Buletin Kebun Raya 23(3): 196‒209, Desember 2020
https://publikasikr.lipi.go.id/index.php/buletin

Buletin Kebun Raya
e-ISSN: 2460-1519
p-ISSN: 0125-961X

The Botanic Gardens Bulletin

Scientific Article

OBSERVATION SERIES OF FLOWERING AND FRUITING PHENOLOGY OF
Mischocarpus pentapetalus (Roxb.) Radlk. (SAPINDACEAE) IN CIBODAS
BOTANIC GARDENS, 2014-2018
Serangkaian pengamatan fenologi pembungaan dan pembuahan Mischocarpus pentapetalus (Roxb.) Radlk.
(Sapindaceae) di Kebun Raya Cibodas, 2014-2018
Imawan Wahyu Hidayat1,2*, Yudi Suhendri2
1Research

Center for Plant Conservation and Botanic Gardens, Indonesian Institute of Sciences (LIPI),
Jalan Ir. H. Juanda 13, Bogor, West Java, Indonesia 16122
2Cibodas Botanic Gardens, Indonesian Institute of Sciences (LIPI), Sindanglaya, Pacet-Cipanas, Cianjur, Indonesia 43253

Informasi Artikel

Abstrak

Diterima/Received
: 15 Juni 2020
Disetujui/Accepted
: 30 November 2020
Diterbitkan/Published : 1 Desember 2020

Mischocarpus pentapetalus (Roxb.) Radlk. merupakan tumbuhan potensial untuk
dikembangkan sebagai pohon buah dan kayu. Pengamatan komprehensif terhadap tahap
reproduksi spesies ini masih terbatas. Untuk mendapatkan pengamatan berkelanjutan dan
berurutan, studi fenologi ini dilakukan di Kebun Raya Cibodas (KRC). Studi ini bertujuan
mengamati fase berbunga dan berbuah M. pentapetalus dan menganalisis efek iklim mikro
yang terkait dengan siklus hidupnya. Pengamatan dilakukan pada tiga spesimen pohon M.
pentapetalus yang ditanam pada Januari 1979 (Spesimen I), Januari 1985 (Spesimen II), dan
Januari 1987 (Spesimen III) di KRC. Studi ini menggunakan analisis kuantitatif deskriptif
berdasarkan pengamatan inventarisasi eksplorasi data fase berbunga dan berbuah pada
Spesimen I dan kondisi iklim mikro, yang keduanya dinilai dari 2014 hingga 2018. Spesimen II
dan III hanya diamati fenologinya pada 2019. Hasilnya menunjukkan bahwa kondisi iklim
mikro KRC selama lima tahun relatif kurang beragam, kecuali untuk presipitasi (σ ≈ 1.367). Hal
ini diduga mempengaruhi tahap reproduksi yang dominan terjadi pada awal dan akhir tahun.
Pada periode ini terjadi peningkatan curah hujan yang muncul bunga dan perkembangan
selanjutnya ke fase berbuah. Panen biji dan stok ulang disarankan dilakukan pada periode ini
untuk mencapai hasil maksimal.
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Abstract
Mischocarpus pentapetalus (Roxb.) Radlk. is a potential plant to be developed as a fruit tree
and timber. A comprehensive observation of the reproductive stage of this species is still
limited. In order to achieve a continuous and sequenced observation, a phenological study
was conducted in Cibodas Botanic Gardens (CBG). This study aimed to observe the flowering
and fruiting phase phenology of M. pentapetalus and analyze the microclimate’s effect related
to the cycle. The observation conducted to three specimens of M. pentapetalus which were
planted in January 1979 (Specimen I), January 1985 (Specimen II) and January 1987 (Specimen
III), at CBG. The study used descriptive quantitative analysis based on the exploratoryinventory observation of flowering and fruiting phase data of Specimen I, and the
microclimate conditions, both are assessed from 2014 to 2018. Specimen II and III were only
observed for their phenology in 2019. The results showed that the microclimates condition of
CBG for five years was relatively less diverse, except for precipitation (σ ≈ 1.367). This results
suspected influenced the reproductive stages that dominantly occurred in the early and at the
end of the year. In these periods occurred an increase in rainfall that emerges the flowers and
next- development into the fruiting phase. Seeds harvesting and (re)stock suggested can be
conducted on these periods in order to achieve maximum results.

