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Thunia alba is a terrestrial lithophyte which also grows as epiphyte on the lower branches of trees. It is also cultivated for its 
aesthetic as well as medicinal values. The breeding and pollination system of this valuable orchid  is not known. Present study 
has been undertaken to obtain information on these important aspects of reproduction in this orchid. It is self-compatible and the 
non-autogamous flowers are visited by small bees of the genus Lesioglossum, blue tiger butterflies, Xylocopa, hornets, wasps 
and the bumblebee species of the genus Bombus.  It was recorded that Bombus is the legitimate pollinator, which carries and 
transferrs the pollinaria attached on their thorax. The bumblebees enter in to the floral passage between the column and the 
labellum and while foraging, the pollinaria become attached on the metascutum (rear portion of thorax) of the bee. During their 
visits to other flowers, the pollinia are inserted in their receptive stigmatic surface. This mode of pollination is known as 
'Thoraxinotribic'. The rate of open pollination was ca 46% while manipulated pollination (geitenogamy and xenogamy) was ca 
90%.
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Orchidaceae is one of the largest families among either rewarding orchids with generalized pollination system 
Angiosperms comprising 27,135 species (Dressler 2006) and or non-rewarding orchids, which follow a deceptive 
are most advanced in the group of Monocotyledons in having pollination system. About one third of orchid species follow 
specialized pollination system consisting of complex this deceptive pollination system (Jersakova et al. 2006).
reproductive organ called the ‘column’ which comprises an The genus Thunia comprises about six species widely 
apically situated anther and sub-apically placed concave distributed in India, China and South-east Asia (Pearce and 
receptive stigmatic cavity. Moreover, in order to reduce the Cribb 2002). In India, T. alba is distributed in Himalaya, 
loss of the pollen  grains, they are enclosed in distinct sac like Andaman Island, Peninsular, East and North-East India 
structure called pollinia. The most interesting feature of the (Karthikeyan et al. 1989).  It is medicinally important and 
members of Orchidaceae is that only a single visit of the used for treatment of lungs, clear phlegm and to treat cough 
legitimate pollinator is enough for successful pollination and to improve blood flow. The whole plant is used either fresh 
(Buragohain and Chaturvedi 2016a). Orchids for pollination or stored after boiling and drying.  The plant paste is used to 
follow several strategies and resupination is one of them. The treat bone dislocation and fractures (Pant 2013). 
floral buds twist at 180° and the labellum of an open orchid The illegal and indiscriminant collection and habitat 
flower positioned downwards to facilitate the proper landing degradation are the major threats for sharp reduction in the 
of the pollinators (Kurzweil and Lwin 2014). Attractive shape population of T. alba from its natural habitat. In order to save 
and colouration of the labellum, presence of floral hairs and 

this important and endangered orchid, both in-situ and ex-situ 
papillae like structures, edible floral parts, fragrance etc. are 

conservation strategies are of utmost importance (Kaul-Moza 
some of the features of orchid flowers, which attract 

and Bhatnagar 2007). Keeping this in view, present study has 
pollinators.  These features of orchid flowers help in bringing 

been undertaken to elucidate, the mode of pollination, the highest pollinator specificity (Johnson and Steiner 2000, 
pollinators and their behavior in helping strategies for the Trembly 1992 and Trembly et al. 2005). The pollination 
conservation of this valuable orchid species.  efficiency of orchids is enhanced by these specializations 

(Nilsson 1992). The rate of reproduction in orchids is often MATERIAL AND METHODS
being strongly limited or dependent on pollinators (Treambly 

The studies on pollination and reproduction biology of et al. 2005). In orchids, 60% are pollinated by insects of the 
Thunia alba were conducted at following sites of Nagaland: order Hymenoptera (bees, wasps and ants) and  rest 40%  are 
Site A- Mokokchung Town (26°19¹ N and 94°30¹ E; Alt. 1270 pollinated by other groups of biotic pollinators e.g. birds, 
M) and Site B- Sumi Setsu (26°16¹ N and 94°28¹ E; Alt. 1156 beetles, flies, butterflies, moths, crickets and mouse etc. 
M) of Zuneheboto District of Nagaland, India for three (Trembly 1992, Van der Pijl and Dodson 1966). Based on 
consecutive years (2015-2017). rewards offered to the visitors/pollinators, orchids may be 



