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The pollination biology of Cassine kedarnathii Sasidh. & Swarup. (Celastraceae), a rare tree species endemic to Silent Valley 
tropical forests of the Western Ghats was studied in detail. Inflorescences are borne in axillary dichasial cymes. Flowers are 
hermaphrodite, small, greenish yellow, and pentamerous with a massive disc. Floral traits indicate that they are adopted for 
entomophily but visitors are few due to less reward. Major pollinators are Apis cerana, Sphaerophoria sp., Musca sp., Chrysomya 
sp., and Sarcophaga sp.. Pollination experiments showed that C. kedarnathii exhibit facultative selfing. 
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Pollination process is fundamental to the long term MATERIALS AND METHODS
sustainability of plants as it is through seed set occurs and 

Study sites : Pollination ecological studies were carried out in 
carrying the genetic information to the next generation. Also trees located in Sairandhri, Aruvanpara and Kattuvaramudi of  
the diversity of pollination mechanisms provides excellent Silent Valley National Park, Kerala, India.
opportunities to study the degree of co-evolution between Floral morphology and sexual system : Five branches from 
plants and their pollinators. A large number of studies were three trees were randomly collected to study the inflorescence 
carried out in pollination biology of herbs, shrubs and trees structure and flower morphology with reference to sexual and 
in India but most of them were confined to common species breeding system. The morphology and structure of 25 
of economic and/or medicinal importance (Corlett 2004, randomly selected flowers were studied under a stereo 
Solomon Raju 2007). Pollination aspects of wild forest trees microscope (Leica MZ6 model). Floral parts measurements 
are rare may be due to huge size, infrequent flowering, and position of anthers and stigma were studied and recorded.  
inaccessibility of flowering branches, lack of facilities in Total pollen production : The number of pollen grains per 
forest areas for continuous observation etc. Devy and Davidar flower was calculated according to method suggested by 
(2003) studied the pollination systems of a wet evergreen Dafni (1992). Mature anthers of 25 randomly collected 
forest of the Western Ghats and found that 75% of the flowers were squashed separately into the mixture of known 
arborescent species were pollinated by a single specialized quantity (20 µl) of dilute glycerine and cotton blue stain. The 
pollinator group the bees. Cassine kedarnathii Sasidh & pollen grains were mixed thoroughly. 2 µl of diluted glycerine 
Swarup. belongs to the family Celastraceae, is an evergreen and cotton blue stain was placed on a clean slide and the 
rare tree endemic to Silent Valley National Park of the Western number of pollen grains was counted under the microscope. 10 
Ghats (Sasidharan and Swarupanandan 1992). It has a replicates were carried out and the average number of pollen 
restricted distribution in Silent Valley forest and only grains per flower was calculated and expressed as mean 
individual trees are found. Biology of this species remains number of pollen ±SD. 
unknown. Pollen fertility and in vitro germination : Pollen fertility was 

The study of pollination biology is fundamental for checked by Acetocarmine-glycerine stain (Radford et al. 
systematic, evolution and conservation analysis (Anderson 1974). The stained and intact pollen grains are considered as 
1995). An understanding of pollination and breeding system is fertile. In vitro pollen germination was recorded by the method 
highly essential for the success of any conservation and described by Shivanna and Rangaswamy (1992). Fresh pollen 
restoration programmes (Weller 1994). Observations of grains were incubated for 3 h at room temperature in BK 
features such asphenological and floral characters, as well as medium in 5%, 10%, 15%, 20%, 25% and 30% of sucrose 
pollination studies, can provide inferences into plant breeding solutions. Pollen germination was scored under Olympus light 
systems. In this study, we investigated the pollination biology microscope. Pollen grains which produced pollen tubes longer 
of C. kedarnathii, including pollen viability, pollination than the diameter of the pollen were counted as viable and 
ecology and breeding systems aiming to contribute to the percentage of pollen germination was calculated and 
knowledge on the biology of this rare tree species. expressed as mean number of pollen germinated ±SD.



