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ABSTRACT

Aims: The study was carried out to assess the species composition, vegetation structure,
regeneration and possible direction of vegetation development due to Acacia nilotica invasion.
Study Design: The study applied the vegetation analysis and remote sensing technique in the
deciduous forest of the Palu Valley in Central Sulawesi.

Place and Duration of Study: The study was conducted in Biromuli District, Sigi Regency, Central
Sulawesi Province of Indonesia in February 2019.

Methodology: Species composition, vegetation structure and regeneration were studied using the
split plot method, while the specific population and distribution of A. nilotica were studied using
drone photos in an area of 10.24 ha.

Results: Individuals >2cm in diameter are 24 species, 22 genera and 14 families. The main species
are Tabernaemontana pandacaqui, A. nilotica and Jatropha gossypiifolia. The ground vegetation
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(diameter<2cm) contained 21 species, 21 genera and 17 families, dominated by Digitaria ciliaris and
A. nilotica. The species diversity index is 2.3880 (moderate), while the species evenness index is
0.75 (unstable). Density of 1.069 individual's per ha and total basal area 2.48 m? per ha. The
dominance of individuals with a diameter of 2.0-4.9 cm (62.9%), followed by diameter of 5.0-9.9 cm
(32.4%), and diameter of 10 cm up (4.67%). The canopy layer consists of only one main layer at a
height of 4-7m. Canopy analysis using drone photos showed that 27% of the total forest canopy
area and 32.9% of the total individuals were controlled by A. nilotica.

Conclusion: The dry forest in Sigi is the remnant deciduous forest located specifically in the Palu
Valley which is still in the process of development. The invasion of A. nilotica needs to be controlled
in a sustainable way so that the rest of the forest does not turn into a stretch of A. nilotica.

Keywords: Acacia nilotica; Central Sulawesi; Dry deciduous forest; Invasive Alien Species; Sigi.

1. INTRODUCTION

Dry deciduous forest or monsoon deciduous
forest is a biome dominated by trees that shed
their leaves during the dry season and re-grow
them in the rainy season [1]. Generally, it is
called dry deciduous forest if more than 50% of
the plant species experience leaf fall in the dry
season [2]. This forest grows in areas that have a
seasonal climate pattern with prominent dry and
wet periods, at least 4 consecutive dry months
with relatively low rainfall [3-5]. It has a D-H
climate type with Q index > 60%, rainfall is less
than 1500 mm per year [2].

In Indonesia, dry deciduous forests spread
across Baluran National Park - East Java, West
Nusa Tenggara, East Nusa Tenggara, Maluku
and southeastern Papua at elevations less than
800 m above sea level [2-8]. The dryness of
these areas is mainly due to monsoon winds
which bring about clear seasonal differences in
the amount of monthly rainfall [5]. Several tree
species are commonly growing in dry deciduous
forests of Indonesia include Aleurites moluccana,
Acacia leucophloea, Acacia tomentosa, Albizia
chinensis, A. lebbekoides, Borassus flabellifer,
Dalbergia latifolia, Schleichera oleosa,
Schoutenia ovata, Tamarindus indica [2,5].

Dry deciduous forest is a type of forest that is
classified as highly threatened; especially by
agriculture and burning to obtain grass as animal
feed [9]. Similar phenomenon has happened in
the Palu Valley for a long time, so there are not
many new records about the native vegetation of
the Palu Valley on the island of Sulawesi.
Sulawesi Island or Celebes is one of the 5 major
islands in Indonesia (Kalimantan, Papua,
Sumatra, Sulawesi and Java) [10]. Forests in
Sulawesi are dominated by lowland tropical rain
forest and montane tropical rain forest [11-12].
There is little literature that reports that Sulawesi
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has dry, deciduous forests. - Whitten and co-
researchers [11] — reported that the Palu Valley
in Central Sulawesi Province was previously
covered with dry - forest, but it is rarely found
due to repeated fires. One area that is thought to
be the remnant of dry forest in the Palu Valley
was found in Biromuli, Sigi Regency, Central
Sulawesi. This forest area has an area of not
more than 100 ha and is surrounded by
agricultural lands in the north, west and south
and hills of wet tropical rain forest in the east.

