Received: 3 March 2022 Revised: 14 June 2022

Accepted: 14 June 2022

W) Check for updates

DOI: 10.1002/ppp3.10288

FLORA OBSCURA

The king of fruits

1 | INTRODUCTION
Esteemed across Asia, the durian (genus Durio, family Malvaceae) is
often dubbed ‘the king of fruits’. Durian is considered a delicacy—
especially in Southeast Asia—where it has had a profound influence
on history and culture for millennia (Brown, 1997). It is highly sought
after, either eaten as the fresh pulp (aril), stored frozen or used in a
variety of desserts from the region. Durian seeds are also consumed
after roasting and boiling, and the flowers and unripe flesh are used in
curries (Idris, 2011), for example, Maznah Gulai Tempoyak (fermented
durian curry). To a lesser extent, durian is processed to make lempuk
(durian ‘cake’—a traditional desert) and tempoyak (fermented pulp),
both of which are consumed widely across Indonesia and Malaysia
(Jaswir et al., 2008). Indeed, durian is now used widely across South-
east Asia in confectionery, patisserie and popular snacks such as ice
cream, drinks, biscuits and crisps; it has become a mainstream flavour.
During durian season, the fruit is sold locally in ‘Durian Malls’ where
different grades and prices of fruit are available (Figure 1b-d). The
durian's strong and arguably offensive smell has been described as
onion-like and sulphurous, with sweet notes of fruitiness (Li
et al,, 2012). The aroma is so strong, in fact, that the fruit is often
banned from public venues and transport systems, and it has been
described as the ‘skunk fruit of the orchard’ (Lim & Luders, 2009).
Indeed, durian can elicit devotion as well as revulsion: The naturalist
Alfred Russel Wallace remarked of the fruit: ‘the more you eat of it,
the less you feel inclined to stop’ (Teh et al., 2017; Wallace, 1856).
Here, we provide a brief review of the commercial and cultural
importance, ecology and evolution of this extraordinary genus. The
wild relatives of domesticated crops possess genetic diversity useful
for developing more productive, nutritious and resilient crop varieties
(Castafieda-Alvarez et al., 2016). Therefore, we suggest that further
research into the obscure wild relatives of the single widely grown
commercial species (Durio zibethinus) is needed in the context of land
conversion, growing demand for the fruit and an increasing reliance
on commercial cultivars. Poorly known taxa may represent useful,
untapped genetic resources or have potential as novel crops. We sug-
gest extending research into the genomics of durian, for example, to
identify resistance-related genes, to species beyond commonly culti-
vated cultivars such as ‘Musang King’, which are the focus of most
recent studies (see, e.g. Cortaga et al., 2022).
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2 | TAXONOMY AND RECENTLY
DESCRIBED SPECIES IN THE GENUS DURIO

The genus Durio s.l. comprises about 30 species of large trees native
to the tropics, from Sri Lanka, India and Myanmar in the west, through
Thailand, Peninsular Malaysia, Borneo (the centre of diversity:
15 endemic species), Sumatra and the Philippines, east to Papua New
Guinea (Brown, 1997; Idris, 2011; Kostermans, 1958). Relatives of
Durio, such as Coelostegia (known as ‘black durian’) (Figure 2b), also
occur in the region and are used by people, for example, as timber
trees. Durio is characterised by showy, often bat-pollinated whitish or
reddish flowers and large, spiny fruits with seeds encased by a fleshy
or leathery aril (Nyffeler et al., 2001). The durian fruit is superficially
similar to the unrelated jackfruit (Artocarpus heterophyllus, family
Moraceae); however, it has a more prominently thorny rind.

Of the 30 species of Durio, 24 species are recognised to occur
across the states of Malaysia (13 species in Sabah, 16 species in Sara-
wak and 13 species in Peninsular Malaysia) (Idris, 2011), and this is
the region where research into taxonomy and diversity of the genus
has been concentrated. Wild species in Malaysia have various local
names such as nyekak, durian batang, durian daun, durian burong and
many more besides, each relating to a particular a race or locality.
Some of these naturally occurring trees are similar, and resemble
mainstream durian (D. zibethinus) so closely, that they are difficult to
identify correctly from fallen leaves, if not observed with flowers or
fruits. Due to interest in the much celebrated durian fruit, the genus
Durio has been the focus of many researchers' efforts in collecting,
characterising and conserving genetic diversity among wild species for
future research and development (R&D), particularly crop perfor-
mance improvement.

Various species of Durio occur naturally in lowland forests, which
may be a reservoir for genetic improvement of cultivated commercial
durian species. About a third of Durio species produce edible fruits
(some listed below and Figure 3), of which just one, D. zibethinus, is
grown on a commercial scale. This species is widely cultivated in pri-
vate gardens, mixed orchards and smallholdings and more extensively
on estates as a cash crop. Selected landraces of the wild relatives of
D. zibethinus such as D. graveolens and D. kutejensis are also being
domesticated in Sabah and Sarawak (Malaysia) and D. oxleyanus

(Figure 4e) is cultivated in roadside stands in Sabah; meanwhile, a
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FIGURE 1 (a) Durio zibethinus for sale at a market stand in Sabah, Malaysian Borneo. (b) D. zibethinus for sale during durian season in Kuala

Lumpur, Malaysia, at ‘Durian Malls’—stands where fruits are sold at various grades and prices. (c) Gina Copp at the Durian Mall, Kuala Lumpur.

