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Abstract. Ekasari I, Sahromi, Wardhani PK. 2025. Morphological characterization and correlation of seed, fruit, and seedling of
Horsfieldia iryaghedhi. Nusantara Bioscience 17: 218-225. Horsfieldia iryaghedhi is a critically endangered species from the
Mpyristicaceae family. Examining seed, fruit, and seedling morphology of the species is crucial, as generative propagation remains the
only known conservation method. Therefore, this study aimed to determine the morphological characterization of the seed, fruit, and
seedling of H. iryaghedhi and to analyse the correlation between seed, fruit, and seedling traits. This study was conducted at the Bogor
Botanical Garden, utilizing five plant collections. The examined morphological traits included length, width, and weight of the seed, as
well as fruit height, root collar diameter, and the number of leaves for the seedling. The results showed that the length, width, and
weight of the fruit were 39.64+2.48 mm, 30.04+1.98 mm, and 20.33+3.60 g, respectively. Overall, the correlation between seed and fruit
parameters indicates that one trait influences the other. The low variability in fruit and seed traits, despite being obtained from mother
trees of different origins, has implications for the species' genetic diversity. The mean for seedling height is 106.74+32.78 cm, and the
mean of collar diameter is 1.27+0.64 mm. Height and root collar diameter seedling traits were found to be closely related in 24-month-
old seedlings. Understanding the ecology of seedling growth is essential for developing developmental strategies to conserve
biodiversity and restore natural habitats. In conclusion, the variability in fruit and seed traits is exhibited by plants obtained from mother
trees of different origins. The trees in the Bogor Botanical Gardens study site are mother trees, and this is extremely important for the
future sustainable population of this species.
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INTRODUCTION

Horsfieldia iryaghedhi (Gaertn.) Warb. belongs to the
Myristicaceae family and is frequently used for its
medicinal properties in its native regions (Arrijani 2005;
Waman et al. 2021). It is a woody tree species with a trunk
ranging from 5 to 25 meters in height and up to 50 cm in
diameter at breast height. The leaves are arranged
alternately in two vertical rows, chartaceous, with petioles
measuring between 1.5 and 3 cm in length; the blade shape
ranges from ovate-elliptical to oblong-lanceolate, base
rounded to attenuate, and apex acute to acuminate. The
fruit is a one-seeded follicle, ellipsoid in shape, yellow-
brown in color, and covered with dense, brown-yellow,
stellate hairs; the pericarp thickness ranges from 1.5 to 3
mm. H. iryaghedhi flowers and bears fruit throughout the
year, thriving in lowland rainforests, humid soils—
sometimes with silt roots—wet evergreen forests, and
disturbed forest ecosystems, from sea level up to an altitude
of 500 meters (Wulijarni-Soetjipto 2001). This species is
native to Sri Lanka (POWO 2024) and is widely distributed
across South-east Asia, including Malaysia, Singapore, and
Java.

The seed fat of H. irvaghedhi is used as an ingredient in
candle production (van der Vossen 2001), while its flowers
have been recognized as medicinal materials in Sri Lankan

tradition since ancient times (Kankanamalage et al. 2014).
Although several studies have investigated changes in species
composition, stand structure, and geographical distribution,
as well as phenotypic diversity and chemical composition
across different habitats, only a few have explored the
physiological responses of seeds, fruits, and seedlings.
Given that H. iryaghedhi is either extinct in the wild or
critically endangered (IUCN 2025), conservation efforts
must prioritize protection within its native habitat, alongside
ex-situ conservation measures such as botanical gardens.
Ex situ conservation involves relocating living plants or
seeds from their native habitats to controlled environments
to protect them from natural or human-induced threats
(Zhao et al. 2022; Junaedi et al. 2023). Bogor Botanical
Garden (BBG) is an ex-situ conservation area in Indonesia,
maintaining over 12,370 accessions that encompass 3,555
species, 1,202 genera, and 191 families (Ariati et al. 2019).
These collections are planted on an 87-hectare land area in
the center of Bogor City, West Java Province, Indonesia.
This Botanical Garden focuses on collections originating
from Indonesia and abroad, and it conserves lowland
humid and wet plant species (Wanda et al. 2022). Given the
limited space available for expanding the BBG species
collection, a planting strategy was implemented that
allowed only a few trees of each species to be planted in
the garden. These trees were chosen from the best growing
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seedlings, after which the origin of the seedlings or seeds
was recorded, and their growth (including phenology) was
frequently observed. This phenology helps restoration
practitioners and endangered plant conservationists determine
when to collect H. iryaghedhi fruits or seeds.