One of the major threats to tropical forests
including dry deciduous forests in Indonesia is
the presence of invasive alien plant species,
such as the Acacia nilotica species originating
from Africa, and Sigi Forest is one of those
species that has been invaded. This study was
aimed to find out more information about species
composition, vegetation structure and future
regeneration tendencies as well as problems with
the invasive alien species (IAS), namely A.
nilotica. -The results obtained from this study can
also be useful - to - manage this area in the
future properly.

2. MATERIALS AND METHODS
2.1 About Study Area

The Palu Valley, is surrounded by hills in the
west, east and south and facing the Sulawesi
strait in the north.It has a mostly flat and sloping
topography with sandy soil. The Palu Valley grew
into a residential area, urban area and
agricultural land. The earthquake and tsunami
that hit Central Sulawesi on September 28, 2018
occurred in the Palu Valley which caused several
areas to experience soil liquefaction. The Palu
Valley has a climate type E based on the
classification of Schmidt & Ferguson which is
characterized by long dry months (> 6 months)
and wet months of less than 2 months each year.
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This dry climatic condition forms a dry forest type
[11]. The study was conducted in Biromuli
District, Sigi Regency, Central Sulawesi Province
of Indonesia (Fig. 1). The topography is
generally flat to sloping with a slope of 0-8%,
consisting of a very thick layer of sand with a
depth of up to 200 m. The groundwater depth is
more than 60 m. The content of organic matter
(C-organic) is generally very low to less than 1%
and increases towards the east where there are
hilly areas [13]. Geology consists of rock
formations Molasa Celebes Sarasin and Sarasin
which consist of conglomerate, sandstone,
mudstone, marl and coral limestone, loose and
some are somewhat compact [14].

2.2 Vegetation Sampling and Mapping

Vegetation analysis was carried out -applying the
split plot method. A total of 30 plots (10m x 10m
in size) were placed along a transect that
extends from the outer forest edge to the inner
forest edge bordering the evergreen rainforest.
The distance between -two plots is 50 m. All
species >2 cm in diameter contained in each plot
were recorded with the species name, number of
individuals of each species, trunk diameter and
tree height. In each plot, plots measuring 2 m x 2
m were also made for regeneration sampling
(seedlings with diameter < 2 cm) and
understorey including data on species and
percentage of canopy cover for each species. A
transect (7 m x 100 m) was also made to draw
the forest profile from the side. Samples of each
type were collected for identification purposes.
To see in more detail the population of Acacia

nilotica, drone images were used in an area of
320 m x 320 m (10.24 ha).

Mapping image analysis was conducted using
digital data image having 8 bit on RGB system.
The A. nilotica training area was taken for each
canopy plot to analyze the class value approach
based on the mean and standard deviation (Eq.
1). The standard deviation approach is generally
influenced by the distribution of data values for
each character of the R (red), G (Green), and
(Blue) bands [15-17]. This approach was carried
out by taking a logical approach to the calculation
results of the statistical values and then grouping
the selected vegetation type [17]. This approach
was applied because it is easier to classify
certain types of classes based on the
value of each statistic resulting from the training
area.

CRx = EITHER 1 IF (Ig>Sdminr and I1r=Sdnaxr and
|G>SdminG and IGSSdmaxg and IB >SdminB and IB
<Sdmaxs) OR 0 OTHERWISE
............................ (Eq. 1)

Where,

CRx= Class range object x

Ir: Value layer Red

Is: Value image Green

Ig: Value image Blue

Sdninr: Median value Red — Standard deviationi
Red

Sdmaxgr: Median value Red + Standard deviaton
Red

Note: Sdming and Sdmaxg to Green; Sdnine and
Sdiaxs to Blue.
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Fig. 1. Map of the research location in Biromuli District, Sigi Regency, Central Sulawesi
Province
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2.3 Data Analysis

Data analysis was carried out by ranking each
plant species from the most important to the least
important using the species importance value
index [18]. The species importance index is the
sum of the relative values of frequency, density
and basal area [19,20]. The importance of family
value (FIV) was used, which is the sum of the
relative values of the number of species, density
and basal area, to obtain the value of the
importance of species groups based on family
[21].

