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Rafflesia is famous for its enormous flowers attached to Tetrastigma vines. The theory to explain this
phenomenon is that the Rafflesia flower is produced by a repeat-flowering entity that lives and grows as an
endophytic parasite within its Tetrastigma host. Evidence is presented here to support the theory that Rafflesiais
a hapaxanthic plant, flowering at the end of its life, with each plant terminating in a single flower; repeat
flowering being the result of reinfection by seeds. This has existential implications for Rafflesia.
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INTRODUCTION

Rafflesia was described by Robert Brown in 1821
as a flower living parasitically on a Tetrastigma
host plant. It has been assumed that the flower is
produced by an entity living within the host plant
as an endophyte.

Nikolov et al. (2014) examined microscopic
sections of infected Tetrastigma vines and found
Rafflesia endophyte tissue in the form of cells with
nuclei at least twice the diameter of the nuclei
of host cells, embedded in the host tissues in the
form of short uniseriate strands or in clusters
that he referred to as protocorms. The amount
of endophytic tissue was minute in relation to
host tissue and there was no visible damage to
host cells.

Mursidawati et al. (2019) examined the
endophyte of Rafflesia patma on Tetrastigma
leucostaphylum. The endophyte was in the form
of small clusters of cells associated with the host
cambium. They speculated that the endophyte is
spread through the body of the vine through the
activity of the cambium.

However, it is well-established that the
cambium contributes only to radial growth of
a stem or root through meristematic activity at
the periphery of the stem or root, while linear
extension is the result of meristematic activity
at the apical meristems. There is no mechanism
by which an endophytic body can spread or
be spread along the length of a vine. There is
nothing like a liquid stream that would allow a
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parasite to circulate in the body of its host and
nothing resembling fungal mycelia that are thin
enough to spread through the intercellular
spaces between host cells.

A hapaxanthic plant is one that grows from
seed and flowers once only, at the end of its life.
As a hapaxanthic plant terminating in a single
flower, each Rafflesia flower would be a whole
plant produced by one seed, growing where it is
lodged on the vine. Repeat flowering would be
the result of reinfection by seeds.

Evidence from the location of Rafflesia
flowers at or close to the ground

Rafflesia flowers are found only at ground level
and up to a few meters above ground, rarely
higher. This suggests that the flowers are the
product of seeds that are dispersed by animals
that frequent the 7Tetrastigma vine at or close to
the ground, not the product of endophytes with
the ability to spread internally to all parts of the
host plant.

Evidence from the disappearance of Rafflesia
from Tetrastigma hosts in natural sites

There used to be a popular Rafflesia colony in
the Royal Belum State Park, Malaysia, that was
carefully protected by the construction of a raised
boardwalk to enable visitors to view the flowers
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without trampling on the Tetrastigma host plants.
This construction was a project carried out in
about 2017 at a site known as ‘X-Ray’ (Mazlan
et al. 2019). It was expected that the plants of
Tetrastigma would continue to produce Rafflesia
flowers indefinitely. However, six years have
elapsed since the construction of the boardwalk,
and Rafflesia flowers have failed to reappear
(Zubir Ismail, staff member of the Royal Belum
State Park pers. com., 2023).

In their review of Rafflesia, Hidayati and Walck
(2016) listed several disappearances of Rafflesia
from Tetrastigma host plants in their natural sites.
One was a site of R. kerrii in Khao Sok Nature
Reserve, Thailand, visited in 1983 but ‘not present’
in 1989 (Meijer & Elliott 1990). Three sites of R.
arnoldiiin Taba Penanjung, Bengkulu, Indonesia,
visited by Susatya (pers. comm. with Hidayati) in
2003 did not contain plants in 2014. Hikmat
(2006) recorded eight sites of R. zollingeriin 1988
in Meru Betiri National Park, East Java, but only
one site had Rafflesia in 2003. Suwartini et al.
(2008) recorded 256 flower buds of R. patmafrom
five sites in Pangandaran Nature Reserve, West
Java, in 1989 but found only 96 buds in the same
sites in 2007. These disappearances suggest that
there is no persistent repeat-flowering endophyte
within the Tetrastigma host plants and that repeat
flowering requires reinfection with seeds.

Evidence from attempts to establish Rafflesia
through propagation of infected host plants

According to Meijer (1997), there were several
locations near Bogor that had natural populations
of Rafflesia but these were all wiped out partly by
land clearance but also by repeated attempts
to transfer Rafflesia-bearing Tetrastigma host
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plants to the Bogor Botanic Garden. Some
transferred plants produced flowers in their new
location but eventually, they stopped producing
flowers. According to Meijer, the last reports of
Rafflesia flowering in Bogor were in 1929. Meijer
also mentioned the case of an infected host
plant transported to Leiden and grown in the
greenhouse in its Botanic Garden, that flowered
in 1853. There was no report after that.

