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Abstract. The plant-biotic pollinator interaction is crucial for the survival of both organisms. Insects are recognised as effective
biotic pollinators. As there are few specific studies on the pollination of angiosperms, the emphasis of this review is on understand-
ing the pollination process by reviewing the knowledge of the ginger-insect pollinator interaction in Asia. Currently the plant-polli-
nator interaction of only 5% of Asian species of Zingiberaceae is evaluated. Previous studies indicate that bees, such as, halictid
and blue-banded bees are, among the many floral vistors, the most important pollinators of ginger plants in Asia. Knowledge of
non-bee pollinators is still scarce. In order to obtain a more detailed understanding of the interrelationship of the pollinators of
ginger plants with the morphology of their flowers, floral scent and geographical factors, further research is needed.

INTRODUCTION

Pollination is one of the major interactions that occur
between animals and plants in which plants generate new
generations while the animals obtain food and other sec-
ondary rewards (Simpson & Neff, 1981; Tandon et al.,
2016) and is referred to as the plant-pollinator interaction
(Nicolson & Wright, 2017). Currently, there are more than
a hundred thousand articles on this topic recorded over the
last ten years in Science Direct, JSTOR and Google Schol-
ar associated with the keywords plant-animal interactions,
pollination and plant-pollinator. In fact, most of these stud-
ies are on the factors that influence the interaction rather
than on pollinators and floral visitors of a specific species
of plant (Field et al., 2012; Brothers & Atwell, 2014; Ling
et al., 2020; Phillips et al., 2020). Thus, there are numerous
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unreported pollinators of angiosperms and new species are
continuously being reported for ginger plants.

Keywords used to find articles on ginger plants (Zingib-
eraceae), e.g. Zingiberaceae-pollinator interaction, ginger
and pollinators, and Zingiberaceae and pollinators, only
found one to 6000 articles in the above-mentioned academ-
ic websites. The online searches indicate that there are very
few plant-animal interaction studies focusing exclusively
on Zingiberaceae. Therefore, for a better understanding
this review focuses on the Zingiberaceae-pollinator inter-
action in Asian Zingiberaceae. In addition, important fun-
damental aspects of the plant-biotic pollinator interactions
are also presented in order to have a better general under-
standing of the plant-pollinator interaction.

The plant-pollinator interaction is poorly recorded for
Zingiberaceae (common name: gingers), which are better
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known as a herbal plant and source of food of great medici-
nal value (Mekuriya & Mekibib, 2018; Zahara et al., 2018).
There are approximately 1600 species of ginger in 50 gen-
era in the world (Larsen et al., 1999; Xu & Chang, 2017).
Around 1000 species of ginger occur in Asia, especially in
the Malaysian region (Larsen et al., 1999). Gingers are per-
ennial flowering herbaceous plants ranging in height from
less than 10 cm to 8 m. There are around 20 species that
are cultivated for domestic use, such as, Elettaria carda-
momum (L.) Maton, Etlingera elatior (Jack) RM.Sm. and
Zingiber officinale Roscoe (Larsen et al., 1999), and most
species occur in forests.

They can reproduce asexually by vegetative rhizome
propagation and sexually by the transfer of pollen from
male to female flowers (Criley, 1995; Binghong et al.,
2018). Asexual reproduction commonly occurs naturally
in ginger plants and is used to produce large quantities of
ginger (Kaufman, 2016), as it is much easier and faster
than by sexual reproduction (Campbell & Reece, 2008).
However, sexual reproduction can be used to produced
new generations of better quality plants, both physically
and genetically (Pereira & Coimbra, 2020). Zingiber nees-
anum (J.Graham) Ramamoorthy, Z. nimmonii (J.Graham)
Dalzell, Z. spectabile Griff. are a few examples of gingers
produced sexually (Thomas et al., 2016; Rezende et al.,
2021).

In general, the 100 million year old plant-pollinator in-
teraction is currently under threat (Nicolson & Wright,
2017). Pesticides, changes in land-use, pathogens, invasive
species and climate change threaten the interaction (Spira,
2001; Huang & Giray, 2012; Buchholz & Kowarik, 2019).
Similarly, the ginger plants in forested areas are declin-
ing in abundance due to anthropogenic activities (Niissalo
et al., 2017; Appalasamy et al., 2022). If the pollination
of ginger plants is dependent on specific organisms then
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they are vulnerable to pollinator loss (Spira, 2001). Thus,
it is important to understand the processes involved in the
plant-pollinator interaction of gingers in order to ensure the
conservation of these plants and prevent the extinction of
these species in their native habitats.

FLOWER OF ZINGIBERACEAE

Species of Zingiberaceae are distinguishable in the wild
by their inflorescences that are morphologically different,
with bright flowers located on different parts of the plants.
For instance, either on a terminal leafy shoot (e.g. Alpinia
galanga (L.) Wild., Globba pendula Roxb.), terminally
on erect stems (e.g. Plagiostachys albiflora Ridl.), on the
ground (e.g. Etlingera punicea (Roxb.) RM.Sm., Wurf-
bainia uliginosa (J.Koenig) Giseke) or a peduncle (e.g.
Etlingera maingayi (Baker) R M.Sm., Zingiber spectabile)
(Larsen et al., 1999; Appalasamy et al., 2022). In addi-
tion, their inflorenscences last for different periods time,
for example, those of Etlingera elatior for around 24 days
(Choon & Ding, 2016) and Zingiber spectabile for about
two months (Rezende et al., 2021).

