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Abstract. The existence of undergrowth has an important role as an
ecosystem both from an ecological and economic perspective. How-
ever, the composition and diversity of undergrowth in an area depends
on the land use system. This research aimed to know the species com-
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collection was carried out with a vegetation survey using nested
rectangular plots with a sampling intensity of 1%. The data collect-
ed included undergrowth species, the number of individuals for each
species, and tree species as components of forest garden stands.
Data were analyzed by calculating density, frequency, important val-
ue index, and Shannon diversity index. The results showed that the
undergrowth that exists under forest garden stands were 38 species
dominated by 12 species, namely Acalypha australis, Asystasia gan-
getica, Clidemia hirta, Starchytarpeta jamaicensis, Mikania micran-
tha, Peperomia pellucidia, Setaria barbata, Andropogon aciculatus,
Alpinia galanga, Diplazium esculentum, Paederia foetida, and Crass-
ocephalum crepidioides. The forest garden stands were composed of
43 tree species dominated by 4 tree species, namely Durio zibethinus,
Aleurites moluccana, Myristica fragrans, and Gnetum gnemon. The
level of undergrowth diversity was in the medium category with an H
value of 1.540, indicating the diverse of undergrowth species.
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INTRODUCTION

climate (Sidabukke et al., 2021). In addition,
the undergrowth has economic value because

The species of undergrowth is one
component that has an important role in for-
est ecosystems as well as in land ecosystems
with complex agroforestry (Widyastuti et al.,
2018). The roles of undergrowth are to pro-
tect the soil from raindrops and erosion from
surface runoff (Marfi, 2018), increase organic
matter in the soil (Latifah et al., 2022; Mar-
fi, 2018), contribute to increased biodiversity,
play a role in driving the nutrient cycle (Fang
et al., 2014), as well as controlling the micro-

it can be used for traditional medicinal ingre-
dients (Nguyen et al., 2019), and source of
animal feed ingredients (Marfi, 2018). Given
the critical role of undergrowth, both from an
ecological and economic point of view, their
existence must be preserved. The existence
of undergrowth species depends on the land
use system. The agroforestry system applied
to land management can maintain biodiver-
sity, including the diversity of undergrowth
species (Sidabukke et al., 2021). According to
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Fang et al. (2014), the composition of under-
growth species and their diversity determines
the complexity of the vegetation structure in
an ecosystem. The undergrowth in forest eco-
systems plays a part in forming the vertical
structure of forest vegetation so that it has a
positive effect on the condition of the balance
of the forest ecosystem (Marfi, 2018).
Preservation of undergrowth species
is very possible with the application of agro-
forestry systems in forest areas, especially in
conservation forest areas. One of the conserva-
tion areas in Lampung Province, Indonesia, is
the Grand Forest Park (Tahura) of Wan Abdul
Rachman where part of the area is managed
by the community around the forest for tradi-
tional cultivation. The Tahura of Wan Abdul
Rachman has an area of 22,245.50 ha (UPTD
Taman Hutan Raya Wan Abdul Rachman,
2017). According to its function, a Tahura is
a nature conservation area designated for the
purpose of collecting natural or non-natural
plants and/or animals, native and/or non-na-
tive species that are utilized for research, sci-
ence, education, cultivation support, culture,
tourism, and recreation (Undang-undang No-
mor 5/1990). The uses Tahura by the local
community include the collection of non-tim-
ber forest products and traditional cultivation
(Peraturan Pemerintah Nomor 108/2015).
Traditional cultivation by the community is
carried out by applying MPTS (multipurpose
tree species) agroforestry techniques to form
to form a sustainable forest garden manage-
ment in the area they cultivate (Indriyanto &
Asmarahman, 2019). Such traditional cul-
tivation has long been implemented by the
community or forest farmers who live around
Tahura of Wan Abdul Rachman, including
farmers who are members of the Harapan
Baru Forest Farmers Group (Gapoktanhut),
who have been practicing traditional cultiva-
tion since 1998 with a total arable area of 225

