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ABSTRACT

The life cycle of Rafflesia is very complex because it involves the invisible and visible parts of its growth. The invisible
part refers to its penetration, inoculation of the seeds into the host’s tissue and seed formation whereas the visible
part is the floral structure that is exposed to the external environments. Currently, there is little information on the life
cycle of Rafflesia, therefore knowledge regarding its life cycle is crucial for a successful monitoring of the species as part
of conservation efforts. The objectives of this study were to analyse the growth of flower buds at various developmental
stages and mortality rates of Rafflesia azlanii and R. cantleyi, and to observe the life cycle of the two species. The
growth rate of R. azlanii and R. cantleyi were recorded monthly for five months beginning from an emergence of buds
to full bloom in the study sites of Belum-Temenggor Forest Complex, Perak. The buds were measured and vertically
photographed for every observation and categorized into eight stages. R. az/anii buds grew at the mean rate of 0.20
cm/day and R. cantleyi was at 0.26 cm/day. This suggests that R. azlanii exhibited a slower growth rate than R. cantleyi.
In addition, the mortality rate of R. azlanii (28%) was lower than R. cantleyi (45%). The high mortality rate could
be due to two factors; an exposure of the plants to direct sunlight and damage caused by pests. Meanwhile, the life cycle
for the visible stage for R. azlanii was 14 months and R. cantleyi was 11 months. The information gathered from this
study is useful for field monitoring and observation of the plants for conservation purposes.
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ABSTRAK

Kitaran hidup Rafflesia sangat kompleks kerana melibatkan bahagian pertumbuhan yang tidak kelihatan.
Bahagian yang tidak kelihatan merujuk kepada penembusan, inokulasi benih ke dalam tisu inang dan pembentukan benih
manakala bahagian kelihatan adalah struktur bunga yang terdedah ke persekitaran luaran. Pada masa ini, terdapat sedikit
maklumat mengenai kitaran hidup Rafflesia, oleh itu pengetahuan mengenai kitaran hidupnya sangat penting untuk
pemantauan dan sebahagian daripada usaha pemuliharaan. Objektif kajian ini adalah untuk menganalisis pertumbuhan
bunga pada pelbagai tahap perkembangan dan kadar kematian Rafflesia azlanii dan R. cantleyi dan mencerap kitaran
hidup untuk kedua-dua spesies tersebut. Kadar pertumbuhan R. azlanii dan R. cantleyi direkodkan setiap bulan selama
lima bulan daripada kemunculan hingga bunga mekar di lokasi kajian Kompleks Hutan Belum-Temenggor, Perak.
Tunas diukur dan difotograf secara menegak untuk setiap pemerhatian, dan ia dikategorikan kepada lapan tahap. Tunas
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untuk R. azlanii telah tumbuh pada kadar 0.20 cm/hari dan R. cantleyi pula pada 0.26 cm/hari. Ini menunjukkan bahawa
R. azlanii mempunyai kadar pertumbuhan yang lebih perlahan daripada R. cantleyi. Kadar kematian R. azlanii (28%)
adalah lebih rendah daripada R. cantleyi (45%). Kadar kematian yang tinggi mungkin disebabkan oleh dua faktor;
pendedahan tumbuhan kepada cahaya matahari secara langsung dan kerosakan oleh serangga perosak. Sementara itu,
kitaran hidup untuk tahap yang dapat dilihat untuk R. azlanii adalah 14 bulan dan R. cantleyi adalah 11 bulan. Maklumat
yang dikumpulkan daripada kajian ini berguna untuk pemantauan dan pemerhatian di hutan untuk tujuan pemuliharaan

tumbuhan ini.

Kata kunci: Kadar pertumbuhan tunas; kematian; kitaran hidup; Rafflesia azlanii; Rafflesia cantleyi

INTRODUCTION

Rafflesia becomes a major tourists’ attraction because
of its uniqueness, beautiful, gigantic flower, rarity, and
can only be found in Southeast Asia (Mat Salleh & Latiff
1989; Peters & Ting 2016). The occurrence of this rare
species not only can help the economy of the country, but
also can make the world to recognise this valuable species
as the incredible inspiring works of nature (Kendall
2013). Recently, however, the population of Rafflesia is
declining as a result of bud collection, natural disasters
due to the monsoon season, shifting cultivation and
deforestation (Hidayati & Walck 2016). The plant has
widely been used by indigenous people for its purported
medicinal attributes that in the belief it can help restore
health and strength (Latiff 2018). Susatya (2011) reported
that the mortality of Rafflesia is quite high due to various
factors, such as extreme climate condition, small size of
population, diameter of the buds, predation, the condition
of the host plants and the number of buds in one host vine
at the same time. A few studies reported that some of bud
populations had 100% of buds dying before flowering as
shown in R. bengkuluensis in Talang Tais, Indonesia with
mortality rate up to 100% in two-month period (Susatya
2011; Susatya et al. 2017).

