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INTRODUCTION Penang, Perak, Singapore, Malaysia and North East and 

South India (Western Ghats in Kerala & Karnataka). It is 

The reproductive biology of flowering plants is mainly cultivated for ornamental purposes and it grows 

important for determining barriers to seed and fruit set, very well in swampy areas near springs or rivers at high 

for conservation, pollination and breeding systems altitudes. The family Zingiberaceae consists of about 53 

that regulate the genetic structure of populations genera and more than 1200 species. They are distributed 

(Tandon et al. 2003). Reproductive characters e.g. seed mainly in tropics and subtropics with centre of 

dispersal, germination capacity, survival rate of distribution in the Indo-Malayan region, extending 

seedlings, flowering, reproductive life span and through tropical Africa to Central and South America 

number of flowers and seeds refer to a set of responses (Sabu 2006). Several members of the family yield 

which allows a species to adapt to a particular spices, dyes, perfumes and medicines and some are 

environment. Besides these, the processes of gamete ornamental. The present paper reports the floral biology, 

development, pollination, endosperm and embryo pollen biology, pollination biology, breeding system and 

development and other reproductive features can seed germination in Alpinia mutica.

provide important clues regarding the reproductive 

constraints of plants that need conservation (Monika et MATERIALS & METHODS
al. 2007).

Alpinia mutica commonly known as small shell Study site and species—Present study was 
conducted at four locations in the Botanical ginger or orchid ginger is an ornamental species of the 

family Zingiberaceae. It is mainly distributed in Borneo, Garden, Calicut University, Calicut, Kerala, India 
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ABSTRACT

The reproductive biology of Alpinia mutica Roxb. (Zingiberaceae) was studied at Botanical Garden, Calicut 

University, Kerala. Present communication deals with the floral biology, pollination mechanism, floral 

visitors and their visitation patterns, breeding system and reproductive success in this orchid ginger. It has two 

floral morphs namely, cataflexistylous and anaflexistylous which differ in flowering behaviour depending on 

the direction of stigma movement to avoid self pollination. It flowers throughout the year; with peak 

flowering during August to February. Seasonal variations affect on the flower size, anther dehiscence, floral 

visitors, pollinators and fruit setting.  Anthesis occurs between 0500-0 530 h and a flower survives for 24 

hours. Carpenter bee (Xylocopa sp.), Amegilla sp. and Tetragonula irridipennis are the effective pollinators. 

The seeds of A. mutica show vivipary.
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(11° 25 - 45' N-75° 45-50' E; 50 m in altitude) during Breeding system—To examine the effects of self 
November 2011 to November 2012. and cross pollination of A. mutica and the 
Floral biology— contribution of insect visitors to effective Flowering phenology and floral 

pollination, following eight pollination treatments morphology was observed in the field and also in 
were performed on 105 randomly selected the laboratory with the help of a stereomicroscope 
inflorescences : i. Cata-selfing: All the flowers on (Leica M80). Flowering and fruiting behaviour, 
15 cataflexistylous inflorescences were hand movement of style were recorded daily during 

The amount of nectar pollinated with self pollen in the morning (0800 h). optimum flowering period. 
was determined using micro pipette (10μl) and the ii .  Ana-selfing: All the flowers on 15 
concentration of nectar was measured using anaflexistylous inflorescences were hand 
calibra pollinated with self pollen in the afternoon (0400 h). ted hand refractometer. The number of 

i i i .  Cata-crossing:  The f lowers  on 15 pollen grains/flower, their fertility, viability and 
cataflexistylous inflorescences were bagged and pollen germination on stigmatic surface was studied 
their pollen was gently removed in the morning and by various methods described by Shivanna and 
hand pollinated with pollen from anaflexistylous Rangaswamy (1992). The number of ovules/ovary 
flowers in the afternoon (1600 h), released at this was counted in pistils fixed in formalin: acetic acid: 
time. iv. Ana-crossing: The flowers on 15 alcohol (1:1:18) for 24 h and stored in 50% alcohol. 
anaflexistylous inflorescences were bagged and These were cleared through a clearing series 
hand pollinated with pollen from cataflexistylous (Bhojwani & Bhatnagar 2004) and mounted in 
flowers in the afternoon (1600 h), at the  time of methyl salicylate. The number of ovules /ovary was 
movement of stigma to a reflexed superior position counted under a dissecting stereo zoom 
above the anther in anaflexistylous flowers and the microscope. Pollen-ovule ratio was calculated by 
pollen was removed at the same time. v. Cata-the method after Cruden (1977). Stigma receptivity 
natural: The flowers on 15 cataflexistylous was checked by cytochemical localization of non-

