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Abstract

Amorphophallus titanum (Becc.) Becc. Ex Arcang), known as Titan Arum, is the only plant that has the highest
inflorescence (1.6 m - 2.5 m) in the world. This species is classified as an endemic plant since it only found in forest
areas on the island of Sumatra. According to the IUCN Red List of Threatened Plants the 2021 edition, A. titanum is
Endangered (EN). The problem faced by A. titanum at this time is the habitat destruction, due to area conversion.

The research on the ecological aspects of A. titanum includes population conditions, plant structure and composition,
distribution patterns, soil, and climate data. was conducted in the Boven Lais Protected Forest, North Bengkulu Regency,
Bengkulu Province. The vegetation analysis method were used to obtain data on the plant structure and composition of
the vegetation (importance index) of A. titanum, and the habitat's abiotic (physical conditions). Determining the plant's
distribution (spatial distribution) using the Morisita Spread Index method.

The results showed that the population of A. titanum in the research area was 20 individuals, dominated by tillers with
petiole diameters ranging from 0-5 cm. The entire population was found in the vegetative phase. The distribution
pattern of A. titanum was clustered. The structure and composition of the vegetation in the A titanum habitat comprises
25 species belonging to 18 families. The tree-level vegetation was dominated by Elateriospermum tapos, the pole level
was dominated by Ficus hispida L.f., and the seedling-level vegetation was dominated by Selaginella plana (Desv. ex
Poir.)

The soil type in the A. titanum habitat was red-yellow podzolic with sandy clay loam texture, acid soil with a pH of 4.79,
medium N (nitrogen) content (0.33%), high C (carbon) content (3.7%) and very low P (phosphorus) content and high
CEC.. The habitat was at an altitude of 433 m asl -459 m above sea level, with a slope of 45-60 degrees. Generally, the
location where the A. titanum grew twas in a steep area. The average humidity in the habitat was 92.87%, the average
light intensity was 647.19 lux, and the average temperature was 23.09°C
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1 Introduction

Amorphophallus titanum (Becc.) Becc. Ex Arcang), also known as Titan Arum, has the highest inflorescence in the world.
The size of A. titanum ranges from 1.6 to 2.5 m [1, 2, 3]. This endemic plant to Sumatra [2, 4] was discovered by Dr
Odoardo Beccari in 1878 in the Anai Valley area, West Sumatra [5].

A. titanum naturally spreads throughout the Sumatran rainforest as an undergrowth on calcareous soils, but this plant
is also found in open areas, secondary forests, roadsides, riverbanks, or on forest edges. It has three distinct life cycles:
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vegetative, dormant, and generative. The vegetative cycle is mainly for growing tuber which can reach up to 100 kg in
weight. This cycle begins at the beginning of the rainy season with the production of a single large leaf and lasts for 6-
12 months, followed by a dormant cycle for 1-4 years before entering the flowering cycle, which is generally irregular
[6,7,5].

A. titanum has been designated as a protected plant in Indonesia according to Government Regulation No. 7/1999
(Appendix to PP. No. 7/1999), and it is categorized as Endangered (EN) in the IUCN Red List of Threatened Plant 2021
edition due to the decline in a natural population, which is now ranging from 71 to 999,303 individuals [8]. The decline
in A. titanum population in forest areas in Bengkulu can be ascertained due to the conversion of forest to other land use
types. Based on data from the Bengkulu Province Forestry Service, forest area encroachment occurs in production
forests, protected forests, and conservation forests. Based on the interpretation of satellite imagery up to 2012 and the
ETM lansat, the total forest area in Bengkulu Province is 924,600 ha, of which 74.84% (692,000 ha) is forested, and
25.16 % (232,700 ha) has been converted to the non-forest [9]. The form of encroachment in North Bengkulu and Rejang
Lebong Regencies is generally for coffee plantations. Habitat destruction is a major threat to the survival of this plant
species in nature.

Since 1878, some international researchers have carried out intensive research on A. titanum. In general, research on A.
titanum is carried out on a greenhouse scale in botanical gardens worldwide, such as in Germany, Italy, America, Japan,
Australia, and other countries. All research materials in the form of A. titanum tubers and fruit were from plant
collections taken since 1887 in the Sumatran forest [2]. Researches that have been carried out on a botanical garden
greenhouse and laboratory scale include studies of morphology, anatomy, vegetative and generative growth/spathe and
spadic [2,10,11,12,13,14,15], thermogenesis [16], flower odor analysis [17], germination [18], micropropagation [19],
estimation of genetic diversity in several populations [20], Flavonoids and xanthones [21], review paper pollinators in
genus Amorphophallus [22].