ha (Gapoktanhut Harapan Baru, 2019).
Indriyanto & Indriyanto

The formation of forest garden stands
is able to maintain the economic function of
the area for the community, and also main-
tain the ecological function of the forest park
area, for example, to preserve plant diversity.
This is in line with the opinion of Nair (1993)
that the development of the MPTS group of
woody plants can provide many benefits, both
economic benefits for the community and
ecological benefits for the land and the sur-
rounding environment. Thus, the functions of
land ecosystems with agroforestry systems
are production functions, natural regulatory
functions, ecosystem supporting functions,
and cultural functions (Yulistyarini, 2013).
The sustainability of these functions is also
supported by the composition and diversity of
the undergrowth (Fang et al., 2014) as well as
the composition of the tree species (Yulistya-
rini, 2013). The practice of cultivating plants
in forest areas may eliminate undergrowth,
which farmers consider as useless wild plants.
Loss of undergrowth can occur due to the
clearing of plants which are understood by
farmers as weeds at the beginning of the tree
planting process. Indeed, undergrowth can be-
come weeds at the start of tree planting, but
of course, the control must be as friendly as
possible because the composition and diver-
sity of undergrowth or weeds also determine
the structure of the forest and affect the eco-
logical function of the forest (Widhyastini et
al., 2012).

The loss of a undergrowth species can
also occur due to the inability of these plants
to grow together with the trees that make up
the forest garden planted by farmers, due to
the influence of shade (Kunarso & Azwar,
2013; Hilwan et al., 2013) or allelopathy
from the trees (Latifah et al., 2022). However,
once a forest garden stand has been formed,
changes in environmental conditions will in-
evitably occur along with the development of

a forest garden stand which can create habitat
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conditions suitable for the needs of the flora
and fauna under the stand (Kohli et al., 2020),
then this allows the growth and development
of undergrowth communities. In addition,
ecologically the forest garden stands formed
determine the presence of undergrowth spe-
cies that are able to live naturally or wildly
under the species of the forest garden stands.
Hilwan et al. (2013) stated that the number
of understorey species under pure plantation
forest stands is generally 22 species with a to-
tal of 12 families. Understorey plants under
mangium forest stand are 21 species (Goreti
et al., 2021), under teak forest stands there are
15 species with 10 families, under superior
teak forest stands there are 15 species of un-
dergrowth (Widhyastini et al., 2012), in con-
servation forest there are 32 species of under-
growth with 21 families (Norris et al., 2020).
It appears that the diversity of understorey
species varies in different compositions of the
tree species that make up the stand.
Therefore, this research was conducted
with the aim of knowing the composition of

undergrowth species and the level of diversity
of undergrowth communities in forest garden
stands at the farmers’ cultivated area, members
of Harapan Baru Forest Farmer Group Alli-
ances (Gapoktanhut) in Wan Abdul Rachman
Grand Forest Park. This research provides in-
formation on whether forest gardens built by
farmers being able to maintain the diversity of
undergrowth so that the development of forest
gardens within a grand forest park can main-
tain the function of a grand forest park in pre-
serving tree species and undergrowth species.

MATERIALS AND METHODS

Place and Time of Research

The research was conducted from Au-
gust to December 2020 in the area cultivated
by members of Harapan Baru Forest Farmer
Group Alliances in the Bandar Lampung Re-
sort Traditional Block, Wan Abdul Rachman
Grand Forest Park (Tahura), Lampung Prov-
ince, Indonesia. Location of the research can
be seen in Figure 1.
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Figure 1. Map of the research site at the farmers’ cultivated area, members of Harapan Baru Forest
Farmer Group Alliances in Wan Abdul Rachman Grand Forest Park, Lampung Province,
Indonesia (Adapted from UPTD Taman Hutan Raya Wan Abdul Rachman, 2017; Gapok-

tanhut Harapan Baru, 2019)
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Data Collection Method

The collection of research data was
carried out by surveying forest vegetation to
observe undergrowth and trees that make up
forest garden stands in agroforestry systems.
Data were collected on sample plots in the
form of nested rectangular sample plots (nest-
ed plots) with a sampling intensity of 1%. Un-
dergrowth was observed in the smallest plot
(2 m x 2 m plot) of each nested plot. Each
nested plot consists of a plot measuring 20 m

L]

x 20 m for the observation of trees phase, a
plot measuring 10 m x 10 m for observation
of poles phase, a plot measuring 5 m x 5 m
for observation of the sapling phase, while a
plot measuring 2 m x 2 m for observation of
seedlings phase and undergrowth. A number
of 58 nested sample plots representing 1%
sampling intensity were placed systematical-
ly.. The design of the nested plots is presented
in Figure 2.
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Figure 2. Shape and size of nested rectangular sample plots

