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Mechanism of pollination, pollinator's diversity as well as their foraging behavior and in vivo pollen germination of 
Larsenianthus   careyanus has been studied for a period of eight years (2010 to 2018) in Mokokchung district of Nagaland state 
(India). Flowers are melissophilous and  mainly foraged for nectar and pollen grains by a variety of insect genera viz., Apis 
(honey bees), Amegilla (blue banded bees), Bombus (Bumble bees), Xylocopa  (Carpenter bees). Out of these insect foragers, 
the bees of   Bombus, Xylocopa   and Apis have been observed as best adopted for pollination of L. careyanus. The butterflies 
and moths have also been observed as casual visitors and are identified as nectar robbers. The mode of pollination is both 
nototribic as well as sternotribic depending upon the foraging behavior of different insect visitors. In vivo pollen germination 
takes place inside the funnel-shaped papillate stigma and is comparable with the primitive mode of pollen germination 
exhibited by gymnosperms. 
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Larsenianthus, a ginger genus, has been described by insect visitors/pollinators as well as germination of pollen 

Kress et al.(2010) from Asia for the first time. L. careyanus   grains inside the funnel shaped papillate stigmas of L. 

grows at an altitude ranging from 800 meters above sea level careyanus have been undertaken.

(at Lumami) to 1350 meters above sea level (at Mokokchung).  
MATERIAL AND METHODS

Several  genera of family Zingiberaceae  have been studied for 
Study site—Present study was undertaken on Larsenianthus their floral biology as well as reproductive phenology by 
careyanus (Zingiberaceae) on naturally growing plants various authors.  Genus Alpinia, has thoroughly been studied 
in the shady forest at 227, Arkong ward of Mokokchung for its pollination biology  by  Aswani and Sabu (2015), Deng 
and Zunheboto districts of Nagaland State (India) et al. (2004, 2015), Kasarkar and Kulkarni (2011), Li et al.       
for eight years between June 2010 to September (2001, 2002), Sun et al. (2007, 2010) and Zhang et al. (2003). 
2018.These authors have described movement of styles (Flexistyly) 
Floral Biology—The anthesis takes place in the month of in different ginger taxa and assigned it as an adaptation for 
June and lasts by September. However, the flowering can be ensuring cross pollination and to prevent self pollination.  
extended by cutting the old flowering shoots in the month of Flexistyly  in  genus  Plagiostachys  has been described by 
September. Observations on the flowering, nectar production, Takano et al. (2009) and Jia et al. (2015). The floral 
nectar concentration and the behavior of various insect morphology of   genus Globba has been studied by Box and 
visitors were made. Field photographs of inflorescences,  Rudall (2006). Gordon-Gray et al. (1989) have reported floral 
close up of flowers and insects visitors during foraging visits biology and reproductive biology in Siphonochilus   
on the flowers have been taken with the help of Canon digital aethiopicus. The reproductive biology of Etlingera elatior  
camera EOS 550 D. However, the photomicrographs of has been studied by  Aswani et al. (2013). Paudel  et al. (2017) 
stigma, pollen grains and pollen germination were taken under have reported beetle pollination in genus Roscoea.   
digital microscope (Motic, BA 210). Mohammed et al. (2008) have reported vegetative 
Floral visitors—The insects/foragers were identified with  propagation in Hitchenia careyana and Prabhu et al. (2014) 
the help of photographs and images available on the DVD have reported off-season flower induction of L. careyanus. 
Data –Rom entitled Brisbane Insects and Spiders, Version 1.2,  However, self-pollination in genus Caulokaempferia has been 
purchased from Peter Chew of Australia and by tallying the reported by Wang et al. (2005). So far, reports about   
specimens with the images available on https//www. Google. Pollination biology and  sexual reproduction of L. careyanus 
com. The help for identification of insects has also been taken (Benth.) W.J. Kress & Mood, (Family- Zingiberaceae) have 
from the scientists of Zoological survey of India, Shillong and not been published. Therefore, the present studies on 
Howrah.mechanism of pollination, diversity and foraging behavior of 