In an experiment reported by Linton et al.
(2005), six pieces of infected vines 50-60 cm
long and one cm thick were ‘whip-grafted’ to
uninfected vines in the Tenom Orchid Centre in
Sabah. Whip grafting is done by making two cuts
on the recipient vine, into which the two ends
of an infected piece are fitted. After eight years,
Rafflesia buds appeared, but there has been no
report after that.

The best explanation for temporary success
followed by failure to repeat flowering is that
flowering is due to the development of Rafflesia
seeds already embedded in the transplanted
plants and that without reinfection by seeds, the
host plant cannot continue to produce Rafflesia
flowers.

Evidence from ontogeny

The Rafflesia flower has five spreading perianth
lobes and a dome-shaped corona (Figure 1 & 2)
arising from a central stem. Before the flower
opens, the flowering structure is in the form of a
cabbage (Figure 3 & 4), with tightly overlapping
corona, perianth lobes, and over 20 non-
photosynthetic leaves. In plant morphological
theory, a leaf is a lateral bifacial outgrowth of a
stem, and a foliage leaf is one of many possible
expressions of a leaf, to which various names have

Figure 1 A newly opened flower of Rafflesia cantley: displaying its 5 perianth lobes (petals) and its dome-like

corona with a circular window at its apex
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Figure 2 Newly opened flower (left) and shoot ball (right) in vertical section, the bracts

having dried up and broken off

Figure 3 A shoot ball showing three bracts clasping the yet-to-open perianth (right) and
a shoot ball with perianth lobes beginning to expand (left)
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Figure 4 A7 cm diameter bud dissected to separate its 23 bracts and perianth parts. Note the raised dots on
the surface of the disc that will develop into finger-like processes and the impressions of those dots
on the underside of the dome-shaped corona that has not yet expanded to reveal its window
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been given, such as cotyledon, sepal, petal, tepal,
stamen, carpel, scale leaf, sheath leaf, bract, or
cataphyll depending on the form and function of
the leaf and to some extent on the terminological
preference of the author. The Rafflesiatlower may
be interpreted as a complete shoot system with
a condensed stem bearing numerous bracts and
terminating in a flower (Ng 2019).

The Rafflesia seed (Figure 5 & 6) is bilobed,
up to 0.9 mm long, with an epidermis of a single
layer of large thick-walled cells. Its distal lobe
contains a small sac of undifferentiated thin-

walled cells enclosed in a thin tough transparent
membrane. The other lobe is the chalazal lobe,
connected by a funicle to the placental tissues.
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The placental tissues are vertical anastomosing
plates or columns packed into a large ovarian
chamber (Fig. 7). 1 estimate at least 100,000 seeds
per fruit. Other estimates are as high as 270,000
(Nais 2001).

The Rafflesia plant first becomes visible as a
rounded bud 1.5-3.0 cm diameter protruding
from its host vine. The bud is initially enclosed
in bark tissue that is externally fissured into
polygonal plates. In the vertical section (Figure
8), the basal part of the bud is in the form
of a fleshy podium topped by a circular disc.
The disc forms the apex of the Rafflesia flower
and its upper surface bears small dots that will
eventually become the finger-like processes

A seed in longitudinal section; the distal
lobe containing a sac of thin-walled cells
within a thin membrane

Seeds in surface view showing pattern of
large epidermal cells

Figure 6

Figure 7

Vertical section of mature fruit showing seeds on the

surface of vertical placental structures within a single
large ovarian chamber
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that are so characteristic of Rafflesia flowers.
Around the disk are the overlapping layers of
the embryonic corona, perianth lobes, and
bracts. The underside of the edge of the disc
provides the location for the stamens and the
stigmatic band. The podium is the site of the
embryonic ovarian chamber below the disc. The
bud is therefore a complete plant in embryonic
form. Subsequent development is a matter of
differential enlargement and refinement of
structures already predetermined.

The development of Rafflesiais best explained
as an expression of hapaxanthy in which all its
parts, including its flower, are formed during
ontogenic development from seed. In contrast,
the endophyte theory requires the somatic cells
of an endophyte to do something theoretically
impossible or highly unlikely, which is to resurrect
defunct genes and restore genetic totipotency in
order to produce embryonic plantlets.

