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Modes of pollination and diversity of visitors and pollinators of Alpinia blepharocalyx K, Schum. (Zingiberaceae) has been 
studied for the first time at Mokokchung and Zunheboto districts of Nagaland state of North-east India for a period of two 
flowering seasons (March, 2018–May, 2018 and March, 2019–May, 2019). Self-compatible, odoriferous and dimorphic 
flowers of A. blepharocalyx exhibit flexistyly (movement of styles) during anther dehiscence and are foraged for nectar and 
pollen grains by a variety of diurnal insects,  viz., honey bees (Apis indica), blue banded bees (Amegilla cingulata), Bumble 
bees   (Bombus sp.), Carpenter bees (Xylocopa sp.), stingless bees (Trigona sp.) and fruit flies of genus Drosophila. These 
visitors forage flowers for either  nectar or pollen grains  or for both nectar as well as pollen grains. The fruit flies of genus 
Drosophila are attracted by a sweet odour emitted by the flowers during dusk. The bagging experiments of inflorescences 
exhibit lesser number of fruit set. The lesser number of fruit set in bagged inflorescences has been attributed to the preference of 
flowers for geitonogamy and Xenogamy through the agency of some biotic visitors like bees and flies in A. blepharocalyx .

Alpinia  blepharocalyx,  flexistyly, Dimorphic flowers, Phenotypes, self-compatible, melliferous flowers.
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MATERIAL AND METHODSGenus Alpinia is one of the largest genus of family 

Zingiberaceae. Alpinia blepharocalyx is a perennial 
Study site—Present studies on modes of pollination in 

rhizomatous herb. It grows at an altitude ranging from 966 m 
Alpinia blepharocalyx and the diversity of its visitors/ 

above sea level at Lumami village of Zunheboto  district and 
pollinators have been carried out at an altitude of 1176 meters 

1176 m above sea level at Mokokchung of Nagaland state (NE above sea level in Ao Setsu locality (N 26˚22'35.7", 
India). The pollination biology and reproductive phenology of E094˚34'26") of Mokokchung district (N 26˚22'35.7", 
various species of genus Alpinia have, extensively, been E094˚34'26") and at an altitude of 966 meters above sea 
studied by Aswani and Sabu (2015), Deng et al. (2015), level at Lumami village (N 26˚13'37.9", E094˚28'25.8") of  
Kasarkar and  Kulkarni (2011), Li et al. (2001, 2002), Sun et Zunheboto  district of Nagaland state (NE India) for a period 
al. (2007), Takano et al. (2005), Wang et al. (2005) and Zhang of two flowering seasons i.e. March 2018 – May 2018 and 
et al. (2003).  These authors have described the movement of March 2019 – May 2019. The observations on opening of 
styles (Flexistyly) in different species of genus Alpinia and flowers, visits of insects as well as the movement of styles  
assigned it as an adaptation for cross pollination and to prevent have been observed from 05:30-06:30 h at Natural localities. 
self- pollination. Takano et al. (2009) and Jia et al. (2005) have The photographs of insect visits on flowers have been taken 
described flexistyly in genus Plagiostachys.  Kasarkar  and with the help of Canon digital Camera ESO 550 D. However, 

photomicrographs of pollen grains and stigma have been Kulkarni (2011) have studied the phenology of family 
taken under Motic, BA-210 digital microscope. The Zingiberaceae with special reference to  Alpinia and Zingiber 
identification of insect visitors has been done with the help of from Kolhapur region (MS) India. However, Zhang et al 
photographs available on the DVD Data- Rom entitled (2003) have reported reproductive biology as well as 
“Brisbane Insects and Spiders, Version 1.2, purchased occurrence of the phenomenon of flexistyly in A. 
from Peter Chew of Australia. The help in identification blepharocalyx from Yunnan province, Southwest China and 
of the insects was also taken from the web site attributed it to promote effective intermorphic pollination.  
https//www.google.com. The authentic identification of However, the diversity of pollinators and modes of pollination 
insects was done by sending the specimen to the Director, in Alpinia blepharocalyx have not been reported earlier from 
regional office of Zoological Survey of India, Shillong 