(d) Durio kutejensis in Indonesia. (e,f) Durio lowianus eaten by local communities in Kelantan, Malaysia. Photos (b) and (c) by Gina Copp; photo (d)
by Yayan Wahyu Candra Kusuma; photos (e) and (f) by Dome Nikong

handful of other species grow wild and are also semi-domesticated in crops. Nine such species produce fruits with edible starch flesh,
some regions of Malaysia (Idris, 2011). Some of these are also grown namely, D. dulcis, D. graveolens, D. grandiflorus, D. kutejensis, D. lowia-
in home gardens and orchards, in combination with commercial fruit nus, D. oblongus, D. oxleyanus, D. testudinarius and D. zibethinus. The
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FIGURE 2 (a) Durio graveolens in the Philippines, cut open to reveal the red aril of the fruit. (b) Coelostegia sp. in Peninsular Malaysia—a wild
relative of Durio. (c) Durio lowianus var. durimerah. (d) Durio malacca, showing the habit of the fruit which sprouts directly from the trunk of the
tree (an adaptation called cauliflory). () Durio oblongus. (f) Durio carinatus. Photo (a) by Pastor Jr Malabrigo; photos (b-d) by Dome Nikong; photos
(e) and (f) by Mohd Norfaizal Ghazalli

remaining ca two-thirds of species in the genus produce inedible fruits also produce edible fruits. For example, ‘durian suluk’ (also known as
(Idris, 2011; Nyffeler et al., 2001; Soegeng, 1962) and are not culti- ‘durian siunggong’) is a naturally occurring hybrid between D. zibethi-
vated (see, e.g. Figure 4a,b,f). Hybrids among the species listed above nus and D. graveolens; the fruit of the hybrid is described to possess
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FIGURE 3 Some of the edible species of Durio: (a) Durio oxleyanus; (b) Durio lowianus; (c) Durio dulcis; (d) Durio testudinarius; (e) Durio wyatt-
smithii; (f) Durio graveolens; (g) Durio kinabaluensis; (h) Durio grandiflorus; (i) Durio zibethinus. lllustrations not to scale. Drawn by Chris Thorogood

the texture of D. zibethinus with burnt caramel overtones of D. graveo- hybridisation in Durio are scarce, and this may be an underutilised tool
lens (Lim, 2012). Hybridisation between D. zibethinus and D. kutejensis for optimising crop performance in the genus.

has also been explored as a possible route to introducing superior cul- Remote and inaccessible habitats together with seasonal flower-
tivars in Indonesia (Hariyati et al., 2013). However, reports of artificial ing and fruiting have impeded the documentation of diversity in the
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FIGURE 4 (a) Durio johoricus. (b) Durio griffithii. (c) Durio testudinarium. (d) Durio grandiflorus. (e) Durio oxleyanus. (f) Durio singaporensis. Photos

by Mohd Norfaizal Ghazalli

genus Durio historically. However, recent work in Malaysia has led to
the description of new species and enhanced our understanding of
species limits in the genus. For example, exploration in Hulu Perak by

the Malaysian Agricultural Research and Development Institute

(MARDI), and Universiti Putra Malaysia (UPM), together with free-
lance researchers, led to the successful collection and characterisation
of arilless Durio species named as D. gerikensis (Mohd Norfaizal
et al., 2022). Meanwhile in 2015, another interesting reddish-pink
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arilled wild Durio species, D. johoricus, was described from southern
Peninsular Malaysia (Idris, 2015). Indeed, there are many inedible wild
Durio species and their natural hybrids that remain undescribed and
require documentation and conservation (Mohd Norfaizal & Mas-
rom, 2014). Further work to resolve taxonomic diversity in the genus,
together with a greater awareness and appreciation of the importance
of these wild crop relatives, is now required to foster community-level
participation in the conservation of Southeast Asia's underutilised
Durio species. These taxa, and their hybrids, may represent an
untapped resource during a time of unprecedented international

demand and growing pressures associated with durian farming.

3 | COMMERCIAL AND CULTURAL
IMPORTANCE

Numerous cultivars of the species D. zibethinus have been propagated
by cloning in Southeast Asia. Locally, the various clones have differing
levels of commercial value. Since the 1990s, domestic and interna-
tional demand for durian has soared, and this has driven a rapid
expansion of the area under cultivation (O'Gara et al., 2004). Returns
from the crop are high, and demand for the fruit is increasing with a
rise in affluence in Asia (Lim & Luders, 2009). Durian is now economi-
cally and culturally significant in Thailand, Malaysia, Indonesia, Brunei,
Vietnam, Myanmar, Cambodia and Laos (Lim & Luders, 2009; O'Gara
et al., 2004). Leading exporters of the fruit include Thailand, Malaysia
and Indonesia; the crop also has significant potential in northern
Australia where a growing market has been identified (Lim &
Luders, 2009). Production across these regions varies seasonally, gen-
erating opportunities for trade across an extensive range, especially to
markets in mainland China, Singapore, Hong Kong and Taiwan (O'Gara
et al., 2004). Production and trade of minor tropical fruits, including
durian, is gaining importance internationally. Altendorf (2018), pro-
vides a detailed account of production and export volumes of minor
tropical fruits, including durian, for the period of 2015-2017. Global
production of durian was estimated to be 2.3 million metric tonnes
(MT) during the period. The largest producer was Indonesia, which
produced 0.86 million MT, followed by Thailand (0.72 million MT) and
then Malaysia (0.38 million MT). Thailand and Indonesia together
accounted for ~70% of world durian production in 2017. Global trade
accounts for ~10% of production for fresh minor tropical fruits such
as durian. However, the quantities exported by country do not corre-
late with the volumes they produce. Global durian trade reached
609,000 MT in 2017, an increase of 437,000 MT in a decade; exports
during this period were dominated by Thailand, accounting for 82% of
world shipments. China is the leading importer of durian and procured
an estimated annual average of 300,000 MT in 2015-2017. Because
durian is such a high-value crop, the fruit is experiencing significant
growth; indeed, the value of durian exported from Thailand to the
United States increased by 68% in 2017 to approximately USD 5.1
million (Altendorf, 2018). The rise in international demand for tropical
fruits such as durian may be due to a reduction or elimination in trade

tariffs; advances in logistics—for example, the introduction of
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refrigerated shipping containers; the desire for new nutritional foods;
and growing demand from immigrant populations. The dramatic rise in
international durian consumption has been described as the ‘durian
boom’ (Airriess, 2020). Recently, attention has turned to potential
uses of durian besides consumption of the fresh fruit, for example, in
yielding edible ‘fruit leather’ (Jaswir et al., 2008), seed gum to replace
egg yolk in vegan mayonnaise (Cornelia et al., 2015) and even as a
raw material for combustion, as an alternative source of household
thermal energy (Hirunpraditkoon et al., 2014). Together, this points to
the growing interest and importance of durian internationally and calls

for further examination of the genus Durio holistically.

