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ABSTRACT

The pollination biology of Callistemon citrinus (Curtis) Skeels, popularly known as bottle brush tree (Myrtaceae), a 

highly ornamental tree was investigated. In Calicut, it flowers throughout the year, except in July with peak blooming 

in April-May. During the peak flowering period, nearly 150±50 flowers/plant bloom every day. Inflorescence is a 

pendent spike with flowers opening between 1100 and 1200 h in an acropetal succession and the life span of an 

individual flower is 3-4 days. Anthers dehisce between 1300 and 1400 h. Fresh Pollen grains at the time of anthesis 

showed maximum (94.2±2 %) viability, thereafter the viability decreased steadily. Nectar is secreted on inner 

hypanthial disc atop the ovary. Flowers are visited by several birds, wasps, bees, butterflies and ants. Among these 

Nectarinia zeylonica, Loriculus vernalis, Chloropsis jerdoni, Vespa affinis, Polistes spp., Apis dorsata and Apis 

cerana are major pollinators. Other floral visitors include Trigona irridepennis, Tetragonula sp., various ants like 

Anoplolepis gracilipes, Camponotus parius, Polyrachis sp., butterflies like Euploea core, Rapala manae and 

Hypolimnas missipus are nectar robbers. Fruits are woody capsules and remain attached on the plant even after 

flowering in the next season. The highest fruit yield (85%) was recorded in open pollinated conditions.
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INTRODUCTION reproductive biology (Moza & Bhatnagar 2007, Jain et 

al. 2013). The present study has been undertaken to 

Callistemon a genus of trees and shrubs is native of study the flowering phenology, floral biology, pollen 

Australia. This genus was established by Robert brown, viability and pollination biology (foraging behavior of 

one of the versatile British botanist and later the keeper flower visitors and mechanism of pollination) in 

of Botany at British Museum, in 1814 with C. rigidus as Callistemon citrinus. 

the type species. Only C. citrinus is cultivated in Kerala, 

India as an ornamental plant. Callistemon species are  MATERIALS  &  METHODS

commonly referred to as Bottle brushes because of their 

cylindrical brush like inflorescence. Understanding the Present study was conducted on five marked C. 
citrinus trees growing in different locations at Calicut details of reproduction in plants has been a fascinating 
University Campus, Calicut, Kerala, India during the area of multidisciplinary research with immense value 
years 2012 and 2013. Flowering phenology and floral not only for extending the frontiers of fundamental 
morphology were observed in the field as well as in the knowledge but also for genetic improvement of plants 
laboratory with the help of a stereomicroscope.  Flower and optimal utilization and conservation. Improvement, 
longevity was determined by marking 50 buds on protection and management of plants particularly of tree 
different branches of one plant (Gill et al. 1998). Time species are impossible without clear understanding of 
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was recorded when new flowers opened i.e. when the   RESULTS & DISCUSSION
petals refluxed to expose the androecium and 
gynoecium. The flowers were observed at regular Callistemon citrinus a small tree of 3–5 m in height with 
intervals until the corolla withered.  These changes were slender and drooping branches, produce showy scarlet 
observed every day for a week.  flowers with long stamens which are massed in bottle-

Pollen production per flower was calculated by first brush-like spikes. 
counting the number of pollen grains per anther and then Floral Biology—Inflorescence is 10±5 cm long pendent 
multiplying this figure by the number of anthers per spike of about 4±2 cm diameter attached on the hanging 
flower (Cruden 1977). The number of ovules per ovary 

branches.  Each inflorescence bears 20–50 flowers in 
was counted under stereozoom microscope. Pollen-

acropetal succession. Flowers sessile, bracteate, 
ovule ratio was calculated as per the method after 

bisexual, actinomorphic, complete, epigynous and 
Cruden (1977). The pollen viability of plants was 

pentamerous. Sepals five (5 × 4 cm), green, 
checked by the method after Hauser & Morrison (1964) 