India.  Therefore, present studies on the mechanism of 
(Meghalaya). The biochemical test for stigma receptivity was 

pollination, diversity and foraging behavior of insect visitors / 
performed as per the procedure reported by King (1960). 

pollinators of A. blepharocalyx have been undertaken in two 
Pollen viability of plants was checked by 0.2% TTC (2, 3, 5-

districts, viz., Mokokchung and Zunheboto of Nagaland state 
triphenyltetrazolium chloride) after the method of Hauser 

of Indian sub-continent.  
and Morrison (1964). The bagging experiments for 



confirming self – compatibility were carried out by using & J). However, the anaflexistylous flowers exhibit protogyny  
nylon net-bags. i.e. stigmas become receptive at the time of opening of floral 

buds and remain below the indehiscent anthers. In such 
OBSERVATIONS flowers the anther dehiscence and upward movement of the 

stigma starts simultaneously at 11. 30 A.M. and the stigma Floral morphology and movement of stigma— The flowers 
goes above the anthers by 12.30 P.M. so as to avoid self- of A. blepharocalyx  arranged on racemose inflorescence. The 
pollination (Fig.1 C, Figs.2 K-M). number of flowers per inflorescence ranges from 40 to 70. The 
Flower visitors and Mechanism of Pollination—Blooming flowers are zygomorphic with a prominent red colored lip with 
in A. blepharocalyx initiates in the first week of March at the  yellow longitudinal blotches and red stripes radiating from the 
Lumami village of Zunheboto district and in the last week of middle of the lip. The yellow coloured blotch with red stripes, 
March at the Ao setsu locality of Mokokchung district. The on the lip of flower, function as nectar guide for the insects. 
flowers open at 05:30 h. and remain open up to the fore- noon The lip forms a tube like structure at the base and functions as 
of the next day. Various insect visitors, viz., Apis indica   nectar reservoir. Nectar is secreted in the elongated nectaries 
(honey bees), Amegilla cingulata (blue banded bees), Bombus present at the base of the lip. A single stamen with a prominent 
sp. (Bumble bees), Xylocopa sp. (Carpenter bees), Trigona sp. basifixed anther represents androecium. The anther is bilobed 
(stingless bees) and fruit flies of genus Drosophila  were seen with four microsporangia. The style remains enclosed inside 
foraging the flowers (Figs.1 B-F). The blue banded bees the filament of the stamen and the apical portion of style along 
(Amegilla cingulata), bumble bees (Bombus sp.) and with stigma extrudes out of the anther lobes. The anthers 
Carpenter bees (Xylocopa sp.) have been seen to forage the dehisce laterally through the abaxial surface. The flowers of  
flowers for nectar and pollen grains, whereas, honey bees A. blepharocalyx exhibit two phenotypes, viz., cataflexistylous 
(Apis indica), stingless bees (Trigona sp.) and fruit flies flowers in their male phase before noon (before 12.00 A.M.) 
(Drosophila sp.) forage the flowers for pollens only (Table 1). and exhibit stigma above the dehiscent anthers (Fig.1A)  and  
The body size of insect visitors play an important role in anaflexistylous flowers in their female phase before noon 
pollination of A. blepharocalyx at both the study sites. (before 12.00 A.M.) show receptive stigma below the 
Carpenter bees  (Xylocopa sp.) and Bumble bees (Bombus sp.) indehiscent anthers (Fig 1 C). Flowers remain open for 24 hrs. 
were seen foraging the flowers of both phenotypes, viz., The single inflorescence of A. blepharocalyx comprises of 
cataflexistylous as well as anaflexistylous and transfer pollen about 40-70 flowers and every day 3-7 flowers bloom. In 
grains on the stigma of anaflexistylous and cataflexistylous cataflexistylous flowers stigma moves up before the anther 
flowers through the dorsal surfaces of their  thoraxes (Figs.1 dehiscence initiated at 5.30 A.M (Figs. 1 A & G). In such 
B, C). Therefore, Xylocopa sp. and Bombus sp. are considered flowers the curving of  stigma initiates at 11.30 A.M. and by 
as legitimate pollinators of A. blepharocalyx at both the study 5.30 P.M. the stigmas  become fully curved and  touch the 
sites. However, blue banded bees (Amegilla cingulata), being surface of the lip due to elongation of the style (Fig.1H, Figs.2 I 
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Table 1— Showing visitors and pollinators of Alpinia blepharocalyx at Ao setsu and Lumami localities of  Mokokchung and  Zunheboto districts
of Nagaland state, North- East India- 

