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ABSTRACT

Agathis labillardieri Warb is one of the copal-producing tree species that only distributed in
Papua. In connection with regional development, the existence of this species has been a
significant concern. Therefore, it is necessary to study the characteristics of A. labillardieri
Warb in their natural growing areas in the natural protected forest of Siwi Momiwaren. The
data were collected by using the line plot method systematic sampling method with nesting plot.
The data were then analyzed to determine the species relative density, frequency, dominance,
important value index (IVI), and growth characteristics. The results showed that A. labillardieri
Warb had the highest IVI at all levels of growth, with the highest diversity index at the seedling
level of 3,49. When viewed from the relationship of the presence of species with the
characteristics of the growing site, the content of Mg and Na significantly affected the presence
of this species in the natural forest area of South Manokwari Siwi Momiwaren.

Keywords: Agathis labillardieri Warb, growing site characteristics, Siwi Momiwaren, West
Papua

INTRODUCTION

Agathis is a genus of the Araucariaceae family. Trees of this genus are characterized by
large trunks and few branches, while in a young tree, the canopy of this type of tree generally
irregular (Darma et al. 2019; Ebi 2015; Wahyudi et al. 2014). In Indonesia, Agathis species is
widely distributed, covering the islands of Sumatra, Kalimantan, Sulawesi, Maluku, and Papua.
Even some types of them spread naturally in specific areas such as Agathis alba Warb.
(Sumatra, Maluku), Agathis borneensis Warb. (Kalimantan), Agathis hauri (Sulawesi), Agathis
philippines (Sulawesi), and Agathis labillardieri Warb. (Papua) (Martawijaya et al. 2005).

Farjon (2013) states that Agathis labillardieri Warb is one of the conifer species of the
Araucariaceae family and distributes naturally in Papua, Queensland-Australia, and Papua New
Guinea. The species has been included in the category of near threatened (NT) based on data
from the International Union for Conservation of Nature (Farjon 2013). This tree species is one
of the producers of copal and widely used as an industrial material for paints, varnishes,
methylates, red shells, burn varnishes, linoleum, inks, textile coatings, waterproofing and
drying liquids. Resmeiliana et al. (2014) stated that copal from A. labillardieri Warb contains
pinene, linonen, and dipentene of 97,4%, sesquiterpene oxide of 0,5%, and resin content of
0,7%. Khalil et al. (2015) added that adding nutrients to the soil would improve the quality and
quantity of plant resin. When it is viewed from its solubility, copal is a material that can dissolve
in glacial acetic acid, which is an excellent adhesive (Ando and Wiyono 1988).

Management of the genetic resources of A. labillardieri Warb in the tropical natural
forests of Papua has yet to be managed and utilized optimally due to the absence of accurate
data on this species, such as its potential, distribution, and characteristics of the growing site.
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Although the benefits of these plants in terms of copal sap produced is an economic opportunity
for the management of non-timber forest products, the research on the characteristics of the
location of this tree plant is essential information for the future development of 4. labillardieri
Warb species. Siwi Momiwaren is one of the natural forest areas where A. labillardieri Warb
grows in South Manokwari. However, following equitable development throughout Indonesia
and regional development, there have been some areas of the forest began to be cleared for
allotment of road construction, buildings, and other uses. In this context, research on the
characteristics of A. labillardieri Warb is fundamental to avoid extinction from its natural
habitat.

MATERIALS AND METHODS

The Study area

Research on the characteristics of A. labillardieri Warb growth sites was conducted in the
Siwi natural forest area, Momiwaren District, South Manokwari Regency (133°59'8,1276" -
134°9°19,7712"E and 1°32'34.098" - 1°49'21,9792"E). The characteristic site of Momiwaren
protected forest is lowland forest, with mild to severe topography (Figure 1). The soil analysis
was carried out in the soil laboratory of Gadjah Mada University, Yogjakarta.
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Figure 1. A. labillardieri Warb research location map in Siwi natural forest area, Momiwaren
District, South Manokwari Regency.