This is because forest fruits are considered as 'minor
product' with economically less important (Uji 2007). The
diversity of species and germplasm of Indonesian native
fruits are broad, especially important value as a basic
asset for fruit plant breeding. There are 226 species of
native Indonesian fruit plants are edible, most of which

INTRODUCTION
For a long time, most forest products in Indonesia
known and considered of high economic value are the
results of the wood. However, there are a group of plant
species as fruit producers that are recently widely known.
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grow wild in the forest (184 species), only a small
phenological cycle of this species (Jansen et al. 1991).
proportion have been cultivated (62 species) and 18 of
There are several reasons concerning the importance to
them are endemic (Uji 2007; Dodo 2015).
construct the phenological pattern, such as to support the
One of the important families as fruit plant is
conservation efforts (Morellato et al. 2016), to explore
Sapindaceae and it is incredibly diverse in Indonesia (Uji
function of the ecosystem data (Pau et al. 2011), to obtain
2007). Indeed, Sapindaceae is well known for their
seasonality data for crop and to do farm work in the right
importance as the food source (Uji 2007; Buerki et al.
season (Abbas et al. 2017; Tariq et al. 2018), to determine
2013; Milow et al. 2014; Dodo 2015) and chemical
the appropriate time for plant seed collection (Ritchie et
constituents (Manfron et al. 2010; Padulosi et al. 2011;
al. 2017; Luna-Nieves et al. 2017), to observe the relation
Raza et al. 2013). These 26 species of Sapindaceae are
between abiotic factors with phenology (Scheffers et al.
edible (Uji 2007) and potentially to be developed as fruit
2016; Dunham et al. 2018), etc.
diversification in Indonesia (Uji 2007). One of them is
In addition to observing the phenology phase
Mischocarpus pentapetalus (Roxb.) Radlk. or ki hoe
made in the wild, a comprehensive observation can also
(Sundanese) (Rozak et al. 2016; Hendrawan et al. 2019);
be made in a manageable environment. In botanic
bebak (Javanese) (Uji 2007); kedupai (Borneo) (Diazgardens, the phenology observation of a species is
Novellon et al. 2004); or rambutan pucat (Bahasa
conducting sequentially, usually weekly. This study aimed
Indonesia) (Jansen et al. 1991; Uji 2007; Normasiwi &
to assess the flowering and fruiting phenology of M.
Surya 2016).
pentapetalus for five years (from 2014 to 2018) at
This species is an evergreen tree up to 25 m tall
Cibodas Botanic Gardens, and analyze the effect of the
and the habitat in both primary and secondary forests,
garden’s microclimate related to the phenology cycles.
growing in mixed dipterocarp, coastal (mangrove edges,
This study is expected to support the conservation efforts
beach edges), and sub-montane forests, both on slopes
of M. pentapetalus, especially for the seeds harvesting
and ridges as well as by rivers and streams; at elevations
period and to (re)stock for further propagation needs.
up to 2,000 m asl. The distribution from India through
Indo-China to China and Malesia (New Guinea excepted)
MATERIALS AND METHODS
(Jansen et al. 1991). The fruit of M. pentapetalus is edible
with reddish fruit, subglobose to ellipsoid capsule, usually
Study site
10–20 (30) mm in diameter, splitting into 2–3 sections,
The study was conducted at Cibodas Botanic
each with a seed enveloped by a thinly fleshy, orange
Gardens (CBG), Cianjur, West Java. The geographical
arillode (Jansen et al. 1991; Gardner et al. 2000). The
location of CBG is at 107° 0' 10.476" to 107° 0' 59.275" E
stem wood can be used as a tonic after childbirth
and 6° 44' 6.787" to 6° 44' 51.112" S. CBG is located at the
(Gardner et al. 2000).
eastern mountainside of Mount Gede-Pangrango, with an
M. pentapetalus is a large tree, and the wood is
altitude of approximately 1,300-1,425 m asl., with an area
straight, heavy, fine and durable (Hong 2017), so it
of ± 84.99 ha. The average temperature is 20 °C, the
perhaps can be used as a construction material. Even this
humidity of 80.82% and the average rainfall of 2,950 mm
tree is ‘not assessed’ (NA) by IUCN Redlist as threatened
per year (Registration Unit-CBG 2018a). CBG is ex-situ
species (IUCN 2020), but the existence of this species in
plant conservation with various types of plants that
the wild is important to support the habitat of the
mostly originated from Indonesia, with more than 60% of
threatened animals, such as langurs or javan lutung
the collections, especially from the wet tropical
(Hendrawan et al. 2019) and orangutans (Lee et al. 2019).
mountainous zone and other foreign countries.
Moreover, M. pentapetalus to be recommended as a
preferred species for forest rehabilitation in Kutai
Study samples
National Park to support orangutans (Lee et al. 2019).
The subject of the study was three specimens of
Therefore, in order to support the conservation
M. pentapetalus planted in the garden in January 1979
efforts and ensure the sustainability of this tree species as
(Specimen I), January 1985 (Specimen II), and January
an asset for breeding in the future (Uji 2007; Milow et al.
1987 (Specimen III) (Registration Unit-CBG 2018b).
2014; Normasiwi & Surya 2016), it needs to gather
Specimen I was observed from 2014 to 2018, and
information of flowering and fruiting phase phenology of
Specimen II and III were only in 2019. The morphology
M. pentapetalus. These are used in the future to plan
traits of the specimens are described in Table 1. The
seed collection and to produce a mass seedling. There is
preview of the specimens can be observed in Figure 1.
only limited and general information about this species’
Table 1. Morphological traits of the observed specimens of M. pentapetalus.
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Specimens of
M. pentapetalus
Specimen I
Specimen II
Specimen III