Four inflorescences were bagged by nylon net bags at both tiger butterfly, large size carpenter bee of the genus 
the study sites before anthesis to observe the occurrence of Xylocopa and bumble bee species of the genus Bombus (Fig. 
autogamy. To test self-compatibility, pollinia of a flower were 1F & G). The small size solitary bee and Xylocopa sp. fail to 
placed on the stigma of the same flower. Cross-pollination remove pollinaria.  Lasioglossum sp. are too small in size and 
experiments were performed to check geitonogamy and while they move to and fro in the floral passage, their dorsal 
xenogamy. Pollinia of the same plant were placed on the side of the body never touches the rostellum as well as the 
stigma of the flowers of the same plant to check the anther cap. Due to the large body size, the carpenter bees fail to 
geitonogamy. In order to check xenogamy, the pollinia from enter the floral passage and they suck the nectar present in the 
the flowers of plants were placed on the stigma of another plant spur by making a hole on the spur wall from outside and 
growing at a minimum distance of 4 meters (Buragohain et al. function as nectar robbers alone (Yanwen et al. 2007).  On the 
2016b). The flowers were tagged and the inflorescences were other hand, the legitimate pollinator of this orchid has been 
bagged until the development of the fruits. Ten inflorescences identified as Bombus sp. The external dimension of the 
at both the study sites were marked and left open for open bumblebee fits perfectly into the floral passage between 
pollination. Observations were recorded regularly after column and the floor of the labellum. The bumblebees make 
anthesis of the first flower. The insect visitors/pollinators were long forages for nectar with high sugar concentration.

Foraging of pollinators start  from 06:00 h during the collected in large size test tubes to avoid the removal of pollinia 
clear weather (temperature range 20°-26° c) and continue till from the body of the pollinators (Buragohain et al. 2016a). The 
12:00 noon and there was no foraging after12 noon. The captured pollinators were sent to ZSI, Kolkata for authentic 
pollinator visits 1-4 flowers of the same inflorescence or identification. The specimen vouchers of T. alba were 
different inflorescences of the same or different plants. The deposited in the Department of Botany, Mariani College. Field 
bee hover in front of the flower for 0.5-1.5 seconds and search photographs were taken with the help of Pentax Digital camera 
another flower then land on the labellum. The pollinator insert with 50 mm and 100 mm Macro lens and Sony digital camera. 
its body deep in to the floral tube between the column and the Anthecological studies were performed under Leica Stereo 
floor of the labellum and reach the lower most part of the spur Zoom Microscope  at the Department of Botany, Nagaland 
with the help of their proboscis. After sucking all the nectar University. The quantity of nectar was collected and measured 
from the spur, the bee retreats backward. During the backward by small size syringe (Insulin syringe) and the percentage of 
movement, the broad tri-lobed rostellum plugged the portion sugar in the collected nectar samples were analyzed by using 
of their body in between the thorax and the abdomen. As the Pocket Refracto Meter (model PAL-1, ATAGO, Japan). 
bee moves backwards, it pushed the rostellum upwards, which Observation for pollinators were made regularly during the 
pressed the anthercap resulting in the release of the basal part flowering periods to note the foraging  behavior of the 
of pollinaria which is glued on the metascutum of the bee (Fig. pollinators in open population of T. alba.
1F). Finally the bee successfully escape from the labellum 

