of four days. The combined factors that may 
contribute to the low natural regeneration of A. labillardieri are low filled 
seeds, seed sensitivity to desiccation, and high mortality in newly emerging 
seedlings during recruitment. Therefore, facilitating the forest floor for 
immediate germination of recalcitrant seeds as in A. labillardieri is 
suggested. 

 
1. Introduction 

Damar (Agathis labillardieri) is a tree species in the family Araucariaceae. The tree is 
monopodial, has a large size with a moderate growth rate (Kartikasari et al. 2012; Siburian et al. 
2020), and can live for hundreds of years (Rachman 2007; Saa et al. 2009). A. labillardieri is one 
of the selected species developed in industrial plantation forests in Papua and West Papua due to 
its economic value. The species is a resin producer known as copal that is widely used in the 
industry of paints, varnishes, waterproofing, methylates, textile coatings, and drying liquids 
(Farjon 2013). Copal of A. labillardieri contains l-pinene of 31.8% and limonen of 60.3% 
(Resmeiliana et al. 2014). It is also regarded as a valuable wood producer. The wood has bright 
color and is suitable for pulp and paper, plywoods, and furniture (Herliyana 2012). 

Agathis labillardieri is a conifer species endemic to New Guinea that spread naturally in 
Papua and West Papua Provinces of Indonesia to Northwestern Papua New Guinea in the Sepik 
basin (Farjon 2013). This species can be found in Papua and West Papua provinces, such as in 
Yapen, Waigeo Island, and South Sorong (Kartikasari et al. 2012). A. labillardieri grows naturally 
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mixed with other species and distributed from low land forest to the altitude of 800 masl. 
Kartikasari et al. (2012) stated that this species could be found naturally in lowland to lower 
montane forests with an altitude of 200-1,700 masl. According to the International Union for 
Conservation of Nature (IUCN), this species has been included in the list species category of near 
threatened (NT) (Farjon 2013). 

Some reports stated that the regeneration A. labillardieri does not occur well. For example, 
Olim and Nugroho (2021) found a small number of seedlings due to regeneration under the A. 
labillardieri plantation stands in University of Papua Educational Forest in Anggori, Manokwari. 
Likewise, Saa et al. (2009) found low regeneration in the plantation forest of Bariat, South Sorong. 
Other plantations of A. labillardieri can also be found in the Sorong Nature Park at Klasaman, 
Sorong. All the sites are not a natural habitat of A. labillardieri. Regeneration characteristics like 
this often resulted in seedling stocks scarcity. Therefore, understanding the constraints of A. 
labillardieri regeneration is urgently needed for supporting sustainable plantation management 
when the development of plantations is set up outside its natural habitat. The objective of the study 
is to describe the characteristics of cones and seeds of A. labillardieri, specifically the reproductive 
indicators such as the number of filled seeds per cone and germination capability of the seeds. 
Those indicators were used for discussing their attribute to the low natural regeneration of the 
species in some plantations. 

 

2. Materials and Methods 

2.1. Plant Materials 

The cones of A. labillardieri were obtained from plantation stands of Sorong Nature Park in 
Klasaman Sorong, West Papua, located between 0° 55’ 03,53” E and 131° 20’ 18.99” S. The site 
has a humid tropical climate with annual precipitation of 2,657 mm and a mean daily temperature 
of around 28oC. The soils of the site belong to brown-grey podsolic (ultisols) and alluvial soils 
(entisols)  with an elevation of approximately 29 masl at the trees where the cones were collected 
(Fig. 1). Based on the chemical characteristics, the soil is categorized as low to medium soil 
fertility, with a total C of 0.16 – 0.68%, N of 0.10%, and P of 0.19 – 0.48 ppm. The topography of 
the site is flat to mild topography. The age of the plantation in the site varied from 57 to 63 years 
old (BBKSDA Papua Barat 2014). Observation of cone and seed characteristics was conducted at 
Silviculture Laboratory of Forestry Faculty, University of Papua, Manokwari. 

The cones were harvested from three trees, and some fallen cones were collected from the 
floor of the plantation. However, only freshly harvested fruits that had attained physiologically 
ripe, i.e., having dark green color, were used to identify empty or filled seed and seed germination 
(Rachman 2007). The cones collected from the field were wrapped using aluminum foil, then put 
in plastic zippers, given moisturizer in the form of wet tissue to avoid desiccation. The cones were 
immediately transported to the laboratory for observations and germination tests. 