The species diversity index was calculated using
the Shannon formula, namely H'= -y (ni/N) In
(ni/N), where ni is the number of individuals of
the ith species and N is the number of individuals
of all species. The Shannon diversity index
ranges from 1.5 to 3.5 and rarely reaches 4.5
[22]. Species diversity is categorized as low if H'
< 1, moderate category if 1<H'<3 and high
diversity if H> 3. To determine the stability of the
community, it is calculated using the formula for
the species evenness index (E) using the formula
E = H' / Log S, where H' is the Shannon Index
and S = the number of species. Evenness index
value (E) ranged from 0-1. The value of E, which
is close to zero, indicates that the distribution of
species is increasingly uneven in the community,
on the contrary, the greater the value of E or
close to one, the distribution of species in the
community is more even [23,24]. The community
is categorized as depressed if the value of E <
0.50, unstable if 0.50 < E < 0.75 and stable if
0.75 < E < 1.00 [25]. All analyzes were
performed using the Paleontological Statistics
(PAST) software version 3:04 [26].

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Species diversity

Based on the species area curve (Fig. 2), the
cumulative number of species in each additional
subplot showed the shape of the rungs of the
curve, where no new additions were found in the
last five subplots. A sign that the number of plots
for dry deciduous forest type at the study site is
considered sufficient [27]. A total of 24 species
consisting of 22 genera and 14 families were
identified from all plots. The Apocynaceae
contained the highest number of species,
individuals and area of the basal area which

ultimately overall had the highest Family
Importance Value (FIV) (Table 1). The most
abundant member of the Apocynaceae family
was Tabernaemontana pandacaqui with a
density of 276 trees per ha or accounts for 97%
of the total number of individuals of the
Apocynaceae. The next important families based
on their FIV were the Leguminosae and
Rubiaceae. The most abundant members of the
Leguminosae were Acacia nilotica (97 trees per
ha), while Randia spinosa (73 trees per ha)
was the abundant species in the Rubiaceae
family.

In Table 2, a list of species (diameter > 2cm) was
presented, sorted by species importance value
(SIV). The five species with the largest SIV were
Tabernaemontana pandacaqui (67.18), A.
nilotica (44.25), Jatropha gossypiifolia (32.60),
Diospyros sp. (27.23) and Punica granatum
(24.11). T. pandacaqui was highest in all
elements measured, which indicated the
dominance (highest ecological position) of this
species in the community.

The community species diversity index (H*) was
recorded as 2.3880 which was classified as
moderate category, while the species evenness
index (E) was found as 0.75 which was indicated
an unstable position and close to a stable level. If
each of the 30 subplots is calculated the species
diversity index, the magnitude ranges from
0.8676 to 2.2780. The lowest score was
recorded in subplot 6 and the highest was in
subplot 13. In general, the subplots had an index
value of species diversity which was classified as
moderate category, except for subplots 6
(0.8676) and 21 (0.9017) which were classified
as low category (H<1). However, when viewed
based on the evenness index, subplot 21 was
the lowest (E= 0.4106) which indicated that the
distribution of species in this subplot was uneven
compared to other subplots. The abundance of
Jatropha gossypiifolia which controls 77.3% of
the tree population in subplot 21 may suppress
other species. Similar data was also found in
subplot 14 which had a low evenness value (E=
0.4734). In subplot 14 A. nilotica emerged as the
most dominant species and controlled 55.9% of
the tree population in that subplot. With E values
< 0.50, subplots 14 and 21 were also listed as
the most depressed communities. Subplots 7, 8,
15, 20, 22, 23 and 25 were classified as unstable
with E values varying between 0.5731 and
0.7366, the remaining 21 subplots were
classified as stable with E values > 0.75 (Fig. 3).
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Fig. 2. Species-area curve at the study site