Remark:

A= plot measuring 20 m x 20 m for observation of mature trees phase

B= plot measuring 10 m x 10 m for observation of poles phase

C= plot measuring 5 m x 5 m for observation of saplings phase

D= plot measuring 2 m x 2 m for observation of seedlings phase and undergrowth

The types of data collected include:
names of undergrowth species, number of in-
dividual undergrowth, and names of tree spe-
cies that make up forest garden stands. The
altitude for each sample plot location and
intensity of solar radiation that reaches the
undergrowth under the forest garden stands
were recorded. Each undergrowth and tree
was identified to determine the name of the
species and its family.

Data Analysis

The species of undergrowth observed
under the stands were presented in tabu-
lar form containing local names, scientific
names, and families, and a brief description
of the benefits of the plants was provided. The
species of trees that make up the stands were
presented in tabular form containing local
names, scientific names, and the commodities
produced.

Indriyanto & Indriyanto

The dominance of plant species was an-
alyzed by calculating the important value in-
dex or IVI (Indriyanto, 2021). Meanwhile, the
dominance level was determined by making
dominance class intervals using the formula
according to Indriyanto (2021)., and Diversity
was analyzed using the Shannon index of gen-
eral diversity according to Odum (1971). The
level of diversity based on the Shannon Index
refers to the criteria by Fachrul (2012).

RESULTS AND DISCUSSION

Undergrowth Species

Under the stands of mixed forest gar-
dens a total of 38 undergrowth species belong-
ing to 37 genera and 21 families were found.
Of the 38 species of undergrowth, 57.89% (22
species) were medicinal plants and 13.16% (5
species) had the potential as raw material for
vegetable pesticides (Table 1).
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Table 1. Species of undergrowth that found under forest garden stands at the farmers’ cultivated area, members
of Harapan Baru Forest Farmer Group Alliances in Wan Abdul Rachman Grand Forest Park, Indonesia

Local Name in Indonesia Botanical Name Family
Anting-anting + Acalypha australis L. Euphorbiaceae
Alang-alang + Imperata cylindrica Beauv. Gramineae
Ara sungsang Asystasia gangetica (L.) T. Anderson Acanthaceae
Babing Sauropus androgynus Merr. Phyllanthaceae
Bandotan + # Ageratum conyzoides L. Asteraceae
Blimbingan + Oxalis barrelieri L. Oxalidaceae
Cakar ayam + Selaginella doederleinii Hieron Selaginellaceae
Ceplukan + Physalis minima L. Solanaceae
Cepokak + # Solanum torvum Swartz. Solanaceae
Harendong bulu Clidemia hirta D.Don. Melastomataceae
Honje + Etlingera hemisphaerica (Bl.) R.M. Smith Zingiberaceae
Rumput empritan Cyrtococcum patens (L.) A. Camus Gramineae
Kecombrang + Etlingera elatior (Jack.) R.M. Smith Zingiberaceae
Kirinyuh Chromolaena odorata (L.) King & H.E.Robins Asteraceae
Jotang Synedrella nodiflora (L.) J. Gaertn. Asteraceae
Lengkuas + Alpinia galanga Sw. Zingiberaceae
Meniran + Phyllanthus urinaria L. Phyllanthaceae
Pacing + Cheilocostus speciosus(J Koenig) C.D.Specht. Costaceae
Paku sayur +* Diplazium esculentum Swartz. Polypodiaceae
Patikan +* Euphorbia hirta L. Euphorbiaceae
Pecut kuda Starchytarpeta jamaicensis (L.) Vahl. Verbenaceae
Pulutan + Urena lobata L. Malvaceae
Putri malu + Mimosa pudica L. Mimosaceae
Rambusan Passiflora foetida L. Passifloraceae
Rumput jagung Setaria barbata (Lam.) Kunth. Gramineae
Rumput jarum Andropogon aciculatus Retz. Gramineae
Sembukan + Paederia foetida L. Rubiaceae
Sembung + # Blumea balsamifera D.C. Compositae
Sembung rambat Mikania micrantha Kunth. Asteraceae
Senggani Melastoma malabathricum L. Melastomataceae
Serai + # Cymbopogon citratus (D.C. ) Stapf. Gramineae
Sintrong Crassocephalum crepidioides (Benth.) S. Moore Asteraceae
Sirihan Piper aduncum L. Piperaceae
Suruhan + Peperomia pellucidia (L.) Kunth. Piperaceae
Tapak liman # Elephantopus scaber L. Asteraceae
Teki + Cyperus rotundus L. Cyperaceae
Tembelekan + Lantana camara L. Verbenaceae
Tempuyung Sonchus arvensis L. Asteraceae