The declining trend of Rafflesia population indicates
that a critical issue needs to be addressed in order to
protect this valuable species from an extinction threat. To
conserve Rafflesia, one has to have an understanding on
various aspects of the species such as population size, life
cycle and habitat management. Unfortunately, only six
species (R. patma, R. keithii, R. pricei, R. tengku-adlinii
R. arnoldii, and R. consueloae) were reported to have a
detailed life history (Susatya 2020; Tolod et al. 2020).

The life cycle of the species is complex which
is divided into two parts, invisible and visible parts
(Hidayati et al. 2000; Susatya 2020). The invisible part
includes the seed inoculation and seeds germination
occurring inside the host plant which can take from 2 to
3 years whereas the visible part is the emergence of the

bud on the host plant. Meanwhile, the growth of Rafflesia
flowers according to Nais (2001) involved eight stages in
the life cycle including pollination, seed dispersal, seed
germination, emergence of flower bud, mature bud and
anthesis stages. The different bud sizes represent different
growth rates (Hidayati et al. 2000) and mortality rate was
reported to be due to the combination of the exposure
of various external environments and various bud sizes
(Susatya et al. 2017). By focusing on the visible part of
the species, this study aimed to determine the growth of
flower buds at various development stages and mortality
rates of R. azlanii and R. cantleyi and analyse the life
cycle of these two species in Belum-Temenggor Forest
Complex (BTFC), Perak, Malaysia.

MATERIALS AND METHODS

This study was conducted in two areas in BTFC — Kg.
Sg. Raba and Kg. Bongor, Perak (5° 20’ 0” North, 101°
22’ 0” East). BTFC is the biggest continuous forest
complex in Peninsular Malaysia (Razak et al. 2015).
BTFC consists of Royal Belum State Park, Gerik Forest
Reserve, Banding Forest Reserve, Amanjaya Forest
Reserve and Temenggor Forest Reserve (Malaysian
Nature Society 2013). In this study the area consisted
only of Gerik Forest Reserve (Kg. Bongor) and Banding
Forest Reserve (Kg. Sg. Raba) (Figure 1). BTFC has a
tropical climate mostly dominated by dipterocarp forests,
with annual rainfall reaching 3,000 mm per year and an
average temperature throughout the year ranging from
2410 29.9 °C (Aiman Hanis et al. 2014). The humidity of
the area ranges from 70 to 98% with high rainfall during
the months of April and October and low rainfall in
February and July (Aiman Hanis et al. 2014).

FIELD DATA COLLECTION
Two Rafflesia species (R. cantleyi and R. azlanii) were
studied in Kg. Bongor and Kg. Sg. Raba, respectively.
They were monitored and the measurements of the plant
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FIGURE 1. Location of study area in Belum-Temenggor Forest
Complex. The circles represent the study sites
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buds and flowers were recorded every month for five
months in both study sites beginning from June 2019 to
October 2019. The species identification of Rafflesia and
Tetrastigma were performed by a taxonomist with the
aid of herbarium specimens at Universiti Kebangsaan
Malaysia (UKM). Overall, the samples were located in
eight study areas in BTFC within different forest types
such as hill dipterocarp forests with the elevation ranging
at 314-355 m above sea level (asl) and extending to
riparian forests. The diameters of Rafflesia buds and
flowers were measured by the widest diameter length.
The diameter increment was determined by calculating
the increment from the first month to the second month
and further followed by the subsequent months. The
data involved for increment analysis only consisted of
surviving buds during the entire five months’ observation
period (24 and 42 buds for R. azlanii and R. cantleyi,
respectively). The life cycle for both species was
measured according to the total period of eight stages
as shown in Figure 2 with the invisible phase according
to Hidayati et al. (2000). The mortality rate of the plants
was calculated using the following equation (Nowak et
al. 2004):

Total number of dead bud
Total number of bud

x 100

Mortality rate =

In this study, the observation was limited to the
visible structure of bud and flower developmental stages
of R. azlanii and R. cantleyi. The measured buds were
categorized into eight stages (Figure 2). The first is the
swollen host stage which is referred to as the presence
of a bulge on the host’s stem. The second stage is the
cupule stage, whereas the third stage is cupule-bract
transition stage (CBT). In CBT, the bracts are present when
the cupule parts (host tissue) are visible and gradually
replaced by bracts. The fourth stage is the bract stage
which refers to visible buds fully enclosed by the bracts
in which the host tissues are no longer visible on top of
the buds. The fifth stage is known as whitish perigone
stage indicating the presence of whitish colour of perigone
lobes as a result of abscission of bracts. The sixth
stage is pinkish perigone stage in which the whitish
colour turned to pinkish on perigone lobes, and seventh
stage refers to when perigone lobes are exposed fully
and the bracts can no longer be seen on top of perigone
lobes. Finally, the eighth stage is the anthesis stage when
the flower is in full bloom. In order to assist in visual
observation, the buds were vertically photographed in
order to categorize them accurately into the respective
developmental stages. The stages were interpreted based
on 80-100% of the images of vertically photographed
buds covered by cupules, bracts and perigone lobes.
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FIGURE 2. The flower developmental stages of Rafflesia. A) swollen host stage, B)
cupule (cp) stage, C) cupule-bract transition stage, CBT, D) bract (br) stage, E) whitish
perigone (pr) stage, F) pinkish perigone stage, G) perigone stage, and H) anthesis stage

