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ABSTRACT

The pollination biology of Syzygium caryophyllatum (L.) Alston (Myrtaceae) plants growing at Botanical Garden, University of 
Calicut, Kerala was studied. The inflorescence of S. caryophyllatum is terminal corymbose cymes. The flowers are white each has 
many ovules but only one ovule develops into seed. Hence fruit set and seed set are same in number. The floral traits indicate a 
mixed pollination syndrome involving entomophily and anemophily, which is known as ambophily. Apis dorsata is the most 
frequent visitor.
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Syzygium caryophyllatum (L.) Alston (Myrtaceae) is an endangered tree species. Present study has been undertaken to 
evergreen shrub or small tree growing 3-5 metres tall. Family study the pollination biology of Syzygium caryophyllatum.
Myrtaceae include approximately 5950 species in ca 132 

 MATERIALS AND METHODS
genera (Govaerts et al. 2008, Christenhusz, and  Byng 2016).  

Present study was undertaken on S. caryophyllatum trees The family has a wide distribution in tropical and warm-
growing at Botanical Garden, Calicut University, Kerala. temperate regions of the world, and are typically common in 
Flowering phenology—The initiation, peak and end of many of the world’s biodiversity hotspots. The genus 
flowering was recorded. Number of simultaneously open Syzygium consists of over a 1,040 species (Govaerts et al. 
flowers/inflorescence/branch/tree/day was counted. Time of 2008) or about 1,200 species (Parnell et al. 2007) and is 
opening of flowers, anther dehiscence, and stigma receptivity regarded as the one of the largest genera of flowering plants. 
was recorded. Flowering phenology and floral morphology Syzygium caryophyllatum is widely distributed in the tropics 
was studied in the field and laboratory with help of a and subtropics of the old world from Africa, mainland Asia, 
stereomicroscope. The flower color was determined by direct Malaysia, Australia, New Zealand and the western Pacific 
visual observation. Presence of smell was detected by keeping (Biffin 2005).  The fruits of Syzygium caryophyllatum are 
some flowers in vials for 2 hours.  purple, globose and juicy and about 1cm in diameter, 
Pollen production/anther/flower—Mature anthers were containing a single seed and it is eaten raw and fermented to 
crushed in lactophenol-glycerine with aniline blue. A known form wine.  The trees from natural habitat are sometimes 
dilution was placed on the grid and 10 replicate counts were harvested by native people to be used as food. It has medicinal 
made using a hemocytometer (Barrett 1985). use as its bark, leaves and fruits are used for diabetes mellitus, 
Pollen viability—Viability of pollen was checked by 0.2% diarrhea, leucorrhoea, skin diseases and flower buds posses 
TTC (2, 3, 5-triphenyltetrazolium chloride) with MTT antioxidant activity (Kala et al. 2016).  Their study has shown 
solution in sucrose following the method of Hauser and that the tree species has many significant compounds that are 
Morrison (1964). of pharmaceutical importance and therefore, its conservation 
Stigma receptivity—Stigma receptivity was analyzed by is very important. Due to over exploitation Syzygium 
cytochemical localization of esterases on stigmatic surface by caryophyllatum is classified as ‘Endangered’ in the IUCN Red 
the method described by Shivanna and Rangaswami (1992) List of Threatened Species (2015). In order for both in situ and 
using alpha-naphthyl acetate. Stigma surface proteins were ex situ conservation of this tree species, studies on 
tested by using Coomassie Brilliant Blue R. (Heslop-Harrison reproductive biology, an important interdisciplinary area are 
et al. 1974, Sunnichan et al. 2004). Starch and lipids in stigma essential (Moza and Bhatnagar 2007). Owing to the increasing 
surface were visualized by using I KI and Sudan Black B and immediate concern for augmenting food supply, 2

respectively (Sunnichan et al. 2004). The number of floral knowledge on reproductive biology has been mostly utilized 
visitors, visiting time, foraging nature, foraging hour, time for herbaceous crops. Trees have been neglected and they have 
spent in each flower was recorded by using stop watch, stigma not received the attention they deserve. This is largely due to 
touch by insects and frequency of visit were recorded.several difficulties in conducting researches e.g. their large 

size, prolonged juvenility, long life cycles, in frequent RESULTS AND DISCUSSION
flowering and inaccessible flowers, selection of plus trees, 