Pollen : Ovule Ratio and Outcrossing Index: Total pollen manuals (Ali et al. 1995, Jafar Palot et al. 2003 and Sengupta 
production of randomly selected 15 flowers was found out. and Tapan 2005).
The ovary of the same flowers was dissected under a 

RESULT AND DISCUSSION
dissection microscope and the ovules per flower were 
counted. Pollen: ovule ratio was calculated as suggested by Cassine kedarnathii is a large tree with more than 30 m 
Cruden (1977). Outcrossing index (OCI) was also calculated height and up to 12 m girth. Tree trunk is straight for a 
by summing up the size of flower (here I used the diameter of considerable height from the base and buttressed in some trees 
flower, size < 2 mm =1, 3-5 mm = 2, 5-10 mm = 3, > 10 mm = (Fig. 1A) Flowering was observed from November to March. 
4), temporal separation of anther dehiscence and stigma It was observed that each tree produced large number of 
receptivity (protogyny = 0; protandry = 1) and spatial flowers however flowering intensity was varied. 
separation of anthers and stigma (stigma is below the anthers = Floral morphology and sexual system : Hermaphrodite 
0 and above the anthers = 1) (Cruden1977). flowers are borne in terminal or axillary dichasial cymes (Fig. 
Stigma receptivity: It was studied by Hydrogen Peroxide 1B). They are small, greenish-yellow in colour, pentamerous, 
(H O ) test as described by Dafni (1992) and by observing 2 2 12 ± 1.5 mm in diameter with 5 to 7 mm long pedicels (Fig. 
changes in characters of stigma using a 10X hand lens in the 1C). Sepals and petals are imbricate. Petals are oblong and 
tree itself. In H O test different stages of flowers were 2 2 orbicular, free and deflexed outward. There is a prominent 
collected and stigma was immersed in 3% H O and observed 2 2 massive disc at the centre which contains numerous small 
for bubbles. If stigma is receptive, bubbles are produced in nectar pores. Five stamens are inserted along the margin of the 
large amount. disc and between the petals. Filaments are short and recurved 
Pollination experiments : Experiments for autogamy, towards outward after pollen shedding. Anthers are bithecaete 
geitenogamy and xenogamy were conducted onetree each at and opened by longitudinal slits. Anther dehiscence occurred 
Sairandhri, Aruvanpara and Kattuvaramudi sites. Besides this, about seven hours after flower opening, when temperature 
some flowers were marked to know the fruit set rate in natural oincreased and reaches about 28-30 C at 0900 and 1100 
condition (open pollination). Flowers selected for hrs.Ovary is bicarpellary and embedded in the annular disc. 
experiments were previously bagged in the bud stage itself. Ovary is two celled and ovules attached to the basal placenta. 
All the pollination experiments were carried out at the time of Style is short and stigma is entire, papillate and pointed 
maximum stigma receptivity. Pollinated flowers were (Fig.1C). The sexual systems of species are linked to 
periodically observed for fruit set and fruit set rate was 

pollination, though the relationship between the sexual 
recorded. Also self-incompatibility rate (Index of self-

systems and breeding system is not clear (Rocha 2003). 
incompatibility, ISI) was calculated following Zapata and 

Flowers of C. kedarnathii are hermaphrodites as both male 
Arroyo (1978). It is the ratio of fruit set obtained by self-

and female reproductive organs present in the same flower and 
pollination and cross pollination during pollination 

did not have any temporal or spatial variation in the 
experiments. Index of self-incompatibility= (self-fruit set) / 

arrangement. An Indonesian endemic Cassine, C. koordersii 
(cross fruit set).Values e” 1 indicate self-compatibility; values 

also showed a similar type of sexual system (Ardhianto et al. 
0.2 > and < 1 indicate partial self-compatibility, ISI < 0.2 