DATA ANALYSIS

Analysis of Variance was used to analyse the mean of
measured variables for each species in each study site.
When significant differences were detected, a post-hoc
Duncan’s multiple comparison test was performed
to determine which of the means are different. An
independent Student’s ¢-test was performed to test
differences in the bud diameter increment between
the two Rafflesia species. All statistical analyses were
performed using Statistical Analysis Software (SAS)
version 9.3 (SAS Institute Inc. 2018).

RESULTS AND DISCUSSION

The morphology and bud growth rate of R. azlanii
in Kg. Sg. Raba and R. cantleyi in Kg. Bongor were
monitored for five months beginning June 2019
until October 2019. The developmental stages were
categorized and monitored from the newly emerged buds
to fully bloom of flower.

GROWTH RATE

The growth of R. azlanii and R. cantleyi was analysed
based on the diameter size with an additional analysis on
the diameter increment for both species. Table 1 shows
the descriptive statistics for bud and flower diameters
for R. azlanii and R. cantleyi. During the first month, a
total of 34 and 88 buds were sampled for R. azlanii and
R. cantleyi, respectively. This suggests that Kg. Bongor
consisted of a larger population size of R. cantleyi than

Kg. Sg. Raba for R. azlanii. The number of samples was
consistently reduced after the first measurement (Table
1). The reasons for the decline are discussed below later.
The descriptive statistics of bud diameter increment for
both Rafflesia species is presented in Table 2.

Analysis of Variance was performed to analyse
differences in the mean diameter of buds during the five
measurements for both species. From the analysis, it was
found that there were no significant differences in the
mean diameter of buds for R. cantleyi (P=0.2555) and
R. azlanii (P=0.7131) throughout the five-month growth
period. This suggests that the diameter growth rate is
uniform for the Rafflesia buds and flowers in both
areas. This could be due to the uniformity of climate in
those areas. The research site was in the district of Gerik,
Perak which harbours tropical rainforest with relatively
constant temperature, relative humidity, rainfall and
day length throughout the studied year. Table 3 shows
the mean temperature, mean relative humidity and the
total amount of rainfall per month for the five months’
period from Bersia Power Station, the nearest power
station to the research areas. The mean temperature in
each month did not differ much. However, the mean for
relative humidity was slightly different, the highest
was recorded in the month June and the lowest was in
September. The relative humidity increased until the end
of the year due to the monsoon season. Slight difference
in terms of the temperature in the research areas might
have caused the uniformity in growth for the Rafflesia
species in both areas. This condition makes the plants



tend to receive relatively similar rainfall, light intensity
and temperature.

Figures 3 and 4 show the diameter measurements
of R. azlanii in Kg. Sg. Raba and R. cantleyi in Kg.
Bongor for five months’ observation period. These figures
present the results from Duncan’s multiple comparison
tests following the Analysis of Variance. Despite an
increasing trend was observed in the bud growth of
R. azlanii throughout five consecutive measurements,
no significant differences were detected between them
(P>0.05) (Figure 3).

A slightly different trend was observed, however,
in the case of the bud size of R. cantleyi in Kg. Bongor
from a multiple comparison analysis. Significant
differences in the mean of bud size between the first
two measurements (June and July) and the third and
fifth measurements (August and October) (P<0.05)
were observed. However, no significant differences
were apparent in the mean size of buds during the last
three measurements (August, September and October)
(P>0.05) (Figure 4). The variation of the means of bud
diameter for R. cantleyi could be due the transition of
the bud from one stage to another, i.e., from cupule-bract
transition stage to bract stage. As the bud develops, it
will also show different growth rate and mortality rate
(Hidayati et al. 2000; Susatya et al. 2017).

An independent Student’s z-test was performed
to study the differences in the bud diameter increment
between R. azlanii and R. cantleyi. From the analysis,
it was found that there was a significant difference in
the mean diameter increment between R. azlanii and
R. cantleyi (P=0.0294). This suggests that the mean
diameter increment or the diameter growth rate for R.
cantleyi is significantly greater than R. azlanii.

Figure 5 shows the mean diameter increment for R.
azlanii and R. cantleyi buds during the five observation
months. The buds selected for increment analysis were
from live buds during the entire five months which
comprised of 24 buds for R. azlanii and 42 buds for R.
cantleyi. The diameter increment of R. cantleyi buds
was slightly higher than R. azlanii buds during the
early growth stages (Figure 5). The difference became
apparent towards the later growth stages. This was
attributed to the difference in size between the buds in
which R. cantleyi buds were larger in size than R. azlanii
buds (Figure 5).