A. titanum studies conducted in its natural habitat are very few. Research on natural habitats has been carried out,
among others[23] in West Sumatra in 1994-1995, by [1] on the diversity of carrion flower species and their distribution
in Bengkulu [4] in several regencies. location in the Kepahiang area, [24] regarding the Potential of Titan Arum
(Amorphophallus Bl.) in Bengkulu Province as a Mannan Source. and [25] located in Air Selimang, Tebat Monok and
Kelapa Siring. Based on preliminary studies, it is clear that there is a trend of decreasing population in nature [4,25]. If
this condition is allowed to continue, it will result in the existence of this species being threatened.

Despite A.titanum status as a rare and protected species, and the threats from illegal logging and mining activities, the
conservation efforts of A. titanum are minimal. The field research on A titanum, especially its habitat ecological aspects,
is rarely conducted. Therefore this study was done to obtain ecological data of A. titanum as the basis for the
conservation of the plant in their natural habitat.

2 Material and methods

2.1 Location of the study area

This research was conducted in the Boven Lais Protected Forest, North Bengkulu Regency, Bengkulu Province.
Determination of the location as a sub-population is based on the results of previous studies.
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Figure 1 Map of the research location in the Boven Lais Register 41 Protected Forest, North Bengkulu Regency

2.2  Method of collecting data

2.2.1  Population size and distribution pattern of A. titanum in Bengkulu

The population of A.titanum was sampled on a plot measuring 20 m x 20 m. Determination of the distribution pattern
of A. titanum was carried out using the Morisita Spread Index method [26]. Determination of the distribution was carried
out with the following steps:
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e (Calculating the Morisita dispersion index,
e Standardization
2.2.2  Vegetation structure and species composition of A. titanum habitat

The study of the habitat of A. titanum was carried out using a purposive sampling method with a plot area of 0.36 ha
and a square shape taken on a plot that indicated the presence of A. titanum. The laying of plots and sub-plots were
carried out in a nested plot. Vegetation grouping categories and area of measuring plots are presented in Table 1.

Table 1 Vegetation grouping categories, area of measuring plots and total number of plots

Category | Criteria Size of the plot
Tree Dbh ¢>20 cm 20mx20m
Pole Dbh @ 10-19cm | 10 mx 10 m

Sapling height > 1.5 m S5mx5m
Dbh g <10 cm

Seedling | Height<1.5m 2Zmx2m

Description: Diameter at breast height (Dbh)

2.2.3  Abiotic data collection

Soil data was collected by taking soil samples at 0-20 cm depth in each observation plot [27]. The physical and chemical
properties of the soil were analyzed in the soil science laboratory at the University of Bengkulu. Data on climatic
conditions were collected by measuring temperature on a wet and dry bulb thermometer, measuring the relative
humidity and light intensity [28]. Data collection of altitude and slope of the place was done using GPS (Garmin 76CSX)
and Shunto clinometer.

2.3  Species identification
Identification of A. titanum species and other plants was carried out directly in the field with the help of field guides.
The specimen of unidentified plants were taken and then identified in the Bengkulu University Herbarium (HUB).

2.4 Data analysis

The distribution pattern of A.titanum in the plant community was determined using the Morisita index calculated as
follows:

_ o Ex*-%%)
=0 55
Where
Id :the Morisita index that reveals the dispersion pattern,
N  :total number of plots

¥ x2 : The sum of the squares of the total individuals of a species in the community
Y. x :The total number of individuals of a species in the community

Furthermore, the Chi-square test was carried out using the equation:
24.1  Degree of uniformity:

Degree of Uniformity

_ (x%0.975-n+¥ x;)

M
u Tx-1

Where,

Mu : Degree of uniformity

x20.975 : Value of Chi-square from the table with a degree of freedom (df) of (n-1), confidence interval (CI) of 97, 5%
>x; : The sum of number of individuals of the ith species
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n : Number of plots

Degree of grouping

_ (x20.025-n+Y x;)