Sl. No. Name of the insects Nectar/Pollen collected Mode of visit/s Attachment of pollen grains Mode of pollen transfer on
on the body parts stigmas of the flowers 

1. Amegilla cingulata Nectar and Pollen  Forager Ventral surfaces of Thorax Nil
& abdomen

2. Apis indica Pollens only Forager Ventral surfaces of Thorax Nil
& abdomen

3. Bombus sp Nectar and Pollens Pollinator Dorsal as well as ventral Nototribic
surfaces of thorax and 
abdomen

4.. Drosophyla sp. Pollens only Foragers Ventral surface of thorax Nil
and abdomen

5. Xylocopa sp. Nectar and pollens Pollinators Dorsal as well as ventral Nototribic
surface of thorax and 
abdomen

6. Trigona sp. Pollens only Foragers Ventral surfaves of Thorax Nil
and abdomen
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Figs. 1 A- H. Alpinia blepharocalyx,  showing stages of stylar movement and insects on the flowers. A, Cataflexistylous flower with curved stigma 
above the dehiscing anthers, B. Xylocopa sp. (carpenter bee) with pollen grains attached on the thorax foraging the cataflexistylous flower for 
nectar without touching the curved stigma, C. Xylocopa sp. foraging the anaflexistylous flower and the pollen loaded thorax touching the papillate 
stigma, D & F. Trigona sp. (stingless bees ) foraging flower for pollen grains. E. Apis indica (honey bee) foraging flowers for pollen grains only. G- 
Cataflexistylous flower showing curving and decurving of stigma. Anth- Anther; Plns.- Pollen grains; Stgm.-Stigma.
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Figs.2. I- O, Alpinia blepharocalyx, flower showing stages of curving and decurving of stigma in cataflexistylous and anaflexistylous phenotypes 
and structure of pollen grains and  papillate stigma. I – J, Cataflexistylous morphs showing decurved stigmas sliding over the lip due to elongation of 
style. K- M, Anaflexistylous morphs showing various stages of curving of stigma before and after the dehiscing anthers. N, showing viable pollen 
grains.  O, Papillate stigma. P,   A. blepharocalyx,  during anthesis. Q,  Single inflorescence magnified to show the number of flowers. R, Fruitng of 
open pollinated (A)  and  bagged inflorescence (B) , Plngs- Pollen grains, Stgm- Stigma, Stgm ppl- Stigmatic papillae.
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smaller in size are unable to touch the stigma of the flowers. Aswani K and Sabu M  2015. Reproductive biology of Alpinia 
Similarly, honey bees (Apis indica), stingless bees (Trigona mutica Roxb. (Zingiberaceae) with special reference to 
sp.), and fruit flies (Drosophila sp.) were also seen to collect flexistyly pollination mechanism. The Inter. J. Plant 
pollen grains only without touching the stigmas of the flowers. Repro. Biol. 7(1) 48-58.
However, it has been observed that while approaching to lick 