Planted in
January 1979
January 1985
January 1987

Height (m)

Diameter of
breast height
(cm)

Diameter of
canopy
(m)

5.94 ± 0.05
5.5 ± 0.05
9.7 ± 0.05

28.95 ± 0.05
29.02 ± 0.05
26.41 ± 0.05

10.37 ± 0.05
9.12 ± 0.05
8.3 ± 0.05
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Figure 1. M. pentapetalus tree of CBG as the subject of the study: (a) Specimen I; (b) Specimen II; (c) Specimen III. (Photograph by: Yudi Suhendri).

Data collection
The collected database consisted of two main data,
microclimates data (i.e. temperature, humidity,
precipitation, and wind velocity) and the observation
records of flowering and fruiting phenology of M.
pentapetalus. The microclimates data recorded from 2014
to 2018. All microclimates data collected from the
weather station established at CBG. The observation
equipment located in front of the management office of
CBG. The collected data were accurate to describe
weather conditions surrounding equipment minimum in a
radius of the 1 km2.
The weather equipment was automatic constantly
sent current data to the server regarding the
microclimates’ observed of CBG. The data from the server
collected hourly then accumulated in daily data.
The following data was the observation records of
the flowering and fruiting phenology of M. pentapetalus.
This reproductive study was conducted by documenting
the observations of the frequencies of flowering and
fruiting events (Hatta et al. 2005). The reproductive
growth stages consist: (i) flower buds, (ii) flowering, (iii)
young fruits, and (iv) ripe fruits. These events
documented based upon the following five different