Plant – S. caryophyllatum is an evergreen shrub or small breeding, progeny testing and selection of elites (Tandon et al. 
tree up to 3-5 m tall. Bark grey, smooth, blaze brown, 2005). Little is known about the phenology, floral biology, 
Branchlets subterete, glabrous with simple leaves (Fig. 1A).anthesis, stigma receptivity and pollination biology of this 
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type and bent inwards at the middle when in bud but straighten 

at the time of anthesis., arranged on the rim of the receptacle in 

two whorls, the outer stamens 6.6 mm long, inner stamens 3.5 

mm long, filaments creamy white, glabrous, anthers creamy 

white, 0.3 mm long, versatile, dithecous, introrse. Ovary 

inferior, 2-celled, bicarpellary, bilocular,  syncarpous, 

placentation axile, ovules 14–18 style. Style creamy white, 3.2 

mm long, arise from the center of the cup and stretches out of 

stamen ring, glabrous, narrowing towards tip, stigma simple, 

wet type. Fruits Berry, black globose, fleshy, indehiscent, 1×1 

cm, crowned with calyx lobes, glabrous (Fig. 1C). Seed one, 

purplish.
Flowering phenology—Flowering commenced in S. 

caryophyllatum in the first week of February and reached its 

peak in March and April. The flowers were produced in 

terminal corymbose cymes. Flowering declined at the end of 

May. The floral buds took 30–40 days from initiation to full 

bloom. Flowers started opening in the afternoon at 16:00 h and 

continued up to 04:00 h on next day. The life span of an 

individual flower was 3 days. On the third day, all the stamens 

abscised but the gynoecium along with calyx persists for 

30–35 days and gradually developed into fruit. The style was 

erect on the first day of anthesis whereas it became slightly 

curved on second day of anthesis.  Anthers dehisced along 

with opening of flowers.
Pollen—The pollen grains were triangular, non-sticky, 

tricolporate and psilate type and were 17.6±0.32 µm in 

diameter and suitable for anemophily (Erdtman 1952, 
Fig. 1. A. Habit of Syzygium caryophyllatum; B. A portion of 

Srivastava 1982).  inflorescence with buds ; C. Infruitescence ; D. Mature flower bud;  E. 
Pollen production and viability—The number of pollen Stigma receptivity: Biochemical analysis of stigma ; F. Pollen tube ; G. 

Pollen viability test by MTT- dark stained are viable ; H. Germination of grains per flower was 28080±1032. They were 49.54±2.98% 
seeds ; Pollinators - I. Eristalinus sp ; J. Trigona sp. ; K. Thirumala viable at 13:00 h on the first day of anthesis. There were 
septentrionis ; L. Apis dorsata ; M. Eurema hecabe; N . Hypolimnas 

77.02±1.12% in vitro pollen germination and 101±0.95µm bolina; O. Nectar robber (Camponotus parius) ; Predators on the flower 
buds - P. Euproctis sp ; Q. Carea sp.           long pollen tubes developed after six hours of incubation in 

300 µg/ml boric acid (Fig. 1F). Floral Biology—The flowers are borne in terminal 
Pollen-ovule ratio—There were 15±3 ovules/flower and the corymbose cymes with divaricating branches. Each 
pollen-ovule ratio was 1872:1.inflorescence consists of 100–120 flowers (Fig. 1B). An 
Stigma—Stigma became receptive after anther dehiscence. individual flower is pedicellate, creamy white, 8 mm long 2.8 
Cytochemical localization of esterases on stigmatic surfaces mm wide, cup-shaped, actinomorphic, bisexual, 5 mm across, 
using α- naphthyl acetate indicated that stigma receptivity was ebracteate and without having any particular odour. 
maximum at 11:00 h (Fig. 1E).Inflorescence branches are moderately thick, ascending; 
Pollination Biology—The flowers provide both nectar and peduncle upto 4.5 cm long, cylindrical, glabrous, brownish 
pollen to the visitors. The activity of pollinators starts after the green thickened and enlarged in fruits. The calyx and corolla 
opening of flowers. The most frequent visitors are Apis are joined to form a cap over the bud, which falls off as 
dorsata. Ypthima baldus, Eurema hecabe, Papilio calyptras due to the pressure of growing stamens. Calyx tube 
dravidarum, Tirumala septentrionis, Euploea core, Mycalesis 2–2.5 mm long and wide, greenish yellow on the outer surface, 
perseus, and  Hypolimnas bolina (Table 1). Lathrecista prominent yellow on the inner surface, turbinate, glabrous, no 
asiatica asiatica, Acanthocephala species, Praying mantis, thick disc. Petals are calyptrate and creamy white. Stamens 
Pterophorid moth, Misumena sp., Pseudococcus sp., and numerous, epigynous, white, polystemonous, shaving brush 
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Coccoid are considerd as the non pollinators of S. germinate within 3–4 days and germination percentage is 

caryophyllatum. Camponotus parius and Anoplolepis 53.57% (Fig 1H). 
Aknowledgements—We express our sincere thanks to Dr. gracilepis are the nectar robbers (Table 1). Predators of 
Nasser, Professor, Head of Department of Zoology, flowers and floral buds are Euproctis sp. and Carea sp. (Figs. 
University of Calicut for identifying insects. We are thankful 1P, Q). Pollinators of S. caryophyllatum remain the same on 
to Kerala State Council for Science, Technology and both first and second day of anthesis. However, there is a slight 
Environment (KSCSTE) for the financial support. We extend reduction  in the frequency of their visits.