3.1 | Malaysia

Durian trees have long been planted in private gardens in Malaysia;
traditionally, each village house would possess one to three trees that
would bear fruit seasonally, which would be of intergenerational
importance to communities. Durian has grown in popularity in the
region, and demand for the fruit has spiked dramatically in recent
years. The demand for durian-related products is demonstrated by a
number of Malaysian companies penetrating new markets to satisfy
durian-lover demand. Recently, Hernan Corporation Sdn Bhd, one of
Malaysia's largest exporters of durian and its related products, made
its presence in the Japanese market with a maiden shipment of
Musang King and D101 frozen durian cultivars. The durian products
are distributed and available at local supermarkets, speciality grocery
stores and restaurants. The Ministry of Agriculture and Food Indus-
tries (MAFI) is even developing a ‘Durian Strategy’ geared towards
capitalising on the rising appeal of the fruit to international tourists,
especially those from China, where demand for the fruit is growing
annually, yet it is reputedly available mainly in frozen, chilled or pulp
form (Neo, 2019). Growing international demand and revenue may
have implications for habitat destruction, if cultivation expands.
Indeed, durian is now one of the most profitable fruits for farmers and
exporters in Malaysia. In line with growing demand for the fruit, there
has been significant scale-up of cultivation from gardens and small-
holdings, intercropped with other fruit trees, to extensive plantations
or ‘Durian Farms’. Durian has been estimated to occupy 41% of culti-
vated land in Malaysia, and interest in the fruit is still growing, mirror-
ing a decrease in the prices of oil palm, cocoa and rubber;
furthermore, the market for the fruit appears to have been relatively
unaffected by the Covid-19 pandemic and continues to expand
(27Group, 2021). High revenue from durian cultivation is driving a
concerning trend towards clearing forests for plantations across
Southeast Asia (Bagi et al., 2022), and farmers appear to be extending
the propagation of durian trees from forest fringes into reserves, inte-
grating the trees among natural stands of vegetation. There is little
available literature on this trend, so the extent of durian-driven habi-
tat destruction remains unquantified in Malaysia, or elsewhere. Exten-
sive damage to ecosystems in Malaysia has been observed first-hand
by the authors (Siti-Munirah). Meanwhile, environmental groups in

Malaysia are lobbying for new tracts of durian to be restricted to
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existing oil palm plantations to avoid exacerbating deforestation

(Airriess, 2020). However, the extent of the threat durian cultivation
poses to biodiversity loss and extinction remains virtually undocu-
mented, and we suggest here that this requires greater research focus
and attention.

The MARDI has over the decades, promoted and strengthened
durian cultivation with its R&D, resulting in new varieties to cater to
consumer demand. Such work is important as Malaysia's MAFI also
expects durian production in the country to increase to
443,000 tonnes by 2030. MARDI is also promoting tourism related
activities or so-called Durio-tourism. In 2017, MARDI launched its
first Durio-tourism destination, situated in Kuala Kangsar, Perak.

National policy is in place to safeguard key ecosystems, species
and genetic diversity in Malaysia (National Policy on Biological Diver-
sity 2016-2025). A specific target to adequately conserve the genetic
diversity of cultivated plants and farmed and domesticated animals,
and of wild relatives, must be by 2025. MARDI has also strengthened
the conservation of plant genetic resources (PGR), with the establish-
ment in 2014 of the genebank MyGeneBank™. MyGeneBank™
encompasses field and seed conservation, in vitro propagation, cryo-
preservation and herbarium accessioning mainly on agriculturally
important species and crop wild relatives (CWR). This should help
safeguard rare genetic resources, for example, the living collection of
Durio that has been cultivated since the 1980s, together with other
rare native fruit species in Malaysia (Mohd Shukor et al., 2015).

3.2 | Indonesia

Durian has been an important part of Indonesian culture for centuries;
indeed, a durian tree is depicted in one of the relief panels of Indone-
sia's  ninth-century Borobudur temple (Matsuyama, 2003;
Montanari, 2017). Today, durian is an important food for local com-
munities throughout Indonesia, particularly in Java, Sumatra and
Kalimantan.

In recent years, durian cultivation in Indonesia has extended
across community plantations and gardens, is intercropped with other
trees (agroforestry), or more intensively in dedicated plantations or
‘durian farms’. Fruit yields fluctuate in Indonesia seasonally with wind
and rainfall. High winds cause the premature abscission of young
fruits, whereas heavy rain can cause fruit rot prior to harvest
(Wibowo et al., 2019). Nevertheless, in 2020, Indonesia produced
~1.13 million tonnes of durian, most of which was from East Java
(275.8 thousand tonnes), followed by Central Java and West Sumatra
(138.1 thousand tonnes and 131.43 thousand tonnes, respectively)
(Central Bureau of Statistics, 2022). The production was slightly lower
than in the previous year (1.16 million tonnes). Most of this produce is
consumed locally, but some is exported, for example, to Malaysia and
Singapore, with a total value of about US$ 232,000 in 2020
(Rizaty, 2021). Recently, durian fruit sales were affected by the Covid-
19 pandemic; to overcome this, farmers have begun selling the fruit
on online platforms. Durian agrotourism is another strategy imple-

mented by farmers to increase revenue (Lestari et al., 2020). Online

sales and agrotourism together indicate a recent shift in durian com-
merce in Indonesia.