Most species of Zingiberaceae have striking flowers
with various patterns and range from tiny (e.g. Globba)
to fairly large (e.g. Alpinia) (Larsen et al., 1999; Izlamira
et al., 2020). The flowers are hermaphrodite in that each
flower contains both male (stamen) and female (pistil)
reproductive organs (Fig. 1). According to Larsen et al.
(1999), the flowers have a single stamen (male organ)
rather than many stamens like flowers of hibiscus and jas-
mine (Struwe, 2016). In contrast, to the general form the
flowers of Sulettaria polycarpa (K.Schum.) A.D.Poulsen
& M.F.Newman are andromonoecious in which hermaph-
rodite and staminate (male) flowers are present in the same
or different inflorescences of an individual plant (Sakai et
al., 1999). However, the male flowers produce nectar and
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Fig. 1. Location of anther in flowers of ginger (Zingiberaceae). (a) Globba leucantha Miq.; (b) Etlingera punicea (Roxb.) R.M.Sm.
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similar amounts of pollen as hermaphrodite flowers for at-
tracting pollinators (Sakai & Nagamasu, 1998).

The single flower of most ginger species, such as Alpinia
kwangsiensis TL.Wu & S.J.Chen, Globba schomburgkii
Hook.f. and Roscoea humeana Balf.f. & W.W.Sm. has a
lifespan of one or less than one day (Lietal., 2001; Zhang et
al.,2003; Aswani etal., 2013; Melati et al., 2015; Aswani &
Sabu, 2018). The flower of Boesenbergia longiflora (Wall.)
Kuntze from China, however, has a two-day flowering pe-
riod, which enables it to avoid self-pollination (Gao et al.,
2004). Flowering period (anthesis) of gingers usually lasts
from morning to noon and varies between species. There
are, however, exceptions, in the occurrence of anthesis, for
instance, the flower bud of Alpinia nieuwenhuizii Valeton
starts to opens at 16.00 h and is fully open at 03:00 h and
releases pollen approximately from 13:00 to 14:00 h on the
next day (Takano et al., 2005). Therefore, it is concluded
that species of ginger differ in lifespan and anthesis. Fur-
ther studies on the phenology of flowering of more species
of Zingiberaceae from around the world are needed for a
comprehensive overview of the patterns in their flowering.

Male anthers contain pollen grains for sexual reproduc-
tion as shown in the Fig. 1 and are either exposed as in
Globba leucantha Miq. (Fig. 1a) or hidden as in Etlingera
punicea (Fig. 1b) and adapted for pollination by particular
organisms (unpubl. data). The pollen grains vary in size
and shape among species (Saensouk et al., 2015; Moon-
kaew et al., 2020) and can be used to identify species
within a genus, such as Curcuma (Saensouk et al., 2015).
Pollen grains of Curcuma spp. range from 50.5+3.4 um to
86.9+7.9 um and are differently shaped, such as, prolate,
prolate spheroidal, spheroidal, subprolate and subsphe-
roidal (Saensouk et al., 2015). Variation in shape within
a genus is also recorded in Globba, where in G. fecunda
A. Takano & H. Okada and G. atrosanguinea Teijsm. &
Binn they are oblate whereas those of G. variabilis Ridl.,
G. hasseltii Boerl. are spheroidal (Syamsuardi et al., 2010).
In general, the pollen shapes are correlated with the type
of pollinator in tape grasses (Hydrocharitaceae), fig trees
(Moraceae) and naiads (Najadaceae) (Tanaka et al., 2004;
Wang et al., 2014). There is, however, little information on
the pollen of Zingiberaceae, so there is a need for palyno-
logical studies on this family in order to better understand
their ecology.

PLANT-POLLINATOR INTERACTIONS
IN GENERAL

The basis of the plant-pollinator interaction is the suc-
cessful pollination of a plant with the help of one or more
pollinators while the pollinator(s) receives a reward such as
nectar, oil, resins or pollen from the plant (Jones & Jones,
2001). This mutual relationship benefits both organisms.

Pollination occurs naturally aided by animals, water
and wind or assisted by a humans. Biotic pollinators play
a very important role in ensuring successful pollination
(Klein et al., 2003; Chauta-Mellizo et al., 2012; Diego et
al., 2021; Ollerton, 2021). Pollination by insects is more
common than by other means, for example, kiwifruits and
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strawberries produce more fruit when pollinated by insects
compared to self-pollination or mechanical pollination
(Abrol et al., 2019; Saez et al., 2019). Insects are a domi-
nant group of organisms with the number of species in the
world estimated to be five million (Johnson & Triplehorn,
2005; Stork, 2018). Insects are invertebrates with a hard
exoskeleton and are easily recognisable in having three
body parts (head, thorax, and abdomen) and three pairs of
legs, and consume a variety of different foods from plants
to other insects and blood of vertebrates (Johnson & Tri-
plehorn, 2005).