The possibility of wind pollination was studied by our sincere thanks to Dr. John. E. Thoppil, Head of 

hanging vaseline coated slides at various heights on plants. Department of Botany, University of Calicut for providing 

Microscopic examination of these slides showed the presence necessary facilities.  

of pollen grains on the slide. This indicates that pollination of REFERENCES
S. caryophyllatum also takes place through wind 

Barrett SCH 1985. Floral trimorphism and monomorphisim in (anemophily).
island population of Eicchornia  paniculata  Although, the members of the family Myrtaceae do not 
(Pontederiaceae). Bot. J. Linnean Soc. 25(1) 41-60.  have any specialized pollination mechanism, but they attract a 

wide range of floral visitors (Eldridge 1970, Carpenter 1976, Beardsell DV, O’Brien SP, Williams EG, Knox RB and Calder 
Hopper 1980, Hopper and Moran 1981). The most common DM 1993. Reproductive biology of Australian 
visitors of Myrtaceae are bees (Beardsell et al. 1993, Gressler Myrtaceae. Australian J. Bot. 41 511-526.
et al. 2006). However, some flies have also been recorded as 

Biffin E 2005. Sorting out the confusion: Phylogenetics of floral visitors of some species of Myrtaceae (Beardsell et al. 
large genera and the lessons from Syzygium (Myrtaceae). 1993, Silva and Pinheiro 2007).              
Australian Biological Resources Study, Biology 30. Seed germination—The seeds are covered by hard resistant 
Canberra: CSIRO Plant Industry.coat. The seeds sown in the petridishes with moist cotton 

Sl. Name of taxa Visiting Foraging Foraging    Time Stigma Frequency of visit
No. with family time  nature hours spent in touch

   each Day 1 Day 2
  flower

1. Apis cerana  Apidae Day Nectar+ pollen 6.00 am- 7.00 pm 2-3seconds +++ Very high Very high

2. Apis dorsata Apidae Day Nectar + Pollen 6.00 am- 7.00 pm 2-3 seconds +++ Very high Very high

3. Eristalinus sp Pieridae Day Nectar + Pollen 9:00 am- 4:00 pm 2-3 seconds +++ Very high Very high

4. Trigona sp Apidae Day Nectar + Pollen 6.00 am-7.00 pm 3-4 seconds +++ Very high Very high

5. Anoplolepis gracilepis Day Nectar 8.30 am- 2.00 pm 10-12 seconds - High High
Formicidae

6. Apis florae Apidae Day Nectar+ pollen 6.00 am- 6.00 pm 2-3 seconds +++ High High

7. Camponotus parius Day Nectar 9.00 am- 3.00 pm 7-8 seconds - High Low
Formicidae

8. Euploea core Danainae Day Nectar+ pollen 6.00 am- 7.00 pm       5-6 seconds +++ High High

9. Hypolimnasbolina Day Nectar + Pollen 7.00 am-5.00 pm 10-12seconds +++ High High
Nymphalidae

10. Eurema hecabe Pieridae Day Nectar + Pollen 6.00 am-7.00 pm 2-3 seconds ++ Intermediate Low

11. Papilio dravidarum Day Nectar+ pollen 12.00 pm- 5.00 pm 7-8 seconds +++ Intermediate Low
Papilioninae

12. Tirumala septentrionis Day Nectar+pollen 12.00 pm-5.00 pm 5-6 seconds +++ Intermediate Low
Danainae

13. Vespula rufa Vespidae Day Nectar 6.00 am- 12.30 pm 0-1 Seconds - Intermediate Low

14. Mycalesis  perseus Day Nectar 12.00 pm-4.00 pm 20-30 seconds +++ Low Very low
Nymphalidae

15. Ypthima baldus Satyrinae Day Nectar + Pollen 12.00 pm- 5.00 pm 5-6 seconds +++ Low Very low

16. Carea sp Nolidae Day Nectar 11.00 am- 5.00 pm 30-40 seconds +++ Low Absent

17. Curculionid weevil Day Pollen 12.00 pm-4.00 pm 20-30 seconds - Low Absent
Curculionidae

18. Drosophila sp Drosophilidae Day Pollen 12.00 pm- 4.00 pm 20-30 seconds - Low Absent
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