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Abstract 

Vanda tessellata is an indigenous, endangered, and protected orchid species with a wide range of 

flower variations in Sri Lanka. The plant has high ornamental and medicinal values and therefore 

faces serious threats due to over-exploitation and habitat destruction. Thus, sound knowledge of 

pollination biology is important in the conservation and propagation of the species. The current study 

investigates the diurnal and nocturnal pattern of pollinators’ behaviour with the volatile fragrance 

profile of V. tessellata. Gas chromatography-mass spectrometry (GC-MS) analysis was carried out to 

identify the odour profile. The detailed GC-MS results produce 65 peaks of 36 volatile compounds. 

The diurnal pollinator, Xylocopa tenuiscapa (order Hymenoptera) and the nocturnal pollinator, 

Daphnis nerii (order Lepidoptera) visitations to V. tessellata flowers and the intensity of floral odours 

were well correlated proving the ability of V. Tesselatta flowers to attract both diurnal and nocturnal 

pollinators for successful cross-pollination.   
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Introduction 

Vanda tessellata (Roxb) Hook. f. ex D. Don. is 

an orchid indigenous to Sri Lanka, consisting of 

over 344 floral variations (Dasanayake & 

Fosberg 1981, Gunasekara 2016). It is a food-
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deceptive orchid (Gunasekara et al. 2019a), 

distributed in the dry and intermediate zones of 

Sri Lanka (Dasanayake & Fosberg 1981). Vanda 

tessellata has high ornamental and medicinal 

values resulting in serious threats due to 

overexploitation (Gunasekara & Wijeundara 

2008, Gunsekara et al. 2019a,b), which is 

compounded by habitat destruction (Gunsekara 

et al. 2019a,b). The species is protected under the 

national legislation of the Fauna and Flora 

Protection Ordinance (FFPO; Anon 1937, 2009) 

and listed as threatened under the Endangered 

(EN) category of The National Red List 2020 of 

Sri Lanka (MoE 2020). Proper knowledge of 

pollination biology is important in conserving 

and propagating this species.  When a food-

deceptive orchid species shows such a wide 

range of floral variations, a question arises about 

the complexities it may create for pollinators. 

Pollinators associate rewards with a variety of 

floral signals such as colour, shape, size, and 

fragrance (Wright 1943, 1978; Kay 1978, 

Mogford 1978, Faegri & Van der Pigl 1979, 

Waser & Price 1981, Cresswell & Galen 1991, 

Galen 1999, Levin & Brack 1995, Steiner 1998, 

Verdú & Gleiser 2005, Salzmann & Schiestl 

2007, Spaethe et al. 2007).   Approximately one–

third of all orchid species achieve pollination 

through food deception: that is flower contains 

no nectar or other rewards but resembles or 

mimics floral signals of rewarding plants to 

attract pollinators (Dafni 1983, Nilsson 1992, 

Tremblay et al. 2005, Jersakova et al. 2006). 

Consequently, variations in floral traits are 

expected to be high in food-deceptive orchids, 

because pollinators will learn to avoid common 

unrewarding floral phenotypes (Heinrich 1975, 

Schiestl 2005, Jersakova et al. 2006, Laloi et al. 

2009). 

According to researchers, pollinator insects 

have been observed to fly greater distances or to 

switch to flowers with different forms or colour 

pollination, after visiting flowers that do not offer 

nectar rewards. This rare morph advantage and 

negative frequency-dependent selection (NFDS) 

has been hypothesized to explain the 

maintenance of floral polymorphism in reward-

less orchids, at least for colour traits (Smithson & 

MacNair 1997, Gigord et al. 2001). A study on 

Tolumnia variegata in Puerto Rico shows that 

common forms of reward-less flowers may be 

readily learned and avoided by pollinators, but 

unusual floral forms may take a longer time for 

recognition and would be visited more frequently. 

Such frequency-dependent visitation can 

maintain high levels of floral variation 

(Ackerman et al. 1997). 

