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Abstract. Norantin AA, Djuita NR, Sulistijorini. 2025. Distribution and morphological variation of Stelechocarpus burahol in Java,
Indonesia. Biodiversitas 26: 4284-4296. Stelechocarpus burahol is a species historically used in Java as a natural perfume.
Understanding its distribution and morphological variation is crucial for conservation given its rarity. This study aimed to provide the
first island-wide distribution mapping and the first morphological analysis of S. burahol in Java. Field surveys in 16 districts across
West, Central, and East Java yielded 54 accessions, collected using exploratory sampling method with geographic coordinates recorded
to generate a distribution map. A total of 51 morphological characters from both vegetative and generative organs were observed and
analyzed using Unweighted Pair Group Method with Arithmetic Mean (UPGMA) in NTSYS 2.02i, Principal Component Analysis
(PCA), and Pearson correlation analysis in RStudio 2023.12.1. Field observations revealed that S. burahol remains relatively abundant
in Kebumen, Purworejo, Blitar, and Meru Betiri National Park. S. burahol exhibits variation in the shape of the canopy, leaves, flower
petals, fruits, and seeds. Phenetic analysis grouped accessions into three major clusters: Group I (25 accessions, small subglobose fruits),
Group II (27 accessions, medium obovoid fruits), and Group III (2 accessions, large obovoid fruits). These clusters did not correspond to
geographic origin, indicating that phenotypic similarity primarily influences morphological variation. PCA confirmed that fruit traits,
particularly fruit length, diameter, weight, and flesh weight (eigenvalues > 0.9), were dominant in group separation. Pearson correlation
revealed a relationship among key fruit traits. These findings provide baseline data to support future conservation efforts, with priority
given to Group III's large-fruited accessions and Group I's forest-associated populations.
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INTRODUCTION furniture (Karimah et al. 2022) and also exhibits

pharmacological potential, including anti-implantation

Stelechocarpus burahol (Blume) Hook.f. & Thomson
belongs to the family Annonaceae and is distributed across
Southeast Asia, including Java Island (Herlina et al. 2018).
Blume first described it in 1825 under the name Uvaria
burahol in Bijdragen tot de Flora van Nederlandsch Indie
(Blume 1825). However, Hooker and Thomson (1855)
reassigned the species to the genus Stelechocarpus, resulting
in the current taxonomic designation as S. burahol.

Stelechocarpus is a small genus within Annonaceae,
with S. burahol uniquely cauliflorus (Van Heusden 1995).
Morphologically, this species is distinguished by
cauliflorous flowers borne on the trunk and ramiflorous
flowers on the branches, with imbricate sepals and petals
arranged in two whorls, and ellipsoid to obovoid fruits
containing several compressed seeds (Backer and
Bakhuizen van den Brink 1965). Recent phylogenomic
studies have further clarified its placement within tribe
Miliuseae, subtribe Winitiinae, together with Sageraea and
Winitia (Nge et al. 2024). This species is also marked by
relatively large seeds, resulting in a comparatively small
amount of fruit flesh (Soeroto et al. 2018). This species has
been traditionally consumed in Javanese palaces for its
pleasant fragrance after consumption due to anti-halitosis
(Amin et al. 2018). It is also used as a raw material for

(Suparmi et al. 2015), antibacterial (Indariani et al. 2017),
and antioxidant (Herlina et al. 2018). Despite its potential
in these fields, S. burahol has been reported to be in
continuous decline (Umiyah 2005).

While S. burahol is not currently listed in the I[UCN
Red List, this species holds a conservation-dependent status
(Mogea et al. 2001), which places it at risk of extinction if
conservation efforts are not implemented. Conservation
conducted by the Center for Research and Development of
Biotechnology and Forest Plant Breeding, Yogyakarta has
shown a low survival rate (Fiani and Yuliah 2018). On the
other hand, S. burahol is further threatened by potential
habitat loss driven by the increasing urbanization of Java.
Fletcher et al. (2018) stated that habitat loss is the greatest
threat to global biodiversity. Sun et al. (2022) showed that
the reduction of natural habitats through human land use
decreases biodiversity. Likewise, Holden et al. (2024)
emphasized that habitat loss is one of the leading causes of
global biodiversity decline. Therefore, further conservation
efforts are necessary to preserve the existence of S.
burahol. Studies have also demonstrated the vulnerability
of other endemic Annonaceae species, notably Monanthotaxis
bali, where extensive agricultural encroachment has placed
the species at risk of global extinction (Cheek et al. 2023).
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One of the fundamental steps in conservation is
understanding the level of diversity. The study of
morphological diversity is not only helpful in identifying
phenotypic variation but also plays an important role in
supporting conservation efforts (Cabrera-Toledo et al.
2020; Khadivi et al. 2022; Akhter et al. 2025). Information
regarding the location and variation of a species is valuable
for documenting floral and habitat diversity and supporting
its potential future applications (Djuita et al. 2016).
Morphology-based approaches that observe phenotypic
characters remain relevant and widely used (Malki et al.
2023; Hariyono et al. 2024). This approach examines
phenetic relationships among plants based on shared
morphological traits (Hartati et al. 2019). Nevertheless,
morphological information alone is not sufficient. Given
the limited knowledge of current population locations,
mapping the distribution of S. burahol is also necessary to
identifying existing populations in the field and facilitating
conservation actions.

To date, morphological studies on S. burahol have been
limited to the Yogyakarta region (Handayani et al. 2020;
Handayani et al. 2021), leaving a gap in understanding its
overall morphological diversity and geographical distribution
across Java Island. Given the increasing threat of habitat
loss and the limited knowledge of current population
locations, this study provides the first comprehensive
assessment of S. burahol by mapping its distribution,
inventorying germplasm, and analyzing morphological
variation, which will support conservation strategies for S.
burahol.

MATERIALS AND METHODS

Study area

Field exploration for this morphological study was
conducted between June 2024 to April 2025 across Java
Island, Indonesia. Sampling covered 16 locations,
including areas in West Java (Bogor and Leuweung
Sancang Nature Reserve), Central Java (Banyumas,
Kebumen, Wonosobo, Temanggung, Magelang, Purworejo,
Klaten, Salatiga, Sragen, and Ulolanang Kecubung Nature
Reserve), and East Java (Kediri, Blitar, Malang, and Meru
Betiri National Park). These locations were selected based
on initial information gathered from literature and local
settlements.

Procedures
Distribution mapping and data collection

Having secured all required permits from the relevant
authorities (SL.374/K.1/BKW.III/KSA.4.2/B/09/2024:
Leuweung Sancang Nature Reserve, SI.149/K.21/TU/KSA.
4.2/B/5/2024: Ulolanang Kecubung Nature Reserve,
SI.132/T.15/TU/KSA/8/2024: Meru Betiri National Park),
field exploration was conducted using an exploratory
sampling method (Rugayah et al. 2004) and morphological
observations were conducted based on descriptors of the
Annonaceae family, referring to Annona cherimola as
outlined by Bioversity International (BI 2008). We identified
trees as Stelechocarpus burahol using the morphological
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characters described by Van Heusden (Van Heusden 1995).
In total, we obtained 54 accessions from 16 study locations,
with the following distribution: Bogor (5 samples),
Leuweung Sancang Nature Reserve (3 samples), Banyumas
(7 samples), Kebumen (7 samples), Wonosobo (1 sample),
Temanggung (2 samples), Magelang (2 samples), Purworejo
(4 samples), Ulolanang Kecubung Nature Reserve (2
samples), Salatiga (2 samples), Blitar (3 samples), Malang
(6 samples), Kediri (3 samples), and Meru Betiri National
Park (4 samples).

Each sampling point was georeferenced using a handheld
GPS unit (Garmin GPSMAP 60i). We visualized the
distribution data using QGIS version 3.43.3. Elevation
information was retrieved from the WorldClim global
climate database (https://www.worldclim.org/) at a 30 arc-
second (~1 km) resolution by Fick and Hijmans (2017),
specifically from the elevation layer. The sampling
coordinates were imported into QGIS as shapefiles and
overlaid with the elevation layer to produce the distribution
map.