Deng X, Deng W, Hughes AC and Mohandass D 2015. the nectar from the basal nectaries, the thorax of bumble bees 
Diverse nectar robbers on Alpinia roxburghii Sweet (Bombus sp.) and carpenter bees (Xylocopa sp.) come in 
(Zingiberaceae). J. Asain-Pacific Biodiv. 8 238-241.contact with the papillate, funnel shaped stigmas of the 

flowers and thus the papillae of stigmas brush out  pollen  Hauser EJP and Morrison JH 1964. The cytochemical 
grains from the thoraxes of these bumble bees  and carpenter reduction of nitro blue tetrazolium as an index of pollen 
bees so as to get  pollinated. viability. Am. J. Bot. 51(7) 748-752.
Breeding system—The bagged inflorescences with nylon net 

Kasarkar AR and Kulkarni DK 2011. Phenological studies of bags showed seed set at both the study sites. However, the 
family Zingiberaceae with special reference to Alpinia number of fruit set was found lesser than the number of fruit 
and Zingiber from Kolhapur region (MS) India. Biosci. set in open pollinated flowers. The unit for bagging 
Discovery 2(3) 322-327. experiment has been taken n=10 inflorescences.

King JR  1960. The peroxidase reaction as an indicator of DISCUSSION
pollen viability. Stain Tech. 36 225-227.

The plants of Alpinia blepharocalyx exhibit two types of 
Li Q-J, Xu Z-F, Xia Y-M, Zhang L, Deng X-B and Gao J–Y 

floral morphs, viz., Cataflexistylous and anaflexistylous, as 
2001. Study on the Flexistyly pollination mechanism in 

reported earlier by Li et al (2001) and Zang et al (2003). The 
Alpinia plants (Zingiberaceae). Acta Bot. Sinica 43(4) 

floral visitors of A. blepharocalyx are mainly bees of order 
364-369.           

Hymenoptera and flies of order Diptera, however, the visitors 
like birds and butterflies have never been observed on these Li Q-J, Kress WJ, Xu Z-F, Xia Y-M, Zhang L, Deng X-B and 
flowers as reported by Aswani and Sabu (2015) in A. mutica  Gao J-Y 2002. Mating  system and stigmatic behavior 
Roxb. The legitimate pollinators of A. blepharocalyx in dur ing  f lower ing  of  Alp in ia  kwangs iens i s  
Mokokchung and Zunheboto districts of Nagaland state are (Zingiberaceae). Plant Syst, Evol. 232 123-132.
carpenter bees (Xylocopa sp.) and bumble bees (Bombus sp.) 

Sun S  Gao  J-Y, Liao W-J,  Li Q-J and Zhang D-Y 2007. which can fly a longer distance and the mode of pollination is 
Adaptive significance of flexistyly in Alpinia “Nototribic”. The pollen grains showed viability up to 24 hrs. 
blepharocalyx (Zingiberaceae): A hand–pollination The stigmas in both phenotypes have been found receptive 
experiment. Ann. Bot. 99 661-666. at the time of opening of flowers till its withering. The fruit set 

in open pollinated flowers were 40%, whereas, in bagged Takano A, Julius A and Mohamed M 2009.  First report of 
inflorescences only 20% of fruit set has been recorded. flexistyly in Plagiostachys (Zingiberaceare), Acta 
The results of present investigation in Nagaland state at Phytotax. Geobot. 60(1) 56- 59.
investigated localities of Mokokchung and Zunheboto 

Takano A, Gisil J, Yusoff M and Tachi T 2005. Floral and districts, confirm the previous observations reported by Li et 
pollinator behaviour of flexistylous Bornean ginger, al (2001) and Zhang et al (2003) from China. However, the 
Alpinia nieuwenhuizii (Zingiberaceae). Pl. Syst. Evol. diversity of insect visitors and pollinators of A. blepharocalyx 
252 167–173.at Ao setsu  and Lumami is higher as compared to the previous 

reports by Zhang et al (2003) from China who have reported 
Wang Y-Q,  Zhang D-X and Chen Z-Y 2005. Pollination 

only two species of Xylocopa and Apis cerana indica. 
biology of Alpinia hainanensis (Zingiberaceae). Acta 
Phytotaxonomica Sinica. 43(1) 37–49.REFERENCES
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