Many studies utilize morphological descriptors to
differentiate among plant genetic resources (Poljak et al.
2021, 2024, 2025; Vidakovi¢ et al. 2024, 2025). Leaf
morphometry is frequently employed to describe phenotypic
diversity (Wanda et al. 2022; Puntieri and Gonzalez 2023).
However, in the context of this study, seeds and fruits hold
even greater significance due to their essential role in plant
conservation. Seed traits provide valuable insights for both
taxonomic and functional differentiation. Beyond
classification, seeds serve as the foundation of plant
production (Drvodeli¢ et al. 2025), food security (Yadav et
al. 2024), ecological restoration (Leger et al. 2024), and the
long-term persistence of sexually propagated species
(Tumpa et al. 2021), as they directly influence germination
success and seedling vigor. Seedling establishment,
however, depends on a complex interplay of intrinsic seed
attributes and environmental conditions (Sari et al. 2021;
Nantongo et al. 2022). Among those attributes, seed mass
is a reliable indicator of stored reserves available for early
growth. Heavier seeds from the same mother tree and same
species typically exhibit higher germination rates and
produce more robust seedlings than lighter seeds, allowing
them to withstand resource-limited environments and
ultimately accelerate early growth (Nantongo et al. 2022).
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Seedlings are a crucial component of plant populations,
representing a vital stage in the life cycle of plants. The
successful dispersal and maintenance of plant populations
rely on seedling regeneration (Liu et al. 2019). Additionally,
height-collar diameter correlations have been analyzed for
gymnosperm and angiosperm trees and seedlings in China
(Tumpa et al. 2021). Compared to mature trees, seedlings
tend to exhibit greater height growth relative to stem
diameter and possess higher height—diameter allometric
exponents (Zhang et al. 2020).

This study aimed to characterize the morphological
features of H. iryaghedhi's seeds, fruits, and seedlings, as
well as to analyze the correlations between seed, fruit, and
seedling traits.

MATERIALS AND METHODS

Study area

This study was conducted between August and October
2023 at BBG in Indonesia (Figure 1). BBG is situated on
87 ha of land in the center of Bogor City, West Java,
Indonesia (6°35'51.46"S, 106°47'58.45"E), at an altitude of
230-270 m above sea level. Bogor has a tropical climate,
with an average temperature ranging from 25-27.4°C, an
average humidity of 80%, and an annual rainfall of 3.658
mm/year (Safarinanugraha et al. 2018; Wanda et al. 2022),
and the soil type is primary Latosol (a type of soil formed
from weathered volcanic rock).
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Figure 1. Study site of Horsfieldia iryaghedhi in Bogor Botanical Garden, Bogor City, West Java, Indonesia
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Plant materials

The BBG conserved nine Horsfieldia iryaghedhi trees,
eight from Sri Lanka and one from Papua (Ariati et al.
2019). Of these, only five trees were mature and fruiting
during the study, all of which originated from Sri Lanka.
Tree height (m), diameter at breast height (DBH, cm), and
botanical location of each numbered tree were recorded and
used in the selection process. Height, DBH, and crown
diameter were measured using a hypsometer and diameter
tape, respectively (Table 1). Ultimately, five trees were
sampled for fruit collection at the site. The selected trees
showed no signs of pests or disease, had straight, circular
stems with large diameters, fine horizontal branches, and
produced an abundance of fruit.