There are approximately 350,000 species of vertebrates
and invertebrates that are recorded pollinating angiosperms
(Ollerton, 2017), but, nevertheless, for many angiosperms
in the world the identification of their pollinator and plant-
pollinator interactions are unknown (Keys et al., 1995).
Examples of previously identified pollinators are bees
(e.g. Apis spp.), butterflies (e.g. Leptidea synapis (Lin-
nacus)), moths (e.g. Hadena rivulari (Fabricius)), beetles
(e.g. Mylabris sp.), wasps (e.g. Ceratosolen kaironkensis),
hoverflies (e.g. Episyrphus balteatus (De Geer)), sunbirds
(e.g. Nectarinia zeylonica (Linnaeus)), bats (e.g. Eonyc-
teris spelaea (Dobson)), mice (e.g. Rhabdomys pumilio
(Sparrman)) and lizards (e.g. Podarcis lilfordi (Giinther))
(Reddi & Bai, 1984; Schemske & Horvitz, 1984; Petters-
son, 1991; Weiblen, 2002; Olesen & Valido, 2003; As-
wani et al., 2013; Melidonis & Peter, 2015; Pattemore,
2017; Paudel et al., 2017; Doyle et al., 2020; Baqi et al.,
2022). Among these, the insects are the most successful
pollinators of angiosperms. Honey bees, for instance, are
well documented as very efficient pollinators, especially of
global crops (Pattemore, 2017). Rader et al. (2016) stress
that non-bee insects also play a significant role in global
crop pollination.

Entomologists currently group pollinators together, in
terms of the group of animals involved, pollination guild or
pollination syndrome (Kato et al., 1993; Sakai et al., 1999;
Fenster et al., 2004; Solomon Raju et al., 2014). Firstly, the
groups of animals involved in pollination are listed in Table
1, with the name for each group ending with suffix ‘-phily’
that referes to a liking for a particular animal (Dictionary.
com, 2023). As an example, entomophily, is the combina-
tion of the word ‘entomology’ and suffix ‘-phily’ defines
insect pollination. Chiropterophily (bat pollination), mel-
litophily (bee pollination), ornithophily (bird pollination)
and zoophily (vertebrate pollination), etc. Defining polli-
nation in terms of the pollinating agents makes it easier for
the general public to understand.

There are designated functional groups or pollination
guilds for similar types of pollinators such as the Amegilla
guild, halictid guild, medium traplining bee guild and syr-
phid fly guild (Pettersson, 1991; Kato et al., 1993; Sakai
et al., 1999; Fenster et al., 2004). These terms are more
specific in referring to a distinct group of animals. Finally,
pollination syndrome also contributes to the partitioning
of pollinators (Wolf & Sowell, 2006). The term pollina-
tion syndrome refers to the the characteristics of flowers
(traits), which include rewards for the pollinating agent
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Table 1. General terms used to define pollination by various pol-
linating agents.

Group Pollination by
Cantharophily beetles
Chiropterophily bats
Melittophily bees
Myophily flies
Ornithophily birds
Phalaenophily moths
Psychophily butterflies
Sphecophily wasps
Entomophily insects
Zoophily vertebrates

(Fenster et al., 2004). For example, “bee” syndrome refers
to the flower characteristics that attract bees, which are a
zygomorphic structure, bright yellow or blue colour, and
nectar and pollen rewards (Hingston & Mc Quillan, 2000).

Furthermore, the success of the plant-pollinator rela-
tionship is measured in terms of pollination efficiency
(Liu et al., 2020). The effectiveness is quantified in terms
of single-visit pollen deposition rate, visitation rate, pol-
len tube growth, or fruit production per visit (Keys et al.,
1995; Eeraerts et al., 2019; Liu et al., 2020). Stavert et al.
(2020) stress that pollen tube growth is the most suitable
parameter for determining pollinator performance and ef-
ficiency and is the most accurate when based on multiple
rather than a single pollinator visit.

FLORAL VISITORS VERSUS POLLINATORS

Pollinator is a commonly used term in studies on plant-
pollinator interactions, which generates the perception that
flowers are only being visited by pollinators and non-polli-
nators being neglected. In fact, pollinators make up only a
part of the floral visitors recorded in studies focused solely
on pollinators. With this in mind, floral visitors should be
grouped into non-pollinating and pollinating floral visitors,
with the general term floral visitors including all the ani-
mals visiting a flower.

Floral visitors include any animal that visits flowers,
such as, birds, mammals, insects, arachnids, rodents and
reptiles (Schemske & Horvitz, 1984; Olesen & Valido,
2003; de Merxem et al., 2009; Melidonis & Peter, 2015;
Alves-dos-Santos et al., 2016; Pattemore, 2017; Su et
al., 2020). Among the floral visitors there are pollina-
tors, which is based on observing their behaviour (Inouye,
2007; Kamaruddin & Zalipah, 2020). The visitors that do
not carry any pollen are not considered to be pollinators,
but foragers seeking food (pollen, nectar) (Fumero-Caban
& Meléndez-Ackerman, 2007). In addition, the floral visi-
tors foraging for food are generally referred to as robbers
or thieves by pollination ecologists (Zhang et al., 2013).

As flowering plants are visited by many animals during
flowering, it is important to identify those that are pollina-
tors. Bees, birds, butterflies and moths are well-known as
pollinators thoughout the world (Rader et al., 2016; Wo-
jeik, 2021). According to the Convention on Biological
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Diversity (2018), the reproduction and genetic diversity of
87.5% of plants is dependent on pollinators. Production of
seeds by most species of angiosperms (estimate 260,000
species belonging to 457 families) depends on animal pol-
linators (Wilson, 1992; Bond, 1994; Wilcock & Neiland,
2002; APG II, 2003; Davies et al., 2004; Ollerton et al.,
2011). Hence, the identification of pollinators is vital for
the survival and conservation of plants since the interaction
between the pollinator and plant is mutualistic.