Remark: += medlclnal lants (Indn%anto d(% Suiantot 1 199%0
Widhyastini et a

Sutomo & Fardila
*= endangered plants (Hamid 19

Inc)irlyanto & Harianto, 2004; Soepardi, 1964;

#= vegetable pestlslde producing pfants (Asmaliyah et al., 2010).

The composition of undergrowth under
forest garden stands was dominated by 12
species with an IVI (important value index)
ranging from 7.07 to 9.61 (Table 2).

At the beginning of tree growth, the
presence of undergrowth is identical to the
presence of weeds because these plants can
become competitors immensely through the
allelopathic  substances released and neg-
atively affect tree growth. Thus, generally,
the presence of weeds is not desirable. From

Jurnal Biodjati 8(2):335—346, November 2023

an ecological point of view, it turns out that
weeds have a role in determining the struc-
ture of forest ecosystems, even economically,
many weeds have been used for traditional
medicines (Widhyastini et al., 2012). Species
of medicinal plants are all species of plants
that are good for maintaining health and treat-
ing various diseases. Currently, people have a
tendency to use medicinal plants to treat var-
ious diseases compared with chemical drugs
(Mayangsari et al., 2019).
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Table 2. The dominant species of undergrowth under forest garden stands at the farmers’ cultivated area, members of

Harapan Baru Forest Farmer Group Alliances in Wan Abdul Rachman Grand Forest Park, Indonesia

Local Name in IVI Density Frequenc Altitude Rasti(;iligon
Indonesia Botanical Name (%) (Individual/ q y (m Above Intensity
ha) Sea Level) (Lux)
Anting-anting Acalypha australis 7.32 560 044 m 355—668 842—2.171
Ara sungsang Asystasia gangetica 9.51 540 0.75 h 350—676 920—1.988
Harendong bulu  Clidemia hirta 7.48 373 0.64 m 350—674 1.028—4.132
Pecut kuda Starchytarpeta 7.07 430 0.53 m 358—674 915—1.423
Jamaicensis
Sembung rambat  Mikania micrantha 7.10 320 0.64 m 436—0642 2.481—5.251
Suruhan Peperomia pellucidia 8.57 860 032 1 350—484 845—976
Rumput jagung  Setaria barbata 9.33 630 0.64 m 430—568 1.028—4.211
Rumput jarum Andropogon aciculatus 7.71 520 0.53 m 436—0668 1.013—4.262
Lengkuas Alpinia galanga 8.57 860 0.32 1 350—533 845—4.132
Paku sayur Diplazium esculentum 9.61 1.005 032 1 358—554 840—935
Sembukan Paederia foetida 7.71 520 0.53 m 350—676 843—1.028
Sintrong Crassocephalum 7.21 450 0.53 m 358—668 915—1.423

crepidioides

Remark: Calculated based on the formula for determining the level of dominance (Indriyanto, 2021).

Dominant (high dominance), that is IVI> 6,98
Moderate dominance, that is IVI 4,34—6,98

Not dominant (low dominance), that is [VI< 4,34

High frequency (h), that is F> 0,67
Moderate frequency (m), that is F 0,33—0,67
Low frequency (1), that is F< 0,33

The dominant undergrowth includes:
Acalypha australis, Asystasia gangetica,
Clidemia hirta, Starchytarpeta jamaicensis,
Mikania micrantha, Peperomia pellucidia,
Setaria barbata, Andropogon aciculatus, Al-
pinia galanga, Diplazium esculentum, Paede-
ria foetida, and Crassocephalum crepidioides
which are found at an altitude of 350-676 m
above sea level, and the light intensity be-
tween 840-5,251 lux (Table 2). According to
Silalahi (2015), one of the factors that influ-
ence the spread of plants is the altitude where
they grow above sea level. The high intensi-
ty of solar radiation under the shade of for-
est garden stands where the undergrowth is
found also illustrates the relative tolerance of
plants to solar radiation and to the need for
canopy shading from other plants (Indriyanto,
2017). Therefore, solar radiation reaching the
soil surface under forest garden stands affects