It was reported by Hidayati et al. (2000) that the
larger buds exhibited a faster rate of increase in diameter
compared to the smaller buds. It was concluded that
the larger buds have faster growth rate with a wider
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diameter compared to the smaller buds. Nevertheless,
the diameter increment of R. azlanii buds was decreased
during the later growth stages, and it was during the last
measurement month where the monsoon season started.
The R. azlanii buds found dead mostly were at the cupule
stage with a mean of 3.08 cm. Susatya et al. (2017)
reported that the bud diameter ranging from 3 to 6 cm
showed the highest mortality rate of 44%, followed by
smaller diameter ranging from 1 to 3 cm (30%) and 12
to 15 cm (27%) due to the insufficient nutrients needed
by the host.

Table 4 shows the number of the buds and flowers
according to the stages for R. azlanii and R. cantleyi.
The means of growth rate (cm/day) of buds at different
developmental stages are tabulated in Table 5. The values
were calculated by measuring the diameter differences
between developmental stages and divided by the
number of days. The visible buds were categorized
into eight developmental stages (Table 5). The mean
growth rate of bud diameter varied across the stages with
the lowest rate in the cupule stage for both R. azlanii
(1.04-2.1 cm/day) and R. cantleyi (0.91-2.3 cm/day).
Meanwhile, the anthesis indicated the highest value
for both species, R. azlanii was 39.64-43.56 cm and
R. cantleyi was 44.0-46.66 cm. In a study conducted
by Susatya (2020) in Sumatra, the perigone stage of R.
arnoldii grew 12 times faster than the bract and cupule
stages. In this study, the perigone stage of R. azlanii
grew seven times faster than the cupule stage while the
perigone stage of R. cantleyii grew five times faster than
the cupule stage. This might be due to the larger size of R.
arnoldii compared to other Rafflesia species as reported
by Susatya (2020). Hidayati et al. (2000) reported that
large buds exhibited a faster rate of increase in diameter
compared to smaller buds, which is in agreement with the
results obtained in this study (Table 5). Rapid growth of
large buds was reported in several studies elsewhere for
other Rafflesia species such as R. arnoldii (Susatya 2020),
R. patma (Hidayati et al. 2000), R. keithii, R. pricei, and
R. tengku-adlinii (Nais 2001), and R. consueloae (Tolod
et al. 2020).

The bud growth rate for R. azlanii was 0.20 cm/
day as compared to that of R. cantleyi at 0.26 cm/day,
suggesting that the buds of R. cantleyi grew faster than
R. azlanii. Meanwhile, the perigone lobes were fully
exposed for R. azlanii when the buds reached at 21.5
cm in mean diameter size as compared to 17 cm for R.
cantleyi. From the total of R. azlanii buds observed, only
one bud attained maturity, and unfortunately it was found
dead before blooming. Similarly, only one R. cantleyi bud
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achieved maturity and was found dead during the full
bloom (Figure 6). During the first month of observation,
one dead R. azlanii flower was found in Kg. Sg. Raba.
The flower began to bloom upon reaching ca. 20 cm
diameter where the length of time from bud emergence to

bloom for R. azlanii was from 13 to 15 months. However,
R. cantleyi flower began to bloom when it reached ca. 17
cm where the time span from bud emergence to bloom
was from 11 to 13 months. The mean diameters of the
flowers were 41.8 and 48.0 cm for R. azlanii and R.
cantleyi, respectively.

TABLE 1. The descriptive statistics of bud and flower diameters for five months

Location Month n Mean (cm) Std. deviation =~ Minimum Maximum
Kg. Sg. Raba (R. June 34 3.88 3.05 1.00 13.0
azlanii)
July 35 4.03 3.33 1.20 16.2
August 32 4.4 3.84 1.20 21.5
Sept 30 438 2.6 1.40 11.3
Oct 28 4.97 2.87 1.60 12.0
Kg. Bongor (R. June 88 3.71 3.75 0.50 34.0
cantleyr)
July 89 4.55 5.00 0.85 44.7
August 87 4.47 3.12 0.60 19.2
Sept 80 4.5 3.24 0.80 17.2
Oct 70 5.26 5.63 0.80 38.7
TABLE 2. The descriptive statistics of bud diameter increment

Location Increment n xgla)n Std. deviation Minimum Maximum
Kg. Sg. Raba (R. Ist 24 0.51 0.34 0.10 1.30
azlanii)
2nd 24 0.55 0.36 0.05 1.30
3rd 24 0.63 0.40 0.05 1.50
4th 24 0.48 0.38 0.05 1.90
Kg. Bongor Ist ) 0.66 0.45 0.10 1.80
(R. cantleyi)
2nd 42 0.70 0.56 0.05 2.25
3rd 42 1.32 1.85 0.10 7.90
4th 42 1.49 3.37 0.10 21.50
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TABLE 3. Mean temperature, relative humidity and rainfall from Bersia Power Station in year 2019 (Malaysian Meteorological