Accessions were selected based on the presence of
mature structures, particularly fruiting organs. In locations
where only one tree was found, it was taken as the sample.
In locations where more than one tree was present,
sampling was directed toward trees showing distinct
morphological differences. This approach was applied to
capture the widest possible range of morphological
variation within each site, rather than randomly selecting
accessions. Specimens collected from each accession
included leaves, flowers, fruits, and seeds. Plant organs
were appropriately cut, labeled with hanging tags for
identification, and stored in containers with 70% alcohol to
preserve structural integrity for further observation. Traits
prone to loss post-harvest such as scent, taste, and texture,
were recorded directly during fieldwork. Each accession
was photographed to document morphological features.
Morphometric measurements employed a digital caliper (+
0.01 mm accuracy) for smaller structures (e.g., sepals and
petals), a measuring tape for larger parts (e.g., leaves and
fruits), a hagameter to estimate tree height, and a digital
scale to record the weight of fruits and seeds. All
accessions received labels containing codes and field
information, including location, date, elevation, and habitat

type.

Morphological character observation

This study directly examined the morphological traits in
the field and conducted further observations at the
Laboratory of Ecology and Plant Resources, Institut
Pertanian Bogor. The analysis measured each trait in
multiple replicates per accession: five replicates for leaves
and ten replicates for flowers, fruits, and seeds, following
the descriptors of A. cherimola. Mean values from these
measurements were used for subsequent analyses. The
study presents the observed accessions of S. burahol as
descriptive accounts of vegetative and generative organs,
group-wise descriptions, identification keys, and supporting
morphological photographs. The research examined 51
morphological characters, consisting of 15 vegetative traits,
20 floral traits, and 16 fruit and seed traits. Most characters
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were adapted from the descriptors of A. cherimola, with
several modifications reflecting conditions encountered
during field exploration. Botanical terminology follows the
definitions provided by Hickey and King (2000).

Data analysis

We transformed the measured character data into scored
data and treated them as multistate variables. These data
were then used to calculate similarity indices through the
Similarity for Qualitative Data (SIMQUAL) procedure using
the Simple Matching (SM) coefficient. The resulting matrix
was applied to perform clustering analysis using UPGMA.
The analysis employed NTSYS software version 2.02i,
which has been widely applied in morphological variation
studies (Rahman et al. 2022; Nurzaman et al. 2024; Vuong
et al. 2024; Xu et al. 2024; Yaman et al. 2024). We further
extended the analysis using PCA to identify the dominant
characters contributing to the clustering patterns (Jalil et al.
2020).

PCA was performed on all 54 scored multistate
morphological characters using RStudio version 2023.12.1.
Characters with stronger influence on group separation are
indicated by longer vector arrows (Jalil et al. 2020). The
PCA was to identify dominant morphological characters
and to develope diagnostic traits for S. burahol accessions.
Pearson correlation analysis was conducted using RStudio
version 2023.12.1 on the dominant morphological characters
identified by PCA to examine relationships among traits,
providing practical guidance for breeding or germplasm
evaluation.

RESULTS AND DISCUSSION

Distribution of Stelechocarpus burahol

During the exploration, S. burahol were found in two
types: forest areas and residental areas. Fifty-four samples
were successfully collected, representing the distribution of
Stelechocarpus burahol across Java (Figure 1). According
to field data, regions where S. burahol trees still present
include Bogor (Institut Pertanian Bogor; Politeknik
Pengembangan Pertanian Bogor; Cipaku Garden), Garut
(Leuweung Sancang Nature Reserve), Banyumas (Rawalo
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Subdistrict; Karanglewas Subdistrict; North Purwokerto
Subdistrict; Baturaden Subdistrict), Kebumen (Puring
Subdistrict; Gombong Subdistrict; Bulupesantren Subdistrict),
Wonosobo (Kaliwiro Subdistrict), Temanggung (Pendopo
of Temanggung Regency), Magelang (Rindam IV
Diponegoro), Purworejo (Pendopo of Purworejo Regency;
Purworejo Subdistrict), Klaten (Pedan Subdistrict), Batang
(Ulolanang Kecubung Nature Reserve), Sragen (Tunas
Jaya Sejati, Sambungmacan Subdistrict), Salatiga (Pabelan
Subdistrict), Kediri (Yayasan Hijau Daun Mandiri; Kandat
Subdistrict), Blitar (Mayor of Blitar’s Official Residence;
Sanankulon Subdistrict), Malang (Bantur Subdistrict;
Turen Subdistrict; SMAN 1 Dampit), and Jember (Meru
Betiri National Park).

We recorded the presence of this species in various
residential areas, including gardens, yards, roadside edges,
and government buildings (Figure 2.A, 2.B, 2.C). Residents
explained that S. burahol was historically not allowed to be
planted indiscriminately. The tree was typically placed on
either side of the entrance gates to symbolize strength and
protection. Such traditions persist today, for example, at the
Pendopo of Temanggung District, where S. burahol trees
stand on both sides of the main building. The historical link
to S. burahol distribution also emerged in several sampled
sites, including Bantur Village, Malang. In this village, the
species is regarded as part of the local history. Oral traditions
recount that Bantur was once a forested area opened by
Kyai Radiman, a follower of Prince Diponegoro. Today,
his grave remains in the village, and the continued presence
of S. burahol is seen as a symbol of social status and
historical legacy.

The species remains frequently in Kebumen, Purworejo,
Blitar, and Meru Betiri National Park. We also recorded it
along the roadside in Kaligesing, Purworejo. In Wonosobo,
only a few S. burahol trees grew at the Pendopo of Wonosobo
District, and none had reached maturity. Security staff
explained that the tree had been planted several years earlier
but had grown slowly. The highland setting of Wonosobo,
characterized by a cold climate, likely contributed to this
restricted growth performance based on elevation. We also
collected fewer accessions from West Java, where highland
areas dominate most of the province. This topography may
partly account for the limited distribution in the region.
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Figure 1. Field-based distribution of Stelechocarpus burahol in Java with elevation background
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Figure 2. Stelechocarpus burahol in residential and forest areas. A-B. Stelechocarpus burahol planted in Pendopo of Purworejo
Regency. C. Stelechocarpus burahol planted in garden (Salatiga), D. Stelechocarpus burahol in Leuweung Sancang Nature Reserve, E.
natural regeneration of Stelechocarpus burahol in Ulolanang Kecubung Nature Reserve. F. Stelechocarpus burahol growing along river

estuary edges in Leuweung Sancang Nature Reserve

Figure 3. Variation of crown architecture in Stelechocarpus burahol
across Java Island. A. Pyramidal, B. Columnar

S. burahol also grows in natural forest habitats such as
Leuweung Sancang Nature Reserve, Ulolanang Kecubung
Nature Reserve, and Meru Betiri National Park, expanding
our understanding of its distribution (Figure 2.D). Within
these conservation areas, S. burahol occurs in primary
forests. Lodadi Block and Jambi Payung Block in Meru
Betiri National Park are among the zones where mature
trees are frequently found. Natural regeneration was
observed almost exclusively in these forested areas, as
indicated by the presence of seedlings and saplings (Figure
2.E). In Leuweung Sancang, S. burahol is typically found
along river estuaries and brackish water edges (Figure 2.F),

reflecting the reserve’s coastal position facing the southern
Java Sea.

Morphological variation in Stelechocarpus burahol

S. burahol exhibits morphological variation in habit,
stem, leaves, flowers, and fruits. The tree can reach heights
of up to 19.5 m with an erect growth habit and typically
displays two crown architectures: pyramidal and columnar
(Figure 3). The shortest recorded (6 m) was found at SMA
Negeri 1 Dampit. The tallest (19.5 m) was in Meru Betiri
National Park.

The species usually bears a single main trunk with
coarse brown bark. Stem diameter can reach up to 59 cm.
One distinctive feature of S. burahol is the presence of
tubercles, which are protruding structures on the stem
where flowers and fruits emerge. The number of tubercles
varies among accessions, ranging from sparse to very
dense. A higher number of tubercles is generally associated
with a greater potential for fruit production. Leaves of S.
burahol are simple, glabrous, and alternately arranged. The
adaxial surface is more lustrous than the abaxial surface
and exhibits a reddish-pink colouration when young. Leaf
blades measure 11.3-22 cm in length and 4.6-7.9 cm in
width. Leaf shape varies from elliptic, ovate, to lanceolate;
leaf base shape ranges from acute, obtuse, to rounded; and
leaf apex shape ranges from acute to acuminate.