Indonesia is one of the world's centres of plant genetic diversity,
especially for tropical fruits, including durian (Sastrapradja &
Rifai, 1989). The island of Borneo, in particular, is a centre of diversity
for wild relatives in the genus Durio. According to Uji (2005), 20 spe-
cies of Durio occur in Indonesia. Eighteen of the 20 species of Durio
occur in Kalimantan, seven species in Sumatra and a single species in
Java, Bali, Sulawesi and Maluku, respectively. Of the 18 of species
Durio in Kalimantan, 14 are recorded to be endemic, and nine are
reported to bear edible fruits, namely, D. dulcis (‘lahong’), Durio
excelsus (‘apun’), D. grandiflorus (‘durian munyit’), D. graveolens
(‘tuwala’), D. kutejensis (‘lai’), D. oxleyanus (‘kerantungan’), D. lowianus
(‘teruntung’), D. testudinarius (‘durian sekura’) and D. zibethinus
(‘durian’) (Uji, 2005).

Durio zibethinus is the species most commonly cultivated across
Indonesia, as elsewhere in Southeast Asia. Cultivated durian in
Indonesia is highly plastic and varies in habit; crown shape; branching
geometry; leaf shape; fruit shape; colour, form and texture of the
flesh; and seed morphology. Indeed, over 100 durian cultivars have
been accessioned to the domestic database of registered cultivars
(the Ministry of Agriculture of the Republic of Indonesia) (https://
varitas.net/dbvarietas/index.php). Moreover, there are many local
forms cultivated in Indonesia. For example, 19 local cultivars are
grown by the local people of Tidore Island (North Maluku) (Sundari
et al, 2015), six in Katingan (Central Kalimantan) (Susilawati
Sabran, 2018), 36 in Ngawi (East Java) (Yuniastuti et al., 2018), four in
Malang (East Java) (Bayu & Ashari, 2019), eight in Ogan Komering Ulu
(South Sumatra) (Yulhasmir & Asroh, 2020) and five in Jember and
Banyuwangi (East Java) (Sari et al., 2021). Some of these local durian
cultivars may have superior characteristics to more widely grown
forms and have significant untapped potential (Yuniastuti et al., 2018).

Bogor Botanic Garden, and its network, is a national leader in the
conservation of Durio in Indonesia. About a dozen taxa have now
been conserved in ex situ collections in the garden, namely, D. dulcis,
D. grandiflorus, D. graveolens, D. kutejensis, D. kutejensis forma ochro-
leucus, D. kutejensis forma luteus, Durio lanceolatus, Durio macrantha,
D. oxleyanus, D. testudinarius and D. zibethinus (Aprilianti, 2019). How-
ever, the conservation of the local cultivars of mainstream durian (D.
zibethinus) has received far less attention. We suggest that germplasm
collections for all durian cultivars, including commercially registered
and locally grown forms, as well as wild species of Durio, will be an
important resource for plant breeding in Indonesia and beyond, in the

future.

3.3 | Outside Southeast Asia

Durian is grown locally throughout the tropics. Outside the tropics,
durians must be grown under glass, so farming at a large scale is
unfeasible. Here, the plant is occasionally cultivated as a curiosity;
however, because of its large size at maturity, it is rarely grown. The

durian was introduced to Britain as a glasshouse curiosity in 1825 and
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was listed in the collections of Kew Gardens in 1885 (Brown, 1997).
The only extant accessions to our knowledge are now grown under
glass at the University of Bristol Botanic Garden (since 2008) and the
University of Oxford Botanic Garden (since 2019), both of which were
propagated from commercially sourced seed of D. zibethinus by CJ
Thorogood. Other (wild) Durio species are unknown in cultivation in

Europe to our knowledge.

4 | ECOLOGY AND EVOLUTION

Unsurprisingly, this extraordinary fruit has long aroused the attention
of botanists and evolutionary biologists. The eminent botanist Edred
John Henry Corner (1906-1996) was, in his own words, a ‘convert to
durianology’. He put forward a ‘Durian Theory’ for the origin of mod-
ern trees. Upon visiting a patch of virgin forest in the Singapore
Botanical Garden in 1944, Corner examined the fallen fruits of
Elaeocarpus javanicus from the family Tiliaceae (now in the family
Elaeocarpaceae). He described how the fruits appeared to belong to
the families Meliaceae, Sapindaceae, Flacourtiaceae, Sterculiaceae,
Bombacaceae and Connaraceae; this confusion led him to believe that
fruits resembling those he examined must have been the ancestral
fruit form of this group of families. In his words ‘And if of this group,
why not of all flowering plants?’, Corner then considered the occur-
rence of arils and spines across flowering plant families and set out his
argument that fruits possessing such features could were unlikely to
have evolved multiple times de novo, whereas the loss of such fea-
tures (e.g. associated with drought and cold) repeatedly was a more
logical explanation. Using D. zibethinus as an example, Corner
hypothesised that the primitive fruit of angiosperms was a spiny, fle-
shy follicle with large black seeds and a red aril (Corner, 1949). His
theory was met with some criticism by contemporary botanists,
among them Kostermans, in his appraisal of the genus Durio a decade
later (Kostermans, 1958). Since Corner's theory, the advent of molec-
ular systematics has placed the genus Durio in the Malvaceae, which
sits in a clade of core eudicots—it is not primitive among flowering
plants (APG Group, 2016), and Corner's theory is firmly refuted.
Recent research successfully assembled the complete sequence of the
D. zibethinus chloroplast genome and identified shared ancestry with
linden trees (Tilia) and cacao (Theobroma cacao) (Shearman
et al., 2020).