Department 2019)
Month Mean temperature (°C) Mean relative humidity (%) Rainfall (mm)
June 26.5 78.3 37.5
July 26.3 76.5 243
August 26.7 72.4 574
September 26.6 71.2 13.8
October 26.7 75.6 158.0
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— .
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g
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Month
FIGURE 3. Means of R. azlanii diameter in Kg. Sg. Raba. Means with the same
letter are not significantly different (P>0.05)
26 4,55 447 4.50 526
S 3.71
= 4
5
2
N o
June July August  September  October
Month

FIGURE 4. Means of R. cantleyi diameter in Kg. Bongor. Means with the same
letter are not significantly different (P>0.05)
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FIGURE 5. Average diameter increment of R. azlanii and R. cantleyi during five

months of observation



950

TABLE 4. The number of buds and flowers according to it stages

No. of buds and flowers

Stage name
R. azlanii R. cantleyi

Swollen host 16 82
Cupule 59 113
Cupule-bract transition 33 70
Bract 39 132
Whitish perigone 6 4
Pinkish perigone 3 8
Perigone 1 3
Anthesis 2 2
Total 159 414

TABLE 5. The mean of growth of the bud diameter according to its development stage

R. azlanii R. cantleyi

Stage name (range of buds Growth mean Stage name (range of Growth mean
diameter) (cm/day) buds diameter) (cm/day)
Swollen host ) Swollen host )
(1.04-2.1 cm) (0.91-2.3 cm)

Cupule Cupule

(1.54-4.62cm) 0.04 (1.53-4.1 cm) 0.03
Cupule-bract transition 0.02 Cupule-bract transition 0.02
(3.03-5.1 cm) ' (2.89-5.45 cm) '
Bract Bract

(4.73-11.83 cm) 0.02 (4.36-11.18 cm) 0.04
Whitish perigone Whitish perigone

(7.6-11.59 cm) 0.03 (10.91-14.3 cm) 0.07
Pinkish perigone 011 Pinkish perigone 0.04
(9.92-18.3 cm) : (9.9-18.85 cm) :
Perigone Perigone

(21.66 cm) 0.31 (16.09-18.34 cm) 0.16
Anthesis 0.89 Anthesis 146

(39.64-43.56 cm) (44.0-46.66 cm)
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FIGURE 6. Full bloom of dead R. azlanii (A and B) and R.
cantleyi (C and D) flowers found in the study areas

MORTALITY

Table 6 shows the information of the plots, coordinates,
elevation (asl), canopy cover, distance from river and
mean of soil temperature for five months monitoring
periods in Kg. Sg. Raba and Kg. Bongor. Data were
recorded in eight sites within the BTFC area at elevations
ranging at 314-355 m asl in each of the forest sections
and nearby riverbank (2.7-29.0 m). The visual method
was used for estimating the canopy cover using the
visual guide of tree canopy cover (Anderson 1986).

The elevation and soil pH affected the growth
of T rafflesiae and R. kerrii as the highest number of
buds found located at 1200 m asl (Mokhtar et al. 2016).
According to various studies on the Rafflesia host (Afiq
Aizat 2018; Mokhtar et al. 2016; Syamsurina 2018), the
Tetrastigma species grow in acidic condition. The weak
acid in the soil was caused by the amount of the rainfall
in the area where more rainfall can cause the acidity
level of the soil decreases (Afiq Aizat 2018). R. azlanii
recorded a lower mortality rate (28%) as compared to
R. cantleyi (45%) (Table 7). During the five months of
monitoring period, two full bloom flowers of R. azlanii
were found dead in Kg. Sg. Raba whereas two full
blooms with one dead flower of R. cantleyi were found in
Kg. Bongor (Figure 8). It was observed that during these
periods the buds were exposed directly under sunlight

which might have affected the growth and eventually
mortality after a few months. This could be due to the
nature of Rafflesia plants that grow better under the shade
and nearby the water sources (Patifio et al. 2002). It was
also observed that the small buds had a high mortality
rate as compared to the larger buds. According to Wunder
et al. (2008), the larger plants or advanced development
stages tend to have lower mortality and the smaller plants
face inability to cope with the environment pressures
leading to the failure of surviving.

Table 8 summarizes the data and description of
the morphological characters of one of the R. azlanii
buds consisting of different morphological stages nearly
reaching the flower bloom which are associated with the
figures of its morphological growth (Figure 7). During
the fourth-month monitoring periods, the buds were
unfortunately found dead just before blooming (Figure
7).