S. burahol is a monoecious species exhibiting cauliflorous
and ramiflorous inflorescence patterns. Female flowers are
yellow, fragrant, and borne directly on tubercles ranging
from 8 to 97. Pedicel length varies between 1.97-6.78 cm.
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Sepals are free, and petals are arranged in two concentric
whorls: outer and inner. Outer petals are ovate or elliptic,
while inner petals are elliptic to obovate. Microscopic
observations confirmed that the carpels are apocarpous and
arranged spirally on the upper floral surface. Each carpel
appears numerous. Male flowers are yellowish-green and
fragrant, with pedicel length ranging from 0.61 to 2.3 cm.
Sepals are free, and petals are arranged in two whorls.
Petals are predominantly obovate. Stamens are numerous,
compactly arranged into an ovoid structure with a pointed
apex.

The fruit peduncle is stout, measuring 3.8-7 cm long
and 2-6 mm in diameter. A peduncle can support one to
three fruits, although only one typically develops fully.
Mature fruits are brown, aromatic, and contain a yellow to
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pale yellow-orange flesh, measuring 4-7.5 cm in length,
39-59 mm in diameter, and weighing 33-134 g. The
mesocarp is soft, sweet, and slightly bitter. Fruit traits
varied considerably across accessions, including fruit shape
and size, total weight, flesh weight, and seed number per
fruit. Two primary forms were identified based on fruit
morphology: subglobose and obovoid. The seeds are
brown, relatively large, and rounded to elongated. A single
fruit may contain up to five seeds, often dominating the
fruit volume and leaving limited space for the edible flesh.
This reduced flesh is one of the characteristic features of S.
burahol. Seed variation across Java includes differences in
length (2-3 cm), width (1-2 cm), thickness (9-14 mm), and
weight (2-5 g). The morphological variations are presented
in Figure 4.
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Figure 4. Variation of Stelechocarpus burahol in Java. A. Leaves, a. red pinkish leaves, b. ovate, c. elliptic, d. lanceolate, e. acute base, f.
obtuse base, g. rounded base, h. acuminate apex, i. acute apex. B. Female and male flower, a. female flowers on tubercles, b. broadly
triangular sepal, c. rounded triangular sepal, d. petal number >3, e. petal number: 3, f. outer whorl petal elliptic, g. outer whorl petal
ovate, h. inner whorl petal obovate, i. inner whorl petal elliptic, j. pistil, k. male flowers on tubercles, 1. short pedicel, m. long pedicel, n.
triangular sepal, o. rounded triangular sepal, p. outer whorl petal ovate, q. outer whorl petal elliptic, r. inner whorl petal elliptic, s. inner
whorl petal obovate, t. comparison of flower size (male: short, female: long). Pd: inner whorl petal; Pl: outer whorl petal. C. Fruit, a.
obovoid fruit, b. subglobose fruit, c. unripe fruit flesh, d. ripe fuit flesh, e. pale orange flesh, f. yellow flesh, g. elongated seed, h.

rounded seed
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Figure 5. Dendrogram of 54 accessions of Stelechocarpus burahol
from Java, generated using the UPGMA

Table 1. Cluster-defining fruit characters of the three morphological
groups of Stelechocarpus burahol

Character Group 1 Group II  Group III
Prominent midrib Prominent Indistinct Indistinct
Color of female Bright Pale Pale
flower yellow yellow yellow
Fruit shape Subglobose ~ Obovoid Obovoid
Fruit length 4.3-53 cm 54-64cm  6.5-7.5cm
Fruit diameter 39-45 mm 46-54 mm  53-59 mm
Fruit weight 33-66 g 67-100 g 101-134 g
Flesh weight 13-32 ¢ 33-52 ¢ 53-72 ¢
Seed shape Rounded Elongated  Elongated

Morphological grouping based on phenetic similarity
analysis

All accessions of S. burahol were grouped at a 40%
similarity coefficient. At the 0.43 similarity cutoff, 54 S.
burahol accessions from Java formed two major groups:
Group A and Group B. The morphological character that
distinguishes the two is fruit shape: subglobose vs.
obovoid. In addition, phenetic analysis also indicated that
S. burahol clustered into three main groups at a 50%
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similarity coefficient, designated as Groups I, II, and III
(Figure 5). The diagnostic characters of each group,
including vegetative and fruit traits, are summarized in
Table 1.

Group I consists of 25 samples, comprising six collections
from West Java: Bogor (ABl, AB2, AB3), Leuweung
Sancang Nature Reserve (AG1, AG2, AG3); 14 collections
from Central Java: Banyumas (BB3, BB4, BB7), Solo Raya
(BR1, BR2, BR3), Wonosobo (BW1), Temanggung (BW2,
BW3), Magelang (BW4, BWS), Purworejo (BP2), Ulolanang
Kecubung Nature Reserve (BC1, BC2); and five accessions
from East Java: Blitar (CB3), Meru Betiri National Park
(CJ1, CJ2, CJ3, CJ4). Group I is characterized by
prominent midribs, bright yellow female flowers, and
subglobose fruits that are relatively small with rounded
seeds. Group II comprises 27 samples: 2 from West Java:
Bogor (AB4, ABS5); 14 from Central Java: Banyumas
(BB1, BB2, BBS5, BB6), Kebumen (BK1, BK2, BK3, BK4,
BKS5, BK6), Purworejo (BP1, BP3, BP4); and 11 from East
Java: Malang (CM1, CM2, CM3, CM4, CM5, CMo6),
Kediri (CK1, CK2, CK3), Blitar (CB1, CB2). This group
shares similar characteristics, such as indistinct midribs,
pale yellow female flowers, and medium-sized obovoid
fruits with elongated seeds.

Group IIT comprises only two accessions from Salatiga,
Semarang Regency (BS1 and BS2). These accessions had
indistinct midribs, bright yellow female flowers, obovoid
fruits with obtuse bases, pale orange flesh, and were the
largest in size among all samples. Fruit length was 6.5-7.5
cm, diameter 53-59 mm, fruit weight 101-134 g, flesh
weight 53-72 g, and the seeds were elongated with five
seeds per fruit. The three groups formed did not cluster
based on geographic proximity.

Dominant morphological characters and trait relationship

The PCA biplot (Figure 6) illustrates the distribution of
accessions along Axis 1 (19.18%) and Axis 2 (10.61%),
which together explain 29.79% of the total morphological
variation. Longer vector arrows represent characters with
more substantial influence on variation. In Principal Component
1, ten morphological characters showed the strongest
contributions to variation: fruit length (k42), fruit diameter
(k43), fruit weight (k44), flesh weight (k46), fruit shape
(k38), fruit base shape (k39), seed shape (k51), seed weight
(k50), leaf blade length (k13), and prominent midrib (k12).
Principal Component 2 was mainly defined by nine characters,
including fresh weight of male flower (k23), sepal shape of
male flower (k17), inner whorl shape of female flower
(k31), petal length of female flower (k33), male flower
pedicel length (k16), leaf blade shape (k8), number of
tubercles (k5), leaf base (k9), and petal width of male
flower (k22) (Table 2).

The distribution of accessions in PCA space indicated
that fruit characters determined separation along PCI1. In
contrast, floral traits and vegetative traits contributed to
PC2. These patterns confirm that fruit, floral, and leaf
morphology contribute distinctly to the observed variation.
Two accessions (BS1 and BS2) were located outside the
95% confidence ellipse in the PCA biplot, indicating
marked differences from the majority of accessions. This
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result is consistent with the UPGMA analysis, in which
BS1 and BS2 also formed a separate group (Group III).
Their distinct position is driven primarily by fruit size, as
both accessions exhibited the largest fruit dimensions

Axis 2 (10.6%)

Axis 1(19.2%)

A
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among all samples. Eigenvector loadings (Table 2) further
indicate that ten characters in PC1 and nine in PC2 can be
regarded as diagnostic traits for distinguishing among S.
burahol accessions.