et inflorescences were marked and left exposed for specific esterases after the procedure of Mattson 
al open pollination by insects. vi. Ana-natural: The . (1974) and by hydrogen peroxide (H O ) 2 2

flowers on 15 anaflexistylous inflorescences were reaction after Scribailo & Usher (1984). 
Floral visitors—Floral visitors were observed at all marked and left exposed, permitting insects to visit 
the four sites. During one month of the peak naturally. All pollinated flowers were bagged again 
flowering period, the pollinators were observed and observed periodically for fruit set. vii. 
between 0530 to 0630 h every day. The number of Apomixis: The flower buds a day before anthesis 
floral visitors, foraging behaviour, foraging hour, were emasculated, bagged and observed for fruit 
time spent on each flower, time of contact of insects and seed set. viii. Natural/ open pollination: The 
with the insects and frequency of visit were flowers of field grown plants were tagged at the 
recorded. All the visitors were video recorded and time of anthesis and observations were made on day 
collected. These insects were identified by an today basis on fruit and seed set.
entomologist, at the Trust for Animal Taxonomy, 
Zoological Survey of India, Kozhikode. RESULTS & DISCUSSION
Pollination efficiency—Pollination efficiency of 
different pollinators was checked by observing the Floral biology–Alpinia mutica under favourable 

climatic conditions of Calicut University Botanic pollen loads on their body parts under a 
Garden, flowers throughout the year (Fig. 1). The stereomicroscope, according to the procedure given 
flowers are drooping, 5.5-5.7 cm long, white, and by Kearns and Inouye (1993). The stigmas were 
yellow with red strips at the mouth, zygomorphic, also observed carefully and confirmed the pollen 
hermaphrodite. The pedicel is 1-1.3 cm long, green, transfer to the virgin stigmas by pollinators.
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pubescent, hairs short. The calyx is white, pubescent flowering period 5–8 flowers bloom on each 
externally; tubular and three-toothed at tip. The inflorescence in both floral morphs. The 
corolla tube is creamy white, puberulent externally inflorescence longevity of A. mutica is 30–45 days. 
towards tip. The corolla lobes are white, pouched at Anthesis occurs between 0500–0530 h and the 
tip externally. The dorsal lobe is broadly elliptic and lifespan of single flower is 24 hours. Seasonal 
tip forked while flowering. The lateral staminodes variation affect the flower size, anther dehiscence, 
are pink-rose, straight and attached with dorsal floral visitors, pollinators and also on fruit setting. 
corolla lobe. The labellum is broadly ovate, deep In cataflexistylous flowers anther dehisce during 
yellow; red blotched at base, red striped towards tip, anthesis but in anaflexistylous flowers anther 
creamy white at centre on dorsal side. The labellum dehiscence occur between 1145– 1245 h. The 
forms a tube, the free part of which is expanded and anaflexistylous morph has large flowers, higher 
serves as a landing platform for pollinators. Only one number of pollen grains/flower, higher pollen-
fertile stamen with two thecae is present. The style ovule ratio and larger nectar volume than the 
extends through the sacs. The stamens are creamy- cataflexistylous morph. Unfertilized flowers 
white, straight. The anther is oblong and creamy abscise within 2-3 days, while the ovaries of 
white-light yellow. Ovary is barrel-shaped, light fertilized flowers enlarge over next several days and 
green, densely pubescent, tri-locular and contains develop into fruit. Calyx and corollas of fertilized 
many ovules on axile placentum. The style is filiform flowers remain attached almost until fruit maturity. 
and creamy white. The stigma is funnel-shaped and Calyx is persistent until fruit ripening. Similar 
creamy white. There were two epigynous glands observations were reported previously in A. 
present. nieuwenhuizii by Takano et al. (2009). 