 
2.2. Characterization of Fruits and Seeds 

The characteristics of cones and seeds were observed visually. Dimension of the fruit (length 
and diameter) was measured using a veneer caliper, and the weight of the fruit was measured using 
a digital balance. While the number of scales per fruit, scales containing seed per fruit were 
counted manually. The collected seeds were then sorted into the following categories: empty seeds 
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and filled seeds. The moisture contents of the seeds were identified using the method of desiccation 
(Shibata et al. 2013). The formula to calculate the moisture content of the seed is as follows: 

MC = W1 – W0 ´ 100% W0 
where MC is seed moisture content (%), W1 is initial seed weight (g), and W0 is the oven-dried 
weight of seed sample (g).  

 
Fig. 1. The location of Agathis labillardieri plantation of the Sorong Nature Park. Location 1 (red 

dot) and location 2 (yellow dot) are the location of the stands where the cone samples were 
collected. 

 
The seed germination test was also performed to identify the characteristics of the seed 

germination capability. Twenty filled seeds taken from physiologically ripe fruit were selected for 
the test. The test was conducted using the wet filter paper method in a Petri dish. The variables of 
the germination test are as follows: 
1. Germination percentage (GP) is the number of seeds (in percent) capable of germinating until 

the end of the test (12 days after sowing) (Caliskan 2014; Wulandari et al. 2015). 
2. Mean germination time (MGT) is measured based on the average days required to germinate 

and calculated as follows:  

MGT = Σ(ti ni)  Σni 
where t is the day required to germinate, calculated from the time of seeding (0) and n = the 
number of germinated seeds at the end of the observation (14 days after seeding) (Wulandari et 
al. 2015; Gonzales-Rivas et al. 2009). 

3. Mean daily germination (MDG) is measured based on the equation:  
MDG = N/t 

where N is the total number of germinated seeds at the end of observation and t is the time of 
observation days (12 days) (Wulandari et al. 2015). 

(2) 

(3) 

(1) 
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4. Peak value (PV) is the point at which the percentage of seed germination begins slowdowns 
divided by the day needed to reach it (Caliskan 2014; Wulandari et al. 2015). 

5. Germination value (GV) was calculated using equation 4 (Wani and Singh 2016).  
GV= PV x MGT 
 

2.3. Data Analysis 

Data analysis was performed using descriptive statistics and standard deviations. The results 
of data analysis are presented in figures, graphs, and tables. Statistical procedures were performed 
using Minitab Released 14 Software. 

 
3. Results and Discussion  

3.1. Results 

Agathis labillardieri cone consists of the scales arranged on the cone axis. The cone 
generally has an oval shape. The young cone has a rough surface of scales with light green color, 
while the ripe cone has slippery and more delicate scales with dark green color (Fig. 2A and 2B). 
The seeds are attached to the inner cone scales (Fig. 2C) with various seed wings (Fig. 2E). When 
the cone ripes or desiccates, the scales detach, and at the same time, the seeds will be released. 

 
Fig. 2. The cone and seed of Agathis labillardieri and its parts- Pe= peduncle, Sc= cone scale, Se= 
seed, Sw= seed wing, (A) Side view of the cone, (B) Basal view of the cone, (C) A part of a broken 
cone with some cone scales and seed attached, (D) Seed attached on cone scale, and (E) Seed wing 

variation. 
 

The cone of A. labillardieri weighed 436.6 ± 115.4 g with a diameter and length of 88.6 ± 
9.6 cm and 94.1 ± 13.3 cm, respectively. The number of cone scales reached 133 ± 21 scales. 
However, not all cone scales contained seeds. Of the total cone scales, about 80.0 ± 7.9% contained 
seeds. However, of all the seeds formed, only about 50.3 ± 5.7% had filled seeds, and the rest were 
empty seeds. The moisture content of the seeds was about 38.9 ± 6.3% (Table 1). 
 