Mc

Exp-1
Where
Mc : Degree of grouping
x20.025 : Chi-square value from the table with df of (n-1), CI of 2, 5%
>x; : Sum of number of individuals of the it species
n : Number of plots

The standard Morisita degree (Ip) was calculated by using the four equations under one of the following conditions:

If Id 2Mc> 1, then Ip was calculated as follows:

Ip=0.5+0.5 (=)

n—-Mc
If Id >Mc= 1, then Ip was calculated as follows:

If Id >Mc> 1, then Ip was calculated as follows:

Ip =00.5 (2-2)

Mu-1

if 1 >Mu> 1, then Ip was calculated as follows:

Ip=0.5+0.5 ()

Mu

The standard Morisita degree (Ip) has an interval of -1.0 to 1.0 with a 95% confidence level at the limits of 0.5 and -0.5.
The Ip value is used to show the tendency of the distribution pattern of corpse flower plant species in the study area
with an interval of value:

e Ip =0, random distribution pattern
e Ip>0, a clustered distribution pattern
e Ip <0, a uniform distribution pattern (uniform)

The structure and species composition of vegetation was described using the importance value index [29], calculated
using the following formula:

Number of individuals of a species

Density =

Area of Sample Units

Density of a species

Relative Density (RD) = X100%

Total density of species

Number of plots found a species

Frequency =
a y total number of plots

Frequency of a species

Relative Frequency (RF) = X 100%

Total frequency
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Number of basic planes of a species

Domination =
area of all plot

Domination of a species

X100%

Relative Dominance (RDo) =———— -
Domination of all species

Importance Value Index (Trees and Poles) IVI = RD + RF + RDo
Importance Value Index (Seedlings, Saplings, Undergrowth) IVI= RF + RF

The diversity of plant species in the A. titanum observation plot, the Shannon-Wiener diversity index, was used [26].
The diversity index of the Shannon-Wiener is as follows

H=EE((5) e ()

Where

H' = Shannon-Wiener diversity index

S = Number of species

Ni = Number of individuals of the ith species
N = Total number of individuals of all species

The distribution of species abundance was determined using the Evenness index [26] as follows::

_ Hr _In(N1)
“In(s) In (No)

Ni=e133=3.78

Where:
El= Evenness index
S= Number of Species

The interspecific association for the case of many species was determined using the following equation:

S
0% = Z pi(1 — pi)
i=1

Where: pi=ni/N

1
$t= 3 2,0 0
j=1
T= average number of species per sample
Then, the variance ratio (VR) was calculated.
_St
VR—G%

VR is an index of association between all species. If VR=1 (no association), if VR>1 (all species show positive association)
and if VR<1 (negative association)

If the value of W lies at the limit of the chi-square distribution with 90% probability, then accept the hypothesis that
there is no s bpecies association
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X20, 5N<W<X20,95N

Community similarity analysis was carried out using Ward's minimum variance method [30] with the help of Minitab
17 software version 17.3.1.

3 Results and discussion

3.1 Population size and structure of A. titanum

Twenty individuals of A titanum were found in 3 study plots in the Boven Lais Protection Forest, all were in the
vegetative phase. Most of them (15 individuals) had a petiole diameter of 0-5 cm (Figure 2). Only three individuals had
stem diameters of 18-23 cm. The diameter class distribution shows that the A.titanum population as in the early stages,
indicated by the many and indicated by small individuals. The populations found were in the vegetative phase, and no
surviving generative phase was found. The generative phase found has withered and decayed and could not be observed
clearly. It was estimated that this flower bloomed two months before the observation.

Number individual
[s<]

0-5 6-11 12-17 1823
Petiole Class (cm)

Figure 2 Number of individuals of A. titanum by Petiole class

The population size of A. titanum in this study was smaller than that at Air Ketapang, Bukit Jufi, Datar Lebar Waterfall,
i.e., 34 individuals consisting of 12 adults and 22 juveniles [4]. More individuals were found by [25] in 3 locations (Palak
Siring, Tebat Monok and Air Selimang), i.e., 49 individuals, but the distribution pattern of A titanum found in both studies
was the same.