The tools used in this study include 1: 10.000 scale work maps, stationery, machetes,
cuttings, tally sheets, roll meters, nylon ropes, trash bags, pocket meters, measuring tape,
sample plastics, etiquette hanging, altimeter, compass, Haga meter, lux meter, GPS, Helling
meter, clinometer, thermohydrometer, and other supporting equipment. The materials used in
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this study were newsprint (compass), 70% alcohol, soil samples, and red paint as markers of
paths and trees.

Data Collection
Plant Samples

This research was conducted using the sampling line-plot inventory method with a
sampling intensity of 15% to observe A. labillardieri Warb specifically. The observation
formed seven lines, where the line length was 500 meters. The distance between the plots was
100 meters, and the distance between the lines was 100 meters. Therefore, 35 observation plots
were obtained. The selection of observation path was carried out using the Systematic Sampling
with Random Start system in which the first path was determined randomly, and the next path
was determined by line plot sampling (Kershaw et al. 2016; Saputra et al. 2016; Tiurmasari et
al. 2016). The observation at the stage of growth was measured as follows: 20 m x 20 m for
trees, 10 m x 10 m for poles, 5 m x 5 m for saplings, and 2 m x 2 m for seedlings. Each plant
encountered throughout the plot was measured at diameter at breast height (dbh) using a ribbon
diameter, then classified whether it included trees, poles, or saplings. This dbh size was used as
a basis for calculating the basal area for the tree and pole phases. Specimens with stem diameters
of less than 10 cm (seedlings and saplings) were only counted the number of individuals of each
species from each sub-plot. Some plant species were identified directly on the plot, while for
others that could not be identified, the herbarium specimens were prepared. The herbarium
specimen was then identified by referring to the voucher specimen held by the Manokwariense
Herbarium.

The growing site characteristics samples

Observations were conducted on a circle of 17,8 m for observation of growing sites. The
data for growth characteristics observed were soil chemical properties including pH, organic
matter content of nitrogen (N), phosphorus (P), potassium (K) available, Calcium (Ca), Sodium
(Na), Magnesium (Mg) and capacity cation exchange (CEC). Soil samples were taken randomly
in each subplot of 20 m x 20 m at a depth of 0-20 cm and > 20 cm. Soil samples from 20 m x
20 cm subplots were then mixed into one to get soil samples from 20 cm x 100 cm plots.

Data analysis

Data were analyzed to obtain the Important Value Index by using Microsoft Excel 2010
and QGIS 2.14.1-Essen for windows. Relative Density (RD), Relative Frequency (RF),
Relative Dominance (RD.), and Importance Value Index (IVI) were calculated and analyzed
according to the formula of Hakkenberg et al. (2016). The IVI was performed only for tree level
and was calculated to figure out the distribution of each tree species in terms of dominance
(Trogisch et al. 2017).

No. of individuals of a species

. o o
Relative density (%) Total number of individuals in the sample x100%
Relative dominance (%) = Basal area of a species x 100%
o Total basal area in the sample ?
Relative frequency (%) = Sampling units containing a species « 100%

Sum of all frequency

The basal area was only performed for trees. The basal area (BA) was calculated by
considering the diameter for the tree species. Species 1, 0,7854 was phi divided by 4. Then, BA
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per hectare where BA of tree species was divided by the area of plots (m? ha-1) as density. The
BA for each tree species was to describe how large the tree species dominated a location.

The diversity index was calculated as H' = - pi In (pi), the Shannon-Weiner diversity
index (Erwin et al. 2017; Omayio and Mzungu 2019). The index was calculated for each of the
four growth stages (seedling, sapling, pole, and tree). Diversity criteria were following
Hakkenberg et al. (2016), the vegetation has a high level of diversity if the diversity index H' >
3. While it was categorized as moderate if the value of H' is between 1 and 3, and it is
categorized low if the value of H' < 1. The Shannon-Weiner diversity index was singled out as
parameters to describe the distribution of each species in terms of the number of individuals by
computing evenness (E) (Anandan et al. 2014; Laksemi et al. 2019; Siahaan et al. 2019).