In addition to colour, various chemical 

compounds emitted at different times of the day 

are known to assist orchids in attracting 

pollinators (Gries et al. 2002). Flower scent, 

therefore, is an important attribute in the 

evolution of flowering plants, playing an 

important role in driving diversification, 

especially so in the evolutionary history of 

orchids (Salzman et al. 2007). Previous studies 

have found that orchid species show variability in 

emitted odour compounds within their 

populations (Olsen & Knudsen 1994, Knudsen & 

Stahl 1994, Giurfa et al. 1999, Gries et al. 2002, 

Schiestl 2002, Dotterl et al. 2005, Gasket et al. 

2005, Salzman et al. 2007, Dudareva & Pichersky 

2008, Shi et al. 2008; Fenster et al. 2009, Peakall 

et al. 2010, Nielsen & Moller 2015, Ramya et al. 

2020, Ahmad et al. 2022). 

Recent studies have indicated that the 

chemical compound emittance is more intense 

towards full bloom with the petal open than 

during the closed immature stage (Mohd-Hairul et 

al. 2010). Furthermore, within a flower, parts 

such as petals and sepals are known to release 

volatile compounds separately (Toh et al. 2017). 

The fragrance emitted by volatile chemical 

compounds, together with colour, shape, surface 

structure, and nectar, plays a crucial role in 

attracting pollinators (Kessler & Halitschke 2009, 

Kessler et al. 2013). This study was designed to 

investigate volatile chemical compounds that act 

as floral scents and their role in attracting 

pollinators to V. tessellata. Considering the floral 

polymorphism of V. tessellata, the current study 

investigated the chemical compounds associated 

with flowers at or close to full bloom. 

Concurrently, the key pollinators were also 

identified.  

 

Material and Methods 

Sample collection. Flower samples were 

collected from 80 plants of V. tesellata, from a 

total of 670 plants maintained in a selected home 

garden nursery (7o30′26″N, 80o23′72″E) in the 

Kurunegala District within the intermediate zone 

of Sri Lanka, from 1 January 2017 to 31 

December 2020. The selected plants exhibited a 

variety of floral variations such as sepal, petal, 

and labellum colour, etc. (Gunasekara 2016). To 

ensure that all sampled flowers were mature, all 

samples were collected between 3 to 4 days after 

the emergence of flower spikes, when the flowers 

were in full bloom (Fonseca et al. 2015).  
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Samples were collected at the following eight 

time points: 12 a.m., 3 a.m., 6 a.m., 9 a.m., 12 

p.m., 3 p.m., 6 p.m., and 9 p.m. and each lot of 

samples consisted of eight flowers. Each lot of 

samples was immediately inserted into a poly 

bag, sealed, and then stored in a refrigerator at a 

temperature of 4°C for 4 hours. A further poly 

bag without flowers was also sealed and stored to 

serve as a control. 

Identification of volatile compounds. The 

method described by Stökl et al. (2005) with 

minor modifications was used to identify volatile 

compounds in V. tesellata flowers. In brief, eight 

V. tesellata flowers were collected into 250 mL 

of hexane and then shaken for 12 hrs at 200 rpm 

to obtain an extract containing volatile 

compounds. The resulting extract was filtered 

and vacuum evaporated at 60 oC to obtain a final 

yield of 0.5 mL. From the final yield, 0.2 μL was 

injected splitless into a Hewlett-Packard 6890 

series Gas chromatography-Mass Spectrometer 

(GC-MS) (Agilent USA), fitted with a fused 

silica HP-5MS capillary column (30 m × 0.25 

mm; film thickness 0.25 μm). The oven 

temperature was programmed to increase from 

60–280 oC at a rate of 4 oC/min using Helium as 

the carrier gas at a flow rate of 2mL/min. The gas 

chromatograph was coupled to a Hewlett-

Packard 6890 mass selective detector. The MS 

operating parameters of an ionization voltage of 

70eV and an ion source temperature of 200 oC, 

were maintained. The compounds present in the 

extract were identified by comparison of their 

retention indices (RI) and mass spectra 

fragmentation, with references stored on the 

Wiley W9N08 database and the NIST (National 

Institute of Standards and Technology) database. 