12

12

10

[=2]

Number individual

2 1 1

. 77 )

0-58 59-117 118-176 177-235 136-300

High Class (cm)

Figure 3 Height class of A. titanum “stem”
The small number of individuals with stem diameters greater than 15 cm may be due to the relatively low biotic

potential of A.titanum and habitat disturbance either naturally or due to humans (stepping on and being slashed with
machetes) relatively high.
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Because only a few individualsreach the adult stage, only a few individuals will produce flowers, and consequently, the
survival of A. titanum is in jeopardy.

According to “stem” height class, the highest number of individuals found was height class 0-58 cm, i.e., 12 individuals
(Figure 3). The highest height of the A. titanum recorded was 277 cm.

o

Figure 4 The vegetative phase of A. titanum was found at the research site (Boven Lais Protected Forest).

3.2 Spatial distribution of A. titanum

The Morisita index showed that the distribution pattern of A. titanum was clustered with a standardized Morisity index
(Ip) of 0.031. This distribution pattern indicates that the presence of an individual at one point will increase the
probability of the presence of the same individual at another nearby point [31]. The same result was reported by [4]
and [25].

Field observations indicate that this clustered distribution is probably caused by gravity and the water flow on the forest
floor, which carries A. titanum seeds to the bottom. Several factors cause the spatial distribution pattern of the
community, namely: (1) vectorial factors, which are caused by external environmental forces (e.g., wind, water flow and
light intensity), (2) reproductive factors, caused by reproductive modes (cloning and generational offspring), (3) social
factors are innate behavior (territorial behavior), (4) coactive factors are the result of intraspecific interactions
(competition), and (5) stochastic factors are the result of random variations from previous factors (vectorial factors,
reproductive, social and coactive) [32].

Some experts assume that the spread of A. titanum is assisted by hornbills [2,4]. Their thoughts are inaccurate as,based
on the observations of flowers that have already produced fruit other experts did not find any activity of hornbills as
the dispersal of A. titanum seeds. This opinion is supported by [33] and [34] findings that plant species used as food
sources by the six species of hornbill found in Sumatra are Oncosperma horridum (Arecaceae), Litsea spp (Lauraceae),
Aglaia spectabilis, Chisocheton ceramicus (Meliaceae), Horsfieldia tomentosa, Myristica elliptica (Myristicaceae), Sterculia
sp (Sterculiaceae) and none of the literature mentions the A. titanum flower as a source of food of hornbill. Ecologically,
the hornbill is a bird that lives in the upper forest canopy and never on the forest floor.

3.3  Vegetation structure and species composition of A. titanum habitat

3.3.1 Trees

Twenty five species of trees belonging to 18 families were found in the study site (Table 2). The Shannon-Wiener
diversity index (‘"H") was 2.7, which could be categorized as medium. The 'H' value is determined by species richness
and evenness, (and the species richness is largely determined by the plot size [26]. One of the problems with diversity
measures is that sample size greatly affects species richness [35].

The tree-level vegetation was dominated by Elateriospermum tapos Blume, with an IVI of 92%, followed by Polyalthia
lateriflora (Blume) Kurz, with an IVI of 17.03%.
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Table 2 Importance value index (IVI) of tree species in A.titanum habitat in Boven Lais Protected Forest
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NO | Species Family RD RF RDo | IVI (%)
(%) | (%) | (%)