Evenness was measured using E as the number of species. Frequency = All species of
plant life-forms were described using frequency. Furthermore, the number of plots where the
species tree was present was divided by the total number of sample plots. Hence, the frequency
was calculated as where Fri was the frequency of species 1, n was the number of plots in which
species 1 was found, N was the total number of sample plots.

Dominance in a community and plant regeneration stages were analyzed using the
Dominance Index (Ds) (Turkis and Elmas 2018). Ds = (ni/N)2. Where Ds is the domination
index, ni is the importance value of the species, and N is the total importance. On the basis of
ecological dominance (Ds) in a community, the species were grouped into three
categories;(Bechtold 2003) (i) 0,00 <Ds <0,30 = low dominance, (ii) 0,30 <Ds <0,60 =
intermediate dominance, and (ii1) 0,60 <Ds <1,00 = high dominance.

Furthermore, to find out whether the characteristics of the place of growth affect the
growth of A. labillardieri Warb, then testing was conducted using multiple linear regression
models. The general equations used were as follows (Rosalia 2008):

Y =a+blxl + b2x2 + b3x3 + b4x4
Where:

Y = Area of base plane A. labillardieri Warb per plot
a = constant

b = Regression coefficient

xl =pH

x2 = Nitrogen

x3 = Phosphorus

x4 = Potassium

x5 = Calcium

x6 = Sodium

x7 = Magnesium

x8 = Cation exchange capacity

RESULTS AND DISCUSSION

Potential of A. labillardieri Warb

The results of an inventory of tree vegetation from 35 observation plots conducted in the
natural forest of Kampung Siwi, Momiwaren District, South Manokwari Regency, found 64
species of tree vegetation consisting of 49 species of tree phase, 28 species of pole phase, 47
species of sapling phase, and 54 species of seedling. These results indicated that the number of
species obtained at the seedling phase was higher than in other phases. The results showed that
the natural regeneration process in this location has been going well.
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A. labillardieri Warb was found at this location has high IVI values at all plant growth
rates (Table 1). The IVI that was supported by high individual relative density values indicated
that the species could adapt well in this location. This area was included in the area of tropical
rain forests with varying topography levels and diverse soil (Kartikasari et al. 2012).

Table 1. Four species with the highest IVI at each growth phase.

Family Relative Relative Relative
Species density frequency dominance VI
(%) (%) (%)
Seedling
Araucariaceae  Agathis labillardieri warb 12,15 10,38 - 22,53
Winteraceae Drymis sp. 5,58 4,86 - 10,45
Araucariaceae  Araucaria cunninghamii 4,27 5,08 - 9,35
Meliaceae Aglaia sp. 4,73 4,54 - 9,27
Sapling
Araucariaceae  Agathis labillardieri warb 14,18 11,57 - 25,76
Araucariaceae  Araucaria cunninghamii 6,15 7,29 - 13,44
Prunaceae Prunus sp. 6,63 6,75 - 13,39
Podocarpaceae  Podocarpus sp. 7,05 4,39 - 11,45
Pole
Araucariaceae  Agathis labillardieri warb 21,76 5,56 2,31 29,63
Prunaceae Prunus sp. 21,06 6,03 1,95 29,05
Myrtle Syzygium sp. 12,26 6,03 1,37 19,67
Meliaceae Aglaia sp. 11,45 6,03 1,30 18,80
Tree
Araucariaceae  Agathis labillardieri warb 17,86 14,49 4,02 36,39
Prunaceae Prunus sp. 15,29 13,01 5,19 33,49
Myrtle Syzygium sp. 9,45 10,41 1,57 21,44
Araucariaceae  Araucaria cunninghamii 7,21 6,93 5,33 19,486

The IVI value is an indicator used to determine the effect of changes in the number of
species in an area. The IVI value of A. labillardieri Warb at each phase showed a higher value
compared to other types in the region. However, the results in this study were still low when
compared with the results of the study by Adalina and Sewitri (2020), which stated that the [VI
value obtained from the Agathis dammara research results in Mount of Halimun Salak National
Park was 300%.