RESULTS
with all the 8 pollinia attached on the metascutum. It has been 

T. alba is a terrestrial or epiphytic herb, pseudobulb absent, observed that the bee carried a total number of 4-8 pollinia on 
rhizome short and thick, stems fasciculate, erect, biennial. their metascutum. While a pollinia-carrying bee foraged 
Inflorescence terminal, borne on young leafy shoots (Fig. 1A), another flower and when they retreat backwards, the pollinia 
racemose, several flowered (5-8). Flowers short lived, large, are plugged by the broad rostellum and scraped off the pollinia 
showy, lip fringed on front surface, spurred. Spur cylindrical from the body of the pollinator, which are transferred to the 
ca.1.8 cm. nectariferous. Pedicel and ovary ca. 4 cm. Column 2 sticky stigmatic exudates of the stigmatic cavity and mounted 
cm long, slender, footless, two winged, anther cap connate, there. Therefore, in the repeated foraging the pollinator 
terminal and incumbent (Figs. C, D). Pollinia 8 in two pairs, donated either two or all the pollinia attached on their body in 
unequal in size, without conspicuous stipe and caudicle, to the receptive stigma and accomplishes the process of biotic 
attached to a sticky substance (Fig. C). Rostellum is broad, pollination.   
trilobed and stigma concave with sticky stigmatic exudates. Pollination Success—The flowers of T. alba are self-
Floral Phenology—Flowering takes place between second compatible and depend upon the biotic pollinators for 
week of May and last week of July. Un-pollinated flowers successful sexual reproduction (Table). The rate of open 

pollination success was recorded 44.42% and 47.68% at site A remain fresh for 7-8 days, while senescence of flowers starts 
and B respectively. In manipulated cross (self-pollination) after 24 h of pollination. Fruits mature after 6 months of 
93.14% and 90.58% pollination success was recorded in the pollination.
study sites A and B and 86.74% and 88.86% pollination Visitors of the flower and Pollination Mechanism—  The 
success was recorded for geitonogamy and in xenogamy self-compatible, nectariferous flowers of T. alba are visited by 
experiment 90.87% and 93.91% success of pollination was small solitary bee of the genus Lasioglosum, blue
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Table- Pollination success of T. alba (Sites: A. Mokokchung  Town; Site B- Sumi Setsu, Zunehoboto)

OBSERVATIONS Number of inflorescence and flowers   CAPSULE FORMED % POLLINATION 

observed SUCCESS 

(AVERAGE) %
             SITE A                   SITE B SITE A  SITE B

 2015 2016 2017  2015 2016 2017 2015 2016 2017 2015 2016 2017 SITE A SITE B

AUTOGAMY I:4  I:4 I:4 I:4 I:4 I:4 NIL NIL NIL NIL NIL NIL NIL NIL

SELF 
POLLINATION F:15 F:12 F:18 F:14 F: 18 F: 20 14 11 17 13 16 18 93.14  90.58

GEITONOGAMY F:20 F:22 F: 18 F:16 F:26 F:32 17 19 16 14 23 29 86.74 88.86

XENOGAMY        F:16 F:18 F:20 F:22 F: 24 F:20 15 16 18 20 23 19 90.87  93.91

OPEN 
POLLINATION I: 10 I:10 I:10 I:10 I:10 I:10 40 41 26 31 32 29 44.42 47.68
(NATURAL) F: 86 F:78 F:76 F:66 F:67 F:60                                                                                

I= Inflorescence; F= Flower 
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Figs. A-H. Pollination and pollinator of Thunia alba. A. Blooming of T. alba on the sloppy guard wall; B. A pollinator bee foraging the flower; C. Anther 
cap and the pollinia; ; D. Morphology of column showing column wings and rostellum; E. Lateral view of labellum showing spur and ovary. F. Dorsal 
view of captured pollinator female bumble bee Bombus sp. showing attachment of pollinaria on metathorax. G. Lateral view of Bombus sp. with 
pollinaria on her metathorax; H. 5 month old  Matured fruits. (POLR. Pollinator; ANT. CAP : Anther cap; ROST. Rostellum; POLLA: Pollinaria.)
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recorded in the two study sites  respectively.  Fruits mature 5-6 Buragohain B, SK Chaturvedi and N Puro 2016a. Pollination 
months after pollination. In the open conditions, self- biology of Phaius tankervilleae (Banks ex L’ Herit) Bl. 
pollination or geitonogamy is prevalent in the flowers of T. (Orchidaceae). Inter. J. Plant Repro. Biol.  8(1) 75-81
alba because pollinators with pollinaria were observed to Buragohain B, SK Chaturvedi and N Puro 2016b. Pollination 
foraged the flowers of the same inflorescence frequently. biology of Cymbidium aloifolium (L.) Sw. A medicinal 