Morphological character description of one of R.
cantleyi buds is summarized in Table 9. The bud selected
was the one that reached the flower blooming stage and
consisted of variation of bud stages during observation
period. The morphology of the bud was observed when
it was covered with bracts until the full blooming of the
dead rotten flower (Figure 8(D)).
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Figure 9 shows the differences of buds growing
condition between R. azlanii and R. cantleyi. R. azlanii
buds grew on the ground covering with soil (Figure
9(A)) as compared to R. cantleyi buds grew above the
ground on the host vine (Figure 9(B)). According to
Pranata et al. (2020), the buds grew on the ground tend
to be damaged and this was one of the factors causing the
death of R. arnoldii buds in West Sumatra, Indonesia. The
finding from this study is in agreement with the finding
of Triana et al. (2017), where the R. patma buds ranging
from 1 to 10 cm diameter were found dead as their
growing location was located at the host root and buried
by the soil. It was reported that the buds covered with
the soil had the potential to experience higher damage
and death due to the presence of microorganisms or fungi

(Triana et al. 2017). This could be the possible cause on
the mortality of Rafflesia buds growing on the ground as
observed in this study.

From the field observation, it is apparent that
mortality of Rafflesia was caused by various factors
such as the fungal attack, possibly damage by animals,
natural disaster, exposure to extreme sunlight, bud
grown in unfavourable conditions and bud grown on
the ground covering with the soil (Figure 10). Wild pig,
deer and squirrels also affected the growth of Rafflesia
and host trees since the roots of host plants are easily
injured by the footprints and nails of animals (Supartono
& Herlina 2018). In Kg. Bongor, a few of Rafflesia
fruits were found to be possibly attacked by pests (Figure
10(C) & 10(D)).

TABLE 6. Data collected in Kg. Sg. Raba and Kg. Bongor

Canopy cover Distance from Mean of soil

Area Plot Coordinate Elevation (m) %) river (m) temperature (°C)
N 05°33. 132’E
A 101225.696° 325 55 18.0 23.4
B 11\10?55§3é9163’2 E 325 55 18.0 233
Kg. Sg. Raba '
(R. azlanii) N 05°33. 181'E
C 101925.540° 314 45 10.5 23.5
N 05°33. 185’ E
D 101°25.544° 314 55 10.5 234
N 05°32. 146’ E
E 101°12.317 355 45 44.0 24.5
F N 05:32. 147°E 355 35 44.0 24.6
101°12.318
Kg. Bongor
(R. cantleyi)
N 05°32. 091’ E
G 101°12.346° 346 65 6.9 24.1
N 05°32. 126’ E
H 101°12.328° 348 65 2.7 242
TABLE 7. Mortality rate based on the number of surviving buds for R. azlanii and R. cantleyi
Location Species Average no. of total bud in Average no. of dead Mortality rate
each plot plants
Kg. Sg. Raba R. azlanii 10 3 28%
Kg. Bongor R. cantleyi 32 14 45%
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TABLE 8. Observation of morphological characters of one of the R. azlanii buds

Month observation Diameter (cm)  Morphological observation

Buds covered fully with brown black bract without the presence of the wood

June 13.00 caps (Figure (7A))

July 16.20 Matured buds with pinkish perigone lobes present (Figure (7B))

August 2150 Ful'ly perigone lobes exposed where the bracts were present below the
perigones (Figure (7C))

September 19.6 Buds found rotten dead and shrunk (Figure (7D))

TABLE 9. Morphological characters of one of R. cantleyi buds

Month observation Diameter (cm)  Morphological observation

June 7.20 Bud is fully covered by the bracts (Figure 8(A))

July 17.40 Matured bud with pinkish perigone lobes (Figure 8(B))

August 19.20 Perigone lobes are halfway open and the warts can be seen inside (Figure 8(C))
September 46.80 Full blooming of dead rotten flower (Figure 8(D))

FIGURE 7. Morphological growth of one of the R. azlanii buds found in Kg. Sg. Raba
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FIGURE 9. Growing location of the buds of R. azlanii (A) and R. cantleyi (B)

LIFE CYCLE

Based on the data obtained during the five months’
period, the bud diameters of R. azlanii and R. cantleyi
were measured (Table 2). The buds were categorized
into eight developmental stages (Figure 11). The time

for the Rafflesia parasite began to swell inside the host
tissue cannot be estimated due to the time constraint in
which the first observation began only when the stem of
the host started to swell. Based on Hidayati et al. (2000),
the invisible stage of Rafflesia was the growth of the seed
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FIGURE 10. The threats to the Rafflesia population. Fungal attack (A), possibly damaged
by animal (B-D), natural disaster (E), exposure to extreme of sunlight (F), bud grown in
unfavourable condition (G) and bud grown on the ground covering with the soil (H)

inside the host which can take 2 to 3 years. The first stage
of visible development of a bud called swollen host took
about 30 days for R. azlanii and R. cantleyi. The second
stage is a cupule stage where the bud is covered by host
tissue (cupule) and starts to form a big bulge on the host
stem. The second to the third stage took 90-120 days for
R. azlanii and 60-90 days for R. cantleyi.