In the stable forest area, it is generally found that the level of growth of tree species
would evenly distribute in all regions. However, sometimes the number of individuals at a
particular growth stage decreases, which may have an impact on population decline at certain
times. Conversely, if the number of tillers is at a large number, the population may stable and
may even experience an increase (Kaiser et al. 2019). To find out the stability of Siwi
Momiwaren's natural forest area, a calculation was carried out to determine the diversity value
and species richness (Table 2).

Indriyanto (2012) stated that the smaller the value of the dominance index (C), the
dominance pattern of the species would increasingly distribute and thus spread evenly in the
area. It would be seen that the dominance index obtained from the results of calculations in the
Siwi Momiwaren natural forest area ranged from 0,043 to 0,086. This showed that the species
found in this forest area did not experience a concentration of one species either at seedling,
sapling, pole, and tree phases, instead several species dominate the region altogether. The nearly
zero values correspond to low diversity or a more homogeneous plant ecosystem (Karyati et al.
2013).
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Table 2. The number of species and index of diversity for each growth stage.

Growth Number of Number of Dominance Evenness Dl.vers1ty
. . ge . . index
Stage species individuals index (C) value (H?)
Seedling 54 544 0,043 0,877 3,499
Sapling 47 327 0,054 0,852 3,279
Poles 28 247 0,133 0,708 2,358
Tree 49 208 0,086 0,742 2,886

This can also be seen in the calculation of the evenness index value where the community
found was quite balance. At the seedling phase, the highest evenness index value was 0,877,
Céceres et al. (2013) states that the value of evenness that is close to one shows that the
community relation in an area is more evenly distributed, and if the value is close to zero then
the community relation is increasingly uneven. Evenness index is an indicator that would be
used to assess the indication of dominance in each species in a community.

The species diversity index (H') (Table 2) showed that it has a high H' of 3,499 at the
seedling phase. The calculated value of H' shown at the seedling and sapling phases indicated
that each species present of the stand has the same abundance. According to Pamoengkas et al.
(2018), species diversity could also be used to express community structure and measure
community stability. Siburian et al. (2017) stated that the value of species diversity would tend
to be high in older plant communities. In contrast, for communities that are categorized as newly
formed, the value of diversity is generally low. The stability of a habitat greatly influences the
level of species diversity, which is determined by the number of species and the number of
individuals of each species found in the area. The results of the study by (Pamoengkas et al.
2019) in the production forest on logged-over forest areas in Central Kalimantan, showed the
average index at all phases has values > 3. Similarly the results of Sofiah et al. (2018) in the
Besiq Bermai East Kalimantan forest, the forest area was a primary forest that was started
undergoing degradation and becoming a secondary forest, which shows a value of H> 3.

Characteristics of growing sites A. labillardieri Warb

Soil is one of the characteristics of the growing site that plays a role in supporting the
growth and production of plants. In addition to functioning as plants growing sites, soil also
plays a role in holding and providing water nutrients needed by plants to support plant growth
(Jiang et al. 2015). In its formation, various factors influence growth, such as climate, parent
material, topography, organisms, and time.

Agathis plants generally grow in primary forests with sandy, rocky, or clay soil
conditions that are not permanently inundated (Frezza et al. 2020). While Escapa et al. (2018)
stated that the distribution of A. labillardieri Warb in Papua started from peat forest to the low
mountain forest. In addition, this species is also found on Biak and Yapen Islands, which
containing ultrafamic soils and limestone. Andriani (2016) states that A. labillardieri Warb
generally grows on calcareous and alluvial soils with rocky and rocky soil conditions with
shallow solum (£ 10 cm) on rocky, medium (+ 15 cm) soils and rocky soils (> 20 cm). The
results of this study indicated several things that are different from some previous studies,
especially in the characteristics of the soil (Table 3).