The same experimental procedure was followed 

to determine the number of volatile compounds 

at various times of the day (at three hours 

intervals for the period of 24 hrs) and variations 

in their occurrences as percentages were 

investigated. Triplicates were maintained where 

necessary. and variations in their occurrences as 

percentages were investigated. 

Pollinator observations. Pollinators and 

other visitors to V. tessellata were observed at 

the same location as the flower collection. 

Observations were carried out covering 24 hours 

of the day during the same period as the 

collection. Initial observations were carried out 

to determine the characteristics and behaviours 

of visitors vs randomly landed faunal species. 

Once familiar with visitors, overnight 

observations were carried out covering a total of 

300 hours. Representative samples of visitors 

were collected using a hand net and the 

specimens were transferred to a killing jar and 

then mounted and curated following standard 

entomological techniques. Pollinator 

identification was performed using the keys 

provided by Karunaratna & Edirisinghe (2008).  

 

Results 

A total of 65 peaks corresponding to 36 volatile 

compounds, over trace amounts, were detected 

using GC-MS. The highest numbers of volatile 

compounds were detected from 3 a.m. to 9 a.m. 

Detection peaked at 9 a.m. with 15 volatile 

compounds (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Number of floral scent compounds detected 

at different times of the day in V. tessellata flowers 

 

As shown in Sup. Table 1, volatile 

compounds exhibited variations in their time of 

occurrence and concentration. Many compounds 

were exclusively detected at certain time periods.  

Piperitone, 2- methyl-octadecyne, 3-ethyl-

3methylheptane, 1,4, Alpha-morphinan, Cyclo 

hexasiloxane, Heptacosane, Cycloheptasiloxane, 

Octacosane, Cysteine, Heneicosane, and Tetra 

decamethylcycloheptasiloxane, were detected 

only at night (9 p.m. to 3 a.m.).  Dodecane, 4-

vinyl phenol, 4-ethoxymethylphenol, Decane, 

Methyleugenol, N-dimethylhydrazine, Alpha-

hexyl-cinnamaldehyde, Benzyl benzoate, 

Phyenylmethylenecyclopropane, Cyclopenta-2-

benzopyran, Triacontane, Tripropargylamine, 

Phthalic acid, Methyl pentacyclic dodecane-8-

carboxylate were detected only during the 

morning (6 a.m. to 9 a.m.).  There were no 

volatile compounds specific to noon (12 p.m.). 

Linalool, Decamethyl pentasiloxane, 

Octadeamethyl-cyclononasiloxan, Tetracosa 

methyl-cyclododecasiloxan, Tricosamethyl-

cyclododecasiloxan, Hexadecamethylhepta 
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siloxane were detected exclusively in the evening 

(3 p.m. to 6 p.m.). Certain volatile compounds 

such as Linalool, Eugenol, Docosane, and 

Eicosane were detected across the day from the 

morning to the evening (6 a.m. to 6 p.m.). 

Some volatile compounds were emitted at a 

higher concentration than others. Sup. Table 2 

shows volatile compounds emitted with high 

concentrations (i.e., concentrations greater than 

1%) by V. tessellata flowers during the morning 

hours (6 a.m. to 9 a.m.) and at noon (12 p.m.), 

together with the properties of those compounds. 

At 6 a.m. a total of eight volatile compounds 

were detected with a concentration greater than 

1%. Only two compounds were found at noon 

(12 p.m.) with concentrations greater than 1%. 

However, the concentrations of those two 

compounds were relatively low compared 

to their concentrations in the morning. At 6 a.m., 

4-ethoxymethylphenol had the highest 

concentration of 39.6%. Of the 15 compounds 

recorded at 9 a.m. only two compounds were 

detected in concentrations greater than 1%: 1,2-

Benzenedicarboxylic acid (15.8%) and 

Cyclohexasiloxane (20%). 

Volatile compounds found in the afternoon 

and at night with a concentration greater than 1% 

are shown together with their known properties 

in Sup. Table 3. At 3 p.m., six volatile 

compounds were found and five of them had 

concentrations greater than 1%. At 3 p.m., two 

chemical compounds (Tricosamethyl-

cyclododecasiloxan and Octadeamethyl-

cyclononasiloxan) jointly had the highest 

concentrations at 16.3% each. At 6 p.m., 3-ethyl-

3methylheptane was the most dominant (33. 