The third stage is the cupule-bract transition that
took 90-120 days for R. azlanii and 60-75 days for R.

cantleyi to reach the fourth stage. This was when the
top of the bud was fully covered with the bracts. The
fourth stage took 90-120 days for R. azlanii and 60-80
days for R. cantleyi. Stage five is when the bud reaches
maturity, and the bract abscission takes place exposing
the whitish perigone lobes which took 1-2 months for R.
azlanii and 25-45 days for R. cantleyi. The sixth stage
occurs when the presence of the pinkish perigone lobes
is observed, and it took 15-30 days for R. azlanii and

Stage 1

Swollen host

30 days
Anthesis \ 30 days
15-30 days Stage 2
15-25 days ( Cupule fully
covered
; 90-120 days
Stage 7 Rafflesia ) 60-90 days
Perlgone fl.llly Morphology
covered
Development Stage 3
15-30 days Cupule-bract
20-30 days transition (CBT)
90-120 days
60-75 days
Pinkish perigone ’W‘
resence
P - Bract fully
BB ] o
Whltlsh perigone 60-80 days
presence R. azlanii

- R. cantleyi

FIGURE 11. Rafflesia morphology development for R. azlanii and R. cantleyi
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20-30 days for R. cantleyi to reach seventh stage when
the perigone lobes were fully exposed with the reddish
orange colour. The seventh to eighth stages are when the
flowers have full bloom, and it took 15-30 days for R.
azlanii and 15-25 days for R. cantleyi.

A study conducted by Mohamed and Mohd Noor
(2016) in Sungkai, Perak found that the developmental
stage from the newly emerged bud to fully opened
flower for R. azlanii took 40-50 days which was shorter
compared to the result obtained in this study. This
might be due to the differences in the microclimatic
and edaphic factors between the study sites. In another
study conducted by Susatya (2020), it was found that
R. arnoldii required 3.5 to 5 years to complete the
life cycle with 16 months from the cupule to anthesis
stage. Overall, it was observed that the duration for the
visible stage from swollen host to flower bloom was
14 months for R. azlanii and 11 months for R. cantleyi.
This is slightly similar to R. consueloae in Luzon Island,
Philippine where it took roughly a year from swelling
host to anthesis stage (Tolod et al. 2020). Meanwhile,
the average time taken for seed inoculation was about
two years and five months (Hidayati et al. 2000). Thus,
to complete the life history including the invisible phase,
R. azlanii might require three years and R. cantleyi might
require three years and four months.

CONCLUSION

The development of life history of R. azlanii and R.
cantleyi were 3.7 and 3.4 years, respectively. The
developmental growth of R. cantleyi was found to be
faster than R. azlanii, and the mortality rate of R. cantleyi
was slightly higher than R. azlanii. Both R. azlanii and
R. cantleyi required at least a year to develop from early
emerging bud to fully flower blooming. The findings from
this study are useful in enhancing our understanding
of these rare parasitic plants that are becoming
vulnerable, especially in terms of documenting scientific-
based information that complement the efforts of its
conservation strategies. Additionally, the information of
the growth rate and the length time from emergence to
flower blooming of Rafflesia will be useful in scheduling
of visits for the tourism industry.

ACKNOWLEDGEMENTS

The authors are grateful to Yayasan Emkay and UiTM
internal grant (600-RMC/LESTARI SDG-T 5/3) for
providing research funding for this study. Thanks to the
staff of Forestry Department Peninsular Malaysia and
Forestry Department Perak for facilitating the issuance

of transport permits and specimen collection. Our
appreciation goes to Prof. Emeritus Dato’ Dr. Abdul
Latiff Mohamad and Mr. Adhityo Wicaksono for their
contribution in providing valuable inputs related to the
study.

REFERENCES

Aiman Hanis, J., Abu Hassan, A., Nurita, A.T. & Che Salmah,
M.R. 2014. Community structure of termites in a hill
dipterocarp forest of Belum-Temengor Forest Complex,
Malaysia: emergence of pest species. Raffles Bulletin of
Zoology 62: 3-11.

Anderson, E.W. 1986. A guide for estimating cover. Rangelands
8(5): 236-238.

Afiq Aizat, M. 2018. Composition of plants, physicochemical
soil and organic carbon content in forest habitat of Rafflesia,
Mukim Hulu Dong, Raub, Pahang. Ph.D. Thesis. Universiti
Kebangsaan Malaysia (Unpublished).

Hidayati, S.N. & Walck, J.L. 2016. A review of the biology of
Rafflesia: what do we know and what’s next? Buletin Kebun
Raya 19(2): 67-78.

Hidayati, S.N., Meijer, W., Baskin, J.M. & Walck, J.L. 2000.
A Contribution to the life history of the rare Indonesian
holoparasite Rafflesia patma (Rafflesiaceae). Tropical
Biology and Conservation 32(3): 408-414.

Kendall, C.J. 2013. The propagation, cultivation and
importance of plants found in Malaysian Borneo. Geography
587: 3-4.

Latiff, A. 2018. Viability of having the gigantic Rafflesia
flowers in our park. Open Access Journal of Science 2(2):
106-107.