Evidence from flowering data

As a general rule based on universal experience,
the reproductive organ (flower/fruit) is the short-
lived product of a longer-lived vegetative body. In
practically all cases, the period from flower bud to
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fruit maturation is less than 12 months. However,
in Rafflesia, the time span from bud to ripe fruit
greatly exceeds one year. The recorded time
spans are: R. rochussenii ca. 2.5 years (Zuhud et al.
1994). R. patma: 3—4 years (Hidayati et al. 2000),
R. arnoldii: 3.5-5 years (Hidayati et al. 2016).
These extraordinarily long time-spans do not
support the theory that the Rafflesia flower is the
ephemeral product of a long-lived endophyte.
Instead, the 2.5-5 years’ time span from bud to
mature fruit is better interpreted as the life span
of a female hapaxanthic plant.

The life-span of the male Rafflesia plant would
end with flowering. This has been reported for
several species, as follows:

R. azlanii: 40-50 days (Fatimah & Nor-Nafizah
2016).

R. arnoldii: 14 months (Olah 1960).

R. keithii: 13—17 months (Nais 2001).

R. pricei: 13—16 months (Nais 2001).

R. tengku-adlinii: 10-14 months in (Nais 2001).

All these measures are underestimates because
we do not know how long it takes for the seed to
reach the externally visible bud stage of about
2 cm diameter.
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Figure 8 Vertical halves of a 3.5 cm diameter bud, showing the central axis and disc of the
flower, topped by overlapping layers of embryonic perianth and bracts
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Contradictory evidence from molecular

biology

Barkman et al. (2017) analysed materials from
340 flowers representing three populations of
Ratfflesia cantleyi, two populations of R. tuan-
mudae, and one population of the related
Sapria himalaya. Most flowers were found to be
genetically unique but they also found cases of
flowers with the same genetic identity, spaced
several metres apart. This is a matter that needs
further investigation. Apomixis is a possibility.

Implications for conservation-management

The endophyte theory implies that Rafflesia is
conserved as endophytes if the host plants are
protected. This diverts attention from the role
of seeds. If this theory proves to be false, the
consequences for Rafflesia would be disastrous.
In contrast, the hapaxanthic theory implies
that every Tetrastigma site is an island with its
population of Rafflesia sustained by a dynamic
balance between the expiry of Rafflesia plants
after flowering and the arrival of seeds. To ensure
the conservation of Rafflesia we would need to
improve our understanding of the sex ratio, the
manner of seed dispersal, and the manner in
which seeds germinate and establish themselves
in the host.

Rafflesia flowers are unisexual and female
flowers are usually outnumbered by males.
Published figures are as follows:

R. keithii: 27% female (Nais 2001).

R. lobata: 14% female (Galang 2007).

R. manillana: 6% female (Yahya et al. 2010).
R. pricei: 36% female (Nais 2001).

R. tengku-adlinii: 50% female (Nais 2001).

Hidayati & Walck (2016) also had information
that seven locations of R. arnoldii observed for
three years produced only two female flowers.
The sexual imbalance may affect conservation
efforts.

The agents for seed dispersal need to be
identified and protected. Shrews and squirrels
have been observed feeding on fruits of R. keithii
(Emmons et al. 1991). In my Institute, a captive
tree shrew was fed with a ripe fruit of R. cantleyi
after mixing the fruit placental pulp and its seeds
with peanut butter. The animal ate the mixture
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but died the next day, suggesting that the seeds
may be toxic to mammals. Since Rafflesia occurs
in small patches even though Tetrastigma plants
are common and widespread, the dispersal agent
may be an animal with a limited home range,
possibly an insect living in the bark of the host
plant.

The minute size of Rafflesia seeds gives the
impression that they have to germinate quickly
or die but all attempts to induce germination
artificially have not been successful. Nais &
Wilcock (1999) tried to germinate seeds of R.
keithii and R. pricei on filter paper and on filter
paper soaked with tissue matter of Tetrasperma
leucostaphylum. They terminated their experiment
after four months. I tried to germinate R. cantleyi
on moist tissue paper. I terminated mine earlier
because the seeds deteriorated immediately after
the epidermis had been cut. In my experience
with other seeds (Ng 2014), cutting the seed coat
does no harm and could promote germination,
but Rafflesia is different. There are two different
germination possibilities. One is for the seed to
produce something that penetrates and spreads
within the body of the host plant as an endophyte.
The other is for the seed to develop directly
into an embryonic hapaxanthic plant. This
issue might be resolved by searching the bark of
infected vines for evidence of germinating seeds.

REFERENCES

BarkmaN TD, KLoosTeR MR, Gappis KD ET AL. 2017. Reading
between the vines: Hosts as islands for extreme
holoparasitic plants. American_Journal of Botany 104:
1-8. https://doi.org/10.3732/ajb.1700117

Brown R. 1821. An account of a new genus of plants, named
Rafflesia. Transactions of the Linnean Society 13: 1-42.