1 Elateriospermum tapos Blume Euphorbiaceae 35.71 | 21.21 | 35.94 | 92.87
2 Polyalthia lateriflora (Blume) Kurz Annonaceae 2.38 | 3.03 11.62 | 17.03
3 Cephalomappa malloticarpa ].J] Smit Euphorbiaceae 476 | 6.06 | 4.43 | 15.25
4 Quercus sp Fagaceae 476 | 6.06 | 2.74 | 13.56
5 Urophyllum arboreum (Reinw.ex Blume) Koord | Rubiaceae 238 |3.03 |532 |10.73
6 Ficus drupacea Thunb. Moraceae 238 | 3.03 | 443 |9.84
7 Bhesa paniculata Arn. Celastraceae 238 | 3.03 | 443 |9.84
8 Aporosa frutescens Blume Phyllanthaceae 238 | 3.03 | 443 |9.84
9 Archidendron jiringa (Jack) L.C. Nielsen Leguminosae 238 |3.03 |3.82 |9.23
10 | Diospyros sumatrana Miq. Ebenaceae 2.38 | 3.03 3.82 |9.23
11 | Prunus arborea (Blume) Kalkman Rosaceae 476 |3.03 | 133 |9.12
12 | Syzigium sp Myrtaceae 2.38 | 3.03 |257 |798
13 | Tabernaemontana macrocarpa Jak Apocynaceae 2.38 | 3.03 241 7.83
14 | Claoxylon indicum (Reinw.ex Blume) Euphorbiaceae 238 |3.03 |197 | 738
15 | Mitrephora rufescens Ridley Annonaceae 238 |3.03 |197 | 738
16 | Ficussp Moraceae 2.38 | 3.03 1.70 | 7.11
17 | Palaquium dasyphyllum Piere ex Dubard Sapotaceae 238 |3.03 |1.70 |7.11
18 | Dipterocarpus sp Dipterocarpaceae | 2.38 | 3.03 145 | 6.86
19 | Schefflera sp. Araliaceae 238 |3.03 | 145 | 6.86
20 | Aglaia rubiginosa (Hiern) Pannell Meliaceae 238 |3.03 |1.22 | 6.63
21 | Aglaia teysmanniana (Miq) Miq Meliaceae 238 |3.03 | 122 | 6.63
22 | Ryparosa caesia Kurz ex King Achariaceae 2.38 | 3.03 0.00 | 541
23 | Microcos florida Burret Malvaceae 238 |3.03 | 0.00 |541
24 | Lithocarpus korthalsii (Endl) Soepadmo Fagaceae 238 |3.03 | 0.00 |541
25 | Macaranga sp Euphorbiaceae 238 | 3.03 | 0.00 |5.41

Description: Relative Density (RD), Relative Frequency (RF), Relative Dominance (RDo)
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Figure 5 Number of tree species in A.titanum habitat

Euphorbiaceae had the highest number of (4 species), followed by Moraceae, Fagaceae, Meliaceae and Annonaceae, each
having two species (Figure 5). The composition of species and families of trees show typical lowland forest vegetation.

Figure 6 The structure and species composition of vegetation at tree level in the Boven Lais Protected Forest

3.3.2  Poles

Eighteen species of poles belonging to 12 families (woody plants with DBH of 10-20 cm) were found in the study site
(Table 3). Elateriospermum tapos Blume was the most dominant species with an IVI of 41.53%, followed by Macaranga
sp with an IVI of 35.28%. Cephalomappa malloticarpa had the smallest IV], which was 10.91%. Euphorbiaceae was the
most dominant family, indicating that the vegetation was undergoing succession.
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Table 3 Importance value index (IVI) of pole-level vegetation of A. titanum habitat in the Boven Lais Protected Forest

No | Species Family RD(%) | RF(%) | RDo(%) | IVI(%)
1 Elateriospermum tapos Blume Euphorbiaceae | 16.0 13.64 | 11.89 41.53
2 Macaranga sp Euphorbiaceae | 16.0 9.09 10.19 35.28
3 Palaquium dasyphyllum Pierre ex Dubard | Sapotaceae 8.0 9.09 8.80 25.89
4 | Phoebe grandis (Nees.) Merr. Lauraceae 4.0 4.55 7.06 15.60
5 Baccaurea lanceolata (Miq.) Muell. Arg. Phyllanthaceae | 4.0 4.55 6.34 14.88
6 | Artocarpus sp Moraceae 4.0 4.55 6.34 14.88
7 | Quercussp Fagaceae 4.0 4.55 6.34 14.88
8 | Palaquium sumatranum Burck Sapotaceae 4.0 4.55 5.65 14.20
9 Tabernaemontana macrocarpa Jack Apocynaceae 4.0 4.55 5.65 14.20
10 | Knema latifolia Warb. Myristicaceae | 4.0 4.55 5.65 14.20
11 | Pouteria malaccensis (C.B. Clarke) Baehni | Sapotaceae 4.0 4.55 3.83 12.38
12 | Aglaia teysmanniana (Miq.) Miq. Meliaceae 4.0 4.55 3.83 12.38
13 | Alstonia sp Apocynaceae 4.0 4.55 3.83 12.38
14 | Litsea sp Lauraceae 4.0 4.55 3.30 11.85
15 | Macaranga hullettii King ex Hook.f. Euphorbiaceae | 4.0 4.55 3.30 11.85
16 | Pseuduvaria reticulata (Blume) Miq. Annonaceae 4.0 4.55 2.82 11.36
17 | Macaranga triloba (Thunb.) Muell. Arg. Euphorbiaceae | 4.0 4.55 2.82 11.36
18 | Cephalomappa malloticarpa ].J.Sm. Euphorbiaceae | 4.0 4.55 2.37 10.91