(4) 
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Table 1. Characteristics of cones and seeds Agathis labillardieri with the average values and 
standard deviations of each character 

Statistical 
values 

Cone 
weight 

(g) 

Cone 
diameter 

(cm) 

Cone 
length 
(cm) 

Number of 
cone scales 

(N) 

Scales 
contained 
seeds (%) 

Filled 
seeds (%) 

MC 
(%) 

Average 436.6 88.6 94.1 133.0 80.0 50.3 38.9 
Stdev 115.4 9.6 13.3 21.0 7.9 5.7 6.3 

 

Agathis labillardieri seeds, on average, took 4 days to germinate (MGT), with mean daily 
germination (MDG) was 7.5 seeds per day. The germination peak occurred on the 6 (DAS) when 
70% of the seeds had already germinated. After that day, the germination went slow down. The 
peak value (PV) was 11.6. At the end of the germination test, the percent seed germination (PG) 
reached 90%, and the germination value (GV) was 87 (Fig. 3 and Table 3). 

 
Fig. 3. Germination of Agathis labillardieri seeds during 14-day observation. 

 
Table 2.  Mean daily germination (MDG), mean germination time (MGT), germination percentage 
(PG), peak value (PV), and germination value (GV) of Agathis labillardieri seeds 

MDG 
(N/Day) 

MGT 
(Day) 

PG 
(%) PV GV 

7.5 4 90 11.6 87 
 
3.2. Discussion 

This study revealed that A. labillardieri had a relatively low number of scales containing 
seeds (80.0 ± 7.9% or containing about 106 seeds/cone) and filled seeds (50.3 ± 5.7% or containing 
about 53 seeds/cone). In comparing to other Gymnospermae trees, there were reports that in Pinus 
albicaulis, there were 47.5 filled seeds (59%) of 80.5 seeds per cone on average (Owens et al. 
2007). In Pinus sylvestris, filled seeds varied between 21.9-66.1% (Sivacioğlu 2010). In Pinus 
rzedowskii, filled seed comprised only 9.97 seeds (18%) of 56.53 seeds per cone (Sánchez et al. 
2016). It was common in conifer to have some degree of failure in seed formation and 
development. Relatively high in empty seeds might be due to some causes, including (1) ovule 
abortion; (2) the collapse and drying of the megagametophyte as a result of self-incompatibility; 
(3) embryo abortion and lastly (4) seed damage by insects or diseases (Owen et al. 2007). In 
addition, a significant low in seed production may result from a high degree of selfing, which 
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commonly occurs in most conifers. High inbreeding probability in most conifers occurs due to 
their sexual monoecious. This occurrence may be greater in a small population than that in a large 
population, such as in the case of Pinus sylvestris fragmented populations of Pinus rzedowskii 
(Sánchez et al. 2016). The result of selfing may reduce filled seeds production significantly in 
conifers (Sánchez et al. 2016). 

The occurrence of a high cone drop was expected in A. labillardieri. This occurrence may 
contribute to its low natural regeneration due to the low potency of seed formation. In monoecious 
conifers such as A. labillardieri, there is no apparent barrier to pollen dispersal. The female and 
male cone may occur in the same branch system. Therefore, there is no limitation for pollination 
in terms of distance since the pollen of conifers may travel as long as 600 km by wind (Sánchez et 
al. 2016). However, in the case of lodgepole pine (Pinus contorta). The cone survival appears to 
be related to the number of pollinated fertile ovules. The poorly pollinated cones abort, whereas 
well-pollinated cones retain. The well-pollinated cones produce auxins, gibberellins, and 
cytokinins. This product stimulates the development of the ovules and promotes the survival of 
the cones (Owens et al. 2005). 

The formation of the embryo during the reproductive cycle in plants depends on the success 
of pollination. However, it seems that a high percentage of empty seed produced by A. labillardieri 
is not merely related to pollination. The failure of seed formation may relate to a selfing prevention 
mechanism. In lodgepole pine (Pinus contorta), ovule abortion occurs early after self-pollination. 
In contrast, a few weeks after fertilization, the abortion of the early embryo and megagametophyte 
occurred. In addition, in some cases of selfing, the pollen fails to germinate and form a pollen tube, 
or the formation of a pollen tube occurs, but its growth slows or becomes ceased. The result of this 
is the abortion of the ovule and the formation of small rudimentary seeds. The physiological and 
developmental process causing this phenomenon is not well understood (Owens et al. 2005).  