The durian's strong smell is famous for attracting a guild of
rainforest-dwelling animals including elephants, tigers, pigs, deer, tapir,
rhinoceros, monkeys and squirrels, as described by Corner (1949);
orang-utan are also noted by many foresters in Sabah, Malaysia, to
consume the fruit. Latterly, systematics and character evolution using
internal transcribed spacer (ITS) regions of nuclear ribosomal DNA
have identified two major syndromes in the genus: (i) dispersal by
birds (in which fruits open on the tree and have red or yellow, odour-
less arils) and (ii) dispersal by terrestrial mammals (in which fruits open
after falling to the ground and have pale, odorous arils) (Nyffeler
et al., 2001). Durio flowers open at night, and like the fruits, they are
visited by a variety of vertebrates, including birds, non-flying
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mammals, flying foxes and especially bats (Aziz et al., 2017; Chaiyarat
et al., 2020; Nyffeler et al., 2001). The flowers are large, often whitish,
nocturnal and strongly scented—traits common among bat-pollinated
flowers (Yumoto, 2000). Semi-wild durian trees are typically exposed
to little or no artificial management in rural areas and set seed follow-
ing open pollination; on the other hand, hand-cross pollination is often
carried out in some commercial plantations to increase seed set (Aziz
et al, 2017). Chaiyarat et al. (2020) recommend managing durian
orchards non-intensively as a sustainable approach to fruit production,
maintaining higher populations of natural pollinators and reducing the

risk of pollination failure in the long term.

5 | CONCLUDING REMARKS

The conservation of wild Durio species as genetic resources is crucial
in the face of land conversion, habitat destruction and an increasing
reliance on commercial clones of the fruit. However, there still exists
confusion over taxonomy in the genus, and there are limited studies
focused on wild species (Nyffeler et al., 2001); meanwhile, new spe-
cies are still being discovered. Assessing wild gene pools in Durio could
be useful for identifying useful traits such as disease resistance and
particular fruit characteristics (Brown, 1997). To this end, a collection
of Durio clones of both D. zibethinus and its wild relatives is now being
conserved by the MARDI across the states of Malaysia. These wild
Durio taxa have already proven useful for providing rootstocks for
grafting and enhancing disease resistance (Idris, 2011). We conclude
that obscure wild relatives of the durian hold great potential in
advancing our understanding of the biology, agronomy and commer-

cial potential of the world's most celebrated tropical fruit.

ACKNOWLEDGEMENT

Yayan Wahyu C. Kusuma is supported by Japan-ASEAN Science,
Technology, and Innovation Platform (JASTIP) under the program of
JASTIP-NET 2021, which was funded by JST SICORP Grant Number
JPMJSC15H1, Japan.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Chris J. Thorogood conceived and drafted the manuscript. Mohd
Norfaizal Ghazalli analysed, documented and provide necessary
information regarding wild Durio diversity in Malaysia. Siti-Munirah
Mat Yunoh wrote the section on cultural, ecological and economic
significance of Durio in Malaysia. Dome Nikong contributed
significantly to the preparation of the plates. Yayan Wahyu Candra
Kusuma, Sudarmono Sudarmono and Joko Ridho Witono wrote the
section on Durio in Indonesia.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-

ated or analysed in this study.

85U80] 7 SUOWLLIOD 3AIEa.D 8|qedl|dde ays Aq peusenob aJe saoife VO ‘8sn J0 Sa|nJ oy Areiqi auIjUO /8|1 UO (SUORIPUOD-pUe-SWLRY/Wo0" A3 1M A1 1jaU1UO//SANY) SUORIPUOD PUe SWe 18U 88S *[6202/20/70] uo Arigiiauliuo Aelim ‘Aisienun piosxo Aq 8820T €ddd/zo0T 0T/10p/woo A8 |im Areiqjeujuoyduy/sdny woly pepeojumoq ‘9 ‘2Z0z ‘TT1922.52



—

546 | Plants People Plan

THOROGOOD ET AL.

2 -OBSCURA

KEYWORDS

crops, durian, food plants, fruit biology, reproductive biology

Chris J. Thorogood'?
Mohd Norfaizal Ghazalli®
Mat Yunoh Siti-Munirah*
Dome Nikong®
Yayan Wahyu Candra Kusuma®
Sudarmono Sudarmono®
Joko Ridho Witono®

Department of Plant Sciences, University of Oxford, Oxford, UK
2University of Oxford Botanic Garden, Oxford, UK

3Programme of Resource Utilisation and Agrobiodiversity Conservation,
Agrobiodiversity and Environment Research Centre, Malaysian
Agricultural Research and Development Institute (MARDI), Serdang,
Malaysia

“Forest Research Institute Malaysia (FRIM), Kepong, Malaysia
SDigitalDome Photography, Permaisuri, Malaysia

6Bogor Botanic Garden, Bogor, Indonesia

Correspondence

Chris J. Thorogood, Department of Plant Sciences, University of
Oxford, Oxford, UK.

Email: chris.thorogood@obg.ox.ac.uk

ORCID
Chris J. Thorogood "= https://orcid.org/0000-0002-2822-0182
Mohd Norfaizal Ghazalli "= https://orcid.org/0000-0003-3006-4614

Mat Yunoh Siti-Munirah "2 https://orcid.org/0000-0002-5062-9988

REFERENCES

27Group. (2021). Outlook of durian industry in Malaysia - second largest
exporter of durian in the world. 27 Advisory. Accessed 4 January
2022.

Airriess, C. (2020). Trade, tourism and the environment in Asia's durian
boom. Focus on Geography, 63. https://doi.org/10.21690/foge/2020.
63.6f

Altendorf, S. (2018). Minor tropical fruits, mainstreaming a niche market.
Food Outlook Biannual Report on Global Food Markets. Food and
Agriculture Organization of the United Nations. 67-75.