2009). indicates mostly self-incompatibility and ISI = 0 indicates 
Floral longevity and anthesis : A flower bud took 40 to 46 total self-incompatibility.
days to attain maturity. Flower opening is acropetal manner. Flower Visitors and their Behaviour : This was carried out 
Flowers began to open around 2100 hrs during night and the by observing flowering trees from 0600 h to 1100 h and 1500 h 
process was completed around 0400 h. Several nectar to 1930 h for 4 consecutive days per month during peak 
secreting minute nectaries are present on the receptacle flowering season for three years (2008-2010). Occasionally 
between gynoecium and androecium and also spreading nocturnal observations from 1900 hr to 2200 hr were also 
above the disc. During anthesis, tiny droplets of nectar made with the help of head lamp. Individual trees only were 
surfaced on petals and disc. These droplets were adhered to the observed as they are highly restricted in distribution. For 
disc surface. Such type of nectaries is quite common in flowers individual tree observations, instantaneous scan method 
of Celastraceae members (Konarska 2015). Anthers are (Altmann 1974) was used with modifications. Observations 
globose and bilobed and erect on the day of anthesis. Second were made on each inflorescence for 15 minutes continuously 
day onwards stamens and petals deflexed more towards for animal activities. Each floral visitor was carefully 
outside and stigma became stiffened. On the next successive observed for the time spent on each flower/fruit, its frequency 
days, the stamens and petals more deflexed and petals changed of visitation, stigma touch in flowers, parts feeding/eaten, 
into greenish yellow and started to abscise. After six to seven feeding rate per minute, total time spent in the tree and its 
days of anthesis, most of the flowers were abscised and mode of foraging. Animal visitors were photographed and 

identified with the help of monographs and by referring carpeted beneath the canopy. 
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Pollen production and morphology: A single flower   Table 1- Pollen longetivity study following in vitro germination method.

produces 478±51 pollen grains. Pollen release is simultaneous Time after anther dehiscence Germination (%)
with anther dehiscence and all the anthers in a flower dehisce 

0 32.5
at the same time. Pollen grains are sticky and yellow. They are 

6 h 25.5
tricolporate and micro-reticulate and measures 27 ± 4.5 µm X 

12 h 17.4
22 ± 3.6 µm. 

18 h 13.3
Pollen viability and fertility : Staining with Acetocarmine 

24 h 6.9
revealed that 89.88± 2.03% (ranged from 85.55 to 94.22 %) 

30 h 2.1
pollen grains were intact and deeply stained and were fertile. 

36 h 0
In vitro pollen germination experiments showed maximum 
pollen tube germination and growth in BK medium Stigma Receptivity : It was observed that stigma remained 
supplemented with 10% sugar incubated for 3 h. and showed receptive up to 20 hours after anthesis. The stigma was 
29.32 ± 5.95% pollen germination (range 25.28 to 36.5%). turgid and shiny during receptive period. Then it lost its 
Pollen longevity study showed that in ambient condition, turgidity and became rigid. Ardhianto et al. (2009) reported a 
pollen grains remained viable only on the day of anther more or similar pattern in C. koordersii, where stigma showed 
dehiscence and the viability decreased the next day and high viability up to 1800 h and viability was completely lost 
completely lost after 36 hours (Table 1). the next. 

Fig. 1- Habit of Cassine kedarnathi. A. Single tree B. Inflorescence, C. Flower   (a.petal, b – anther, c – style and d – disc).
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Pollen-Ovule Ratio and Out Crossing Index: The pollen koordersii. However, Euonymus crenulatus (Celastraceae) 
–ovule ratio calculated was 120:1. OCI obtained by summing exhibited only partial self-compatibility (Devy and Davidar 
up the values (i) Diameter of the flower = 3 (12 ± 1.5mm), (ii) 2006).
Temporal separation of anther dehiscence and stigma Table 2—Fruit set rate in different modes of pollination experiments 
receptivity = 0 (homogamy) and (iii) spatial relationship 

Pollination Number  Number  Fruit set stigma and anthers = 0 (stigma and anthers are same level) was 
treatments of flowers of fruits rate (%)3. OCI value showed that flowers of C. kedarnathii are self-

experimented developed
compatible but prefer out crossing.