Stigma receptivity—Receptivity of stigma was tested foraging visit by a single bee lasts for 15 to 20 minutes. During 

as per procedure given by King (1960) for the presence of this period a bee forages almost all the flowers of a population 

peroxidase enzyme. The concentration of sugars present in repeatedly and disappears for 5 minutes and come back again 

nectar has been measured by using Pocket Refractometer on the flowers. They do not stop foraging the flowers even 

PAL-1, made in Japan by Atago, Tokyo. Experiments for self- during the drizzling. The foraging lasts up to the dusk (18:00 h 

pollination or autogamy were conducted by using nylon net to 18:30 h).
Amegilla sp.—These bees always fly with their extruded bags.

proboscises and start foraging the flowers as early as 05:00 h 
OBSERVATIONS

They reach to the flowers, hover in front of the stamen so that 
Floral biology—The white coloured, diurnal flowers of  the pollen grains come out of the anther and dropped over the 
Larsenianthus careyanus dorsal surface of their thorax and abdomen. These insects were 
mantis ginger” are protandrous and devoid of fragrance. often seen to clean the body surfaces and pack pollens in their 
Anthesis takes place in the month of June and lasts up to pollen baskets. Sometimes, these bees were seen to lick nectar 
September. The flowers open at dawn and withers at dusk. from the furrow created by the  style and filament of the 
Copious amount of nectar is secreted by two elongated stamen. These bees were also seen to lick up nectar after 
nectaries present at the base of corolla tube and collected in the perching over the ventral corolla lobe of flowers (Fig.1B). It 
corolla tube. Often nectar oozes out of corolla tube and get has been observed that the dorsal surfaces of thorax and 
reservoir in the cup-shaped structure formed by the floral abdomen of these bees come in contact with the stigma and 
bracts. Concentration of sugars in nectar shows a variation bring about the pollination.  The mode of pollination is 
ranging from 6% (during forenoon) to 3% (during afternoon). Nototribic.
At the time of anthesis, nectar and pollen grains remain Bombus sp. (Bumble bees)—Bombus species 
available, in the flowers, as reward for the visitors.  At the time commonly known as bumble bees are the most suitable 
of anthesis, the receptive stigma remains in between the anther visitors and foragers of the flowers of L. careyanus as the size 
lobes. However, after two to three hours of anthesis stigma and the posture of body fits into the arched stamen of the 
extrudes out of the anther lobes and show peroxidase activity flower (Fig. 1C). These bees forage flowers a little bit late 
but do not show any flexistylous movement. The bees of (around 06:00 h) for nectar only. After perching over the 
Amegilla  cingulata (blue banded bees) and Amegilla sp. are ventral corolla lobe these bees insert their proboscis into the 
the first foragers of L. careyanus. Pollen grains attached on the mouth of the corolla tubes to lick up nectar. During the  
thorax and abdomen of the insect visitors are scrapped out by process of nectar licking these bees try to reach up to the base 
the stigmatic papillae. Stigmatic papillae help pollen grains to of corolla tubes. In doing so, these bees exert a pressure on the 
reach inside the funnel-shaped stigma through the apical pore. epipetalous curved stamen so that the anther lobes as well as 
Germinated pollen grains have been seen inside the funnel- stigma of the flowers come in contact with the dorsal surface 
shaped stigma (Figs.2 B and D-F). However, sometimes one of the thorax and abdomen. When these forager bees retract 
or two germinated pollen grains have also been found on the out of the flower, the stigmatic papillae scrap out pollen   
outer surface of stigma but the pollen tubes of such pollen grains from the dorsal surface of the abdomen and get 
grains do not penetrate the stigmatic tissues (Fig. 2 C). pollinated. It has been observed that these pollen grains move 
Insect visitors and their foraging behavior— Several floral inside the funnel -shaped papillate   hollow stigma and get 
visitors were observed and they are listed below along with germinated. 
their foraging behavior. Xylocopa violacia (carpenter bees)—The bees of X. 