According to phenology data from the BBG registration
department, in previous years, H. iryaghedhi flowered from
January to July, producing mature fruit. By August, when
this study was conducted, the availability of mature fruit
had declined, leaving only 27 viable samples for testing. In
comparison to other Horsfieldia species, the ripened seeds
of H. kingii in north-east India are available from February
to April (Datta and Rane 2013). In contrast, those of
Horsfieldia hainanensis in Yunnan Province, China, are
available from April to May (Liu et al. 2024). These fruit
samples were carefully selected and randomly collected. To
prevent heat exposure and maintain freshness, the collected
fruit was stored in cloth bags. The seeds were then
transported to the laboratory on the same day for further
processing. After selecting mature fruit from the twigs, a
cutting test was performed to assess freshness, with
selected fruit characterized by yellow-brownish peels.

Data collection

A total of 27 fruits of H. iryaghedhi were measured for
three major morphological traits, including weight, length,
and width (diameter). Seeds were collected from the peeled
fruits, and then their length and width were measured using
a digital caliper, while their weight was determined with a
digital scale. The single-seed weight was measured using a
precision balance with an accuracy of 0.01 g.

In addition to observing the physical properties of fruits
and seeds, this study also observed 24-month-old H.
irvaghedhi seedlings grown under uniform nursery
conditions with no shade. These seedlings were planted in
similar soil environments, maintaining consistent growth
vigor and canopy structure. A total of 52 seedlings were
evaluated for height, basal diameter, and leaf count.
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Seedling height was measured to the nearest millimeter
using a ruler, basal diameter was recorded with digital
calipers, and collar diameter was measured to the nearest
0.1 mm using a digital caliper.

Data analysis

Descriptive, correlation, and regression analyses were
performed using MS Excel for Windows 11. Regression
analyses were performed to observe the correlation between

all treatments concerning seed, fruit, and seedling
performance parameters.
RESULTS AND DISCUSSION

A total of five Horsfieldia iryaghedhi trees, each over
40 years old, were measured for this study. The height of
these trees ranged from 8 to 23.9 m, while their diameter at
breast height varied from 52.23 to 184.08 m. The crown
diameter spanned from 5.2 to 8.9 m (Table 1). The mean
wind velocity and air temperature recorded were 1.68+0.27
m/s and 34+1.34°C, respectively. These trees were planted
along the edge of the lake in the BBG, mirroring their
natural habitat within the wet tropical biome (POWO 2024).

Variability of seeds, fruits, and seedlings of Horsfieldia
iryaghedhi

All morphological traits of seeds (length, width, and
weight), fruits (length, width, and weight), and seedlings
(height, root collar diameter, and number of leaves) were
examined to ensure standard parametric test assumptions
were met before analysis. Detecting seed size can impact
production, breeding, storage, and transportation, while
also enhancing quality (Yin et al. 2023). Seed weight in
this study ranged from 2.90 g to 8.80 g, with a mean of
5.57+£1.27 g (Table 2). The mean seed length and diameter
were 28.17+2.08 mm and 19.37£2.23 mm, respectively. In
general, larger seeds result in heavier seedlings with more
resources being dedicated to seedling development
(Nantongo et al. 2022). Therefore, this study recommends
that heavier seeds will have a better germination rate and
produce more vigorous seedlings than lighter ones. This
also improves seedling survival up to the period of leaf
growth, reducing reliance on seed stores (Naruangsri et al.
2023; Barczyk et al. 2024) for photosynthesis.