3.3.3

Description: Relative Density (RD), Relative Frequency (RF), Relative Dominance (RDo)

Saplings

Twenty two species of saplings were found, with the Shannon-Wiener diversity index of 2.93 (Table 4). Ficus hispida
was the most dominant species with an IVI of 15.70%, followed by Cephalomappa malloticarpa with an IVI of 15.50%.
Meanwhile, the smallest IVI was found in 10 species, namely 6.61% each (Microcos florida, Procris pedunculata, Santiria
oblongifolia, Harpullia arborea, Dysoxylum densiflorum, Alangium javanicum, Neonauclea lanceolata, Drypetes longifolia,
Syzygium splenrutes), and Aporosa frutescens.

Table 4 Importance value index of vegetation at the sapling level of the A." 'titanum's habitat in the Boven Lais Protected

Forest

No | Species RD (%) | RF (%) | IV (%)
1 Ficus hispida L.f. 11.36 4.34 15.70
2 Cephalomappa malloticarpa ].].Sm. 6.82 8.68 15.50
3 Elateriospermum tapos Blume 9.09 4.34 13.43
4 Urophyllum arboreum (Reinw. ex Blume) Korth. 9.09 4.34 13.43
5 | Antidesma stipulare Blume 6.82 4.34 11.16
6 Urophyllum corymbosum (Blume) Korth. 6.82 4.34 11.16
7 | Ficus subulata Blume 4.55 4.34 8.89

8 Turpinia spaherocarpa Hassk. 4.55 4.34 8.89
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9 Claoxylon indicum (Reinw. ex Blume) Hassk. 4.55 4.34 8.89
10 | Dichroa febrifuga Lour. 4.55 4.34 8.89
11 | Myristica iners Blume 4.55 4.34 8.89
12 | Iteadaphne confusa Blume 4.55 4.34 8.89
13 | Microcos florida Burret 2.27 4.34 6.61
14 | Procris pedunculata (J.R. Forst. & G. Forst.) Wedd. | 2.27 4.34 6.61
15 | Santiria oblongifolia Blume 2.27 4.34 6.61
16 | Harpullia arbrea (Blanco) Radlk. 2.27 4.34 6.61
17 | Dysoxylum densiflorum (Blume) Migq. 2.27 4.34 6.61
18 | Alangium javanicum (Blume) Wangerin 2.27 4.34 6.61
19 | Neonauclea lanceolata (Blume) Merr. 2.27 4.34 6.61
20 | Drypetes longifolia (Blume) Pax & K. Hoffm. 2.27 4.34 6.61
21 | Syzygium splendens (Blume) Merr. & Perry 2.27 4.34 6.61
22 | Aporosa frutescens Blume 2.27 4.34 6.61

Description: Relative Density (RD), Relative Frequency (RF)

Seedlings /undergrowth vegetation

The undergrowth vegetation comprised 25 plant species consisting of 21 families (Table 5), with 'H' of 1.80. The
undergrowth vegetation was dominated by Selaginella plana with an IVI of 81.98%, followed by Schismatoglottis
calyptrata with an IVI of 18.09%. Drynaria sparsisora, with an IVI of 8.60%. Nine species had the lowest and same 1V],
namely 3.39%.

[25] who studied at the Bengkulu University Educational Forest also found that the undergrowth vegetation was
dominated by S. plana with an IVI of 53.82%.

Table 5 Importance value index (IVI) of vegetation at the seedling/undergrowth level of A. titanum habitat in Boven
Lais Protected Forest