Amegilla cingulata (blue banded bees)- The bees of violacia visit flowers for nectar only. They are the late 
Amegilla cingulata have been observed as the first forager of morning visitors. These bees directly come to the flowers 
the flowers and start foraging flowers for nectar as early as perch over the ventral corolla lobe, insert proboscis inside the 
05:00 AM . They come directly to the flowers and perch on the mouth of corolla tube so as to lick up the nectar. During the 
ventral corolla lobe which functions as the landing platform   process of licking of nectar, due to their body weight, they 
for them. After perching over the ventral corolla lobe, these exert a pressure on the stamen so that the anther lobes along 
bees insert their proboscis in the mouth of corolla tube and lick with stigma come in contact with the dorsal surface of 
up nectar (Fig.1D). Sometimes these bees lick up nectar from abdomen (Fig.1F). When these bees retract   their body out of 
the cup-like structure formed by the floral bracts. Being small the flower, the dorsal surface of their abdomen and thorax rub 
in size these bees are unable to touch the anther and stigma of to the anther lobes as well as the stigmatic papillae so that the 
the flower and have been identified as nectar robbers. The abdomen as well as thorax of these bees is sprinkled with 

commonly known as “Praying 
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pollen grains. During the process of retraction of the body out of thorax and abdomen are scrapped out by the stigmatic 

of the flowers, the papillae of the stigma scrapped out the papillae. Thus, the pollen grains get inserted into the hollow 

funnel-shaped stigma and get germinated.pollen grains from the body of these insects and get pollinated.  
Papilio polytes (Butterflies)—Butterflies of Papilio X. violacia do not forage flowers for a longer time. They 

polytes were always seen licking up nectar after perching over forage all the flowers within five minutes and disappear for 10 
the flowers of L. careyanus but neither the proboscis nor any to 15 minutes. The pollination is Nototribic.
other body parts touches the anther lobes and stigma and do 
not help in pollination (Fig. 1E). Therefore, the butterflies 
have been identified as nectar robbers of L. careyanus.

Crematogaster sp. (Black ants)—The black ants of 
genus Crematogaster sp. have also been seen licking up nectar 
from the corolla tube and bracterial cup of the flowers without 
touching the anther and stigma. Therefore, these black ants 
have been identified as nectar robbers of L. careyanus.

Stigma receptivity and pollen germination

In L. careyanus, stigma were tested for the presence of 
peroxidases and it was found that the stigma shows presence 
of peroxidases after 2 to 3 hour of anthesis when they come out 
of the anther lobes. The stigma remains receptive until dusk. 
Germination of pollen grains takes place inside the funnel-
shaped stigma (Figs. 2D-F).

Fig.. 1A-F. Larsenianthus careyanus flowers showing diversity of insect 
visitors, nectar robbers and pollinators. A. An inflorescence; B. 
Amegilla sp. foraging the flower; C. Bombus sp. foraging the flower for 
nectar and pollinating it; D Amegilla cingulata foraging the flower for 
nectar without touching the anther and stigma (nectar robber); E. 
swallow tailed butterfly Papilio polytes foraging the flower; F. Xylocopa 
violacia foraging the flower for nectar and bringing about the pollination. 
Ant-Anther;  Stm- Stigma. 

Apis indica (Indian honey bees)—Apis indica, common 

domesticated honey bees of India, visits flowers for pollen 

grains only. These bees are also late morning visitors of the 

flowers. These bees have never been seen licking up nectar of 
Fig. 2 A- F, Larsenianthus careyanus showing insect visitor, the flowers. They directly come to flowers and alight to the 
germination of pollen grains and structure of apical portion of stigma. A. anther lobes (Fig. 2 A). Just after alighting to the anther lobes 
Apis indica (honey bee) collecting pollen grains by alighting on the 

they start collecting pollen grains. During the process of anther lobes and bringing about pollination sternotribically; B. 
Magnified view of apical portion of funnel shaped stigma with papillae; pollen collection the ventral surfaces of thorax as well as 
C. single pollen with pollen tube; D & E.  Dissected stigma showing abdomen get sprinkled with pollen grains. Since, the papillae 
pollen germination inside the funnel shaped stigma. F. Transverse 