gamosepalous, aestivation imbricate, adnate with the 
using 0.2% TTC (2, 3, 5-triphenyltetrazolium chloride) 

ovary wall, united with thalamus forming cup-like 
solution at 5.8 pH using 0.15 M Tris-HCl buffer. In vitro 

structure. Petals five (6 × 0.4 cm), whitish green, pollen germination was observed by hanging drop 
polypetalous, aestivation quincuncial, broad and culture method after Brewbaker & Kwack (1963). 
concave. The colour and shape of petals change during Stigma receptivity was determined by using α-naphthyl 
anthesis. Stamens indefinite (26–32/flower), acetate test as described by Shivanna & Rangaswami 
polyandrous, arranged in several whorls. Filaments in (1992). 
bud condition curved, but become exserted in open  Pollination biology was studied by observing the 
flowers, giving brush-like appearance. Each filament number of floral visitors, foraging nature, foraging hours 
measures 1.6 – 2.4 cm, and connate at the base. Anthers and time spent in each flower by using stop watch. 
small, yellow, extrorse, versatile and dehiscing Frequency of insects visiting stigma was recorded.  
longitudinally.  Pistil consists of an ovary, long style and Insect visitors were fixed in 70% alcohol and identified 

by an entomologist at Trust for Animal Taxonomy, wet, capitate stigma. Stigma is slightly curved in young 

Zoological Survey of India, Kozhikode. Pollination floral buds, during anthesis stigma becomes exserted. 
efficiency of different pollinators was checked by Number of ovules/flower is 109±9 and pollen-ovule 
observing the pollen load under microscope (Kearns & ratio is 949: 1. Fruits woody capsule with numerous 
Inuoye 1993). The stigmas were also observed carefully seeds and they remain attached on plants even after 
to confirm the pollen transfer to the stigma by flowering in the next season.  
pollinators, then evaluated the fruit set. Breeding Flowering Phenology—Callistemon citrinus flowers 
behaviour by autogamy, geitonogamy and xenogamy almost throughout the year, except July with its peak 
was tested through hand pollination studies. For finding flowering in April and May. However, in the subsequent 
out the open pollination, 20 inflorescences on each plant month (June) flowering declines gradually and the 
were tagged and left for open pollination. Similarly, 20 

plants in July were without flowers. In this month, a 
inflorescences were bagged and left to find out the 

cluster of new light green leaves appear followed by 
percentage of self-pollination (autogamy). For 

appearance of new inflorescence. The floral buds on an 
geitonogamy, the bagged and emasculated flowers were 

inflorescence develop into flowers in acropetal 
pollinated at the time of maximum stigma receptivity by 

succession in 10-12 days. The flowers open at 1100 – 
fresh pollen collected from the different flowers of the 

1200 h, anthers dehisce between 1300 – 1400 h. Life 
same plant, while for xenogamy, the bagged and 

span of an individual flower is 3-4 days. During the peak emasculated flowers were pollinated with the pollen 
flowering season (April-May), on each plant nearly collected from the flowers of different plant.  Number of 
150±50 flowers bloom/day in 70±10 inflorescences. mature fruits developed in open pollinated flowers, 
Cytochemical localization of stigmatic esterases by α-bagged and emasculated flowers both pollinated and un-
naphthyl acetate test as described by Shivanna & pollinated were recorded.

Rangaswami (1992) indicated that stigma becomes tetrazolium test confirmed that 94.2±2 % pollen grains 

receptive on the day of anthesis with maximum were viable on the day of anthesis (Fig. 1; Fig. 3F) and 
receptivity between 1400 and 1500 h.  gradually reduced after second day of anthesis. In 

Pollen grains—Pollen grains are triangular, 23±3 µm in Brewbaker and Kwack's (1963) medium there was 

diameter, triporate, exine smooth. Total pollen 63.1±5.8% pollen germination and 205.1±64 µm long 

production per flower is 103460±24. Pollen viability by pollen tubes developed 8 hours after incubation (Fig. 2). 
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Fig. 2.  Effect of different salts on in vitro pollen germination.