Emmvons LH, Nais | & Brion A. 1991. The fruit and consumers
of Rafflesia keithii (Rafflesiaceae). Biotropica 23:
197-199. http://dx.doi.org/10.2307/2388307

Farima M & Nor-Narizan MN. 2016. A preliminary note on
the growth rate of male Rafflesia azlanii Latiff and
Wong (Rafflesiaceae). Malayan Nature Journal 68: 1-5.

GaLanc R. 2007. Population study of Rafflesia lobata in
the northern section of the central Panay Island
mountain ranges, Philippines. Folia Malaysiana 8:
87-98.

Hipavatt SN, MEger W, Baskin JM & WaLck JL. 2000.
A contribution to the life history of the rare
Indonesian holoparasite Rafflesia patma
(Rafflesiaceae). Biotropica 32: 404—414. https://doi.
org/10.1111/§.1744-7429.2000.tb00487.x

Hipayatt SN & Waik JL. 2016. A review of the biology of
Rafflesia: what do we know and what’s next? Buletin
Kebun Raya 19: 67-78.

494



Journal of Tropical Forest Science 35(4): 489-495 (2023)

Hikmar A. 2006. Kecenderungan populasi Rafflesia zollingeri
Kds. di Taman Nasional Meru Betiri, Jawa Timur.
(Population trend of Rafflesia zollingeri Kds in Meru
Betiri National Park, East Java). Media Konservasi
11: 105-108.

Linton J, LamB A & Lim HKL. 2005. A breakthrough in the
vegetative propagation of Rafflesia keithii Meijer.
Sabah Agricultural Research Jowrnal 2: 7-13.

MaziaN MS, SHanriL MH, Aisan MS et AL. 2019. Rafflesia
Conservation and Management at Royal Belum State Park.
TNB Research Sdn. Bhd. Kuala Lumpur.

MEener W. 1997. Rafflesiaceae. Flora Malesiana Series 1. 13:
1-42.

Meyer W. & EcrciorT S. 1990. Taxonomy, ecology and
conservation of Rafflesia kerrii Meijer in southern
Thailand. Natural History Bulletin of Siam Society 38:
117-133.

MURSIDAWATI S, WIKAKSONO A & DA Stiva JAT. 2019. Development
of the endophytic parasite Rafflesia patma Blume
among host plant (Tetrastigma leucostaphalum
(Dennst.,) Alston vascular cambium tissue. South
African Journal of Botany 123: 382-386. https://doi.
org/10.1016/j.sajb.2019.03.028

Nais J. 2001. Rafflesia of the World. Natural History
Publications (Borneo), Kota Kinabalu.

Nars J. & WiLcock CC. 1999. The propagation of Rafflesia
and its host plant: Prospects for ex-situ conservation.
Sabah Parks Nature Journal 2: 111-120.

NG FSP. 2014. Tropical Forest Fruits, Seeds, Seedlings and Trees.
Forest Research Institute Malaysia. Kepong.

© Forest Research Institute Malaysia

Ng ISP

NG FSP. 2019. Is Rafflesia an angiosperm? Journal of Tropical
Forest Science 31: 286-297. https:/ /doi.org/10.26525/
jtfs2019.31.3.286

Nikorov LA, TomLINSON PB, MaNIcRAM S, ENDRESS PK, KRAMER
EM & Davis CC. 2014. Holoparasitic Rafflesiaceae
possess the most reduced endophytes and yet give
rise to the world’s largest flowers. Annals of Botany
114: 233-242. https://doi.org/10.1093/aob/
mcull4

Oran L. 1960. Cytological and morphological investigations
in Rafflesia arnoldii R .Br. Bulletin of the Torrey Botanical
Club 87: 406-416.

SuwarTINI R, HIKMAT A & Zunup EAM. 2008. Kondisi vegetasi
dan populasi Rafflesia patma Blume di Cagar Alam
Leuweung Sancang. (Conditions of vegetation of
Rafflesia patma Blume in Cagar Alam Leuweung
Sancang.) Media Konservasi 13: 1-8.

Yanya AF, Hyon JO, Lee JH, Sun BY & Lariran PG. 2010.
Distribution pattern, reproductive biology,
cytotaxonomic study and conservation of Rafflesia
manillana in Mt. Makiling, Laguna. Philippines.
Journal of Tropical Forest Science 22: 118-126.

Zunup EAM, Hikmar A & Nucrono YAF. 1994. Eksplorasi
ekologi R. rochussenii T. et Binn. Untuk kegiatan
konservasi dan penangkarannya di Gunung Salak.

(Exploration on the ecological characteristics of
Rafflesia rochussenii T. et Binn. for its conservation
and cultivation in Gunung Salak.) Media Konservasi
14: 9-22.

495