This has resulted in many studies on the pollinators of
specific species of plants, such as, the Orchidaceae (Dar-
win, 1862; Paulus & Gack, 1990; Singer & Sazima, 2001;
van der Niet et al., 2010; Ayasse et al., 2011; Paulus, 2018;
Alanis-Méndez, 2019; Ostrowiecka et al., 2019; Zito et
al., 2019). However, recent pollination studies on orchids
outside Asia have distinguished pollinating from non-pol-
linating floral visitors (van der Niet et al., 2010; Alanis-
Méndez et al., 2019; Ostrowiecka et al., 2019). A study on
two Orchids: the Palmer orchid, Myrmecophila grandiflo-
ra (Lindl.) and Lady of the night, Brassavola nodosa (L.)
Lindl. in Veracruz, Eastern Mexico revealed that the plants
are visited by ants, bees, mosquitoes, moths, and lady-
bugs. However, only the carpenter bee (Xylocopa nautlana
Cockerell) and moth (Scopula sp.) were pollinators of M.
grandiflora and B. nodosa, respectively (Alanis-Méndez et
al., 2019). Similarly, a study on the Broad-leaved marsh or-
chid, Dactylorhiza majalis (Rchb.) P.F.Hunt & Summerh.
in North-Eastern Poland revealed that it is pollinated by
the Western honey bee, Apis mellifera Linnaeus and visited
by insects belonging to the orders Diptera, Hymenoptera
and Coleoptera (Ostrowiecka et al., 2019). A study on the
orchid genus Schizochilus in South Africa reports that flies,
wasps, skippers, moths, bees and beetles visited the flow-
ers of this orchid, but only flies, bees and wasps pollinated
the flower (van der Niet et al., 2010). Summarizing, stud-
ies on specific orchids reveal that their flowers are visited
by many pollinating and non-pollinating animals, and there
is a need to determine the importance of non-pollinating
floral visitors.

Floral morphology is a major factor determining which
of the floral visitors are potential pollinators. Flower size,
form, position of the reproductive organ and shape of the
reproduction organ in flowers determines whether an an-
imal can access the anther to collect and transfer pollen
onto the stigma (Thompson, 2001; Deschepper et al., 2018;
Hernandez-Villa et al., 2020). For an example, a study by
Deschepper et al. (2018) reveals that the distylous Cow-
slip, Primula veris L. is visited by Anthophora plumipes
(Pallas) (bee), Bombus spp. (bee), Bombylius major Lin-
naeus (bee), Gonepteryx rhamni (Linnaeus) (butterfly) and
small rove beetles. Variation in the shape of the stigma de-
termines which of these visitors are potential pollinators,
with the flowers of Cowslip with a long stigma mostly
pollinated by pollen on the proboscis of, e.g., Bombylius
major, whereas those with a short stigma mostly by pollen
on the heads of for, e.g. Bombus pratorum (Linnaeus)).
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OVERVIEW OF STUDIES ON ZINGIBERACEAE-
POLLINATOR INTERACTIONS IN ASIA

The diversity of ginger in most parts of Asia is better
known than the Zingiberaceae-pollinator interaction. Pub-
lications of Larsen (1996), Larsen et al. (1999), Theilade
(1999), Appalasamy et al. (2019, 2020a, b, 2022), Appala-
samy & Arumugam (2020) and Izlamira et al. (2020) pre-
sent detailed accounts of the diversity and distribution of
species of ginger in Asia. In addition, recently many new
species of ginger have been described in Asia, such as, in
the genus Curcuma (Maknoi et al., 2019), Globba (Sangvi-
rotjanapat et al., 2020) and Zingiber (Leong-Skornickova
et al., 2014).

On the other hand, there very few publications on the
specific pollinators of ginger plants in Asia and even those
on non-pollinating floral visitors. Pollinators of ginger
plants have been studied in Asian countries like China
(Zhang et al., 2003), India (Aswani et al., 2013; Aswani
& Sabu, 2018), Indonesia (Kato et al., 1993; Melati et al.,
2015), Malaysian Borneo (Sakai et al., 1999; Takano et al.,
2005) and Thailand (Kittipanangkul & Ngamriabsakul,
2006). Table 2 lists the pollinator species for 16 genera of
ginger in Asia, namely, Alpinia, Amomum, Boesenbergia,
Conamomum, Epiamomum, Etlingera, Globba, Hornst-
edtia, Meistera, Plagiostachys, Roscoea, Scaphochlamys,
Sulettaria, Sundamomum, Wurfbainia and Zingiber.

A major study on the pollinators of Zingiberaceae in
Asia was done in Malaysian Borneo with a total of 34
species of ginger observed at Sabah and Sarawak (Kato,
1996; Sakai et al., 1999; Takano et al., 2005). Takano et
al. (2005) focus on one ginger species, Alpinia nieuwen-
huizii at Sabah while Kato (1996) studied nine species in
Sarawak and Sakai et al. (1999) determined the pollinators
of 29 species in Sarawak. Other than Malaysian Borneo,
pollinators of gingers are recorded for Indonesia. Kato et
al. (1993) studied seven species and Melati et al. (2015)
one species. Most of the publications report the pollinators
of one species of ginger.