No | Species Family RD(%) | RF(%) | IVI(%)
1 Selaginella plana (Desv. ex Poir.) Hieron. Selaginellaceae | 59.76 22.22 | 81.98
2 Schismatoglottis calyptrata (Roxb.) Zoll. & Moritzi | Araceae 9.76 8.33 18.09
3 Drynaria sparsisora (Desv.) Moore Polypodiaceae | 3.05 5.56 8.60
4 | Litsea sp.1 Lauraceae 1.83 5.56 7.38
5 Lindera sp. Lauraceae 3.66 2.78 6.44
6 Ophiorrhiza junghuhniana Miq. Rubiaceae 2.44 2.78 5.22
7 | Endiandra rubescens (Blume) Miq. Lauraceae 1.83 2.78 4.61
8 | Enkleia malaccensis Griff. Thymelaeaceae | 1.83 2.78 4.61
9 | Asplenium cuspidatum Lam Aspleniaceae 1.83 2.78 4.61
10 | Glycosmis pentaphylla (Retz.) DC. Rutaceae 1.22 2.78 4.00
11 | Diospyros sp. Ebenaceae 1.22 2.78 4.00
12 | Cyrtandra picta Blume Gesneriaceae 1.22 2.78 4.00
13 | Spatholobus sp.1 Leguminosae 1.22 2.78 4.00
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14 | Asplenium tenerum G. Forst. Aspleniaceae 1.22 2.78 4.00
15 | Ziziphus horsfieldii Miq. Rhamnaceae 1.22 2.78 4.00
16 | Calamus sp.1 Arecaceae 1.22 2.78 4.00
17 | Friesodielsia acuminata (Merr.) Steenis Annonaceae 0.61 2.78 3.39
18 | Pternandra cordata Baill Melastomaceae | 0.61 2.78 3.39
19 | Helicia serrata Blume Proteaceae 0.61 2.78 3.39
20 | Syzygium lineatum (DC.) Merr. & L.M. Perry Myrtaceae 0.61 2.78 3.39
21 | Macaranga sp Euphorbiaceae | 0.61 2.78 3.39
22 | Drynaria sparsisora (Desv.) Moore Polypodiaceae | 0.61 2.78 3.39
23 | Roureopsis emarginata (Jack) Merr. Connaraceae 0.61 2.78 3.39
24 | Coffea canephora Pierre ex A.Froehner Rubiaceae 0.61 2.78 3.39
25 | Cyathocalyx maingayi Hook.f.& Thomson Annonaceae 0.61 2.78 3.39

Figure 7 Seedling/underground vegetation in the A. titanum habitat

3.4 Diversity and evenness indexes

The Shannon-Wiener diversity index of tree to seedling ranged from 1.80 to 2.94, considered medium, while the
evenness index ranged from 0.56 to 0.97, considered medium to high (Table 6).Species richness and species evenness
are independent characteristics of biological communities that constitute their diversity. Evenness is the distribution of
each species' abundance. The pole and sapling vegetation had almost a maximum evenness index indicating that each
species had almost the same abundance. The evenness index of seedling or undergrowth vegetation was only 0.56,
indicating that almost 50% of species had different abundance.

Table 6 Indexes of species diversity and evenness at the level of trees, poles and seedlings at the research site

Strata Diversity Index | Evenness Index
Tree 2.67 0.83
Pole 2.71 0.94
Sapling | 2.94 0.97
Seedling | 1.80 0.56

3.5 Interspecific associations (many species)

The variant ratio calculation shows that all species in the Boven Lais Protected Forest had negative associations (Table
7). This result differed from [25] at the Air Selimang and Tebat Monok locations which showed positive associations for
all species. This condition shows that, there is a dependence between species in the Air Seliman and Tebat Monok
locations, and the use of the same resources is positive (Table 7).
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Table 7 Community interspecific associations at 3 locations of A. ' 'titanum's habitat

No | Location Index Association between all | Conclusion Description
species (VR)
1. Boven Lais | 0.66 There are negative associations | This research
Protected Forest among all species
2 Air Selimang 1.59 There is a positive association | Arianto et al,
among all species 2019
3 Tebat Monok 3.78 There is a positive association | Arianto et al,
among all species 2019
4 Palak Siring 0.96 All independent species Arianto et al,
2019

Interspecific association among species occurs because those species choose or avoid the same habitat or habitat factors
andhave common abiotic and biotic factor requirements [26]; they have an affinity for the other species. The association
of plants is characterized by a relatively consistent floristic composition, relatively uniform physiognomy, and similar
habitat.

3.6 Abiotic factors

The habitat of A. titanum in the Boven Lais Protected Forest is located at altitudes of 433 m - 459 m above sea level (asl),
with slopes of 45-60 degrees, considered very steep.