Inflorescences are terminal on leafy shoots. It Nectar is a very important floral reward secreted 
has two floral morphs (Fig. 1b), which differ in by floral nectaries. The amount of the reward 
flowering behaviour. The phenotypes are termed presented to a flower visitor is an important factor 
cataflexistylous and anaflexistylous flowers, which determines the behaviour of the visitor. The 
depending on the direction of stigma movement amount of reward offered to a flower visitor also 
(Fig. 1 d-g). These are occurring in the ratio 1: 1 in depends on the concentration of sugar in the nectar. 
natural population, this observation was similar to Nectar secretion starts soon after anthesis and 
previously reported in A. hainensis (Wang et al. increase gradually and reaches to the maximum 
2005b), A. spp. (Zhang et al. 2002, Li et al. 2002),  (47.6±1.40 µl) at 0900 h. Then the volume 
A. blepharocalyx (Sun et al. 2010),  Plagiostachys gradually declines to 27.1±1.45 µl at 6.00 p.m. The 
strobilifera, A. havilandii, A. nieuwenhuizii highest sugar concentration was highest 
(Takano  et al. 2009) and A. kwangsiensis (Li et al. (26.02±1.51 %) at 0900 h but concentrations 
2002). The cataflexistylous flowers shed pollen declines to the minimum (22.05±1.43 %) at 0600 h. 
grains in the morning, stigma is held erect above the Pollen grains are round or spherical in shape and 
dehiscent anther and in the afternoon receptive echinate type. The pollen grains in anaflexistylous 
stigma curve and reach below the anthers. In flowers are larger than those of cataflexistylous 
anaflexistylous flowers the receptive stigma is flowers and are 88.67±0.9 µm and 67.02±0.74 µm 
curved under the indehiscent anther in the morning in diameter respectively. The mean number of 
and moves in to a reflexed position above the anther pollen grains/ anaflexistylous flower is 34678±344 
as it begins to disperse pollen grains in the and that of cataflexistylous flowers is 30514±106 
afternoon. The speed of the stigmatic movement respectively. The pollen-ovule ratio of 
depends upon environmental conditions. But all anaflexistylous morph was calculated as 771: 1 and 
flowers of given phenotype that open on the same cataflexistylous morph as 663: 1. The pollen 
day are strictly synchronous. The peak flowering fertility in anaflexistylous flowers is 87.6±1 % 
period was August to February. During the peak while in cataflexistylous flowers 85.57±1 % pollen 
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grains are fertile. The viability of pollen grains of depression. Thus, A. mutica exhibit flexistyly, a 
anaflexistylous flowers was maximum (91.37±0.60 mechanism to avoid self pollination. Anther 
%) at the time of anther dehiscence (1300 h) but it dehiscence and stylar behaviour in A. mutica is 
gradually declines with time. In cataflexistylous influenced by several environmental factors. The 
morph maximum pollen viability (96.11±0.51 %) movements of stigma in both the floral morphs are 
was observed at 0900 h, (3 hours after anther similar to that reported earlier in Amomum tsao-ko, 
dehiscence) which subsequently declined gradually A. subulatum, Alpinia kwangsiensis, A. oxyphylla, A. 
with time (Fig. 2, Fig. 1 h). hainanensis, A. galanga, A. blepharocalyx and A. 