Figure 6. Results of PCA. A. Biplot showing the distribution of accessions, B. Biplot illustrating morphological character vectors

contributing to group differentiation

Identification key of S. burahol group:
1 a. Prominent leaf midrib, subglobose fruit, rounded fruit
base, yellow flesh, small fruit size (length 4.3-5.3
cm, diameter 39-45 mm, fruit weight 33-66 g),
rounded seed .........oooiiiiiiiiiiii Group |
b. Less prominent leaf midrib, obovoid fruit, rounded
fruit base, pale yellow to orange flesh, medium to
large fruit size (length 5.4-7.50 cm, diameter 4659
fruit weight 67-134 g), elongated

2 a. Pale yellow female flower; inner whorl petals
obovate; medium-sized fruit (length 5.4-6.4 cm,
diameter 46-54 mm, fruit welght 67-100 g); seed
number per fruit: 4.. . ...Group 11

b. Bright yellow female ﬂower, inner whorl petals
elliptic; large-sized fruit (length 6.5-7.5 cm,
diameter 53-59.0 mm, fruit weight 101-134 g); seed
number per fruit: 5.........................Group III

Pearson correlation analysis identified several significant

associations among morphological traits (Figure 7). Major
fruit traits, including fruit length (k42), fruit diameter (k43),
fruit weight (k44), and pulp weight (k46), showed strong
positive correlations (r > 0.90). Seed weight (k50) showed
negative correlations with these fruit size traits, while the
number of seeds per fruit increased with fruit size, ranging
from 1-3 seeds in small fruits, 3-4 seeds in medium fruits,
and up to 5 seeds in large fruits. Leaf blade length (k13)
was positively associated with prominent midrib (k12). In
floral traits, petal length of female flower (k33) correlated
positively with petal width of male flower (k22). These
correlations indicate that both vegetative and reproductive

traits contributed to structured patterns of variation in S.
burahol. We compared fruit morphological traits of S.
burahol with those of its congener S. cauliflorus, and the
summary of this comparison is presented in Table 3.
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Figure 7. The Pearson correlation matrix of the 19 dominant
morphological variables identified through PCA
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Table 2. Dominant morphological characters contributing to principal components 1 and 2 based on PCA eigenvectors

Characcter (PC1) Eigenvalue (PC1) Character (PC2) Eigenvalue (PC2)
Fruit length 0918 Fresh weight of male flower 0.608
Fruit diameter 0918 Sepal shape of male flower 0.593
Fruit weight 0918 Inner whorl shape of female flower 0.584
Flesh weight 0917 Petal length of female flower 0.531
Fruit shape 0.904 Male flower pedicel length 0.515
Fruit base shape 0.904 Leaf blade shape 0.515
Seed shape 0.896 Number of tubercles 0.462
Seed weight -0.802 Leaf base 0.459
Leaf blade length -0.530 Petal width of male flower 0.446
Prominent midrib -0.466 - -

Table 3. Key fruit morphological traits distinguishing Stelechocarpus burahol and Stelechocarpus cauliflorus

Character Stelechocarpus burahol Stelechocarpus cauliflorus
Fruit penduncle length 3.9-7.3 cm 2.2-6.5 cm

Number of monocarps 1-3 2-5

Fruit shape Obovoid to subglobose Broadly obovoid or ellipsoid to subglobose
Fruit length 4.19-7.5 cm 2.2-7cm

Fruit diameter 39.2-59 mm 14-45 mm

Fruit color Brown Dark brown to black

Number of seeds per fuit 1-5 2-11

Figure 8. Reproductive morphology of Stelechocarpus burahol. A. Female flowers on the main trunk (cauliflorous), B. Male flowers on
branches (ramiflorous), and C. Fruits borne in dense clusters on the trunk

Discussion
Interpretation of morphological variation

We provide the first morphological variation analysis of
S. burahol in Java. S. burahol exhibits variation in a wide
range of morphological characteristics. In plants, morphological
variation is generally influenced by both genetic and
environmental factors (Nikmatullah et al. 2023; Richardson
et al. 2024). Since this study focused only on morphological
traits, molecular and ecological perspectives could not be
addressed. Future research should therefore incorporate

these approaches for a more comprehensive understanding.
Similar to other plant species, kepel trees adapt to their
growing environments. We found that S. burahol accessions
in natural forest habitats tend to have greater average tree
heights than residential areas.

The high vegetation density in forests restricts light
penetration to the understory. Competition within dense
forest canopies generally limits light penetration in the
understory and drives trees to grow taller to access sunlight
(Rozendaal et al. 2020; Matsuo et al. 2024). Conversely, in
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residential environments such as home gardens, orchards,
roadsides, and around government buildings, where canopy
cover is less dense, S. burahol trees generally grow shorter.
Such adaptive responses are also reflected in leaf size.
Trees in forest habitats typically have longer leaves than
those in residential areas. The occurrence of longer leaves
in forest habitats is likely an adaptation to the shaded
environment, where broader leaves enhance light capture
efficiency, as also reported in Camellia oleifera and
Solanum mauritianum (Zhang et al. 2022; Falla et al.
2023). In contrast, trees in residential areas, which are
exposed to higher light intensity throughout the day, tend to
develop smaller leaves to reduce transpiration rates. The
differences in tree height and leaf length between forest
and residential habitats are statistically significant. Forest
tree height was significantly higher than in residential areas
(p = le-04). Likewise, leaf length in forest habitats was
significantly greater than in residential areas (p = 0.0069).
The leaf variation observed in our study is consistent
with previous findings from Yogyakarta, which reported
ovate, elliptic, and lanceolate leaf forms (Handayani et al.
2020; Handayani et al. 2021). Unlike leaf size, which appears
to be influenced by light availability, leaf shape variation
may be driven by other factors. Mutaqin et al. (2024) reported
that light intensity, temperature, and water availability play
significant roles in shaping leaf morphology. Beyond leaf
traits, fruit morphology also provides important characters.
Compared to Stelechocarpus cauliflorus, another species
within the same genus that produces smaller fruits with
broadly obovoid to ellipsoid or subglobose forms and
turning dark brown to black when dry, S. burahol fruits are
relatively larger, subglobose to obovoid, and brown when
ripe (Van Heusden 1995). A more detailed comparison of
fruit traits between S. burahol and S. cauliflorus is
presented in Table 3. Figure 8 shows the reproductive
morphology of S. burahol. Female flowers were observed
both on the main trunk (cauliflorous; Figure 8.A) and on
branches (ramiflorous; Figure 8.B), while fruits typically
developed in dense clusters along the main trunk (Figure 8.C).
PCA further clarified the contribution of different
organs to the observed morphological variation. The first
principal component (PC1) was mainly defined by fruit
characters, while the second component (PC2) was more
influenced by floral and vegetative characters. The
ordination also highlighted BS1 and BS2 as distinct
accessions, consistent with their separation in UPGMA
(Group III), and showed AG and CJ occupying a unique
position corresponding to their role as a subgroup within
Group 1. These findings indicate that fruit morphology is
the driver of variation among S. burahol accessions, with
floral and leaf traits providing additional resolution.
However, previous research in Yogyakarta identified leaf
shape, leaf size, and bark colour as the primary
distinguishing traits among accessions (Handayani et al.
2021). This discrepancy may be explained by differences in
plant organs used in the analysis; the previous study
focused only on vegetative traits, whereas our study
combined leaf, flower, fruit, and seed characters. Although
morphological organ size, such as leaves and fruits, can
indeed be influenced by environmental conditions (Ningot
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et al. 2018; Mabhla et al. 2022), traditional approaches based
on morphological characters remain important and can
provide accurate insights into species-specific traits
(Saputra et al. 2022).