Indriyanto & Indriyanto

the diversity of undergrowth species (Hilwan
et al., 2013). This is in accordance with the
statement of Marfi (2018) and Goreti et al.
(2021) that undergrowth plants survived un-
der forest stands are generally plants tolerant
or resistant to shade by the tree canopy. The
denser the crown cover of the forest stand,
the more abundant the undergrowth (Sutomo
& Fardila, 2013). It is proven that the domi-
nant undergrowth plants generally live under
conditions of dense canopy shade with an av-
erage diffused solar radiation intensity of <
1,900 lux. In addition, the presence of under-
growth generally does not spread throughout
the farmers' cultivated land, indicated by the
frequency of the low and medium categories.
Only one species of undergrowth had a high
frequency (F = 0.75), namely Asystasia gan-
getica.
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Trees Species that Make Up Forest Garden
Stands

Forest garden stands at the farmers’ cul-
tivated area, members of Harapan Baru Forest

Farmer Group Alliances in Wan Abdul Rach-
man Grand Forest Park, Indonesia are mixed
forest gardens of various species of trees cul-
tivated by farmers.

Table 3. Dominant tree species in forest garden stands at the farmers’ cultivated area, members of Harapan Baru For-
est Farmer Group Alliances in Wan Abdul Rachman Grand Forest Park, Indonesia

Local N?me in Botanical Name VI ]‘)e.nsity Frequency
Indonesia (%) (Individual/ha)
Durian Durio zibethinus 29.42 141.1 1.00 h
Kemiri Aleurites moluccana 20.23 62.1 0.86 h
Pala Mpyristica fragrans 23.94 105.7 091 h
Tangkil Gnetum gnemon 24.72 107.0 1.00 h

Remark: Calculated based on the formula for determining the level of dominance (Indriyanto, 2021).

Dominant (high dominance), that is [IVI> 19,91
Moderate dominance, that is IVI 10,39—19,91
Not dominant (low dominance), that is IVI< 10,39

High frequency (h), that is F> 0,67
Moderate frequency (m), that is F 0,33—0,67
Low frequency (1), that is F< 0,33

Among 43 tree species that make up the
forest garden stand, there are 4 dominant tree
species based on the results of the analysis of
the important value index (IVI). The import-
ant value index describes the level of domi-
nance of a tree population over other tree pop-
ulations in a stand or plant community (Gopal
& Bhardwaj, 1979). The important value in-
dex also indicates the level of dominance of a
plant population over other plant populations
in a plant community. The higher the IVI, the
higher the dominance level, and conversely
the smaller the IVI, the lower the dominance
level (Indriyanto, 2019). Four species of trees
dominated the forest garden stands, name-
ly Durio zibethinus, Aleurites moluccana,
Myristica fragrans, and Grnetum gnemon with
an [VI of > 19.91.

Durio zibethinus, Aleurites moluccana,
Myristica fragrans, and Gnetum gnemon trees
have a wide distribution in the farmers' culti-
vated areas, which indicated by the high fre-
quency (F>0.67). The frequency values of the
Jurnal Biodjati 8(2):335—346, November 2023

Durio zibethinus tree and the Gnetum gnemon
tree are each 1.00. The frequency value of
Myristica fragrans trees is 0.91 and Aleurites
moluccana trees 1s 0.86. Based on the level of
dominance and the wide distribution of trees,
it shows that the four species of trees are the
most preferred species by farmers compared
with other tree species. In fact, it is suspected
that the four tree species are the species that
are favored by forest farmers.

Diversity

The condition of plant community di-
versity can be illustrated based on the num-
ber of life forms, the number of families, the
number of genera, the number of species,
and based on the diversity index (Indriyan-
to, 2021). According to Odum (1971), the real
condition of the diversity of biota communi-
ties is determined by the number of species of
biota that make up a biota community.

Based on this, the condition of the di-

versity of undergrowth found under the for-
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est garden stands at the farmers’ cultivated
area, members of Harapan Baru Forest Farm-
er Group Alliances in Wan Abdul Rachman

Grand Forest Park is presented in Table 4 as
follows.