The receptivity of stigma was marked by the nieuwenhuizii (Cui et al. 1995, 1996, Li et al. 2001a, 
cytochemical localization of stigmatic esterases b, 2002, Zhang et al. 2003, Takano et al. 2005, Wang 
using α-naphthyl acetate also support result of H O2 2 et al. 2005a, b, Sun et al. 2007, Ren et al. 2007).  
test. In anaflexistylous morph, stigma show According to Kress et al. (2005) flexistyly has 
maximum bubble activity (46 bubbles/minute) evolved from a common ancestor of the tribe 
during morning hours but in cataflexistylous Alpinieae or has independently occurred 3-5 times in 
morph, stigma maximum receptivity is recorded in the tribe. Renner (2001) and Barrett, (2002) defined 
the afternoon at 1600 h (Fig. 3). this gender strategy as flexistyly and this stylar 
Pollination Mechanism—The flowers of A. mutica polymorphism has been referred to as an example of 
show a special pollination mechanism known as heterodichogamy. As a specific heterodichogamy 
flexistyly pollination This is an out-crossing (Renner 2001), flexistyly mechanism is observed in 
mechanism, it not only prevents autogamy (self several genera of Zingiberaceae, e.g. Alpinia, 
pollination within the same flower) but also prevents Amomum, Etlingera, and Paramomum. In the genus 
geitonogamy and even between plants of similar Alpinia, more than ten flexistylous species has been 
phenotype. Plants prefer cross pollination, in order to demonstrated (Li et al. 2001a, b, Li et al. 2002, 
avoid  continuous selfing which leads to inbreeding Zhang et al. 2003, Takano et al. 2005). The floral 

 

Table 1— Seasonal variations in A. mutica.

Season Anthesis  Anther No. of  Total no. of  Pollinators % of  % of 
time dehiscence flowers flowers/ fruit seed 

time opening/day inflorescence set set

Ana Cata Ana Cata Ana Cata  sp. 46±2 86±1

Season1 6.00- 11.45- 6.00- 6±1 4±1 59±4 48±4         & 
(Sep. – 6.30 12.00 6.30 Xylocopa sp.
Nov.) a.m. p.m.  a.m.

Season 2 5.00- 12.00- 5.00-  5±2  5±3 56±3 39±6 Xylocopa sp. 39±1 84±2
 (Dec. – 6.00 12.30 6.00
Feb.)  a.m. p.m.  a.m.

Season 3 5.30- 12.15- 5.30- 4±1  6±2 49±5 45±6 Tetragonula 30±2 82±3
(Mar. – 6.15 12.45 6.15  irridipennis 
May)  a.m. p.m.  a.m.  Trigona sp.

 & Apis sp. 

Season 4 5.45- 12.30- 5.45- 5±2 4±1 51±4 43±4 Xylocopa sp. 44±2 85±2
(June – 6.30 1.00 6.30  &
Aug.) a.m.  p.m. a.m.  Amegilla sp. 

Amegilla
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Fig. 1— Alpinia mutica. (a) Habit. (b) Inflorescence. (c) Anaflexistylous flower in its female phase (before 
noon). (d) Anaflexistylous flower in its male phase (afternoon). (e) Cataflexistylous flower in its female 
phase (before noon). (f) Cataflexistylous flower in its male phase (afternoon). (g) Pollen viability - 
Tetrazolium test. (h) Pollen tube (10% sucrose solution). (i – l) Pollinators. (i & j) Xylocopa sp. (k) Amegilla 
sp. (l) Infructescence. (m) Nectar robber (Gangara thyrsis). (n – p) Vivipary.
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Table 2 Flower visitors and Pollinator of A. mutica.

Sl. Name of taxa Visiting Foraging Foraging Time Stigma Frequency 
No. with family time nature hours spent in touch of visit