orchid from NE India. J.D.R.A.S. 1(2,3,4) 73-80 DISCUSSION AND CONCLUSION

Buragohain B. and SK Chaturvedi 2016c. Deceptive It has been estimated that the pollination success of 
Pollination in an endangered orchid, Vanda coerulea rewarded orchids are higher than the deceptive orchids and 
Griff. Ex. Lindl. (Orchidaceae). J. Orchid Soc.  India 30 accordingly the activity of pollinators is higher in the case of 
31-35. the rewarded orchids than the deceptive or non-rewarded 

Dressler RL 2006.  How many Orchid species? Selbyana, orchids (Buragohain and Chaturvedi 2016b). In the study of 
26(1-2) 155-158.strategy for successful pollination of an endangered orchid T. 

alba it has been observed that the successful and legitimate Jersakova J, Johnson SD and kindlmann P 2006. Mechanism 
pollinator is the bumble bee Bombus sp. which are also known and Evolution of Deceptive Pollination in Orchids. 
for their long flights. The pollinators flying circling around the Biological Review 81 219-235.
flowering plants for ca. 2 seconds before entered the floral 

Johnson SD and KE Steiner 2000. Generalization versus 
passage probably investigating the freshness of the flowers. 

specialization in plant pollination system. Trends Ecol. 
They do not hover or enter in any senescent flowers. In a fresh Evol., 15 109-93.
flower, the pollinator remains inside the floral tube for a 

Kaul-Moza M and Bhatnagar AK 2007. Plant reproductive maximum time of ca. 2.30 minutes to suck all the nectar 
biology studies crucial for conservation. Curr. Sci. 92(9) present in the spur and in such case, the removal of pollinaria 
1207.was also recorded. The distance between the anther cap and 

Karthikeyan S., Jain SK, Nayar MP and Sanjappa M 1989. the basal portion of the spur is ca. 4 cm (column 2cm + spur 2 
Florae Indicae Enumeratio: Monocotyledonae. cm) while, the distance between the apex of the probosis and 
Botanical Survay of India, Calcutta, Pp: 435.metascutum is 3.5 cm. It means that the pollinator pass 

through the apical part of the column during which some Kurzweil and  Lwin 2014. A Guide to Orchid of Myanmar. 
sticky substance is smeared on the thorax portion of the National History Publications (Borneo), Kota Kinabulu.
pollinator that helps in the mounting of pollinia on the 

Nilsson LA 1992. Orchid Pollination Biology. Trees 7 255-59.
metascutum. The rostellum scrape off the pollinia from the 

Pant B 2013. Medicinal Orchids and their uses: Tissue Culture pollinator body while they retreat backward and shifted to the 
a potential alternatives for Conservation. African J. Plant receptive stigmatic surface. Secretion of large quantity c.a. 
Sci...7(10) 448-67.0.4 ml of high sugar content 39% / ml nectar, large tri-lobed 

rostellum, large size labellum with long hairy outgrowth on Pearce N and Cribb  PJ 2002. Flora of Bhutan. The Orchids of 
the floor, bright orange-yellow colouration are some of the Bhutan. Vol. 3(3). Royal Botanical Garden, Edinburgh 

and Royal Government of Bhutan. Pp. 643.strategy for the pollination success of T. alba. 46% pollination 
may be regarded as highest rate of pollination success in case Trembly 1992. Trends in Pollination Biology of Orchidaceae: 
of orchid plants. Evolutio and Systematics. Can. J. Bot. 70: 642-50.
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