Table 1. Characteristics of Horsfieldia iryaghedhi trees sampled for fruit and seed collection in Bogor Botanical Garden, Indonesia

Location in Height Diameter breast height Crown Wind velocity Temp Air humidity
the garden (m) (cm) diameter (m) (m/s) °O) (%)
IV.G. 155 23.9 26.11 7.7 1.2 32.8 42
XIII. F. 6 8.0 24.84 52 1.8 337 46
XIII. 9 (o) 15.9 92.04 8.9 1.8 34.5 45

XIII. 11 11.5 48.73 7.9 1.8 33 43
XIIL 11 a 11.5 35.67 6.6 1.8 36 41
Mean 14.16 45.47 7.26 1.68 34 434

SD 6.12 27.72 1.41 0.27 1.30 2.07

CV 0.43 0.61 0.19 0.16 0.04 0.05

Note: SD: Standard deviation; CV: Coefficient of variation
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Under optimal conditions, resources are primarily
allocated to plant growth and the production of large seeds
to store more nutrients, thereby enhancing the seedling's
ability to respond to adverse conditions. Seed size, a
functional trait, has implications for seedling germination,
survival, and recruitment. According to reports, seedlings
developed from large seeds tend to exhibit a higher growth
capacity (Martinez-Gonzalez et al. 2021).

The length, diameter, and weight of mature fruit ranged
from 32.80 to 43.60 mm, 24.60 to 33.90 mm, and 10.90 to
26.10 g, respectively, with mean values of 39.64+2.48 mm,
30.04+1.98 mm, and 20.33+3.60 g. According to Martinez-
Gonzalez et al. (2021), seeds serve as the fundamental
propagation unit for the majority of trees. Variability in
seed and fruit size can be primarily attributed to genetic
diversity within the sample population. Morphological
variability in plants is a crucial mechanism that enables
species to adapt to their immediate environment. Plant
populations often occupy large areas, continuous or
disjoint, in which the pressures on individuals can differ
significantly. Under such conditions, different populations
and individuals can exhibit considerable variation in
phenotypic and genetic diversity (Vidakovi¢ et al. 2024).
However, the location of fruit on the tree, as well as
differing microclimatic conditions within the canopy and
soil, can also contribute to variability in fruit development
within the same tree. Seeds, as a generative propagation
material, are essential to understanding their variability in
conservation strategy for H. iryaghedhi. This study found
low variability in fruits and seeds collected from five
mother trees of H. iryaghedhi in the BBG, despite the
mother trees originating from different locations (Papua
and Sri Lanka). H. iryaghedhi planted in the BBG did not
exhibit any differences in terms of height, breast-height
diameter, or crown diameter due to any environmental
conditions. The low CV (CV<1) suggested that there was
essentially no difference in growth across the five mother
trees (Table 1).

The lowest seedling height recorded was 82.60 cm,
while the highest reached 143.70 cm. The overall mean values
for seedling height, collar diameter, and number of leaves
were 106.74+32.78 cm, 1.27+0.64 mm, and 17.54+12.23,
respectively. Certain seedling traits, particularly those
related to conservation (e.g., biomass) and resource acquisition
(e.g., foliar area), play a crucial role in life-cycle strategies.
These traits may exhibit similarities across both tropical
rainforests and tropical dry forests. Limited information on
the percentage of H. iryaghedhi seed germination
necessitates conservation issues for this genus. However,
seedling management in the nursery until the appropriate
planting period is critical. According to a previous study,
Horsfieldia hainanensis has a successful regeneration rate
of 0.4-5.6% in its natural habitat between the ages of 0 and
4 years, due to pathogen and herbivore attacks (Liu et al.
2019). This implies that seedling maintenance in the
nursery is necessary to preserve this species. Seedlings
taller than 200 cm have reasonably good survival prospects
because they escape ungulate browsing at this height
(Waller et al. 2020).