each flower

1. Xylocopa sp.1 Day Nectar 10.00 a.m.- 2-4 seconds +++ High
Apidae 4.00 p.m.

2 Xylocopa sp.2 Day Nectar 10.00 a.m.- 2-4 seconds +++ High
Apidae 4.00 p.m.

3 Amegilla sp.  Day Nectar+ 11.30 a.m.- 3-4 seconds ++ High
Apidae Pollen 12.30 p.m.

4. Apis dorsata Day Nectar+ 11.00 a.m.- 3-4 seconds ++ Intermediate
Apidae Pollen 12.00 p.m.

5 Grasshopper Day Pollen 10.00 a.m.- 1-2 minute ++ Low
Tettigonidae 11.00 a.m.

6 Tetragonula Day Nectar+ 10.00 a.m.- 2-5 seconds ++ Intermediate 
irridipennis Pollen 4.00 p.m.
Apidae

7 Tetragonula sp.1 Day Nectar+ 9.00 a.m.- 2-5 seconds ++ Intermediate
Apidae Pollen 3.00 p.m.

8 Trigona irridipennis Day Nectar+ 10.00 a.m.- 2-5 seconds +++ Intermediate
Apidae Pollen 4.00 p.m.

9 Notocrypta Day Nectar 9.00 a.m.- 3-5 minute - Intermediate
curvifascia 11.00 a.m.
Hesperidae

10 Gangara thyrsis Day Nectar 9.30 a.m.- 3-5 minute - Intermediate
Hesperidae 11.30 a.m.

10 Delta sp. Day Nectar 10.00 a.m.- 3-4 seconds - Low
Vespidae 11.30 a.m.

11 Cricket Day Nectar 11.00 a.m.- 3-4 minute - Low
Tettigonidae 12.00 p.m.

12 Componotus Day Nectar 10.45 a.m.- 1-2 minute - High
parius 3.45 p.m.
Formicidae 

13 Anoplolepis Day Nectar 9.00 a.m.- 1-2 minute - High
gracilipis 3.00 p.m.
Formicidae

14 Crematogaster sp. Day Nectar 10.00 a.m.- 2-3 minute - High
Formicidae 4.00 p.m.

15 Oecophylla Day Nectar 11.00 a.m.- 1-3 minute - High
smaragdina 4.00 p.m.
Formicidae

16 Spider Day Insects 10.00 a.m.- 3-4 minute - Intermediate
11.00 a.m.

17 Wasp Day Nectar 12.00 p.m.- 1-3 seconds - Low
Vespidae 12.30 p.m.

18 Fly Day Nectar 9.00 a.m.- 3-4 seconds - Low
Diptera 1.00 p.m.

Stigma touch - +++: very good, ++: good, +: poor, - : no

Frequency of visit – high (5-30 visits / day), intermediate (1-5 visits/day), low (<1visit /day.)

—
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Fig. 2— Pollen viability – Tetrazolium test in A. mutica.

Fig. 3— Stigma receptivity – Hydrogen peroxide test in A. mutica.
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mechanism found in A. mutica appears to reduce reported earlier in Alpinia spp. In flexistylous 
autogamy and geitonogamy, thereby increase the Alpinia species, the frequencies of visit of 
availability of pollen to be exported to other pollinators show a bimodal pattern during the day, in 
individuals. This view is also supported by earlier a good match with the floral behaviour of the 
findings of Zhang et al. (2003) and Sun et al. (2007) flexistylous plants (Li et al. 2001b, Takano et al. 
in A. blepharocalyx. Flexistyly is not only an 2005). Xylocopa spp. is also known to be pollinators 
example of heterodichogamy (Renner 2001), but it is for the other flexistylous Alpinia spp. (Li et al. 
also an example of herkogamy via style movement 2001b, Zhang et al. 2003, Takano et al. 2005, and 
(Sun et al. 2007). Wang et al. 2005a). In the cataflexistylous morph, 