Malaysian Meteorological Department. 2019. Mean
temperature, relative humidity and rainfall from Bersia
power station in year 2019. Copyright 2019 by the
department. Reprinted with permission.

Malaysian Nature Society. 2013. About Belum Temengor &
MNS. https://mnshornbillvolunteerprogramme.wordpress.
com/about/.

Mat Salleh, K. & Latiff, A. 1989. A new species of Rafflesia
and notes on other species from Trus Madi Range, Sabah
(Borneo). Blumea: Biodiversity, Evolution and Biogeography
of Plants 34: 111-116.

Mohamed, F. & Mohd Noor, N.N. 2016. A preliminary note on
the growth rate of male Rafflesia azlanii Latiff and Wong.
Malayan Nature Journal 68(1&2): 1-5.

Mokhtar, N., Hamzah, Z., Siti Munirah, M.Y., Arifin,
W.N.N.W. & Latiff, A. 2016. Tetrastigma hookeri (Laws.)
Planch. (Vitaceae), a host plant for Rafflesia kerri Meijer
in Peninsular Malaysia. Malayan Nature Journal 68(1&2):
33-39.

Nais, J. 2001. Rafflesia of the World. Sabah Parks, Malaysia.
pp. 1-243.

Nowak, D.J., Kuroda, M. & Crane, D.E. 2004. Tree mortality
rates and tree population projections in Baltimore, Maryland,
USA. Urban Forestry & Urban Greening 2(3): 139-147.



Patifo, S., Aalto, T., Edwards, A.A. & Grace, J. 2002. Is Rafflesia
an endothermic flower? New Phytologist 154(2): 429-437.

Peters, R.F. & Ting, Y.Y. 2016. Protection of Rafflesia through
the appreciation of the Dusun’s indigenous knowledge: a
preliminary case study at Poring-Sabah. Journal of Tropical
Biology and Conservation 13: 27-42.

Pranata, S., Sulistijorini, S. & Chikmawati, T. 2020. Habitat
vegetation of Rafflesia arnoldii (Rafflesiaceae) in Panorama
Baru Ngarai Sianok West Sumatra. Journal of Engineering
and Health Sciences 4(1): 135-148.

Razak, K.A., Che Hasan, R., Kamarudin, K.H., Haron, H.N.,
Sarip, S., Dziyauddin, R.A. & Fathi, S. 2015. Transroyal:
multi-inter-trans-disciplinary geo-biosphere research
initiatives in the Royal Belum and Temengor Forest
Complex (RBTFC) Gerik Perak. In International Conference
on Sustainable Initiatives & Sth Asean Environmental
Engineering Conference 2015, Kuala Lumpur, Malaysia.

SAS Institute Inc. 2018. SAS® University Edition Quick Start
Guide for Students with Visual Impairments. Cary NC: SAS
Institute Inc.

Supartono, T. & Herlina, N. 2018. Rafflesia and its habitat
characteristics in Mandapajaya Forest, Kuningan District,
West Java Province, Indonesia. Journal of Forestry and
Environment 1(1): 1-6.

Susatya, A. 2020. The growth of flower bud, life history, and
population structure of Rafflesia arnoldii (Rafflesiaceac)
in Bengkulu, Sumatra, Indonesia. Biodiversitas Journal of
Biological Diversity 21(2): 792-798.

957

Susatya, A. 2011. Rafflesia Pesona Bunga Terbesar di Dunia.
Bengkulu: Direktorat Kawasan Konservasi dan Bina Hutan
Lindung. pp. 1-144.

Susatya, A., Prandekal, F., Saprinurdin & Rahman, N. 2017.
Population status of the endangered Rafflesia bengkuluensis
Susatya, Arianto & Mat—Salleh at Kaur Regency, Southern
Bengkulu. Buletin Kebun Raya 20(1): 43-50.

Syamsurina, A. 2018. Taburan, fiziko-kimia tanah, anatomi dan
mikroskopik Tetrastigma Rafflesiae Planch. di Perak, Pahang,
dan Kelantan. Ph.D. Thesis. Universiti Kebangsaan Malaysia
(unpublished).

Tolod, J.R., Galindon, J.M.M., Atienza, R.R., Duya, M.V.,
Fernando, E.S. & Ong, P.S. 2020. Flower and fruit
development and life history of Rafflesia consueloae
(Rafflesiaceae). Philippine Journal of Science 150(S1):
321-334.

Triana, A.E., Hikmat, A. & Basuni, S. 2017. Population of
Rafflesia Patma at Leuweung Cipeucang Geopark Ciletuh
Sukabumi. Media Konservasi 22(2): 196-204.

Wunder, J., Brzeziecki, B., Zybura, H., Reineking, B., Bigler,
C. & Bugmann, H. 2008. Growth-mortality relationships as
indicators of life-history strategies: A comparison of nine
tree species in unmanaged European forests. Oikos 117(6):
815-828.

“Corresponding author; email: nazip@uitm.edu.my