Table 4. The diversity of undergrowth at the farmers’ cultivated area, members of
Harapan Baru Forest Farmer Group Alliances in Wan Abdul Rachman Grand

Forest Park

Undergrowth diversity

Amount

Diversity based on the number of plants species 38

Diversity based on the number of genera

Diversity based on the number of family

Diversity base on the Shannon Index (H)

37
21
1.540

Diversity index is important informa-
tion about a biota community (Setiadi, 2005).
Based on the diversity index (H) value, the
undergrowth community has an H of 1.540.
Thus, the diversity of undergrowth plants is
in the moderate category (Fachrul, 2012). The
diversity index value obtained in this research
is almost the same as the diversity index of
medicinal plants that found in secondary nat-
ural forests in the same forest area, which is
1.6681 (Indriyanto & Harianto, 2004). This
indicates that the condition of the under-
growth community under the forest garden
stand is quite good because there are various
species of undergrowth that are able to adapt
under the canopy of forest garden trees. From
a conservation perspective, the development
of forest gardens with heterogeneous tree spe-
cies has a positive effect on preserving the
diversity of undergrowth, so that the conser-
vation process can run effectively. This is in
accordance with the statement of Fang et al.
(2014) that the diversity of undergrowth and
other biodiversity indicates the effectiveness
of forest conservation and restoration.

The agroforestry system in the form of a
forest garden is beneficial not only in conser-
vation but also in socio-economics. This is in
line with the statement of Senoaji (2012) that
Indriyanto & Indriyanto

land management with an agroforestry sys-
tem has the aim of maintaining the quantity
and variety of commodities produced so that
it has the potential to provide social, econom-
ic, and environmental benefits for land users.
It is hoped that by planting the various spe-
cies of MPTS, these goals can be achieved,
and the forest built is expected to be a support
for life systems. As stated by Dwiprabowo et
al. (2011), forests are life supporting systems
that have the ability to support food supply.
In addition to food provision, other needs can
also be obtained from the forest, such as the
need for traditional medicines for the com-
munity which can be met by the presence of
undergrowth.

The richness of biodiversity in Indone-
sia has an important role in human life, from
an economic, cultural, and ecological point of
view. Diversity is the total number of living
things. Diversity itself can be seen at various
levels, namely species, genes, and ecosystems
(Putri & Dharmono, 2018) so the benefits of
diversity for human life will increase along
with the development of human civilization.

It should be noted that the conditions
for the development of young plant commu-
nities towards mature plant communities can
be characterized by increased diversity (Indri-
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yanto, 2019; Hu et al., 2022). Plant diversity
will increase as the community grows, and
can reach its highest when the community
is in ecological balance (Putri & Indriyanto,
2021). Therefore, the diversity index contin-
ues to change until the plant community reach-
es a state of balance or equilibrium (Hu et al.,
2022). Ecological balance will be achieved in
a long process with various processes that oc-
cur in plants, both competition, aggregation,
adaptation, and regeneration processes (Indri-
yanto, 2019), the composition and structure of
plant communities are becoming increasingly
complex (Chang et al., 2014).

Considering that the forest garden built
in the area cultivated by the Harapan Baru for-
est farmer group in the Wan Abdul Rachman
Grand Forest Park was able to preserve the
existence of undergrowth species, the form
of this forest garden needs to be maintained.
This is important because the function of the
forest park as a conservation area for plant di-
versity can be well maintained. Then, another
aspect that needs attention here is the knowl-
edge of the people around the forest about the
benefits of undergrowth, and how they use the
undergrowth.

CONCLUSION

The undergrowth that lives under the
forest garden stands at the farmers’ cultivated
area, members of Harapan Baru Forest Farm-
er Group Alliances have a heterogeneous spe-
cies composition with a total of 38 species. As
much as 57.89% of these undergrowth species
have the potential as medicinal plants and as
much as 13.16% have the potential as vege-
table pesticide ingredients. The condition of
diversity of undergrowth is quite good as seen
from the number of plant groups based on the
taxon hierarchy with a total of 38 species, 37
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genera, and 21 families. The diversity level
of the undergrowth community based on the
Shannon Index is in the moderate category
with an H value of 1.540.
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