This study found that all seeds and fruits used in the
experiment exhibited a proportionate oval form. A shorter
diameter and a longer length characterized the overall
shape of the seeds and fruits. Seed and fruit weight
correlated with the weight of ripe fruit, including the seed,
peel, and flesh. Shape is an essential factor in many
respects (Drvodeli¢ et al. 2025), and when H. iryaghedhi
fruit can be domesticated, it will be more appealing to
customers. According to previous research, seeds of the
Mpyristicaceae family, including H. iryaghedhi, are
relatively large (Arrijani 2005). The mean seeds found in
this study were comparatively bigger when compared to
those of H. glabra (Waman et al. 2021), with a seed length
of 27.4 cm, a seed width of 16.2 cm, and a seed weight of
3.7 g, and H. hainanensis (Liu et al. 2024) with a seed
weight of 5-6 g. Seedling growth may be hindered if seeds
are uniform in size and shape. Moreover, seed size has a
significant impact on growth traits, with seedlings from
larger seeds generally exhibiting superior performance in
terms of height, biomass, leaf number, and foliar area
(Martinez-Gonzélez et al. 2021). For ecological purposes,
the fruit and seed of H. iryaghedhi are relatively large and
heavy, meaning their natural distribution tends to be close
to the parent tree. Consequently, when the species is
introduced to the natural environment, human intervention
may be required to facilitate dispersal (Ekasari et al. 2025).

Correlation between seed and fruit parameters (length,
width, and weight)

The correlation between seed length, width, and weight
is presented in Table 3. A positive correlation was observed
among these parameters, with the lowest significant positive
correlation found for the seed length parameter, which is
the correlation between seed width and seed length (r=0.52,
p<0.001) within the medium category. In addition, the
highest positive correlation for the seed length parameter
was observed between seed length and fruit weight (r=0.83,
p<0.001), which falls within the very strong category. It is
suggested that the seed length increases with the fruit
weight. This study demonstrates that seed length parameters
are linearly correlated with other seed and fruit parameters.
The strong correlation indicates that commonly measured
seed traits—length, width, and weight—have a genetic
basis (Dicko et al. 2019).

Among all parameter associations, fruit weight and length
exhibited the strongest correlation (r=0.88, p<0.001). The
analysis of 27 seeds revealed correlations ranging from
medium to very strong, except the low correlation between
fruit width and seed width (r=0.27, p<0.001). The findings
of this study suggest that the width of H. iryaghedhi seeds
is not linearly related to fruit width, but is linearly related
to the other parameters in the seeds and fruit. Furthermore,
this study suggests that the morphological traits of the
analyzed seeds can be used to predict one parameter based
on another, opening up new possibilities for predictive
plant morphology. Fruit and seed morphological traits are
highly correlated, suggesting that factors affecting fruit also
influence seed proportionally. A previous study demonstrated
a positive and significant correlation between the fruit
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weight, length, and width of Entandrophragma bussei in
Tanzania (Andrew et al. 2021).

Correlation between seedling parameters (height, collar
diameter, and number of leaves)

The seedling parameters showed a medium correlation
with height (1=0.42, p<0.001) and root collar diameter
parameters (r=0.51, p<0.001). Only the correlation for root
collar diameter and height parameters was strong (r=0.76, p
0.001). This study suggests that the two parameters (seedling
height and root collar diameter) have a strong correlation
for 24-month-old seedlings of H. iryaghedhi at the BBG
nursery (Table 7). Many countries apply morphological
attributes to evaluate seedling quality, including height and
root collar diameter. Seedling age is one of the primary
quantitative morphological attributes (Mataruga et al. 2023;
Naruangsri et al. 2023). The height tends to increase faster
than the root collar diameter at the seedling stage, with
growth standards varying depending on the container size
in the nursery (Zhang et al. 2020; Mataruga et al. 2023).

The number of leaves parameter has a medium correlation
with seedling height and root collar diameter. This result
implies that the condition of 24-month-old H. iryaghedhi
seedlings was defined by seedling height and root collar
diameter, having a medium correlation with the number of
leaves surviving and growing in the nursery. Tree species
may optimize growth strategies in response to environmental
conditions by reducing the risk of bending or falling while
also maximizing efficiency in using the most limited
resources (Zhang et al. 2020), such as limited root growth
space due to polybags or containers, or competition for
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sunlight. Furthermore, plants allocate a higher proportion
of biomass to leaves and a larger root collar diameter in
nutrient-rich environments where above-ground competition
for light is intense. In nutrient-poor environments, where
below-ground competition prevails, plants allocate a higher
proportion of their resources to roots (Nantongo et al.
2022).