Agathis labillardieri in this study was grown in the site with an elevation of 29 masl, out of 
the range of its natural habitat. This species most commonly occurs naturally in lowland to lower 
montane forests with an altitude of 200-1,700 masl (Kartika et al. 2012). The difference in 
elevations may be another factor that causes lower reproductive capability through the differences 
in ecophysiological factors that do not meet the species reproduction and regeneration (Ayari and 
Khouja 2013; Balekoglu et al. 2020; Keleş 2020; Lopez-Toledo et al 2017). 

The findings of this study supported the statement of Rachman (2007) that the seed of this 
species, based on the characteristics of seed moisture content and its germination, can be 
categorized as a recalcitrant seed. The moisture content of the A. labillardieri seed collected from 
Klasaman was 38.9 ± 5.7%, almost similar to the seed moisture content from the plantation of 
Paririe Biak-Numfor of 31.8% (Rachman 2007). The moisture content is also not too different 
from its close relatives (Agathis dammara) of  28,8% (Djam’an et al. 2006). 

On the other hand, the germination test of A. labillardieri using physiologically ripe seeds 
showed that the first germination occurred in 4 days after sowing with the peak value (PV) 
achieved in 6 days after sowing with the percentage germination (PG) 90% in the last germination 
test and germination value (GV) 87%. The GV describes both the speed and the completeness of 
seed germination that determine the survival of the seedling. Therefore, the high GV means that 
the seeds of A. labillardieri had high vigor (Wani and Singh 2016). 

Seeds having high moisture content and rapid germination are characteristics of the 
recalcitrant seeds. Seeds with these characteristics are sensitive to desiccation (Shibata et al. 2013; 
Walters 2015). If the moisture content of this kind of seed is lowered below the limit of its 
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tolerance, then the seed will die. Seeds with this feature cannot be dried and stored for a long time. 
Critical seed moisture content varies between species. Below a seed moisture content of 38% was 
lethal for Araucaria angustifolia seeds (Shibata et al. 2013), while the critical seed moisture 
content of Hopea odorata was 35%. Below that, at the moisture content of 8%, no germination 
occurred (Nguyen et al. 2021). The critical moisture content of A. labillardieri seeds has not yet 
been known. After the seeds shedding, they could not withstand prolonged drying. 

Low species regeneration, such as Olim and Nugroho (2021) and Saa et al. (2009), is not 
merely because of the change of reproductive capability but also due to the failure during the 
recruitment stage. In some cases, although the germination is successful, only a small number of 
the seedlings will survive and continue to grow. As the recalcitrant seed, the seeds of A. 
labillardieri will germinate immediately after cones fall, but high mortality soon after germination 
frequently occurs. This mortality may result from several causes. The thick litter layer and the 
dense of understorey vegetation beneath the stands may lead to the death of the seedlings due to 
the roots not being able to penetrate the A horizon of the soil (Zhao et al. 2019). Yang et al. (2014) 
pointed out a negative correlation between covers of shrub, herb, and litter layers to the density of 
the seedlings. Adilli et al. (2013) show in their study that litter biomass was the main factor 
influencing the density of the seedlings of Pinus pinea. Another factor related to the impact of the 
pest is the coral fungi that attack the newly emerging seedlings. However, the cause of the A. 
labillardieri regeneration failure has not been defined. Comparing the regeneration process and 
environmental factors involved in the process between natural stands and plantations of A. 
labillardieri is suggested for further study. 

 

4. Conclusions 

Seeds of Agathis labillardieri in Sorong Nature Park have a relatively low number of cone 
scales containing seeds. There were 80.0 ± 7.9% scales containing seeds. Not all seeds produced 
were filled seeds, only 50.3 ± 5.7% of the total seed were filled seed. The seeds were recalcitrant 
and sensitive to desiccation, characterized by high seed moisture content and a high germination 
rate. The moisture content and mean germination time of freshly harvested and physiologically 
ripe seeds were 38.9 ± 6.3% and four days after sowing for seed to germinate, respectively. The 
change of reproductive capability of the species due to being planted outside its natural habitat, is 
not the only factor responsible for the failure of the species regeneration. Several factors as low 
filled seeds, seeds sensitive to prolonged desiccation, and high mortality in newly emerging 
seedlings, may result in low regeneration of A. labillardieri plantation in the Sorong Nature Park. 
Facilitating forest floor for immediate germination of recalcitrant seeds as in A. labillardieri is 
suggested to optimize its natural regeneration potential of this species. 
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