categories: Rank 5 is defined by more than 80% of
flowering or fruiting (abundant); Rank 4, flowering or
fruiting on 60 to 80% (moderately abundant); Rank 3,
flowering or fruiting on 30 to 60% (moderate); Rank 2,
flowering or fruiting less than 30% (rare), and Rank 1
without flowering or fruiting, 0% (nothing) (Hatta et al.
2005).
Data analysis
The microclimates’ daily data were then
processed, presented monthly depends on the unit, such
as temperature, humidity, and wind velocity, and
presented in the average value and precipitation data
describing the sum of rain volume. In data analysis, the
microclimates’ data will be presented quantitatively.
Along with data analysis, in order to resolve
differences among the microclimates' data, both in value
and unit, the number will be transferred in natural
logarithm, ln (xi). The amount of variation of these data
series determined by a standard deviation (σ). A low σ
indicates that the data points tend to be close to the
mean or less variety, while a high σ indicates that the data
are spread out over a broader range of values or much
variety (Widodo & Andawaningtyas 2017).
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The reproductive stages of all specimens of M.
pentapetalus were presented through a monthly timeseries each year, based on the rank of each phase of
reproductive growth. All collected data were shown in a
graphic form.

Microclimates data series of CBG from 2014 to
2018 were presented in detail in Figure 2. However, for
several times, it could not be conducted recording the
data caused by the errors either in the weather
equipment or the server. All data were occurred error in
March to November of 2014, November and December
2016, and February 2017. Another error were also found
in precipitation data from January to February 2014, and
so January to February 2017. Therefore, only three
months' data were recorded in 2014, except precipitation
which only one-month data in December, and still used in
the calculation.

RESULTS AND DISCUSSION
Microclimates data series surrounding CBG and
reproductive stages of M. pentapetalus at CBG from 2014
to 2018 were described below. There was a difference
value trend both in month and year.
Cibodas microclimates variability from 2014 to 2018
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Figure 2. Dynamic microclimates conditions (i.e. temperature, humidity, precipitation, and wind velocity) of CBG from 2014 to 2018.

Based on microclimates data series from 2014 to
2018, the unit which has the widest amplitude was
precipitation (σ ≈ 1.37) and also had interannual variety
(except 2014), but the other units only have minor data
variety (σ < 1) (Table 2). The temperature and humidity
were less diverse neither inter month in a year and
interannual. On the other hand, wind velocity only has
slight diversity. These conditions in accordance with the
low-mid montane with wet tropic zone characteristics
described by Underwood et al. (2014), where CBG
included in this zone.

Based on the data, heavy rainfall (≥ 100 mm per
month) occurred in the early to end of the year (wet
season), along with this, solar radiation decreased. This
can be understood when heavy rainfall occurred, cloud
covers very thick, and prevents solar radiation
penetrations. Furthermore, rainfall occurred closely
related to air pressure differences, bigger differences will
give a bigger chance for the occurrence of rain.
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Table 2. Standard deviation (σ) value of the normalized microclimates unit (ln (xi)).
Microclimates
unit
(xi)
Temperature
Humidity
Precipitation
Wind velocity

σ value
[of ln (xi)]
2014

2015

2016

2017

2018

0.032971
0.03773
n.d.
0.505993

0.027103
0.05455
1.60277
0.240261

0.030021
0.01851
0.54435
0.25293

0.066105
0.04711
1.32077
0.809565

0.034193
0.07506
1.58183
0.377807

Total
(2014 to 2018)
0.04529
0.05462
1.36607
0.54107

Note: n.d.: not detected, caused by only contain single data record in December. (Source: data processing)

The rainfall gives a significant variant of the
microclimates' condition of CBG and the surrounding. CBG
and the surrounding included in a zone characterized by
the number of wet months more than dry months,
between seven to eight months per year, and
accumulatively above 1,000 mm annual rainfall (MuellerDombois & Fosberg 2013; Corlett 2014). CBG is the type
of C to B, or less wet to wet, based on Schmidt-Ferguson
classification, and it can be included in tropical rainy
climates or wet tropics ‘Am’ based on Koppen (Corlett
2014).

that started in the second of March to the end of April.
Furthermore, it is also recorded that occurred flower buds
and flowers at the end of the year that started in the third
week of October until the end of the year. This almost
similar to 2014, at the end of this year the fruiting stages
have also not occurred yet. This process also continues
until early 2016 that flowering still found in the first week
of January along with the rise of young fruits. The ripe
fruits began to be seen in the fourth week of February
until the first week of April. All these previous processes
together with the increase of the rainfall conditions.