Open pollination 3065 48 1.57Pollination experiments and Index of self-incompati-bility 
Autogamy 1050 17 1.61: C. kedarnathii preferred outcrossing as suggested by the 
Geitenogamy 1050 19 1.80higher fruit set in cross pollination experiments (Table 2). 
Xenogamy 1050 29 2.77Index of self-incompatibility (ISI) ranging from 0.84 to 7.14 in 

different years indicating self compatibility. The breeding Although, the plant showed more fruit set in xenogamy, 
experiments, OCI and ISI showed that C. kedarnathii have experimental result did not have any consistency (Table 2). 
self-compatible breeding system. The present observation was This might be due to the predominance of selfing in C. 
similar to the observation of Ardhianto et al. (2009) in C. kedarnathii may be due to the asynchronous flowering, spatial 

Table 3– Diurnal floral visitors of Cassine kedarnathii, their behaviour (Po - pollinator, Ro – robber), and floral resources collected.

Order/Family Genera/Species Behaviour Resource

Insects Beetles

Coleoptera

Buprestidae Chrysocoris sp. Ro Pollen

Lycidae Dictyoptera sp. Ro/? Pollen

Diptera Flies

Calliphoridae Chrysomya sp. Ro/Po Nectar

Syrphidae Sphaerphoria sp. Ro/Po Nectar

Episyrphus sp. Ro/Po Nectar/Pollen

Sarcophagidae Sarcophaga sp. Ro/Po Nectar/Pollen

Muscidae Musca sp. Ro/Po Nectar/Pollen

Hymenoptera Bees and wasps

Apidae Apisceranaindica Po Pollen/Nectar

Apisflorea Po Pollen/Nectar

Trigona irridipenis Po Pollen/Nectar

Xylocopapubescens Po Pollen/Nectar

Xylocopalatipes Po Pollen/Nectar

Vespidae Vespa cincta Po Pollen/Nectar

Ichneumonidae Ichneumon sp. Po Pollen/Nectar

Leidoptera Butterflies

Lycaenidae Talicadanyseus Po Nectar

Castaliusrosimon Po Nectar

Papilionidae Troidesminos Ro Nectar

Nymphalidae Neptishylas Ro Nectar

Birds

Nectariniidae Leptocoma minima Ro Nectar

Dicaeidae Dicaeum concolor Ro Nectar

Pycnonotidae Pycnonotusjocosus - -

Acritillasindica - -

Hypsipetusmadagascariensis - -
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Fig. 2- Insect visitors of Cassinekedarnathii. A. Apiscerana B. Ichneumon sp., C. Sphaerophoriasp. D. Talicadanyseus, E. Musca sp., F. Chrysomya 
sp., G. Sarcophaga sp., F. unidentified Calliphoridae.
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separation of the different populations and individual is very low in C. kedarnathii for transporting pollen from 
reproductive trees. Such type of observation was also made by distant plants. Although flowers are small and green, 
Murawski and Hamrick (1992) in Cavanillesia platanifolia, a aggregation of flowers in an inflorescence made them more 
self-compatible Panamian species. A low level of natural fruit attractive and provided a landing platform for the insects. As 
set rate in open pollination than the experimental results the pollen grains are sticky, there are chances them to stick on 
indicate that C. kedarnathii needs an external agent for the thorax and abdominal appendages of the insects. Body 
pollination and are limited by pollen vectors (Table 2). wash of the insects especially the honey bees and some 
Floral Visitors and their behaviour : The floral visitors Dipterans confirmed the presence of pollen but very limited 

quantity. The present observations were similar to the findings and their behaviour is an important determinant of gene flow 
of Benevides et al. (2013) in Maytenus obtusifolia, where, and the breeding system of tree species. A total of 318 hours 
eventhough large number of insects visited only honey bees during day time and 58 hours during night time were spent 
and some Dipterans pollinate flowers. for observing pollinating agents. Observation showed that 