Root collar diameter parameter is influential for the
survival of H. iryaghedhi species groups and has proven to
be more indicative than the height parameter. This trait
may serve as a better indicator of energy reserves for the
seedling during its next growth phase. It is also typically
more closely correlated to both total and below-ground
seedling biomass. Aside from seedling height, root collar
diameter is another good predictor of future plantation
success (Bayala et al. 2009; Jones et al. 2023).

Survival often varies among sites and seedlings of
different sizes, as growth is notoriously responsive to local
conditions. It frequently takes time to progress through
vulnerable-size classes, which can be either short-term or
long-term (Waller et al. 2024). The strong correlation
between height and root collar diameter parameters
(r=0.76, p<0.001) in 24-month-old H. iryaghedhi seedlings
highlights differences in seedling development and
survival. Meanwhile, a previous study found that the
growth of seedling height was directly related to the
number of leaves but inversely proportional to the increase
in root collar diameter (Nantongo et al. 2022). Examining
differences in seedling development and survival will help
determine the trait with limited regeneration parameters.

Table 2. Distribution of seed, fruit, and seedling of Horsfieldia iryaghedhi collection of Bogor Botanical Garden, Indonesia

Parameters Minimum Maximum Mean SD CV (%)
Seed length (mm) 23.10 31.10 28.17 2.08 0.07
Seed diameter (mm) 16.40 29.10 19.37 2.23 0.11
Seed weight (g) 2.90 8.80 5.57 1.27 0.23
Fruit length (mm) 32.80 43.60 39.54 2.48 0.06
Fruit diameter (mm) 24.60 33.90 30.04 1.98 0.06
Fruit weight (g) 10.90 26.10 20.33 3.60 0.18
Seedling height (cm) 82.60 143.70 106.74 32.78 0.31
Root collar diameter (mm) 0.73 1.88 1.27 0.64 0.51
Number of leaves 7.00 36.00 17.54 12.23 0.71

Note: SD: Standard deviation; CV: Coefficient of variation

Table 3. The correlation coefficient between the length, width, and weight of fruit and seed parameters of Horsfieldia iryaghedhi

Parameters Seed length Seed width Seed weight Fruit length Fruit width Fruit weight
Seed length 1 otk *okk otk ok ok oo
Seed width 0.52 1 ok ok ns ok
Seed weight 0.74 0.59 1 ok oAk oAk
Fruit length 0.81 0.56 0.55 1 HHE HHE
Fruit width 0.65 0.27 0.40 0.67 1 HHE
Fruit weight 0.83 0.50 0.53 0.88 0.83 1

Note: 0.000-0.199: Very low, 0.200-0.399: Low, 0.40-0.599: Medium, 0.600-0.799: Strong, 0.800-1.000: Very strong. Source:

(Sugiyono 2010). ***: p>0.001, ns: non-significant
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Table 4. Correlation between height, root collar diameter, and
number of leaves on seedling parameters of Horsfieldia

irvaghedhi
Seedling Height .Collar Number of
parameters diameter leaves
Root collar diameter 0.76 1 oAk
Number of leaves 0.42 0.51 1

Note: 0.000-0.199: Very low, 0.200-0.399: Low, 0.40-0.599:
Medium, 0.600-0.799: Strong, 0.800-1.000: Very strong. Source:
(Sugiyono 2010). ***: p>0.001, ns: non-significant

Understanding the ecology of seedling growth is
essential not only for gaining knowledge about plant
community processes and succession, but also for
developing strategies to conserve biodiversity and restore
natural habitats (Susanto et al. 2016). Therefore, seedlings
need to be monitored in the field, as environmental traits
that are suitable for seed germination may not be ideal for
seedling or adult plant development, which generates a
conflict between seed and seedling development (Nantongo
et al. 2022).