Floral visitors—The flowers of A. mutica anthers dehisce before stigmas become receptive in 
contribute both pollen and nectar as rewards to the the morning (Zhang et al. 2003), and the late-
visitors. Freshly opened flowers are bright yellow in deposited pollen in the afternoon showed significant 
colour and attract a large number of visitors. The competitive advantage, regardless of prior 
activity of visitors starts soon after anthesis. pollination in the morning (Sun et al. 2007) (This 
Flowers were regularly visited by insects. These should be moved to discussion). Butterflies seem to 
included two species of Xylocopa (Fig.1 i -k ), visit A. mutica as nectar robbers, i.e., they suck the 
Amegilla sp. (Fig.1l), Apis dorsata, Tetragonula nectar with their proboscises from the side and 
irridipennis,  Tetragonula  sp.1,  Trigona without coming in contact with the anthers or 
irridipennis, Butterflies (Notocrypta curvifascia, stigmas. The results based on hanging Vaseline 
Gangara thyrsis) (Fig.1m), Delta sp., Cricket, Ants coated slides indicated that A. mutica was not an 
(Componotus parius, Anoplolepis gracilipis, anemophyllous plant. No reports on the wind 
Crematogaster sp., Oecophylla smaragdina), pollination Zingiberaceae have been published. 
Spider, Grass hopper, Wasp and Fly.  However, Pollination efficiency—To understand the possible 
pollen load was observed on two species of reasons for poor fruit set under open pollinations, 
Xylocopa, Amegilla sp., Apis dorsata, Tetragonula pollination efficiency was investigated by 
irridipennis, Tetragonula sp.1, Trigona irridipennis screening a large number of stigmas at the evening 
and Grass hopper. Carpenter bees (Xylocopa spp.) under the microscope for the presence of pollen. Of 
are the main and effective pollinators. The flower is the 100 flowers examined from population “A”, 
well adapted to Xylocopa pollination. The space pollen grains present only on stigmas of 43 %, of the 
between stamen and corolla through which the bee remaining 57 % of the stigmas did not have pollen 
has to enter the flower, are critical for successful grains. But in population “B”, 48 % of stigmas 
pollination. After each visit of carpenter bees pollen contain pollen grains and the remaining 52 % did 
grains are stick on the head and thorax. They help not contain pollen grains. For studying pollination 
flowers in pollination by their rapid and frequent efficiency of flower visitors, the flowers were 
visits to the flowers for nectar collection. The other excised immediately after the first visit and 
visitors like butterflies, ants, fly, spider, grass examined for pollen deposition on their stigma 
hopper, wasp are nectar robbers as they do not come under a stereomicroscope. The result indicates that 
in contact with either anthers or stigma. The Xylocopa sp. has highest pollination efficiency than 
butterflies land on the petal and force its proboscis other visitors.

Breeding system—None of the emasculated down in to the corolla tube and suck the nectar. 
Although the floral behaviour and effective bagged flowers of both anaflexistylous and 

pollinators are similar between Bornean flexistylous cataflexistylous morphs set fruit, indicating that A. 
Alpinia and Chinese flexistylous species reported mutica is not apomictic. The unemasculated bagged 
previously, the pollinator behaviour is similar to that flowers of both morphs failed to set fruit at any time 
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These seeds also germinate in the moist soil. of flowering indicating that the plant is self 
incompatible. This is further confirmed by the fact Fruit set and seed set—The length of the ovary at 
that the plants of population “A” (only the time of pollination was 0.6 – 0.8 cm. It showed a 
anaflexistylous flowers are present) also failed to slight enlargement in five days after pollination. 
produce any fruits, in spite of profuse flowering, Further growth of the fruit was slow. During the 
higher degree of pollen viability, sufficient nectar initial stages of development the fruit wall is light 
secretion and presence of insect visitors (Xylocopa green in colour. After two weeks corolla dry off, but 
spp., Amegilla sp., Trigona irridipennis and the calyx is persistent until the fruit reaches 
Tetragonula spp.) in all seasons. On the other hand, maturity. After two months dark green coloured 
formation of 94.28±2.3 % by ana-crossing in fruit change colour to yellow. After three months 
population “A”, was recorded on pollinating the yellow coloured fruit turned in to orange and after 
emasculated bagged flowers with the pollen from five months, as the fruit reaches maturity; it appears 
the cataflexistylous morph in the morning. Fruit set deep red in colour (Fig. 1 c).
following manual cross pollination (ana-crossing 

Seed germination—The seeds are closely packed 
and cata-crossing) in population “B”, was 

in the ovary and are angled. The seeds of A. 
91.42±3.2 % and 85.74±2.7 % respectively. The 

mutica show vivipary (Fig. 1 n–p). Vivipary is the 
highest percentage of fruit set (94.28±2.3 %) was 

condition whereby the embryo (the young plant 
observed in ana-crossing at population “A”. The 

with in the seed) grows first to break through the 
species is thus strictly cross pollinated, and 

seed coat then out of the fruit wall while still 
therefore, the proper transfer of pollen grains from 

attached to the parent plant. However, 71% seeds  
different populations is necessary for the effective 

germinate in the moist soil. 
fertilization.
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