3.6.1 Climatic conditions

Table 8 The environmental factors in the A. titanum habitat in the Boven Lais Protected Forest

Measurement point | Humidity (%) | Light Intensity (Lux) | Temperature (°C)
1 94.5 1870 23

2 94.7 1750 23

3 99 55,5 23

4 97 546 23

5 96 531 23

6 95 510 23

7 95 485 23

8 95 479 23

9 96 337 24.5
10 95 381 24

11 96 174 21.5
Average 95.75 647.14 23.09

The humidity measured in the corpse flower habitat ranged from 95% to 99%, with an average humidity of 95.75%,
indicating that A.titanum likes high humidity. The same result was also reported by [25] in the A. titanum habitat in
University of Bengkulu Educational Forest, which was 98%.

3.7 Soil

The A.titanum habitat had red-yellow podzolic soil with chemical and physical properties as presented in Table 9. The
soil is acidic with a pH of 4.99, lower than the soil pH of A. titanum habitat in University of Bengkulu Educational Forest
[25]. The soil in lowland forests in the Sarawak region of Brunei had pH ranging from 3.6 to 5.1 [36] and the soil pH in
lowland forest areas of Sumatra ranged from 4.3 to 7.3 [37].

105



International Journal of Life Science Research Archive, 2023, 04(02), 092-108

The content of N was 0.33%, classified as medium the organic carbon was 3.7%, as high and the phosphorus was 3.31
ppm, classified as very low (Table 9). The N, P and organic C in the soil are parts of soil organic matter derived from the
decomposition of plant and animal tissues. [25] also found high organic C in University of Bengkulu Educational Forest.
Phosphorus (P) is the second most important element after N, which plays an important role in photosynthesis and root
development. Most P forms are bound by soil colloids, making them unavailable to plants. Soils with low organic content,
such as Oxisols and Ultisols are widely found in Indonesia. The soil texture in A.titanum habitat in the Boven Lais
protected forest was sandy clay loam, while that in University of Bengkulu education forest was clay and silty loam.

Table 9 The physical and chemical properties of soil in A titanum habitat in Boven Lais Protected Forest

N C P K pH | cation exchange capacity | Al- Ca Mg | Texture (%)
(KTK) dd
..%.. ppm | (me/100 (me/100 g) sand | Clay | Silt
g
0.33 | 3.70 | 3.31 | 0.24 4.79 | 22.34 2.54 |0.24|0.13| 5392 | 21.99 | 24.04

Table 10 Criteria for assessing soil chemical properties according to the Soil Research Center Institute (LPPT), Bogor

Soil properties | Very low | Low Medium | High Very high
C (%) <1.00 1.00-2.00 | 2.01-3.00 | 3.01-5.00 | >5.00

N (%) <0.10 0.10-0.20 | 0.21-0.50 | 0.51-0.75 | > 0.75
C/N <5 5-10 11-15 16-25 >25

P205 Bray <10 10-15 16-25 26-35 >35
Kation

K(me/100g) <0.1 0.1-0.3 0.4-0.5 0.8-1.0 >1.0
Na(ms/100g) <0.1 0.1-0.3 0.4-0.7 0.8-1.0 >1.0
Mg(ms/100g) <0.4 0.4-1.0 1.1-2.0 2.1-8.0 >8.0

Ca (ms/100g) <2 2-5 6-10 11-20 >20

4  Conclusion

The population of A. titanum in the Boven Lais Protected Forest was 20 individuals, dominated by tillers with stem
diameters ranging from 0-5 cm. The entire population was found in the vegetative phase.

Vegetation conditions in the A. titanum habitat at the tree level comprised 25 species, including 18 families.
Elateriospermum tapos Blume dominates the tree-level vegetationwith an important value index of 92.87%. The pole-
level vegetation comprised 18 species belonging to 10 families and dominated by Elateriospermum tapos Blume with an
important value index of 41.53%. The sapling vegetation consisted of 22 species and was dominated by Ficus hispida
L.f. with an important value index of 15.70%. The vegetation at the seedling/underplant level comprised 25 species
belonging to 20 families and was dominated by Selaginella plana (Desv. ex Poir.) Hieron with an important value index
(INP) of 81.98%.

The soil type in the corpse flower habitat is red-yellow podzolic with sandy clay loam texture, acid soil with a pH of 4.79
medium N (nitrogen) content (0.33%), high C (carbon) content (3.7%) and very low P (phosphorus) content and high
CEC.
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