Table 2 presents the best examples of Zingiberaceae-pol-
linator studies in Asia. In summary, 51 species of ginger
in Asia are pollinated by 12 groups of pollinators, namely,
blue-banded bees, beetles, bumblebees, carpenter bees,
halictid bees, honey bees, mining bees, stingless bees,
small carpenter bees, wasps, spiderhunters and sunbirds.
Table 2 is discussed further in connection with the subtopic
‘Pollinators of Zingiberaceae in Asia’.

NON-POLLINATING FLORAL VISITORS
OF ZINGIBERACEAE IN ASIA

Most of the pollination studies on Zingiberaceae focus on
the pollinators rather than the floral visitors. As mentioned
earlier, comprehensive studies on all the floral visitors of
Zingiberaceae in Asia are scarce. Nevertheless, the term
floral visitor is defined differently in most of the publica-
tions. For an example, floral visitors are directly referred to
as pollinators of ginger in many studies, such as the floral
visitors of Alpinia nieuwenhuizii were only counted as visi-
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tors if they did touch the sexual organ of the flower (Ta-
kano et al., 2005). Although flowers are visited by flies and
small bees, these visits failed to fulfil the mentioned floral
visitors’ criteria. Carpenter bees, Xylocopa latipes (Drury)
and Xylocopa collaris alboxantha are, however, reported
as floral visitors and effective pollinators of A. nieuwen-
huizii.

In spite of the above, there are few studies that separate
pollinators and non-pollinators based on the role of the or-
ganism. Although the most important study on the pollina-
tors of Zingiberaceae in Asia by Sakai et al. (1999) defines
floral visitors similarly to Takano et al. (2005), this author
states that significantly fewer non-pollinating floral visitors
are recorded for the 29 ginger species studied in Malay-
sian Borneo. In this study, an halictid bee (Thrinchostoma
afaciatum) visited Epiamomum angustipetalum (S.Sakai
& Nagam.) A.D.Poulsen & Skornick., Trigona bee visited
Boesenbergia aff. variegata and an unnamed lepidopteran
visited Hornstedtia aff. minor. Plagiostachys crocydocalyx
(K.Schum.) B.L.Burtt & R.M Sm. is visited by Xylocopa
bees and P, strobilifera (Baker) Ridl. mainly by unnamed
lepidoptera and once by the copper-throated sunbird (Nec-
tarinia calcostetha Jardine). The other species of ginger
studied were only visited by pollinators.

Another study by Aswani et al. (2013) in India docu-
ments that Etlingera elatior is visited by ants (Paratrichina
sp. and Oecophylla smaragdina (Fabricius)), butterflies,
cockroach, fruit fly (Drosophila melanogaster Meigen),
greater coucal bird (Centropus sinensis (Stephens)), small
carpenter bee (Ceratina sp.) and spiders. Interestingly, the
ants, butterflies and fruit flies are nectar robbers as they
collect nectar from stigma without providing a pollina-
tion service. Aswani & Sabu (2018) report that in India the
butterflies, Furema hecabe (Linnaeus) and Udaspes folus
(Cramer) visit and collect nectar by inserting their probos-
cis into the corolla tube of Globba schomburgkii. Similarly
in China, bumble bees (Bombus sp.) collect nectar from
Roscoea humeana and R. cautleoides and unnamed pollen
thieves collect pollen grains that are detached from the an-
thers (Zhang et al., 2010). Thus, these studies indicate that
the non-pollinating floral visitors of Asian Zingiberaceae
include both insects and birds.

Similarly, pollination studies on species of ginger out-
side Asia also report non-pollinating floral visitors. Other
than insect and birds, a lizard is a non-pollinating floral
visitor of Hornstedtia scottiana (F.Muell.) K.Schum. in
Australia. Anoles lizards visit ginger plants for water and
food, imbibe the liquid on the inflorescence and eat tiny
insects attracted to the liquid. In addition, moths also visit
these plants at night and suck liquid from among the bracts
at the apex of the inflorescence (Ippolito & Armstrong,
1993). In addition, Zingiber spectabile in Brazil is visited
by ants, bees, beetles and spittlebugs, similar to the non-
pollinating floral vistors of Asian Zingiberaceae (Rezende
et al., 2021). Future studies on floral visitors of ginger out-
side Asia are likely to record more types of non-pollinating
floral visitors.
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Table 2. Pollinators of Zingiberaceae in Asia. AB — blue-banded bee (Amegilla spp.); B — beetle; BB — bumblebee; CB — carpenter bee; HaB — halictid bee (sweat bee);
HoB — honey bee; MB — mining bee; SB — stingless bee; SCB — small carpenter bee; W — wasp; SH — spiderhunter (bird); NB — sunbird; * — pollinator unidentified.