Angiosperm Phylogeny Group. (2016). An update of the angiosperm phy-
logeny group classification for the orders and families of flowering
plants: APG IV. Botanical Journal of the Linnean Society, 181(1), 1-20.
https://doi.org/10.1111/b0j.12385

Aprilianti, P. (2019). Ex-situ conservation of Durio spp. at Bogor Botanic
Gardens (West Java) and Katingan Botanic Gardens (Central
Kalimantan). Prosiding Seminar Nasional Masyarakat Biodiversitas
Indonesia, 5(1), 123-128. https://doi.org/10.13057/psnmbi/m050123
[Indonesian].

Aziz, S. A., Clements, G. R., McConkey, K. R., Sritongchuay, T., Pathil, S.,
Abu Yazid, M. N. H. Campos-Arceiz, A., Forget, P. M, &
Bumrungsri, S. (2017). Pollination by the locally endangered island fly-
ing fox (Pteropus hypomelanus) enhances fruit production of the eco-
nomically important durian (Durio zibethinus). Ecology and Evolution, 7,
8670-8684. https://doi.org/10.1002/ece3.3213

Baqi, A., Lim, V.-C,, Yazid, H., Khan, F. A. A, Lian, C. J,, Nelson, B. R,
Seelan, J. S. S., Appalasamy, S., Mokhtar, S. I., & Kumaran, J. V. (2022).
A review of durian plant-bat pollinator interactions. Journal of Plant
Interactions, 17(1), 105-126. https://doi.org/10.1080/17429145.
2021.2015466

Bayu, E. M., & Ashari, S. (2019). Cluster analysis of local superior durians
(Durio zibethinus Murr.) from Kasembon. Jurnal Produksi Tanaman, 7(7),
1347-1353. [Indonesian].

Brown, J. B. (1997). In R. K. Arora, V. R. Rao, & A. N. Rao (Eds.), Durio - A
bibliographic review. IPGRI Office for South Asia.

Castafeda-Alvarez, N., Khoury, C. K., Achicanoy, H. A. Bernau, V.,
Dempewolf, H., Eastwood, R. J., Guarino, L., Harker, R. H., Jarvis, A,
Maxted, N., Miller, J. V., Ramirez-Villegas, J., Sosa, C. C., Struik, P. C.,
Vincent, H., & Toll, J. (2016). Global conservation priorities for crop
wild relatives. Nature Plants, 2, 16022. https://doi.org/10.1038/
nplants.2016.22 PMID: 27249561.

Central Bureau of Statistics. (2022). Fruit crop production 2020. https://
www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-buahan.
html [Indonesian]

Chaiyarat, R., Boonma, W., & Koedrith, P. (2020). The role of pteropodid
bats in pollination of durian (Durio zibethinus) in managed orchards in
suburban habitat of Thailand. Urban Ecosystem, 23, 97-106. https://
doi.org/10.1007/s11252-019-00919-w

Cornelia, M., Siratantri, T., & Prawita, R. (2015). The utilization of extract
durian (Durio zibethinus L.) seed gum as an emulsifier in vegan mayon-
naise. Procedia Food Science, 3, 1-18.

Corner, E. J. H. (1949). The durian theory or the origin of the modern tree.
Annals of Botany, 13, 367-414.

Cortaga, C. Q,, Latina, R. A, Habunal, R. R., & Lantican, D. V. (2022). Identi-
fication and characterization of genome-wide resistance gene analogs
(RGAS) of durian (Durio zibethinus L.). Journal of Genetic Engineering Bio-
technology, 20(1), 29. https://doi.org/10.1186/s43141-022-00313-8
PMID: 35157163; PMCID: PMC8844316.

Hariyati, T., Kusnadi, J., & Arumingtyas, E. L. (2013). Genetic diversity of
hybrid durian resulted from cross breeding between Durio kutejensis
and Durio zibethinus based on random amplified polymorphic DNAs
(RAPDs). American Journal of Molecular Biology, 3, 153-157.

Hirunpraditkoon, S., Intharit, S., Srisumran, S., & Wongvirojtana, P. (2014).
Combustion properties of briquette charcoal from durian peel. Applied
Mechanics and Materials, 666, 41-45. https://doi.org/10.4028/www.
scientific.net/amm.666.41

Idris, S. (2011). Durio of Malaysia (pp. 117-125). Malaysian Agricultural
Research and Development Institute (MARDI).

Idris, S. (2015). A new species and a new variety of Durio Adans.
(Malvaceae) from peninsular Malaysia. Malayan Nature Journal, 67(4),
412-418.

Jaswir, 1., Che Man, Y. B, Selamat, J.,, Ahmad, F., & Sugisawa, H.
(2008). Retention of volatile components of durian fruit leather
during processing and storage. Journal of Food Processing and
Preservation, 32, 740-750. https://doi.org/10.1111/j.1745-4549.
2008.00211.x

Kostermans, A. (1958). The genus Durio Adans. (Bombac.). Reinwardtia, 4,
357-460.

Lestari, R., Rachma, ., Purwanti, D., Fadhilah, Q. G., Huda, D. N,
Dinata, A. M., Budiman, F. R, & Said, A. (2020). Arboretum
durio botanica: Botanical and conservation garden of durian
gandasoli. International Journal of Psychosocial Rehabilitation, 24-
(Special Issue 2), 294-298. https://doi.org/10.37200/1JPR/V24SP2/
PR201312

Li, J. X., Schieberle, P., & Steinhaus, M. (2012). Characterization of the
major odor-active compounds in Thai durian (Durio zibethinus
L. ‘Monthong’) by aroma extract dilution analysis and headspace gas
chromatography-olfactometry. Journal of Agricultural and Food Chemis-
try, 60, 11253-11262.