Fig. 1.  Pollen viability of C. citrinus tested at regular intervals.
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dorsata (Fig. 3D), Apis cerana, Trigona irridepennis, 
Beardsell DV, Obrien SP, Williams EG, Knox RB & Tetragonula spp. are the most frequent visitors. These 
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Brewbaker JL  & Kwack BH 1963 The essential role of variety of butterflies (Euploea core, Rapala manae and 
calcium ion in pollen germination and pollen tube Hypolimnas missipus) also visit flowers for nectar, 
growth. Am. J. Bot. 50 (9) 747-758.spending 2-3 seconds. These butterflies are nectar 

robbers. Large quantity of nectar also attracts wide range 
Crome FHJ & Irwin AK 1986 'Two Bob Each Way': the of ants (Anoplolepis gracilipes, Camponotus parius and 
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tree Syzygium cormiflorum (Myrtaceae). Biotropica 18 Sometimes they bore in to flowers acting as predators. 
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efficiency (on the basis of pollen load on the stigma and 
Cruden RW 1977 Pollen-ovule ratios: a conservative 

also percentage of fruit set) Nectarinia zeylonica, 
indicator of breeding systems in flowering plants. 

Loriculus vernalis, Chloropsis jerdoni, Vespa affinis, 
Evolution 31 32-46.

Polistes spp., Apis dorsata and Apis cerana are the 

effective pollinators. Flowers of several Myrtaceae are Gill DS, Amthor JS & bormann FH 1998. Leaf 
known to attract a wide range of visitors that include phenology, photosynthesis and persistence of saplings 
birds and bees. Several nectar robbers were reported as and shrubs in a mature northern hardwood forest. Tree 
the most commonly observed vertebrate visitors to Physiology 18 281-289.
flowers of Syzygium cormiflorum and S. tierneyanum in 

Australia (Hopper 1980, Crome & Irvine 1986, Hauser EJP & Morrison JH 1964 The cytochemical 
Beardsell et al. 1993). reduction of nitro blue tetrazolium as an index of pollen 
Breeding System—In order to ascertain breeding viability. Am. J. Bot. 51(7) 748-752.
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hand pollination experiments were carried out. Hopper SD 1980 Pollination of rain forest tree Syzygium 
Controlled pollination in C. citrinus clearly showed that tierneyanium (Myrtaceae) at Kuranda, Northern 
species is self compatible. The open pollinated flowers Queensland. Aust. J. Bot. 29 625 – 638.
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Jain AK, Bishnu KS & Arbeen AB 2013 Flowering autogamy and geitonogamy whereas only 60% fruit set 
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Gwalior, Madhya Pradesh, India. Inter. J. Plant. Rep. by the plant studied presently as per Cruden (1977) 
Biol. 5(1) 81-84.indicates facultative xenogamy (Shivanna, 2003). 
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Fig. 3.  Callistemon citrinus. A. Sunbird (Nectarinia zeylonica); B. Loriculus vernalis;      
C. Chloropsis jerdoni; D. Apis dorsata; E. Germinating pollen with long tubes; F. Viable (V) 
and non-viable (NV) pollen grains.

Pollination Biology—Observations recorded on floral visitors including bees, wasps, ants and butterflies visit 

visitors between 0530 and 1830 h showed that a large flowers, but only a few of them were effective 

number of visitors were attracted by bright red coloured pollinators. The first to visit the flowers were Nectarinia 

flowers and their activity starts soon after the opening of zeylonica (Fig. 3A), Chloropsis jerdoni (Fig. 1B), 

flowers. Copious nectar and pollen grains constitute Loriculus vernalis (Fig. 3C) and Turdoides striata. They 

primary floral reward for the visitors.  A wide range of pollinate flowers by their rapid and frequent visits to 

Pollination Biology of Callistemon citrinus
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