Table 1. Number of species, density, basal area (BA) and family importance value (FIV) of each
family recorded from the study site

SL. No. Family No. of species Density (per ha) BA (m’ per ha) FIV

Apocynaceae 4 286 0.7094 75.8445
2 Leguminosae 2 172 0.5064 47.6462
3 Rubiaceae 3 87 0.1608 27.9280
4 Euphorbiaceae 1 160 0.1504 25.7487
5 Ebenaceae 1 133 0.1405 22.8600
6 Annonaceae 2 73 0.1101 20.1464
7 Lythraceae 1 67 0.1972 19.4325
8 Lamiaceae 2 43 0.0399 14.1160
9 Malvaceae 2 9 0.0446 11.2610
10 Meliaceae 2 16 0.0236 10.8916
11 Capparaceae 1 27 0.0396 8.4413
12 Solanaceae 1 17 0.0142 6.3472
13 Verbenaceae 1 3 0.0053 4.7171
14 Sapindaceae 1 3 0.0032 4.6196
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Fig 3. Shannon diversity index (H) and evenness index (E) in each subplot

3.1.2 Vegetation structure revealed a total of 321 individuals with a density

of 1,069 individuals per ha and a total basal area
All woody species (stem diameter> 2 cm) were  of 2.48 m® per ha. The distribution of individuals
recorded from the study area. This study based on stem diameter showed that the majority
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consisted of individuals with a diameter of 2.0-4.9
cm (62.9%), followed by individuals with a
diameter of 5.0-9.9 cm (32.4%), while those with
a diameter of 10 cm or more were only 4.7%
(Fig. 4).

The tree level with stem diameter >10cm has a
density of 50 trees per ha with a total basal area
of 0.60 mzper ha. A. nilotica was the most
abundant species with 30 trees per ha or 60% of
the population of all tree species in diameter.
This species also has the largest basal area of
0.39 m®per ha or 64% of the total basal area of
all trees with the widest distribution of individuals
(F= 50%) (Table 2). At the belt level (2 <
diameter<10cm), the individual density reached
1,019 individuals per ha with a total basal area of
1.87 m? per ha. Judging from the distribution of
individuals based on stem diameter, species that
can reach stem diameter > 10 cm such as
Tabernaemontana pandacaqui, A. nilotica and
Punica granatum have relatively the same

pattern, which has the highest density in the
diameter class 5.0 - 9.9 cm, while Jatropha
gossypiifolia and Diospyros sp. are abundant in
the diameter class < 5 cm (Fig. 5). It is
interesting to note the presence of T. pandacaqui
and J. gossypiifolia. Both species were found
growing in groups with high population densities.
The largest population for J. gossypiifolia
reached 1900 stems per ha and T. pandacaqui
1600 stems per ha which almost appeared as a
homogeneous species in an area (Fig. 6).

Vertically, the stand structure shows a very
simple canopy layer, consisting of only one main
layer at a height of 4-7 m. The species that
occupy the main canopy layer are generally
inhabited by individuals with stem diameter >
10cm, namely A. nilotica, T. pandacaqui,
Leucaena leucocephala, Microcos sp. and P.
granatum. J. gossypiifolia was found growing
abundantly at a height of 2-3 m at the bottom of
the main open canopy (gap).

Table 2. Density, basal area (BA), frequency (F) and species importance value (SIV) for tree
species (diameter > 2cm) recorded from the study site