Conservation efforts and their implications in this study

The species H. iryaghedhi remains largely unknown,
particularly in Indonesia, and is currently classified as a
garden collection at the BBG in West Java and the
Purwodadi Botanical Garden (PBG) in East Java (Junaedi
et al. 2023). Its utilization has received minimal attention.
Given that this species is critically endangered and
possesses medicinal properties, it is essential to implement
appropriate conservation strategies, such as planting it as a
collection plant in botanical gardens. Currently, generative
propagation via seed is the only known method for
conserving the Myristicaceae family, with limited research
on vegetative propagation. Since this species is classed as
severely endangered, effective genetic conservation measures
must be considered in the future, such as seed conservation
starting from determining the seed collection protocol, seed
sorting, seed testing, seed germination, intensive care in the
nursery, and the reintroduction protocol if this species is
replanted into its natural habitat.

This study found a strong correlation between the fruit
and seed traits of H. iryaghedhi; therefore, seed
conservation should begin with selecting healthy and
normal-sized fruits to obtain seeds of similar size (normal
size). Twenty-four-month-old seedlings in the BBG nursery
are not yet ready to be planted in their natural habitat, as
they have a mean height of 106+£32.74 cm, which is less
than 2 m. Seedlings with above 2 m are thought to be more
resistant to the underpressure of sunlight, have bigger roots
to get nutrients, and are pathogen-resistant. Another case
for H. kingii is that low tree densities, sporadic and supra-
annual fruiting, skewed sex ratios, and possible pollination
limitations may result in low fruit and seed availability for
this species, as well as the effects of anthropogenic
disturbances, deforestation, and climate change, placing
them at greater risk in their natural habitat (Datta and Rane
2013).

This study was limited to one fruiting year, and there is
no previous literature on the morphology of H. iryaghedhi
fruits collected from BBG and PBG. Future studies could
investigate whether changes in seed morphology occur
from year to year, influenced by environmental conditions
and fruit position on the tree, allowing for additional
multivariate analysis, such as principal component analysis
(PCA) or other cluster analysis. In addition to being a
collection plant at BBG, the H. iryaghedhi collection
planted in PBG in East Java can be explored further if used
as genetic material, given that the two sites present
different conditions. This highlights the need for a
comprehensive conservation approach, including intensive
phenological studies from the flowering stage to the fruit
maturation. Selecting fruit and seeds with proportional
shape and larger size from the same population will
enhance quality and promote future growth (Martinez-
Gonzélez et al. 2021). Although this study was constrained
by the limited number of seeds and trees analyzed, it
provides valuable insights into the morphology and
characteristics of seeds, fruits, and seedlings, which can be
easily altered for future research or practical field
applications. Collaboration between nursery practitioners
and field managers is essential to identify plant traits that
support the survival of H. iryaghedhi seedlings. Practitioners
should also provide nursery workers with additional
insights on habitat conditions and contribute observations
regarding reforestation efforts and the success of different
seedling varieties. This is crucial for producers to enhance
seed quality, taking into account the findings and
recommendations (Mataruga et al. 2023).

In conclusion, H. iryaghedhi's seed and fruit traits were
predicted using length, width, and weight parameters,
revealing a positive correlation among all tested traits. All
traits examined at BBG showed low variability despite
being obtained from mother trees from different origins.
Additionally, height and root collar diameter traits were
found to be closely related in 24-month-old seedlings, with
the root collar diameter increasing with seedling height.
However, only a minimal correlation was found between
the number of leaves and either seedling height or root
collar diameter. Given that H. iryvaghedhi is critically
endangered, further efforts are necessary to enhance both in
situ and ex-situ conservation strategies. The BBG is an
important site that serves as a source of propagation
material for growing new seedlings and transplanting them
to similar sites within the BBG. It is essential to understand
that the trees in BBG are mother trees, and this is extremely
important for the future population of this species, as they
would be one of the primary sources of seeds for H.
iryaghedhi.
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