Interestingly, both studies revealed clustering patterns
not based on geographical proximity. The three groups (I,
II, 1) identified in the UPGMA analysis did not cluster
according to their geographical origin. Handayani et al.
(2021) reported that environmental and site-specific
conditions have little effect on vegetative diversity of kepel
in Yogyakarta; instead, clustering was more strongly
determined by leaf shape, leaf size, and bark color,
allowing morphologically similar accessions to originate
from different locations. A similar non-geographical
clustering pattern has also been reported in Annona
muricata, where genetic groups identified by SSR markers
were not related to geographic origin (Montejo-Mendez et
al. 2025). Likewise, Ethiopian barley landraces showed no
apparent clustering by geographic origin, with accessions
from different regions grouped based on morphological
similarity (Gadissa et al. 2021), and similar findings were
observed in Korean indigenous buckwheat (Han et al.
2024). In general, the non-geographical clustering pattern
may be attributed to environmental influences, gene flow,
planting preferences by local communities, or shared
genetic factors.

Kepel is historically known as a royal fruit; thus,
cultural-historical factors might have contributed to shaping
its distribution. For example, kepel trees are often found
around government buildings, reflecting their symbolic
status in the past. While such cultural-historical factors
may not directly explain why morphological clustering
does not follow geographical patterns, human intervention,
for example, the deliberate planting and selection of kepel,
may also have contributed to this non-geographical clustering.
Such practices facilitate human-mediated gene flow, where
genetic exchange is driven by human selection and planting.
A comparable case was reported in fruit trees of Yaounde,
where fewer than 10% of individuals originated from local
seeds, and genetic diversity patterns were primarily shaped
by human-mediated seed dispersal (Rimlinger et al. 2024).
Repeatedly using the same seed sources across regions can
lead to genetic uniformity, allowing morphologically similar
individuals to occur in different locations. This situation is
consistent with findings in urban fruit trees, where planting
materials were often obtained from markets or kinship
networks rather than local stands, producing genetic diversity
patterns unrelated to geographic proximity (Rimlinger et al.
2021). However, interviews with tree owners indicated that
most kepel trees are inherited plantings with uncertain seed
origins. Therefore, it remains unclear whether existing
populations derive from a common seed source or from
multiple independent introductions.

Environmental conditions are frequently the primary
drivers of phenotypic plasticity in plants (Shrivastava and
Kumar 2015; Etesami and Maheshwari 2018). In other
Annonaceae species, morphological clustering has been
shown to vary along environmental gradients. For example,
morphological groups in Annona senegalensis were shaped
by environmental factors (Donhouedé et al. 2023), while
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Annona crassiflora exhibited morphological divergence
associated with climatic variables, particularly temperature
seasonality and precipitation during the warmest quarter
(Ribeiro et al. 2016). Field observations in this study also
indicated that each morphological group of S. burahol
resulting from cluster analysis tends to occupy distinct
habitat types. Group I, characterized by smaller fruit size,
was generally found in forested areas or residential habitats
with dense canopy cover. In contrast, Groups II and III,
which tend to have larger fruits, were mainly observed in
more open habitats with lower canopy cover. Variation in
canopy cover directly influences the microclimate below.
Higher light intensity in habitats with reduced canopy
cover allows photosynthesis to occur more effectively,
enabling greater resource allocation to fruit production (Lu
et al. 2022; Taneja et al. 2022; Ou et al. 2023). Groups 11
and III likely benefit from greater light availability,
resulting in larger fruit size. However, this interpretation is
still based on preliminary field observations, and further
quantitative studies are needed to explicitly evaluate the
role of environmental factors in driving morphological
variation in S. burahol.

Implications of morphological analysis results

Similar to A. cherimola, which remains underutilized
and faces threats to its genetic diversity in its region of
origin (Larranaga et al. 2024), S. burahol also requires
conservation strategies that ensure the safeguarding of its
genetic diversity. According to local residents, S. burahol
fruit is generally consumed for personal use. Some people
also occasionally look for S. burahol fruit out of curiosity
about its taste. However, its commercial potential remains
extremely limited. This was observed in Petanahan
(Kebumen), where the fruit was found being sold in a local
market at a very low price of approximately IDR 3,000 per
kg. In other areas, the fruit is often left to rot, reflecting its
underutilized economic value. This limited utilization
underscores the importance of exploring other perspectives,
such as genetic and morphological diversity, in guiding
conservation planning. Thus, the morphological clustering
analysis provides insights into the conservation of S.
burahol in Java. However, implementing conservation
programs poses challenges (Cornille et al. 2015).

Conservation should not be limited to symbolic
planting; it should be based on germplasm resources,
considering the existing genetic variation. Genetic diversity
is essential as a defense mechanism for species survival.
The loss of genetic diversity can reduce the adaptive
capacity of populations to future environmental changes
and increase their extinction risk (Chen et al. 2025).
Genetic diversity, which has evolved over millions of
years, provides the foundation for species to withstand
climate shifts, pests, diseases, and other environmental
stresses. However, it is increasingly threatened by
anthropogenic activities such as deforestation, land-use
change overexploitation, and climate change (Rimlinger et
al. 2021). Therefore, the morphological variation of kepel
represented by Groups I, II, and III must be preserved
through conservation efforts. Effective strategies should
focus on maintaining intraspecific morphological diversity.
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Shaw et al. (2025), highlighted global challenges of genetic
erosion and the need for conservation interventions
grounded in genetic data. Similarly, Salgotra and Chauhan
(2023) emphasized that preserving genetic variation is key
for developing cultivars resilient to environmental change.
Likewise, Solberg et al. (2024) noted that despite extensive
germplasm collections in seed banks, limited taxonomic
representation remains a significant threat to the long-term
sustainability of biodiversity.

Group I is primarily found in conservation forests such
as Leuweung Sancang Nature Reserve, Ulolanang Kecubung
Nature Reserve, and Meru Betiri National Park. In these
sites, natural regeneration of kepel is still observed,
indicating that forest ecosystems provide environmental
conditions favorable for the species, particularly during the
regenerative stage. Umiyah (2005) documented that
populations of S. burahol in the Meru Betiri buffer zone
consisted of mature trees surrounded by naturally
regenerating seedlings. Further ecological research in Meru
Betiri supports this finding, showing that kepel frequently
occurs along riverbanks at temperatures of 26-30°C,
humidity of 50-85%, Latosol soils with pH 5.5-6.5, and
dominant vegetation associations of Chydenanthus excelsus
and Sandoricum koetjape. Natural regeneration is
supported by dispersal agents such as flying foxes and
rainwater runoff (Heriyanto and Garsetiasih 2005). Factors
such as canopy cover, microclimate, soil fertility, and
dispersal agents are crucial in maintaining kepel
populations in natural habitats. In addition to supporting
regeneration, conservation forests are relatively free from
anthropogenic disturbances, habitat degradation, and land-
use change. Counterfactual analysis in Sumatra and
Kalimantan demonstrated that villages near protected areas
experienced 3.4% lower deforestation rates than control
villages beyond a 10 km radius (Morgans et al. 2024).
Under these conditions, in situ conservation is the most
relevant approach to ensure the sustainability of Group 1.

Group III forms a distinct cluster outside the 95%
confidence ellipse in PCA and also separates in UPGMA
analysis, indicating a marked divergence from other
groups. This finding aligns with Khadivi et al. (2022), who
reported that individuals outside the confidence ellipse
often represent unique traits relative to the main clustering
pattern. Among all accessions analyzed, Group III members
possess the largest fruit size. Therefore, conserving this
group, which consists of only two accessions, is critical, as
it may harbor rare alleles associated with agronomic,
ecological, or genetic traits. To confirm this, further
molecular studies are needed to determine whether the
observed morphological differences reflect genetic
variation or are solely due to environmental influences.
Such molecular studies are relevant given the increasing
role of molecular markers in plant genetic analysis (Akhter
et al. 2025). Genomic resources can complement these
studies; while plastome data in Annonaceae are still scarce,
S. burahol has already been sequenced (158,837 bp) (Ping
et al. 2024).