No. Species Studied region Insect Bird References
AB B BB CB HaB HoB MB SB SCBW SHNB
1. Alpinia glabra Ridl. Sarawak, Malaysia / Sakai et al. (1999)
2. Alpinia nieuwenhuizii Valeton Sabah, Malaysia Takano et al. (2005)
3. Alpinia roxburghii Sweet, syn. Alpinia blepharocalyx K.Schum. Yunnan province, China Zhang et al. (2003)
Amomum kerbyi (R.M.Sm.) Skorni¢k. & Hlavata . .
4. syn. Elettariopsis kerbyi R.M.Sm. Sarawak, Malaysia / Sakai et al. (1999)
5. Amomum sp. 1, syn. Elettariopsis sp. 1 Sarawak, Malaysia / Sakai et al. (1999)
6. Amomum sp. 2, syn. Elettariopsis sp. 2 Sarawak, Malaysia / Sakai et al. (1999)
7. Boesenbergia aff. variegata Sarawak, Malaysia / Sakai et al. (1999)
8. Boesenbergia burttiana R.M.Sm. Sarawak, Malaysia / Kato (1996)
9. Boesenbergia grandifolia (Valeton) Merr. Sarawak, Malaysia / Sakai et al. (1999)
10. Boesenbergia orbiculata R.M.Sm. Sarawak, Malaysia / Kato (1996)
1. Boesenbergia parva (Ridl.) Merr. Sarawak, Malaysia / Kato (1996)
12, Conamomum cylindrostachys (K.Sphum.) Skorni¢k. & A.D.Poulsen Sarawak, Malaysia / Sakai et al. (1999)
syn. Amomum coriaceum R.M.Sm.
13+ Epiamomum angustipetalum (S.qual & Nagam.) A.D.Poulsen & Skornick. Sarawak, Malaysia Sakai et al. (1999)
syn. Amomum angustipetalum S.Sakai & Nagam.
14, Epiamomum roseisquamosum (Nagam. & S.Sakal)A.D.PouIser} & Skornick. Sarawak, Malaysia / Sakai et al. (1999)
syn. Amomum roseisquamosum Nagam. & S.Sakai
. - ) Kato (1996)
15. Etlingera aff. brevilabris Sarawak, Malaysia / Sakai et al. (1999)
16. Etlingera aff. metriocheilos Sarawak, Malaysia / Sakai et al. (1999)
17. Etlingera coccinea (Blume) S'S.akal &.Nagam. West Sumatra, Indonesia / Kato et al. (1993)
syn. Achasma macrocheilos Griff.
18 Etlingera elatior (Jack) R.M.Sm. Singapore Classen (1987)
. syn. Nicolaia elatior (Jack) Horan. Kerala, India Aswani et al. (2013)
Etlingera fulgens (Ridl.) C.K.Lim .
19. syn. Phasomeria fulgens (Ridl.) K.Schum. West Sumatra, Indonesia / Kato et al. (1993)
" . " . . Nakhon Si Thammarat Kittipanangkul &
20. Etlingera littoralis (J.Koenig) Giseke Province, Thailand Ngamriabsakul (2006)
21. Etlingera punicea (Roxb.) R.M.Sm. Sarawak, Malaysia / Sakai et al. (1999)
22. Globba aurantiaca Miq. West Sumatra, Indonesia / Kato et al. (1993)
) Kato (1996)
23. Globba brachyanthera K.Schum. Sarawak, Malaysia / Sakai et al. (1999)
24. Globba leucantha Miq. Kelantan, Malaysia Arumugam et al. (2022)
25. Globba schomburgkii Hook.f. Kerala, India / Aswani & Sabu (2018)
26.* Hornstedtia aff. coninca West Sumatra, Indonesia / Kato et al. (1993)
27. Hornstedtia aff. minor Sarawak, Malaysia / Sakai et al. (1999)
28. Hornstedtia leonurus (J.Koenig) Retz. Sarawak, Malaysia / Sakai et al. (1999)
29. Hornstedtia reticulata (K.Schum.) K.Schum. Sarawak, Malaysia / Sakai et al. (1999)
30. Hornstedtia tomentosa (Blume) Bakh.f. Sarawak, Malaysia / Kato (1996)
31, Meistera aculeata (Roxb.) Skornick. & M.F.Newman West Sumatra, Indonesia / Kato et al. (1993)
syn. Amomum aculeatum Roxb.
30 Meistera oligantha (K.Schu_m.) Skornigk. & M.F.Newman Sarawak, Malaysia / Sakai et al. (1999)
syn. Amomum oliganthum K.Schum.
Meistera gyrolophos (R.M.Sm.) Skorni¢k. & M.F.Newman . Kato (1996)
33. syn. Amomum gyrolophos R.M.Sm. Sarawak, Malaysia / Sakai et al. (1999)
34. Plagiostachys austrosinensis T.L.Wu & S.J.Chen Hainan province, China Jia et al. (2015)
. . Kato (1996)
35. Plagiostachys crocydocalyx (K.Schum.) B.L.Burtt & R.M Sm. Sarawak, Malaysia / Sakai et al. (1999)
36. Plagiostachys sp. 1 Sarawak, Malaysia / Sakai et al. (1999)
37. Plagiostachys strobilifera (Baker) Ridl. Sarawak, Malaysia / Sakai et al. (1999)
38. Roscoea alpina Royle Nepal Paudel et al. (2017)
39. Roscoea humeana Balf.f. & W.W.Sm. Yunnan province, China / Zhang et al. (2010)
40. Roscoea cautleyoides Gagnep Yunnan province, China Zhang et al. (2010)
Scaphochlamys gracilipes (K.Schum.) S.Sakai & Nagam. . .
41. syn. Boesenbergia gracilipes (K.Schum.) R.M.Sm. Sarawak, Malaysia ! Sakai etal. (1999)
Sulettaria longituba (Ridl.) A.D.Poulsen & Mathisen . .
42. syn. Elettaria longituba (Ridl.) Holttum Sarawak, Malaysia / Sakai et al. (1999)
Sulettaria polycarpa (K.Schum.) A.D.Poulsen & M.F.Newman . Kato (1996)
43. syn. Amomum polycarpum K.Schum. Sarawak, Malaysia ! Sakai et al. (1999)
44, Sundamomum calyptratum (S.Sakai & Nagam.) A.D.Poulsen & M.F.Newman Sarawak, Malaysia / Sakai et al. (1999)

syn. Amomum calyptratum S.Sakai & Nagam.