Most tropical and neotropical tree species are bisexual or most of the flower visitors were of insects (Fig. 2) and 
hermaphrodites (Bawa and Beach 1981). Bisexual plants have vertebrates are very less. All the insect visitors were highly 
the capability of selfing but many species have contrivances to active during morning and evening hours from 06.30 to 
reduce the self-fertilization such as protandry, protogyny, 11.30 h with a peak at (0900 to 1030 h) and 16.00 to 18.00 h. 
dichogamy and self-incompatability. It was observed that C. Details of flower visitors and their behavior whether 
kedarnathii bear bisexual flowers and exhibited homogamy so pollinators or robbers and the resource they obtained were 
that stigma receptivity and anther dehiscence occurs at the shown in Table 3. 
same time favouring self-pollination. Many Celastraceae A total of 18 species belonging to different orders of 
members are reported as protandrous and some species are insects were observed to visit the flowers of C. kedarnathii. 
gynodioecious (Webb 1979, Matthews and Endress 2005, However, intensity of visitation was very low. Among these 
Thomas et al. 2011, Benevedis et al. 2013). But C. koordersii, insects, members of the order Apidea were the frequent 
an allied species of C. kedarnathii, exhibits homogamy in visitors in all study sites and trees. Apis cerana (Fig. 2A) is the 
stigma receptivity and anther dehiscence (Ardhianto et al. major visitor followed by T. iridipennis. They visited flowers 
2009). This homogamy together with asynchrony in flowering during 0900 to 1100 hrs, the time of anther dehiscence. 
may further reduces chances of inter population pollen flow. Xylocopa bees also visited the flowers frequently. Another 

Pollination experiments and other breeding indices group of frequent visitors are the syrphid flies or hovering flies 
showed that C. kedarnathii opts facultative selfing with (Fig. 2 C). They may be of nectar robbers as they usually sit on 
outcrossing system. Selfing and outcrossing rates are a single flower. Many Euonymus species are reported to be 
influenced by various environmental characters such as pollinated mainly by Dipteran flies including many hover 
population density and spatial distribution of trees, flower flies and some Hymenopterans (Matthews and Endress    
phenology and behaviour of pollen visitors. In low density and 2005, Thomas et al. 2011). The butterfly Red Pierrot  
small populations it is expected that the maternal plants (Talicada nyseus) was another frequent visitor in flowers 
receive pollen from very low number of male parents. This of C. kedarnathii (Fig. 2D). Musca sp., Sarcophaga sp., and 
means they become more self-compatible. This may be the Chrysomya sp. were frequently found to forage on flowers 
reason that C. kedarnathii exhibiting facultative selfing. In (Figs. 2 E, F, G). During night observation many moth species 
Silent Valley forest the candidate tree is very sparsely were found to fly over the canopy. There are chances that they 

feed on the nectar which oozes out during the flower opening distributed and the population is not structured. For 
time. However, they may not have any role in pollination as outcrossing, low density populations like C. kedarnathii 
the anther dehiscence occurred during day time. Among birds, requires long distant pollen and efficient pollen vector. 
only Small sunbird and Flower pecker interacted with flowers. Pollinator efficiency is very low. The facultative selfing 
These two birds occasionally visited the flowers and took observed in pollination experiments together with floral 
nectar while hovering in front of the inflorescence. structure and low visitation rate of pollinators showed that 

Present observations showed that even though a large pollination system is not much effective in C. kedarnathii. 
number of insects visited, only few species such as honey bees Acknowledgments—The Authors thank KSCSTE & 
and dipterans have role in pollination. This may be because of JNTBGRI for financial assistance through plan project. We 
the less attractive flowers with low quality rewards (little gratefully acknowledged the help from our colleagues Shri. 
pollen and traces of nectar) compared to other co-occurring M. Sibi, Shri. S. Suresh and Shri G. Madhu during the field 
species. Moreover most of the insect visits were in the same trips and other support. We acknowledged the Kerala Forest 
plant resulted in geitenogamy and inter plant movement was a Department for working permission and staffs of Silent Valley 
rare event because of the spatial separation and non- National Park for assistance and help.
overlapping flowering. This means that pollinator efficiency 
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