Periods of flowering and fruiting of M. pentapetalus in
Cibodas
The characters of leaves and fruit of M.
pentapetalus in CBG showed in Figure 3. Then, the data
analysis showed that there were various differences from
2014 to 2018 for Specimen I (Figure 4), and Specimen II
and III in 2019 (Figure 5), either the flowering or fruiting
periods. All rank assessments of flowering and fruiting for
all specimens of M. pentapetalus are presented in
Appendix I, II, and III. In 2014, the stages of Specimen I
was only cover the arise of flower buds to flowering
periods and did not achieve to fruiting stages yet. It is
suspected that the flowering phase is still in the early
stages of development. In addition, the high volume of
rainfall in December 2014 (291.8 mm) was also
considered to be the cause of buds that were still
undeveloped (Dunham et al. 2018). These also only
occurred at the end of the year in a shorter time. The
period begins in the first week to the end of December,
approximately only a month.
However, this flowering development continues to
proceed through early 2015, until the second week of
January. Some flowers were also succeeded to grow into
young fruits. These young fruits continued into ripe fruits
Figure 3. Mischocarpus pentapetalus (Roxb.) Radlk. a. Leaves with
petiole and young fruit; b. multibranced fruits; c. young fruit.
d. fruit in longitudinal section, showing fleshy pericarp and
stony seed coat; e. arillode; f. pericarp; g. seed.
(Photograph by: Yudi Suhendri).
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Figure 5. Flowering and fruiting phenology M. pentapetalus in 2019: (a) Specimen II; (b) Specimen III.

The volume of rainfall which starts to increase
along with the end of dry season is considered to be a
trigger for the flowering phase (Hamann 2004; Prabhakar
2011). It started in mid-October and continues to the end
of the year, and still going into the next following year.
Later, the fruiting phases initiate in the early of January
and achieve a peak in April. The high volume of rainfall (>
100 mm per month) or wet months occurred at the early
and the end of the year of 2015 and 2016, especially
started from January to April and mid-October to the end
of December.
Furthermore, at the end of 2016, the Specimen I
did not show the occurring of the generative stages. This
was a unique condition considering the previous pattern
that the flowering phase suppose to be started in this
period. Since the end of 2016 and throughout 2017, there
were no records showing the development of flowering
and fruiting phenology of M. pentapetalus. This
phenomenon may not be clearly explained and needs to
be further research.
However, the volume of rainfall throughout 2016
was suspected to continue to April 2017 (almost) at a high
level. The level of precipitation in 2016 less diverse than
other years or relative constantly higher than 60 mm per
month (Table 1). These conditions caused the absence of
water supply differences to the plant which triggering the

reproductive stages (Hamann 2004; Prabhakar 2011),
similar to the previous periods (2014 to 2015, and 2015 to
early 2016). These conditions considered lead to the
absence of the flowering and fruiting of M. pentapetalus
at the end of 2016 to early 2017.
In addition, the absence of the reproductive stage
of M. pentapetalus has also occurred at the end of 2017.
Even it found a leap of the precipitation level that started
at the end of September, it did not trigger the
reproductive stage. Although it is not clearly visible on the
graph, it is noted that from October 2017 to early 2018,
CBG and its surroundings experienced 'extreme weather
events'. It has occurred a high level of rainfall mixed with
the high speed of the wind. Both, when they occur in high
intensity and during flowering, greatly reduce pollination.
The extreme precipitation may lead to reductions in plant
growth and increases in mortality up to 60% (Zeppel et al.
2014). The high speed of wind retards growth through
increased cold, halts growth, or through reduction of
photosynthesis because less leaf surface is exposed to the
sun (Gardiner et al. 2016).
The wind velocity reached 83.7 kph and rainfall
was always above 100 mm per month from October 2017
to January 2018. This high speed of the wind has been
massively damaging the garden collections. There were
more than fifty plant specimens have died, either