45.

Sundamomum durum (S.Sakai & Nagam.) A.D.Poulsen & M.F.Newman
syn. Amomum durum S.Sakai & Nagam.

Sarawak, Malaysia

Sakai et al. (1999)

46

Sundamomum somniculosum(S.Sakai&Nagam.)A.D.Poulsen&M.F.Newman
. syn. Amomum somniculosum S.Sakai & Nagam.

Sarawak, Malaysia

Sakai et al. (1999)

Waurfbainia uliginosa (J.Koenig) Giseke,

47. syn. Amomum uliginosum J Koenig West Sumatra, Indonesia / Kato et al. (1993)
48. Zingiber longipedunculatum Ridl. Sarawak, Malaysia / Sakai et al. (1999)
49.* Zingiber officinale Roscoe Java, Indonesia Melati et al. (2015)
50. Zingiber puberulum Ridl. West Sumatra, Indonesia / Kato et al. (1993)
51.% Zingiber sp. Sarawak, Malaysia Sakai et al. (1999)
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POLLINATORS OF ZINGIBERACEAE IN ASIA

Insects and birds are the two groups recorded pollinating
ginger plants in Asia where most pollination is by insects.
All the studies listed in Table 2 document diurnal pollina-
tors since anthesis in ginger occurs during daytime.

Blue-banded bees and halictid bees are the major pollina-
tors of Zingiberaceae and make up approximately 30% of
those listed in Table 2, in particular Amegilla pendleburyi
(Cockerell), 4. insularis (Smith) and A. zonata (Linnaeus)
of the former group and Nomia spp. and Thrinchostoma
afasciatum Michener of the latter (Kato, 1996). Honey
bees, stingless bees, carpenter bees and sunbird pollinate
less than three species of ginger. That pollinators other
than bees are less recorded may be due to the small area
sampled and that only the pollination of approximately
5% of the Asian species of ginger has been evaluated. For
other flowering plants, non-bee insect pollinators such as
flies and butterflies are recorded (Rader et al., 2016), but
for ginger the non-bee insects recorded are mainly non-
pollinating floral visitors (Sakai et al., 1999; Aswani et al.,
2013). With this in mind, one wonders whether ginger has
more non-bee pollinators.

Most of the species of ginger listed in Table 2 are polli-
nated by one particular pollinator and only four (7.8%) by
two different types of pollinators. To be specific, for Alpin-
ia blepharocalyx K.Schum. it is carpenter bees (Xylocopa
spp.) and honey bee (4pis cerana cerana), Etlingera elati-
or it is the stingless bee (Tetragonula irridipennis (Smith))
and sunbirds Nectarinia asiatica (Latham) and Nectar-
inia zeylonica (Linnaeus)) (Zhang et al., 2003; Aswani et
al., 2013). The bumblebee Bombus pyrosoma Morawitz
and Vespidae spp. pollinate Plagiostachys austrosinensis
T.L.Wu & S.J.Chen and Roscoea humeana is visited by
the sweat bee (Lasioglossum sp.) and honey bee (A4pis sp.)
(Jia et al., 2015; Zhang et al., 2010). The more potential
pollinators there are for a plant the more likely it is to be
pollinated (Maldonado et al., 2013; Katumo et al., 2022).
Consequently, as 92.2% of the species of ginger listed in
Table 2 have specific pollinators. Hence, any conservation
effort has to bear in mind that the extinction of the specific
pollinators will result in unsuccessful pollination and indi-
rectly in a decline in abundance and genetic diversity of a
specific species of ginger.

Currently, most of the published accounts of the interac-
tion between species of Asian ginger and their pollinators
are inadequate. For Etlingera littoralis (J.Koenig) Giseke,
E. punicea., Globba leucantha and Plagiostachys austros-
inensis, to mention a few, the knowledge is very detailed
(Sakai et al., 1999; Kittipanangkul & Ngamriabsakul,
2006; Jia et al., 2015; Arumugam et al., 2022). Etlingera
littoralis produce at ground level long bright red flowers
with yellow margin, slightly away from the main plant, the
anther faces the lip (hidden) and stigma extends beyond
the tip of the anther (Fig. 2, Chongkraijak et al., 2013).
Its pollinator, the stingless bee, Trigona sp. walks onto the
corolla tube after landing on the lip near the anther to col-
lect pollen and nectar (Kittipanangkul & Ngamriabsakul,
2006). As a result, pollen grains become attached to its
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anther
(inside)

Fig. 2. Flower of Etlingera littoralis (J.Koenig) Giseke (Zingiber-
aceae).

hind legs and head, which is then transfered to the stigma
when it moves from one flower to another. The position of
the anther prevents pollination by well-known pollinators
of Etlingera spp., birds (Kittipanangkul & Ngamriabsakul,
20006).