Field surveys revealed that S. burahol trees in residential
areas are generally old inherited from previous generations.
Most communities perceive the species as having little
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economic value, resulting in a lack of new planting. In
several sites, ripe fruits are left to fall and rot on the ground
without being utilized. This situation is exacerbated by the
absence of natural regeneration, which poses a risk of
morphological variation loss in residential populations. If
this trend continues, the possibility of a genetic bottleneck
cannot be ignored. Although these trees still contribute to
maintaining morphological diversity, particularly in Groups
II and III, their long-term survival is not guaranteed.
Threats may arise from senescence, logging, lack of
community involvement, absence of natural regeneration,
and anthropogenic pressures such as land expansion. This
condition underscores the importance of conserving Groups
IT and III by integrating both in situ and ex situ approaches.
As Rahman et al. (2021) emphasized, in situ and ex situ
conservation must complement one another to capture the
full spectrum of plant genetic diversity effectively. In most
members of the Annonaceae family, seeds are orthodox,
allowing them to be dried and stored in seed banks for the
long term (Handayani 2018). Similarly, studies on other
Annonaceae, such as Anaxagorea luzonensis, have reported
orthodox storage behaviour (Lestari and Faya 2024),
suggesting that seed-based ex situ conservation may also
apply to S. burahol. This trait makes seed-based ex situ
storage a viable conservation strategy.

Beyond conservation, maintaining the genetic diversity
of germplasm resources is essential for ensuring sustainable
cultivation (Wang et al. 2025). The observed morphological
traits also provide valuable implications for plant breeding.
Morphological characteristics are commonly used to
determine fruit quality and market preferences (Ullah et al.
2025). Pearson correlation analysis revealed strong positive
relationships among major fruit traits (Figure 7). Fruit
length (k42) was correlated with fruit diameter (k43; r =
0.918) and fruit weight (k44; r = 0.904). These associations
indicate that these traits form a unified axis of fruit size
variation. From a breeding perspective, this provides a
practical advantage: early-stage selection programs targeting
higher edible yield can use fruit length to proxy for flesh
weight, reducing the need to measure multiple traits directly.
A similar approach was proposed by Okello et al. (2018),
who identified fruit length as a practical selection index for
both fruit and seed weight in Tamarindus indica.

These findings are directly relevant to conservation
policy. By highlighting the morphological diversity of S.
burahol, the study provides a scientific basis for prioritizing
in situ protection of Group I within nature reserves, while
emphasizing the urgent need to safeguard Groups II and III
through ex situ collections and community-based planting
schemes. Integrating S. burahol into these policy frameworks
would preserve its genetic diversity by maintaining native
biodiversity and sustaining the species' historical and
cultural values in Javanese society.

ACKNOWLEDGEMENTS

We gratefully acknowledge the financial support provided
by the Indonesia Endowment Fund for Education (LPDP).
Our appreciation is also extended to the Natural Resources

BIODIVERSITAS 26 (9): 4284-4296, September 2025

Conservation Agency of Central Java Province (BKSDA
Central Java), the Natural Resources Conservation Agency
of West Java Province (BBKSDA West Java), and the
Meru Betiri National Park, for issuing the necessary
research permits. In addition, we sincerely thank all
individuals and institutions who supported this research,
including those who are not mentioned by name.

REFERENCES

Akhter A, Khan MR, Wani AB, Saggoo MIS, Nawchoo IA. 2025.
Morphological and genetic diversity of endangered Lavatera
cachemiriana Cambess populations along an altitudinal gradient of
Kashmir Himalayas. Discov Plants 2: 62. DOI: 10.1007/s44372-025-
00148-w.

Amin A, Radji M, Mun’im A, Rahardjo A, Suryadi H. 2018. Antimicrobial
activity of ethyl acetate fraction from Stelechocarpus burahol fruit
against oral bacteria and total flavonoids content. J Young Pharm 10
(2s): S97-S100. DOI: 10.5530/jyp.2018.2s.19.

Backer CA, Bakhuizen van den Brink RC. 1965. Flora of Java. Vol. 1.
N.V.P. Noordhoff, Groningen.

BI [Bioversity International]. 2008. Desriptors for cherimoya (Annona
cherimola Mill.). EarthPrint, Rome.

Blume CL. 1825. Bijdragen tot de Flora van Nederlandsch Indie. Ter
Lands Drukkerij, Batavia.

Cabrera-Toledo D, Vargas-Ponce O, Ascencio-Ramirez S, Valadez-Sandoval
LM, Pérez-Alquicira J, Morales-Saavedra J, Huerta-Galvan OF. 2020.
Morphological and genetic variation in monocultures, forestry systems
and wild populations of Agave maximiliana of western Mexico:
Implications for its conservation. Front Plant Sci 11: 817. DOI:
10.3389/fpls.2020.00817.

Cheek M, Darbyshire I, Onana JM. 2023. Discovery and conservation of
Monanthotaxis bali (Annonaceae) a new critically endangered (possibly
extinct) montane forest treelet from Bali Ngemba, North West
Region, Cameroon. Kew Bull 78: 259-270. DOI: 10.1007/s12225-
023-10117-9.

Chen C, Chang H, Pang X et al. 2025. Genetic diversity analysis and
conservation strategy recommendations for ex situ conservation of
Cupressus  chengiana. BMC Plant Biol 25: 552. DOLIL
10.1186/s12870-025-06581-z.

Cornille A, Feurtey A, Gélin U, Ropars J, Misvanderbrugge K, Gladieux
P, Giraud T. 2015. Anthropogenic and natural drivers of gene flow in
a temperate wild fruit tree: A basis for conservation and breeding
programs in apples. Evol Appl 8: 373-384. DOI: 10.1111/eva.12250.

Djuita NR, Hartana A, Chikmawati T, Dorly. 2016. Distribution of
kapulasan [ Nephelium ramboutan-ake (Labill.) Leenh.] in Java Island
and its morphological relationship. Floribunda 5 (4): 129-138. DOI:
10.32556/floribunda.v5i4.2016.133. [Indonesian]

Donhouedé¢ JCF, Marques I, Salako KV, Assogbadjo AE, Ribeiro N,
Ribeiro-Barros Al. 2023. Genetic and morphological diversity in
populations of Annona senegalensis Pers. occurring in Western
(Benin) and Southern (Mozambique) Africa. PeerJ 11: e15767. DOI:
10.7717/peerj.15767.

Etesami H, Maheshwari DK. 2018. Use of plant growth promoting
rhizobacteria (PGPRs) with multiple plant growth promoting traits in
stress agriculture: Action mechanisms and future prospects. Ecotoxicol
Environ Saf 156: 225-246. DOL: 10.1016/j.ecoenv.2018.03.013.

Falla C, Minor M, Harrington K, Paynter Q, Cordiner S, Najar-Rodriguez A.
2023. Effects of light intensity on Solanum mauritianum (Solanaceae)
morphological and chemical traits and the performance of its
biological control agent Gargaphia decoris (Hemiptera: Tingidae).
Biol Control 181: 105218. DOI: 10.1016/j.biocontrol.2023.105218.

Fiani A, Yuliah. 2018. Growth of kepel (Stelechocarpus burahol (Blume)
Hook. & Thomson) from two populations in Mangunan, Bantul.
Prosiding SNPBS (Seminar Nasional Pendidikan Biologi dan Saintek).
Universitas Muhammadiyah Surakarta, Surakarta. [Indonesian]

Fick SE, Hijmans RJ. 2017. WorldClim 2: New 1-km spatial resolution
climate surfaces for global land areas. Intl J Climatol 37 (12): 4302-
4315. DOLI: 10.1002/joc.5086.

Fletcher Jr RJ, Didham RK, Banks-Leite C, Barlow J, Ewers RM,
Rosindell J, Holt RD, Gonzalez A, Pardini R, Damschen EI, Melo FP.



NORANTIN et al. — Distribution and morphology of Stelechocarpus burahol

2018. Is habitat fragmentation good for biodiversity? Biol Conserv
226: 9-15. DOI: 10.1016/j.biocon.2018.07.022.

Gadissa, F, Abebe M, Bekele T. 2021. Agro-morphological traits-based
genetic diversity assessment in Ethiopian barley (Hordeum vulgare
L.) landrace collections from Bale highlands, Southeast Ethiopia.
Agric Food Secur 10: 58. DOI: 10.1186/s40066-021-00335-4.

Han GD, Mansoor S, Kim J, Park J, Heo S, Yu J. Kim HS, Chung YS.
2024. A study of the morphological and geographical diversity of
Korean indigenous buckwheat landraces for breeding. J King Saud
Univ Sci 36 (9):103387. DOI: 10.1016/j.jksus.2024.103387.