Scientific name of the species Family Density BA F (%) SIV
(per ha)  (m” perha)
Tabernaemontana pandacaqui Lam. Apocynaceae 276 0.6753 14.05 67.18
Acacia nilotica (L.) Delile Leguminosae 97 0.5854 11.57 44.25
Jatropha gossypiifolia L. Euphorbiaceae 160 0.1504 11.57 32.60
Diospyros sp. Ebenaceae 133 0.1405 9.09 27.23
Punica granatum L. Lythraceae 67 0.1972 9.92 24.11
Leucaena leucocephala (Lam.) de Wit  Leguminosae 47 0.2518 8.26  22.80
Randia spinosa (Thunb.) Poir. Rubiaceae 73 0.1425 5.79 18.40
Annona squamosa L. Annonaceae 63 0.0757 5.79 14.76
Cappatris sepiaria var. fischeri (Pax) Capparaceae 27 0.0396 413  8.22
DeWolf
Callicarpa sp. Lamiaceae 40 0.0367 2.48 7.70
Annona muricata L. Annonaceae 10 0.0345 2.48 4.81
Reinwardtiodendron humile (Hassk.) Meliaceae 13 0.0225 248 464
Mabb.
Solanum verbascifolium L. Solanaceae 17 0.0142 248 461
Microcossp. Malvaceae 7 0.0338 1.65 3.64
Ochrosia elliptica Labill. Apocynaceae 3 0.0236 0.83 2.09
Diplospora sp. Rubiaceae 7 0.0094 0.83 1.83
Randia longiloba Hemsl. Rubiaceae 7 0.0088 0.83 1.81
Pterospermum diversifolium Blume Malvaceae 3 0.0107 0.83 1.57
Wrightia pubescens R.Br. Apocynaceae 3 0.0094 0.83 1.52
Lantana camara L. Verbenaceae 3 0.0053 0.83 1.35
Gmelina sp. Lamiaceae 3 0.0032 0.83 1.27
Sapindussp. Sapindaceae 3 0.0032 0.83 1.27
Aglaia sp. Meliaceae 3 0.0010 0.83 1.18
Calotropis gigantea (L.) Dryand. Apocynaceae 3 0.0010 0.83 1.18
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The condition of the forest profile assessed
through transect (7m x 100m) is presented in Fig.
6. The species depicted on the transect include
tree species that are not chopped in the plot such
as Dracaena draco. Other species that were not
enumerated in plots and transects but found in
the area were Tamarindus indica, Lannea
coromandelica and Ceiba pentandra. T. indica
and C. pentandra were the most prominent
species with a height of 10-15 m.

3.1.3 Regeneration

This study revealed a total of 21 regenerating
species belonging to 21 genera and 17 families.
Herbaceous grasses and small shrubs emerged
as the dominant species over trees. The five
main species at the seedling and understory

levels based on species importance value (SIV)
were Digitaria ciliaris, A. nilotica, Chromolaena
odorata, Sida acuta and Randia spinosa (Table
3). From the composition of the seedling species,
it appears that as many as 12 species (50%)
[enlisted in Table 2 (stem diameter > 2 cm)] did
not have regeneration at the seedling level.
Species that reached a stem diameter of > 10 cm
showing dominance at the seedling level was A.
nilotica. Annona muricata, Punica granatum and
Microcos sp. were not found to show the
regeneration potential at the seedling level.

3.1.4 Population and distribution of Acacia
nilotica

One interesting note is the emergence of A.
nilotica which was dominant at all growth stages
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(Tables 2 and 3). The findings of the study
showed that A. nilotica is spread in the plot with a
frequency of 11.6%. The number of A. nilotica
individuals ranged from 1-6 trees in a 100 m?
plot, but at one location outside the plot it was
found to grow homogeneously with a density of 8
trees per 100 m? or 800 trees per ha. Using
drone image analysis with processing statistical
training area the digital number of each sensor,
canopy cover as A. nilotica could be interpretete
quickly and with precision.

151

Sample data from GPS coverage of A. nilotica
from the field is used as a training area for
UAV/drone images. It is therefore expected that
the delimited area is properly identified under A.
nilotica cover and other types of cover (other
vegetation and open land). The training area
aims to obtain spectral class value data on each
channel R(red), G (Green) and B (Blue). The
data set for the spectral values will then be
calculated for the distribution of statistical
data.