of stigmas also come in contact with the ventral surfaces of section of stigma showing germinated pollen grains. Pln- Pollen grain; 
thorax and abdomen, the pollen grains from the ventral surface Plnt- Pollen tube; Stm ppl- stigmatic papillae.
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DISCUSSION AND CONCLUSION member of family Vespidae as pollinator of Plagiostachys  

austosinensis.  Paudel   et al.  (2017) have reported a beetle Members of family zingiberaceae exhibit various 
(Mylabris sp.) as legitimate pollinator and moths modes of pollination ranging from autogamy to allogamy. 
(Macroglosum nycteris) as nectar robbers of Roscoea  Wang et al. (2005) have reported self-pollination in 
alpina in Nepal and Aswani et al. (2013) have reported Caulokaempferia coenobialis due to sliding of pollens 
birds as pollinators and insects as visitors of the ornamental through an oily film to its own stigma. In various species of 
torch ginger (Etlingera elatior) in the Botanical garden of Alpinia the movement of styles called flexistyly has been 
Calicut University, Kerala. Aswani and Sabu (2015) have reported by Li et al.(2001, 2002), Zhang et al. (2003), Sun et 
reported bees of Xylocopa sp.,  Amegilla sp. and Tetragonula al. (2007, 2010), Deng et al.(2015) and Aswani and Sabu 
irridipennis as pollinators of Alpinia mutica. In the present (2015) so as to bring about the cross pollination. Flexystyly 
investigation the bees of Tetragonula irridipennis and has also been reported in other gingers  like Plagiostachys 
beetles have never been seen on the flowers of L. careyanus. strobilifera by Takano et al. (2009). Jia et al. (2015) have 
However, 100% fruiting and seed set has been observed in reported flexistyly in P. austosinensis. In addition to the 
open pollinated flowers but fruiting and seed setting has    occurrence of phenomenon of flexistyly in  A. roxburghii 
not been found in bagged inflorescences of L. careyanus. and  A. kwangsiensis, Deng et al. (2004) and Deng et al. 
Although, the seed germination has been observed in natural (2015) have reported various insect pollinators as well as 
localities, yet, phenomenon of  vivipary  which has been Squirrels, birds and bees as nectar robbers in these taxa. But 
reported by Aswani and Sabu (2015) in Alpinia mutica has so far the phenomenon of flexistyly has not been observed in 
never been found in L. careyanus. However, a unique feature Larsenianthus careyanus. The flowers of  L. careyanus   are 
of pollen germination inside the funnel- shaped papillate protandrous and exhibit presence of stigma in between the 
stigma has been reported for the first time in L. careyanus. anther lobes at the time of anthesis. After two to three hours 
Johri (1935) in Butomopsis lanceolatus has reported of anthesis when the anther dehiscence is completed, the 
mechanism of pollination similar to gymnosperms which is stigma extrudes out of the anther lobes and shows positive 
considered as primitive mode of pollination. In peroxidase test i.e. stigmas become receptive only when the 
gymnosperms pollen grains germinate inside the pollen process of anther dehiscence has been completed. The 
chamber of ovules and in B. lanceolata, the pollen grains flowers of L. careyanus showed a great diversity of insect 
also reaches near the ovules and germinate. Therefore, the foragers only which includes four types of bees, one type of 
pollen germination inside the funnel-shaped stigma of L. butterfly, and one type of ants only. Bees of Amegilla sp., 
careyanus   can also be considered as a primitive feature and Bombus sp., Xylocopa violacia and Apis indica have been 
comparable with the germination of pollen grains inside the identified as the legitimate pollinators of L. careyanus, 
pollen chamber of ovules of gymnosperms and near the whereas, bees of Amegilla cingullata (blue banded bees), 
ovules of B. lanceolata.butterflies, and ants have been recorded as nectar robbers. 
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