85U80] 7 SUOWLLIOD 3AIEa.D 8|qedl|dde ays Aq peusenob aJe saoife VO ‘8sn J0 Sa|nJ oy Areiqi auIjUO /8|1 UO (SUORIPUOD-pUe-SWLRY/Wo0" A3 1M A1 1jaU1UO//SANY) SUORIPUOD PUe SWe 18U 88S *[6202/20/70] uo Arigiiauliuo Aelim ‘Aisienun piosxo Aq 8820T €ddd/zo0T 0T/10p/woo A8 |im Areiqjeujuoyduy/sdny woly pepeojumoq ‘9 ‘2Z0z ‘TT1922.52


https://orcid.org/0000-0002-2822-0182
https://orcid.org/0000-0003-3006-4614
https://orcid.org/0000-0002-5062-9988
mailto:chris.thorogood@obg.ox.ac.uk
https://orcid.org/0000-0002-2822-0182
https://orcid.org/0000-0002-2822-0182
https://orcid.org/0000-0003-3006-4614
https://orcid.org/0000-0003-3006-4614
https://orcid.org/0000-0002-5062-9988
https://orcid.org/0000-0002-5062-9988
https://doi.org/10.21690/foge/2020.63.6f
https://doi.org/10.21690/foge/2020.63.6f
https://doi.org/10.1111/boj.12385
https://doi.org/10.13057/psnmbi/m050123
https://doi.org/10.1002/ece3.3213
https://doi.org/10.1080/17429145.2021.2015466
https://doi.org/10.1080/17429145.2021.2015466
https://doi.org/10.1038/nplants.2016.22
https://doi.org/10.1038/nplants.2016.22
https://www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-buahan.html
https://www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-buahan.html
https://www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-buahan.html
https://doi.org/10.1007/s11252-019-00919-w
https://doi.org/10.1007/s11252-019-00919-w
https://doi.org/10.1186/s43141-022-00313-8
https://doi.org/10.4028/www.scientific.net/amm.666.41
https://doi.org/10.4028/www.scientific.net/amm.666.41
https://doi.org/10.1111/j.1745-4549.2008.00211.x
https://doi.org/10.1111/j.1745-4549.2008.00211.x
https://doi.org/10.37200/IJPR/V24SP2/PR201312
https://doi.org/10.37200/IJPR/V24SP2/PR201312

THOROGOOQOD ET AL.

FISRA s People Planet

Lim, T. K. (2012). Durio graveolens. In T. K. Lim (Ed.), Edible medicinal and
non-medicinal plants. Springer. https://doi.org/10.1007/978-90-481-
86617_74

Lim, T. K., Luders, L. (2009). Boosting durian productivity, RIRDC project
DNT - 13A. Rural Industries Research Development Corporation
(RIRDC) and Northern Territory Department of Primary Industry and
Fisheries. Canberra, Australia.

Matsuyama, A. (2003). Traditional dietary culture of Southeast Asia. Its for-
mation and pedigree. Kegan Paul.

Mohd Norfaizal, G., & Masrom, H. (2014). Gems in our jungles - Safeguard-
ing the diversity of our rare tropical fruits for future generations.
Malaysian Naturalist, 24-27.

Mohd Norfaizal, G., Mohamad Hadrul, H., Edward, E. B., Mohamad
lkhwanuddin, M. E., Ahmad Zaki, Z., Mohd Masri, S., Salmaniza, S.,
Rosliza, J., Muhammad Shafie, M. S., Noraini, T., & Latiff, A. (2022).
Durio gerikensis (Malvaceae), a new arilless Durio from Hulu Perak,
Malaysia. Phytotaxa, 543(1), 021-030. https://doi.org/10.11646/
phytotaxa.543.1.2

Mohd Shukor, N., Muhammad Shafie, M. S., Mohd Norfaizal, G., Site
Noorzuraini, A. R., Salma, I., & Mohd Shukri, M. A. (2015). Conserva-
tion and utilization of crop genetic resources in Malaysia: MARDI's
effort. Journal of Agricultural Science and Technology, 5, 381-386.
https://doi.org/10.17265/2161-6256/2015.06.001

Montanari, A. (2017). The stinky king: Western attitudes toward the durian
in colonial Southeast Asia. Food, Culture & Society, 20(3), 395-414.

National Policy on Biological Diversity 2016-2025/Dasar Kepelbagaian
Biologi Kebangsaan 2016-2025, 2016. Ministry of Natural Resources
and Environment (NRE), Malaysia.

Neo, P. (2019). Durio-tourism: How durian exports boom and NPD could
lead Malaysia tourism boost. https://www.foodnavigator-asia.com/
Article/2019/04/29/Durio-tourism-How-durian-exports-boom-and-
NPD-could-lead-to-Malaysia-tourism-boost Accessed 4 January 2022.

Nyffeler, R., & Baum, D. A. (2001). Systematics and character evolution in
Durio s. lat. (Malvaceae/Helicteroideae/Durioneae or Bombacaceae-
Durioneae). Organisms, Diversity and Evolution, 1, 165-178.

O'Gara, E., Guest, D. I., & Hassan, N. M. (2004). Botany and production of
durian (Durio zibethinus) in Southeast Asia. In A. Drenth & D. I. Guest
(Eds.), Diversity and management of Phytophthora in Southeast Asia
(pp. 180-186). Australian Centre for International Agricultural
Research.

Rizaty, M. A. (2021). Durian production in Indonesia declines in 2020.
https://databoks.katadata.co.id/datapublish/2021/06/23/produksi-
durian-di-indonesia-menurun-pada-2020 [Indonesian]

Sari, V. K., Asmono, S. L., & Rosdiana, E. (2021). Cluster analysis of local
superior durian (Durio zibethinus Murr.) in Jember and Banyuwangi
District. Jurnal Agroteknologi, 11(2), 53-60. [Indonesian].