An-Acacia nilotica; As-Annona squamosa; D-Diospyros sp.; Dd-Dracaena draco;
Jg-Jatropha gossypiifolia; LI-Leucaena leucocephala; Oe-Ochrosia elliptica;
Pg-Punica granatum; Sf-Sterculia foetida; Tp-Tabernaemontana pandacaqui.

Fig. 6. Forest profile on transect (7m x 100m)

Table 3. Relative dominance (Rd), relative frequency (Rf) and species importance value (SIV) of
seedlings and undergrowth (diameter < 2cm) at the study site

SL. No. Scientific name of the species Family Rd Rf SIvV
1 Digitaria ciliaris (Retz.) Koeler Poaceae 4041 14.10 54.51
2 Acacia nilotica (L.) Delile Leguminosae 10.50 17.95 28.45
3 Chromolaena odorata (L.) Compositae 17.64 8.97 26.61
R.M.King&H.Rob.
4 Sida acuta Burm.f. Malvaceae 4.31 10.26 14.56
5 Randia spinosa (Thunb.) Poir. Rubiaceae 5.53 7.69 13.22
6 Jatropha gossypiifolia L. Euphorbiaceae 5.06 7.05 12.11
7 Tabernaemontana pandacaqui Lam. Apocynaceae 2.65 5.13 7.78
8 Leucaena leucocephala (Lam.) de Wit Leguminosae 1.81 5.13 6.94
9 Cyathula prostrata (L.) Blume Amaranthacea  1.03 5.77 6.80
e
10 Phyllanthus reticulatus Poir. Phyllanthaceae 1.99 3.85 5.83
11 Diospyros sp. Ebenaceae 3.76 1.28 5.04
12 Calanchoesp. Crassulaceae 2.53 1.28 3.81
13 Gmelina sp. Lamiaceae 0.51 3.21 3.7
14 Callicarpa sp. Lamiaceae 0.40 3.21 3.60
15 Sapindus sp. Sapindaceae 0.33 1.28 1.61
16 Ziziphus oenopolia (L.) Mill. Rhamnaceae 0.58 0.64 1.22
17 Annona squamosa L. Annonaceae 0.36 0.64 1.00
18 Arytera sp. Sapindaceae 0.29 0.64 0.93
19 Croton hirtus L'Hér. Euphorbiaceae 0.22 0.64 0.86
20 Lantana camara L. Verbenaceae 0.07 0.64 0.71
21 Solanum verbascifolium L. Solanaceae 0.04 0.64 0.68
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The results of the statistical data processing on
the image along with the index value with the
standard deviation and the average value get the
range of vegetation type class profiles (Fig. 7).
The middle and upper ranges of A. nilotica have
different ranges from other vegetation but based
on the minimum standard deviation of the range,
this class has been mixed with other vegetation
classes that have maximum standard deviations.

This condition facilitates the classification
process in raster analysis.
From the mapping analysis results it was

observed that the distribution of A. nilotica was
dominant in clusters located at the upper left of
plot area (Fig. 8). Mapping analyses identified A.
nilotica canopy class and the other vegetation at
10.24 ha area by the classification of based pixel
statistical. This study disclosed the proportion of
A. nilotica canopy cover which was 1.99 ha or
approximately 19% in the study area (Fig. 9).
This condition indicated the potential for invasion
of this species in the area, which can later add to
the condition of open land that is detected and
leaves 12% of the area.

3.2 Discussion
3.2.1 Forest stand

Dry deciduous forests are also well known as
Seasonally Dry Tropical Forest (SDTF) [28], in
Asian countries. This type of forest usually
experiences multiple fires incidents and mostly is
undergoing secondary succession [29]. Forests
at the study site can generally be classified as
remaining forest or young secondary forest
undergoing a succession process. Fires and
logging are two main causes that severely
deteriorated the forest vegetation in this area.
Sandy land conditions with low soil water and
organic matter content of this area also have
positive influence on the growth of forest species;
hence many species are able to grow on it.