Likewise, in another member of the genus, the lips of
the red flower of E. punicea have a long bright yellow
fringe and tightly rolled sidelobes, and is on the ground
away from the plant (Fig. 1b, Larsen et al., 1999). Among
its floral visitors, little spiderhunter Arachnothera longiro-
stra can pollinate this species of ginger, whereas the tightly
rolled sidelobes block the entry of Amegilla bees to the flo-
ral tube, nectar and honey (Sakai et al., 1999). This is pos-
sible because the little spidehunter can access the nectar by
inserting its long rostrum into the floral tube of E. punicea
to suck nectar. This indicates that the floral morphology
enables the little spider hunter with a 36mm long rostrum
to pollinate E. punicea, but not the larger Amegilla bee.

In addition, pollinators transfer pollen grains from anther
to stigma on different parts of their body parts, viz. head,
hind legs, dorsal surface, or rostrum. Carpenter bees, Xy-
locopa latipes and Xylocopa collaris alboxantha carry pol-
len of Alpinia nieuwenhuizii on their back (dorsal surface)
(Takano et al., 2005), whereas the small carpenter bee Cer-
atina ridleyi Cockerell carries the pollen of Globba leucan-
tha on their ventral body parts and legs (Fig. 3, Arumugam
et al., 2022). The latter scrape pollen from the anther using
their mouthparts while hanging on the anther. The blue
banded bee, Amegilla zonata (Linnaeus) collect pollen of
Globba schomburgkii on their dorsal surface when entering
a flower (Aswani & Sabu, 2018). Head and hind legs are
used by the stingless bee, Tetragonula irridipennis (Smith)
to transfer pollen grains when visiting flowers of Etlingera
elatior (Aswani et al., 2013) and Trigona sp. the flowers
of E. littoralis (Kittipanangkul & Ngamriabsakul, 2006).
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Fig. 3. Small carpenter bee, Ceratina ridleyi Cockerell, the pollina-
tor of Globba leucantha Miq. (Zingiberaceae).

Birds and bees carry pollen of Zingiberaceae in similar
ways. Birds collect pollen on their beaks while sucking
nectar from flowers, with the pollen attaching to the base
of the bill and/or just above on the feathers of the forehead.
The pollinating birds in Asia are honeyeaters in the case of
Hornstedtia scottiana (Ippolito & Armstrong, 1993), sun-
bird Anthreptes malacensis (Scopoli) for Etlingera elatior
(Classen, 1987) and spiderhunters for Plagiostachys stro-
bilifera (Baker) Ridl.

FUTURE DIRECTIONS FOR THE RESEARCH
ON THE ZINGIBERACEAE-POLLINATOR
INTERACTION IN ASIA

The Zingiberaceae-pollinator interaction is poorly ex-
plored in Asia, especially in terms of the role floral scent
and geographical factors. Previous studies have shown that
floral scent plays an essential role in attracting pollinators
(Majestic et al., 2009; Whitehead & Peakall, 2009), for ex-
ample, in Cypress, Euphorbia cyparissias L. and Euphor-
bia virgultosa Klokov (Denisow, 2009) and European bell-
flower, Campanula bononiensis L. (Denisow et al., 2014).
It increases the likelyhood of pollination by acting attract-
ing foraging pollinators (Wright & Schiesti, 2009). The
scent of plants differ greatly in the volatile compounds they
contain and specific pollinators are attracted by a particular
scent (Takano et al., 2005; Dobson, 2006). There are also
general pollinators such as bees attracted by most floral
scents (Takano et al., 2005; Bumrungsri et al., 2008). A re-
cent study by Zito et al. (2019) confirm that the mining bee,
Andrena nigroaenea (Kirby) that pollinates orchids of the
genus Ophyrys is attracted mainly by Z-9/11-12 alkenes.
The floral volatile compound of Zingiberaceae requires
further study (Menon & Dan, 2009; Yue et al., 2014; Zhou
et al., 2021) as it could greatly add to the understanding of
pollination in Zingiberaceae.

The geographical factor is another aspect that could
greatly add to the understanding of the Zingiberaceae-pol-
linator interaction in Asia. Studies indicate that different
latitudinal zones (Ollerton et al., 2006), altitude (Warren
et al., 1988; Lefebvre et al., 2018), spatial scale and land-
scape structure (Rader et al., 2011; Saturni et al., 2016)
influence pollination. Zingiberaceae mainly occur between
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200 m to 500 m above sea level with various spatial dis-
tributions (Larsen et al., 1999). Studies on the Zingiber-
aceae-pollinator interaction in various types of forest, for
instance, lowland tropical rainforest, hill dipterocarp forest
and limestone forests would provide a clearer picture of
pollination in Zingiberaceae.

CONCLUSION

The plant pollinator interaction is the key to the survival
of flowering plants. Pollination starts with the visit of a
pollinator, followed by pollination and ends in plant repro-
duction. Many factors enhance the interaction and increase
the likelihood of successful pollination. All the criteria
involved in pollination vary greatly in angiosperms. The
overview of the Zingiberaceae-pollinator interaction in
Asia presented indicate that the level of understanding is
poor and there is a need for further studies. Understand-
ing the interaction in terms of spatial and temporal factors
will help in the conservation of plants and pollinators and
ensure the continued survival of both organisms.
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