Sastrapradja, S. D., & Rifai, M. A. (1989). Introduction to Food Plant Sources
and Germplasms. Germplasm Preservation Commission and Research
Center for Biotechnology, Indonesian Institute of Sciences.
[Indonesian]

OBSCURA- I | s

Shearman, J. R., Sonthirod, C., Naktang, C., Sangsrakru, D., Yoocha, T.,
Chatbanyong, R.,  Vorakuldumrongchai, S., Chusri, o,
Tangphatsornruang, S., & Pootakham, W. (2020). Assembly of the
durian chloroplast genome using long PacBio reads. Scientific Reports,
10(1), 15980. https://doi.org/10.1038/s41598-020-73549-4 PMID:
33028920; PMCID: PMC7541610.

Soegeng, W. R. (1962). The species of Durio with edible fruits. Economy
Botany, 16, 270-282.

Sundari, Arumingtyas, E. L., Hakim, L., & Azrianingsih, R. (2015). Explora-
tion and morphological character identification of local durian (Durio
zibethinus Murr.) from Tidore Island, North Maluku. Proceeding of 6th
International Conference on Global Resource Conservation (ICGRC).
4 pages.

Susilawati Sabran, M. (2018). Morphological characterization of local
durian [Durio zibethinus] from Katingan Regency. Buletin Plasma Nut-
fah, 24(2), 107-114. [Indonesian].

Teh, B., Lim, K, Yong, C, Ng, C. C. Y, Rao, S. R, Rajasegaran, V.,
Lim, W. K,, Ong, C. K, Chan, K., Cheng, V. K. Y., Soh, P. S., Swarup, S.,
Rozen, S. G., Nagarajan, N., & Tan, P. (2017). The draft genome of
tropical fruit durian (Durio zibethinus). Nature Genetics, 49, 1633-1641.
https://doi.org/10.1038/ng.3972

Uji, T. (2005). Species diversity and sources of Durian Germplasms
(Durio spp.) in Indonesia. Buletin Plasma Nutfah, 11, 28-33.

Wallace, A. R. (1856). On the bamboo and durian of Borneo. Hooker's
Journal of Botany, 8, 225-230.

Wibowo, F. A. C., Suryanto, P., & Faridah, E. (2019). Ecophysiology and
development opportunities of durian (Durio zibethinus) through agro-
forestry systems in the southern slopes of mount Merapi, Indonesia.
Jurnal llmu Kehutanan, 13(2), 195-209. https://doi.org/10.22146/jik.
52441 [Indonesian].

Yulhasmir, Y., & Asroh, A. (2020). Inventory of local durian cultivars (Durio
zibethinus Murr) in Semidang Aji District, Ogan Komering Ulu, South
Sumatra. Lansium, 1(2), 21-25. [Indonesian].

Yumoto, T. (2000). Bird-pollination of three Durio species (Bombacaceae)
in a tropical rainforest in Sarawak, Malaysia. American Journal of
Botany, 87,1181-1188.

Yuniastuti, E., Nandariyah, N., & Bukka, S. R. (2018). Characterization of
durian (Durio zibethinus) in Ngrambe District, East Java, Indonesia.
Caraka Tani: Journal of Sustainable Agriculture, 33(2), 136-145.
https://doi.org/10.20961/carakatani.v33i2.19610 [Indonesian].

How to cite this article: Thorogood, C. J., Ghazalli, M. N., Siti-
Munirah, M. Y., Nikong, D., Kusuma, Y. W. C., Sudarmono, S.,
& Witono, J. R. (2022). The king of fruits. Plants, People, Planet,
4(6), 538-547. https://doi.org/10.1002/ppp3.10288

85U80] 7 SUOWLLIOD 3AIEa.D 8|qedl|dde ays Aq peusenob aJe saoife VO ‘8sn J0 Sa|nJ oy Areiqi auIjUO /8|1 UO (SUORIPUOD-pUe-SWLRY/Wo0" A3 1M A1 1jaU1UO//SANY) SUORIPUOD PUe SWe 18U 88S *[6202/20/70] uo Arigiiauliuo Aelim ‘Aisienun piosxo Aq 8820T €ddd/zo0T 0T/10p/woo A8 |im Areiqjeujuoyduy/sdny woly pepeojumoq ‘9 ‘2Z0z ‘TT1922.52


https://doi.org/10.1007/978-90-481-86617_74
https://doi.org/10.1007/978-90-481-86617_74
https://doi.org/10.11646/phytotaxa.543.1.2
https://doi.org/10.11646/phytotaxa.543.1.2
https://doi.org/10.17265/2161-6256/2015.06.001
https://www.foodnavigator-asia.com/Article/2019/04/29/Durio-tourism-How-durian-exports-boom-and-NPD-could-lead-to-Malaysia-tourism-boost
https://www.foodnavigator-asia.com/Article/2019/04/29/Durio-tourism-How-durian-exports-boom-and-NPD-could-lead-to-Malaysia-tourism-boost
https://www.foodnavigator-asia.com/Article/2019/04/29/Durio-tourism-How-durian-exports-boom-and-NPD-could-lead-to-Malaysia-tourism-boost
https://databoks.katadata.co.id/datapublish/2021/06/23/produksi-durian-di-indonesia-menurun-pada-2020
https://databoks.katadata.co.id/datapublish/2021/06/23/produksi-durian-di-indonesia-menurun-pada-2020
https://doi.org/10.1038/s41598-020-73549-4
https://doi.org/10.1038/ng.3972
https://doi.org/10.22146/jik.52441
https://doi.org/10.22146/jik.52441
https://doi.org/10.20961/carakatani.v33i2.19610
https://doi.org/10.1002/ppp3.10288

	The king of fruits
	1  INTRODUCTION
	2  TAXONOMY AND RECENTLY DESCRIBED SPECIES IN THE GENUS DURIO
	3  COMMERCIAL AND CULTURAL IMPORTANCE
	3.1  Malaysia
	3.2  Indonesia
	3.3  Outside Southeast Asia

	4  ECOLOGY AND EVOLUTION
	5  CONCLUDING REMARKS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