In Sigi dry forest, Tabernaemontana pandacaqui
represented the highest Species Importance
Value (SIV), which indicated the high ecological
position of this species in the plant community. T.
pandacaqui is highly adaptive to a wide range of
habitat conditions, from relatively open shrubs,
dry limestone outcrops, to periodically inundated
river and swamp forest [30]. Euphorbiaceae,
which often appears as the most dominant family
in the tropics of Malesia [3,31-33], in this study
appeared in the fourth rank with only Jatropha
gossypiifolia represented and had the third rank

in individual abundance (160 stems per ha). The
seed dispersal system of species belonging to
the Euphorbiaceae family is known to be very
effective, especially through birds and mammals
[34]. In terms of the vegetation structure, Sigi dry
forest has shown to have an ‘L’ shaped. An 'L'-
shaped graph model in which populations decline
in the large diameter class is common in tropical
forests [35-42]. The steepness of the graph in
this case is caused by the dominance of small
but mature species. Species that have stem
diameter > 10 cm are generally also dominated
by small trees that already have a mature growth
stage. Dry deciduous forests are relatively rare
with tree species sticking out above 25 m.
Generally rarely straight trunked, low branched,
the number of species are few and tend to be
local dominant [2]. In Southern India, dry
deciduous forest species have, on average,
lower both of diameter ratios and specific leaf
areas, than evergreen forest species. However,
they have higher of wood densities and relative
bark thickness [43]. In terms of its vertical
structure, it is known that species such as
Tamarindus indica and Ceiba pentandra are the
most prominent species with a height of 10-15 m.
These species are known to be native to several
savanna and dry deciduous forests in Indonesia
[4,5]. Malvaceae (Ceiba) is known to have also to
have occur in other SDTF such as in inter-
Andean valleys and central Andes Coast [44]. A
number of T. indica also distributes at Baluran
National Park dry forest in East Java Province
[7], as well as at Komodo Island of the Komodo
National Park, East Nusa Tenggara Province
[45].

3.2.2 Invasion of Acacia nilotica

Acacia nilotica is easily growing in dry conditions
with an annual rainfall of 250-1500 mm [46],
although it depends on the variety of climatic
factors [47]. Several reports have stated that A.
nilotica is the dominant species in savanna and
dry deciduous forests in Africa [48,49], Australia,
especially in Queensland [50-55], India
[43,56,57] and Baluran savanna, East Java,
Indonesia [7,58]. Initial information on the entry
of A. nilotica in the Palu Valley was obtained
from Setiabudi et al. [59] who reported that A.
nilotica was sent to Palu from the Bogor Botanic
Gardens, after research of extracting Arabic gum
from the plant was abandoned around 1890. In
other areas, it was initially promoted as a tree
that can provide protein supplements and various
other purposes in agriculture. In Baluran National
Park, A. nilotica was initially planted in the 1970s
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as firebreaks so that fires do not spread to teak
forests. However, recently it has become an
invasive species and threatens grasslands as
animal feed providers in various savanna areas
[7,52]. Carter [52] reported that A. nilotica
invasion resulted in a 50% reduction in
grasslands in 25-30% tree canopy cover in
Queensland, Australia. Mackey [53] also
reported that within 10 years of its introduction,
A. nilotica had expanded to 7 million ha in
Queensland, Australia. Research conducted by
Sutomo et al. [7] also reported that the invasion
of A. nilotica had encroached on the savanna

area in Baluran National Park and caused a
reduction in savanna land. From the research
results of Sutomo et al [60] using remote sensing
it was also disclosed that during 2000 to 2014
there has been a reduction in savanna area of
1.361 ha. Since the introduction of A. nilotica in
Queensland in the 1890s, 67 years later this
species has been declared as dangerous to the
environment [53]. Indeed, remote sensing has
long been known as useful tools in detecting
patterns over large scale landscape. It has also
been used in detecting species such as A.
nilotica [61,62].
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Fig. 9. Proportion of classification coverage of Acacia nilotica in 10.24 ha plot

A. nilotica could grow even in a poor nutrient soil
such as poor soil of Central Sulawesi, Indonesia.
In fact like other legume species it has the
capability to improve soil nutrients. Several
research findings reported that the A. nilotica tree
improves soil fertility under its canopy by
reducing the proportion of sand while increasing
the proportion of clay particles, owing to the
protection of the soil from the impact of raindrops
[63]. In addition, A. nilotica is well nodulated with
Rhizobium species [64]. This nodulation behavior
aids in biological nitrogen fixation, which aids in
meeting nitrogen requirements in nutrient-
depleted soils.