Handayani E, Nandariyah, Cahyani VR, Parjanto. 2020. Morphological
characters of kepel (Stelechocarpus burahol) from Kulon Progo,
Yogyakarta, Indonesia. In: Nandariyah, Setyawan CD, Aini N (eds).
IOP Conference Series: Earth and Environmental Science; Second
International Conference on Sustainable Agriculture. Universitas
Muhammadiyah Yogyakarta, Yogyakarta. [Indonesian]

Handayani E, Parjanto, Cahyani VR, Nandariyah. 2021. Diversity of
morphologically vegetative characters of kepel (Stelechocarpus burahol):
Study in Yogyakarta Palace Region, Indonesia. Intl J Adv Sci Eng Inf
Technol 11: 1633-1641. DOIL: 10.18517/ijaseit.11.4.15938.

Handayani T. 2018. Diversity, potential and conservation of Annonaceae
in Bogor Botanic Gardens, Indonesia. Biodiversitas 19 (2): 591-603.
DOI: 10.13057/biodiv/d190230.

Hariyono K, Noviana L, Ubaidillah M, Kurnianto AS, Handoko RNS.
2024. Genetic, phenotypic, and agronomic diversity of arrowroot
(Maranta arundinacea) across agroclimatic zones for environmental
adaptation and conservation. Biodiversitas 25 (10): 3431-3441. DOI:
10.13057/biodiv/d251005.

Hartati S, Muliawati ES, Pardono P, Cahyono O, Yuliyanto P. 2019.
Morphological characterization of Coelogyne spp for germplasm
conservation of orchids. Rev Ceres 66 (4): 265-270. DOI:
10.1590/0034-737X201966040004.

Heriyanto NM, Garsetiasih R. 2005. Kajian ekologi pohon burahol
(Stelechocarpus burahol) di Taman Nasional Meru Betiri, Jawa
Timur. Bull Plasma Nutfah 11 (2): 65-73. [Indonesian]

Herlina N, Riyanto S, Martono S, Rohman A. 2018. Antioxidant
activities, phenolic and flavonoid contents of methanolic extract of
Stelechocarpus burahol fruit and its fractions. Dhaka Univ J Pharm
Sci 17 (2): 153-159. DOI: 10.3329/dujps.v17i2.39170.

Hickey M, King C. 2000. The Cambridge Illustrated Glossary of
Botanical Term. Cambridge University Press, United Kingdom.

Holden L, Lee RG, Orsini L, Eastwood N, Zhou J, Cavoski A. 2024.
Biodiversity management challenges: A policy brief. Environ Law
Rev 26 (2): 141-150. DOI: 10.1177/14614529241247361.

Hooker JD, Thomson T. 1855. Flora Indica: A Systematic Account of The
Plants of British India. W. Pamplin, London.

Indariani S, Hidayat A, Darusman LK, Batubara I. 2017. Antibacterial
activity of flavonoid from kepel (Stelechocarpus burahol) leaves
against Staphylococcus epidermidis. Intl J Pharm Sci 9 (10): 292-296.
DOI: 10.22159/ijpps.2017v9i10.19071.

Jalil M, Purwantoro A, Daryono BS, Purnomo. 2020. Distribution,
variation, and relationship of Curcuma soloensis Valeton in Java,
Indonesia based on morphological characters. Biodiversitas 21 (8):
3867-3877. DOI: 10.13057/biodiv/d210856.

Karimah SF, Andianto, Hadisunarso, Damayanti R. 2022. Anatomical
characteristics of lesser-known wood species of the family
Annonaceae from Indonesia. Jurnal Ilmu Teknol Kayu Tropis 20 (1):
20-30. DOI: 10.51850/jitkt.v20i1.470.

Khadivi A, Mirheidari F, Moradi Y, Paryan S. 2022. Morphological and
pomological diversity of wild Prunus microcarpa Boiss. germplasm.
BMC Plant Biol 22 (1): 185. DOI: 10.1186/s12870-022-03572-2.

Larranaga N, Agustin JA, Albertazzi F, Fontecha G, Vasquez-Castillo W,
Cautin R, Quiroz E, Ragonese C, Hormaza JI. 2024. Underutilized
fruit crops at a crossroads: The case of Annona cherimola-from pre-
Columbian to present times. Horticulturae 10 (6): 531. DOI:
10.3390/horticulturaec10060531.

Lestari DA, Faya AKN. 2024. Seed conservation of Anaxagorea luzonensis
A. Gray (Annonaceae) through storage behaviour and morphology. J
Trop Biodivers Biotechnol 9: jtbb83147. DOI: 10.22146/jtbb.83147.

LuY, SiY, Zhang L, Sun Y, Su S. 2022. Effects of canopy position and
microclimate on fruit development and quality of Camellia oleifera.
Agronomy 12 (9): 2158. DOI: 10.3390/agronomy12092158.

Mahla JS, Soni NV, Patel P, Patel A, Dasalania JP, Roul S. 2022.
Variability, character association and path analysis for Annona yield
and quality attributes. Emerg Life Sci Res 8 (2): 229-239. DOI:
10.31783/elsr.2022.82229239.

4295

Malki S, Sivalingam S, Wijesinghe A, Ratnayake K, Gimhani R. 2023.
Arrowroot (Maranta arundinacea): Variation in morphological and
yield traits across Sri Lanka's agro-climatic zones and genetic
diversity assessment. Adv Biosci Bioengineer 11 (3): 76-84. DOI:
10.11648/j.abb.20231103.17.

Matsuo T, Bongers F, Martinez-Ramos M, van der Sande MT, Poorter L.
2024. Height growth and biomass partitioning during secondary
succession differ among forest light strata and successional guilds in a
tropical rainforest. Oikos 2024 (6): €10486. DOI: 10.1111/0ik.10486.

Mogea JP, Gandawidjaja D, Wiriadinata H, Nasution RE, Irawati. 2001.
Rare Flora of Indonesia. Puslitbang Biologi-LIPI, Bogor. [Indonesian]

Montejo-Mendez HB, Lesher-Gordillo JM, Hormaza JI et al. 2025.
Genetic analysis and phytochemical profile of soursop (Annona
muricata L.) cultivated in family orchards in southeastern Mexico.
PLoS One 20 (5): €0321846. DOI: 10.1371/journal.pone.0321846.

Morgans CL, Jago S, Andayani N, Linkie M, Lo MGY, Mumbunan S,
John FAVS, Supriatna J, Voigt M, Winarni NL, Santika T, Struebig
MJ. 2024. Improving well-being and reducing deforestation in
Indonesia’s protected areas. Conserv Lett 17: ¢13100. DOI:
10.1111/conl.13010.

Mutaqin AZ, Khrisnan MA, Kusmoro J, Iskandar J, Budiono R, Madihah,
Nurzaman M, Setiawati T, Rusdi. 2024. Morphology of porang
(Amorphophallus muelleri) in the Citarum Watershed, West Java,
Indonesia. Biodiversitas 25: 2656-2662. DOI: 10.13057/biodiv/d250838.

Nge FJ, Chaowasku T, Damthongdee A, Wiya C, Soulé VR,
Rodrigues-Vaz C, Bruy D, Mariac C, Chatrou LW, Chen J, Choo LM,
et al. 2024. Complete genus-level phylogenomics and new subtribal
classification of the pantropical plant family Annonaceae. Taxon 73
(6): 1341-1369. DOI: 10.1002/tax.13260.

Nikmatullah A, Nairfana I, Dewi SM, Sarjan M. 2023. Morphological
diversity of Indian jujube (Ziziphus mauritiana) in Sumbawa Island,
West Nusa Tenggara, Indonesia. Biodiversitas 24 (8): 4597-4608.
DOL: 10.13057/biodiv/d240842.

Ningot EP, Dahale MH, Uikey AC, Naitam PC. 2018. Variability studies
on physico-chemical characteristics of jackfruit genotypes from
Eastern Maharashtra, India. Intl J Curr Microbiol Appl Sci 6: 2294-
2298.

Nurzaman M, Setiawati T, Hasan R, Qotrunnada NK, Kusmoro J, Permadi
N, Julacha E. 2024. The phenetic relationship of citrus plants based
on the morphological and anatomical characteristics. Biodiversitas 25
(3): 1201-1213. DOI: 10.13057/biodiv/d250336.