Hidayat IW, Suhendri Y. Buletin Kebun Raya 23(3): 196‒209, Desember 2020

collapsed, struck down by larger plants, or washed away
by the flood. Some of those plants were tall trees and
some were shrubs, and mostly has aged more than five
years.
These conditions also presumed to support the
explanation of why at the end of 2017 and in early 2018
the reproductive stage of M. pentapetalus not recorded,
except only in the third week of January 2018. The stage
assumed that the pollination was undeveloped due to
these extreme conditions. The young and ripe fruits only
recorded for about two weeks. Then, at the end of 2018,
M. pentapetalus began to re-enter the reproductive stage
started with the development of flower buds and also
flowers at the late of October until the end of the year,
but yet to show the rise of fruits.
In 2019, the next observation conducted to a
different specimen of M. pentapetalus, which are
Specimens II and III. In early 2019, Specimen II only
experienced the fruiting stage from January until midApril. It is possible the flowering stage occurred in the last
months of the previous year. Moreover, Specimen III
experienced both the flowering and fruiting stages in
early 2019. The flowering stage occurred in early January
and continued with the fruiting stage toward the end of
March.
Specimen II and III were also showed the absence
of reproductive stages in the middle of the year. Then,
Specimen II initiated the flowering stages in midNovember but Specimen III at the end of October. Both
patterns also showed nearly the same pattern as
Specimen I, especially in 2015. Due to the weather
equipment’s error in 2019 which results in the inability to
record the data, then the reproductive observation in
2019 did not include the microclimate influence on the
discussions. The results of this study suggested that seed
harvesting of M. pentapetalus can be conducted during
peak fruiting seasons that occurred at the early of the
year.
Several factors may influence the timing of
flowering and fruiting including rainfall, moisture,
temperature and photoperiod (Gunter et al. 2008). It
seems that the pattern of fruiting and flowering in this
study may coincide with the fluctuation of rainfall. At the
end of the dry season, in mid-October, the volume of
rainfall starts to increase. Some species also showed
similarities to with the above pattern such as Mangifera
indica (Makhmale et al. 2016), Barringtonia acutangula
(Nath et al. 2016), and Bauhinia variegata (Dutta & Devi
2015). The flowering of M. indica commences in India
around the first week of December in the southern part of
Kerala and Tamil Nadu along with the increase of rainfall.
The flowering and fruiting of B. aculata also correlated
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positively with rainfall, and the rank of correlation
coefficients (r) = 0.89 and 0.835, and both are significant
correlations. Furthermore, B. variegata initiates to enter
the flowering time from October to November and
develop into the fruit from December to January of the
next of the year during the wet season.
The increase of rainfall after the end of the dry
season, in which the precipitation tends to low, triggering
the rise of flower buds of M. pentapetalus as the
beginning of the reproductive stages. The precise timing
of flowering and fruiting could be site-specific (Gunter et
al. 2008). Site-specific defines as specific characters that
only belong to one location and distinguish it from other
locations, in relation to the phenological phase (e.g.
microclimate, micro-topography, soil biochemical, water
cycle, etc.).
The complex interactions among species
physiologies, local conditions, and intra-annual variation
in the timing of rainfall, lead to considerable variation in
the timing, duration, and magnitude of phenology cycle
among the tree species (Williams et al. 2008). Correlation
between phenology and rainfall patterns may also be
complicated by environmental heterogeneity and sitespecific variation that may influence the association
between rainfall and water availability to an individual.

CONCLUSIONS
The study showed that microclimates condition in
CBG relatively less diverse, except for precipitation.
Precipitation is also suspected as influencing the
reproductive stages of M. pentapetalus. The leap of the
rainfall volume that occurred early and at the end of the
year becomes an important factor in the emergence of
the flowers and its development into fruits. Therefore,
seed harvesting can be conducted during peak fruiting
seasons that occurred in the early of the year (January to
April). However, the study also noted that extreme
weather events could break the pattern. A high level of
precipitation along-year mixed with high speed of wind
ruins the flowering which usually occurs at the end of the
year. Furthermore, in order to understand the internal
and external factors that influence the reproductive
stages of species must integrate detailed physiological
studies to complement the growing body of correlative
and descriptive studies of phenology.
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