Wind, water and livestock are considered as the
main agents for the dispersal of A. nilotica seeds
[62,55]. Seeds of A. nilotica can survive for 6
days in the intestines of mammals such as sheep
and cattle which are included when cattle are
moved to other places [53]. In the case of
Baluran National Park, the dominance of A.
nilotica in the Savanna area is due to the
abundant of buffalo population. A research
conducted by Sutomo and van Etten [65] found
that in summer when grass is not widely
available, buffalo consume A. nilotica pods and
its seeds come out along with their stools. It was
estimated that in 500 grams of feces can be
found hundreds of seeds A. nilotica. As soon as
the first rain the seeds then germinate quickly
and healthily. Because the range of this buffalo is
also wide in the Baluran National Park area, A.
nilotica can be spread throughout the savanna
and dry forests in the Baluran National Park.

Plant interaction such as competition for space
has been observed in A. nilotica stand where it

was observed that the area under the stand is
cleared from groundcover species. Plant
interaction in a form of biochemical signal such
as allelopathy is assumed to have caused this
condition [66]. A.nilotica grows naturally in
agricultural  fields throughout the Indian
subcontinent, forming an important agroforestry
system [67]. It has been reported that A. nilotica
reduces crop yield under its canopy in general,
and that this reduction varies with distance from
the tree trunk [67,68]. Duhan and
Lakshinarayana [69] discovered that the
presence of allelochemicals such as tannins,
flavonoids, and phenolic acids affects the growth
of Cyamopsis tetragonoloba and Pennisetum
glaucumgrowing at 1-2 and 7.5 m distances from
an A. nilotica tree on seed germination and
seedling growth. These proteins are in charge of
cellular processes such as plant growth
enhancement, physiological and molecular
functions [63,70].

Come across at other research, there are similar
cases where A nilotica is an important
component of SDTF [71,72]. A. nilotica is known
to have efficiency in nodulation [71]. In India
SDTF’s it is evidence that seedlings from smaller
seeds, particulary of fast growing species, is able
to withstand drought by morphogenetic and
physiological plastic response better than large
seeds species [72].

Therefore, by looking at events in other areas,
the dominance of A. nilotica in the study area is
likely to continue considering that its
regeneration is relatively available. Controlling
the presence of species can be one or several
specific species, but it can also be due to the
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physical nature of the habitat. There is no clear
boundary whether the influence of species or
habitat factors, both can operate together and
influence each other [73]. There are other factors
that are more influential, for example the seed
dispersal system of A. nilotica. It is suggested
that controlling the dispersal agent can also be
one of the options to suppress the domination of
the species.

4. CONCLUSION

The dry forest of Sigi is the remaining deciduous
forest in the Palu valley, Central Sulawesi
Indonesia. This ecologically important forest
area needs to be preserved for proper biological
functioning. The forest is categorized as growing
deciduous forest, but the invasion of Acacia
nilotica, which now accounts for 19% of the total
plot area, needs to be anticipated. Without
proper control, it is feared that the remaining
deciduous forest in the Palu Valley will turn into a
stretch of A. nilotica. A more in-depth
investigation of the seed dispersal agent of A.
nilotica is required, including wind characteristics,
surface runoff patterns, and livestock behavior in
the area. If these agents are shown to be the
cause of A. nilotica invasion, needs many
preventive measures, such as windbreaks,
pathway construction, ditch arrangements, and
animal fencing, must be implemented. We
recommended mechanical uprooting of A.
nilotica and re-plant it with native species to
successfully avoid A. nilotica invasion.
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