Okello J, Okullo JBL, Eilu G, Nyeko P, Obua J. 2018. Morphological
variations in Tamarindus indica L. fruits and seed traits in the
different agroecological zones of Uganda. Intl J Ecol 2018 (1):
8469156. DOI: 10.1155/2018/8469156.

Ou L, Zhang Y, Zhang Z, Chen Y, Wang K, Wen Y, Ao Y. 2023. The
relationship between canopy microclimate, fruit and seed yield, and
quality in Xanthoceras sorbifolium. J Plant Physiol 284: 153975.
DOI: 10.1016/j.jplph.2023.153975.

Ping J, Hao J, Wang T, Su Y. 2024. Comparative analysis of plastid
genomes reveals rearrangements, repetitive sequence features, and
phylogeny in the Annonaceae. Front Plant Sci 15: 1351388. DOI:
10.3389/fpls.2024.1351388.

Rahman NF, Assykuri II, Khan NRA, Pradana BA, Akmalia HA. 2022.
Taxonomic affinity of Poaceae family based on morphological
characters. Biosfer: Jurnal Tadris Biologi 13 (1): 101-108. DOI:
10.24042/biosfer.v13i1.10553.

Rahman W, Brehm JM, Maxted N, Phillips J, Contreras-Toledo AR,
Faraji M, Quijano MP. 2021. Gap analyses of priority wild relatives
of food crop in current ex situ and in situ conservation in Indonesia.
Biodivers Conserv 30: 2827-2855. DOI: 10.1007/s10531-021-02225-
4.

Ribeiro PC, Souza ML, Muller LA, Ellis VA, Heuertz M, Lemos-Filho JP,
Lovato MB. 2016. Climatic drivers of leaf traits and genetic
divergence in the tree Annona crassiflora: A broad spatial survey in
the Brazilian savannas. Glob Chang Biol 22: 3836-3851. DOI:
10.1111/gcb.13312.

Richardson A, Jones H, Bartlett M. 2024. Grass awns: Morphological
diversity arising from developmental constraint. Curr Opin Plant Biol
82: 102663. DOLI: 10.1016/1.pbi.2024.102663.

Rimlinger A, Avana ML, Awono A, Chakocha A, Gakwavu A, Lemoine
T, Marie L, Mboujda F, Vigouroux Y, Johnson V, Vinceti B, Carri¢re
SM, Duminil J. 2021. Trees and their seced networks: The social
dynamics of urban fruit trees and implications for genetic diversity.
PLoS One 16 (3): €0243017. DOI: 10.1371/journal.pone.0243017.



4296

Rimlinger A, Duminil J, Avana-Tientcheu ML, Carriere SM. 2024. Can
seed exchange networks explain the morphological and genetic
diversity in perennial crop species? The case of the tropical fruit tree
Dacryodes edulis in rural and urban Cameroon. Plants People Planet
6 (2): 421-436. DOL: 10.1002/ppp3.10455.

Rozendaal DMA, Phillips OL, Lewis SL et al. 2020. Competition influences
tree growth, but not mortality, across environmental gradients in
Amazonia and tropical Africa. Ecology 101 (7): €03052. DOI:
10.1002/ecy.3052.

Rugayah, Widjaja EA, Praptiwi. 2004. Guidelines for Collecting Flora
Diversity Data. Pusat Penelitian Biologi LIPI, Bogor. [Indonesian]
Salgotra RK, Chauhan BS. 2023. Genetic diversity, conservation, and
utilization of plant genetic resources. Genes (Basel) 14 (1): 174. DOI:

10.3390/genes14010174.

Saputra HE, Syukur M, Suwarno WB, Sobir. 2022. Diversity and
similarity of melon (Cucumis melo L.) groups and determination of
distinguishing morphological characters. Biodiversitas 23 (12): 6254-
6261. DOI: 10.13057/biodiv/d231221.

Shaw RE, Farquharson KA, Bruford MW et al. 2025. Global meta-
analysis shows action is needed to halt genetic diversity loss. Nature
638: 704-708. DOI: 10.1038/s41586-024-08458-x.

Shrivastava P, Kumar R. 2015. Soil salinity: A serious environmental
issue and plant growth promoting bacteria as one of the tools for its
alleviation. Saudi J Biol Sci @ 22: 123-131. DOL:
10.1016/j.5jbs.2014.12.001.

Soeroto EH, Priatmodjo D, Wisnubudi G, Sukartono IGS. 2018.
Propagation and Development of Indigenous Fruit Species. Pusat
Pemberdayaan Masyarakat Universitas Nasional, Jakarta. [Indonesian]

Solberg SO, van Zonneveld M, Diederichsen A. 2024. Advances in
conservation and utilization of plant genetic resources. Front Plant Sci
15: 1468904. DOI: 10.3389/1pls.2024.1468904.

Sun Z, Behrens P, Tukker A, Bruckner M, Scherer L. 2022. Global human
consumption threatens key biodiversity areas. Environ Sci Technol
56: 9003-9014. DOI: 10.1021/acs.est.2c00506.

Suparmi S, Isradji I, Yusuf I, Fatmawati D, Ratnaningrum IH, Fuadiyah S,
Wahyuni I, Dini AR. 2015. Anti-implantation activity of kepel

BIODIVERSITAS 26 (9): 4284-4296, September 2025

(Stelechocarpus burahol) pulp ethanol extract in female mice. J Pure
Appl Chem Res 4: 94-99. DOI: 10.21776/ub.jpacr.2015.004.03.220.

Taneja YV, Page NV, Kumar RS, Naniwadekar R. 2022. Effects of
canopy cover on fruiting intensity and fruit removal of a tropical
invasive weed. For Ecol Manag 523: 120502. DOI:
10.1016/j.foreco.2022.120502.

Ullah LR, Purnama PR, Wisanti W. 2025. Morphological characterization
and clustering analysis of three local jackfruit cultivars (4rtocarpus
heterophyllus) in Lamongan District, East Java, Indonesia.
Biodiversitas 26 (4): 1920-1928. DOI: 10.13057/biodiv/d260441.

Umiyah. 2005. Existence of Stelechocarpus burahol (Bl.) Hook.F. & Th.
in Wilderness Zone, Bande Alit Resort, Meru Betiri National Park. J
Biol Researches 10 (2): 85-88.

Van Heusden ECH. 1995. Revision of the Southeast Asian genus
Stelechocarpus (Annonaceae). Blumea 40 (2): 429-438.

Vuong TAT, Nguyen DT, Nguyen PTT, Hoang NT, Vu CL. 2024.
Evaluation of morphological characteristics of tomato accessions at
the National Plant Genebank in Vietnam. Technol Hortic 4: e031.
DOI: 10.48130/tihort-0024-0025.

Wang J, Tang L, Yu X, Yu C, Tang X, Wang D, Kong F, Du G, Mao Y.
2025. Gene flow enhances genetic diversity and local adaptation in
Pyropia yezoensis populations. Water Biol Security 2025: 100411.
DOI: 10.1016/j.watbs.2025.100411.

Xu Y, Liu S, Finnegan PM, Liu F, Ali I, Zhang H, Yang M. 2024.
Geographical variation and genetic diversity of Parashorea chinensis
germplasm resources. Front Plant Sci 15: 1452521. DOL:
10.3389/fpls.2024.1452521.

Yaman M, Sun M, Siimbiil A, Demirel F, Tung¢ Y, Khadivi A, Yilmaz
KU. 2024. Multivariate analysis of morphological variation, biochemical
content, antioxidant activity, and molecular characteristics of
autochthonous Berberis crataegina DC. genotypes in Central
Tiirkiye. BMC Plant Biol 24 (1): 1155. DOI: 10.1186/s12870-024-
05873-0.

Zhang Y, Guo Q, Luo S, Pan J, Yao S, Gao C, Guo Y, Wang G. 2022.
Light regimes regulate leaf and twigs traits of Camellia oleifera
(Abel) in Pinus massoniana plantation understory. Forests 13: 918.
DOI: 10.3390/£13060918.