The availability of nutrients in the soil is strongly influenced by soil pH and CEC.
Hardjowigeno (2003) states that the chemical nature of the soil is very closely related to soil
fertility, which is primarily influenced by excellent CEC values. If the value of the CEC is low,
the soil will not be able to absorb and provide adequate nutrients for plant growth.
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Table 3. Average soil characteristics.

Basal area
Path —  obillardieriWary  PH N P K~ €C  Na Mg CEC
I 1,10 490 044 744 107 3,68 085 084 4534
2 1.05 533 042 743 114 3.65 084 082 4534
3 0.66 514 041 741 116  3.66 085 084 4535
4 0.81 548 044 744 107 3.66 086 085 4533
5 0.51 448 043 744 112 294 086 083 4530
6 0.55 520 044 748 105 3.04 086 079 4533
7 0.20 507 042 744 106 262 084 070 4534

The results of tests conducted on the characteristics of the soil in the seven paths indicated
that the average chemical value of the soil tested influenced the presence of 4. labillardieri
Warb by using multiple linear regression analysis. The independent variables measured were
the basal area. In contrast, the independent variables measured were pH, Nitrogen (N),
Phosphorus (P), Potassium (K), Calcium (Ca), Sodium (Na), Magnesium (Mg) and exchange
capacity cation (CEC). Calculations were made on the plot of the finding of 4. labillardieri
Warb (LBDS) and all non A. labillardieri Warb plots in the research path. Based on the results
of multiple linear analyzes, the regression equation values obtained as in the following equation:
Y =-210,5 + 133x1 — 2,89x2 + 7,18x3 — 0,79x4 + 14,95x5 + 6,14x6 -15,18x7 + 2,47x8. The
diversity analysis of the multiple linear equation models is shown in Table 4.

Table 4. Analysis of multiple linear regression of A. labillardieri Warb on soil factors.

Model Sum of square df Mean F Sig
square
Regression 1,327 8 0,166 1,917 0,123a
Residual 1,471 17 0,087

Total 2,798 25

The results of this regression analysis show that the variables x1 to x8 affect the value of
Y. However, when it was viewed in more detail, there appears to be multicollinearity between
the independent variables so that multiple regression was performed through stepwise, and the
following equation is obtained: Y =-41,01 + 11,442x5 — 0,317x7. The results of the diversity
analysis of the multiple linear equation models are presented in Table 5.

Table 5. The results of the diversity analysis of the multiple linear equation models.

Model Sum of square df Mean square F Sig
Regression 0,567 1 0,567 6,096 0,21a
Residual 2,231 24 0,093
Total 2,798 25

The results indicated that the Siwi Momiwaren natural forest area has soil quality with
Ca and Mg levels, which is very influential for the growth of A. labillardieri Warb. The
elements Ca and Mg are essential elements for plants. Lack of these two elements would cause
stunted plant growth and also have a negative impact on the production process. Also, these
two elements would affect the value of CEC and saturation of the base (KB) of land in an area.
The calcium content in this region ranged from 2,62 — 3,68 meg/100 g. Medium Magnesium
(Mg) content ranged from 0,7 to 0,86 meg/100 g.
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Wasis et al. (2018) stated that the application of potassium fertilizer (KCI) twice in 6
months shows a very significant increase in the production of Agathis spp (copal) sap. In this
study, it was observed that the condition of the plant was quite good, with a substantial
production of latex (Figure 2). It was estimated that the characteristics of A. labillardieri Warb
growing sites in this region were very supportive of the growth and production of sap (copal).
Therefore, the development of the growing site characteristics of A. labillardieri Warb needed
to be taken into consideration for future copal production.
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Figure 2. A. labillardieri Warb stem and saplings.

CONCLUSIONS

The IVI value of 4. labillardieri Warb at each phase shows a higher value compared to
other types in the region. The results showed no domination of one species either at seedling,
sapling, pole and tree phases; instead, several species dominate the region altogether. The Siwi
Momiwaren natural forest area has soil quality with Ca and Mg levels that are very influential
for the growth of A. labillardieri Warb.
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