2%). At night 19 volatile compounds were found 

with five of them having concentrations greater 

than 1%.  At 9 p.m., three volatile compounds 

had a concentration greater than 10%.  At 

midnight two volatile compounds were detected 

with both having concentrations slightly over 

1%.  At 3 a.m. ten volatile compounds were 

detected, with all 10 compounds having a 

concentration of less than 1%. 

Visitation times and the role of the insects that 

visited V. tessellata flowers are shown in Sup. 

Table 4. The role of each visitor observed during 

the study period is also given. Xylocopa 

tenuiscapa was the diurnal pollinator 

contributing the most significant share of 

pollination activities among the two detected 

pollinators. Daphnis nerii was detected visiting 

the flowers from dusk to night and engaging in 

active pollination. Although Apis cerana was 

observed visiting the flowers (between 7 a.m. 

and 3.30 p.m.), it did not engage in pollination. 

 

Discussion  

The current study confirmed that most volatile 

compounds are released during the onset of dawn 

(3 a.m.) and during morning hours (6 a.m. to 9 

a.m.) in V. tessellate. However, the 

concentrations of the compounds emitted at night 

were comparatively higher than at other times.  

Particular compounds emitted during dawn and 

morning hours such as 4-vinylphenol, 4-ethyl 

methyl phenol, Methyleugenol, N-dimethyl 

hydrazine, Phyenylmethylenecyclo propane, 

Tripropargylamine, Cyclohexasiloxane, 1,2-

Benzenedicarboxylic acid, are long-range, highly 

volatile and bear a sweet fragrance. In contrast, 

the main compounds emitted during the onset of 

dusk (6 p.m.) and night (9 p.m. to 3 a.m.) are 

heavy short-range volatile chemical compounds 

such as 2-methyl-octadecane, Octadeca Methyl-

cyclononasiloxane, Tetradeca methyl-

cyclopentasiloxane, 3-ethyl-3methyl heptane, 

Eugenol, Dococene, and Linalool. Interestingly, 

compounds such as linalool, docosane, 

piperitone, 2- methyl-octadecyne, and eugenol 

are also detected in insects including in some 

lepidopterans, as sex pheromones (Gries et al. 

2002). Hence, it can be assumed that releasing 

similar compounds during dusk and night can 

facilitate the attraction of nocturnal visitors, such 

as hawk moths, tiger moths, or dipterans 

(Dodson et al. 1969, Gries et al. 2002). 

Linalool and benzaldehyde are known to be 

important signal substances in plant-insect 

communications (Ramya et al. 2020). As some 

orchid species achieve pollination through food 

deception by mimicking floral signals of 

rewarding plants to attract pollinators (Dafni 

1983, Nilsson 1992, Jersakova et al. 2006), the 

presence of these chemical compounds should be 

further investigated to identify their role in V. 

tessellata.  The pollinator visitations to V. 

tessellata flowers and the intensity and the type 

of chemical compounds of floral odour 

correlated well. Visitations by the diurnal 

pollinator, Xylocopa tenuiscapa occurred 

between 7.30 a.m. and 11.30 a.m. It is a large 

solitary bee species that travels long distances to 

forage (Somanathan et al. 2017). Previous 

studies also have revealed that carpenter bees and 

other bee species visit as pollinators between 9 

a.m. to 3 p.m. to collect pollen from orchid plants 

(Sugiura & Yumiyama 2016). Fragrant volatile 

chemical compounds such as 4-

42 
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ethoxymethylphenol were detected in a higher 

concentration around 6 a.m., while 

Cyclohexasiloxane, 1,2-Benzenedicarboxylic 

acid around 9 a.m., and 1,2-Benzenedicarboxylic 

acid were detected with a high concentration at 

12 p.m. which could facilitate such visitors as 

these chemical compounds have molecular 

properties which allow for travel over long 

distances. 

In contrast, the chemical compounds emitted 

during the onset of dusk (6 p.m.) and at night (9 

p.m. to 3 a.m.) are heavy, waxy, aromatic, anti-

oxidant, and anti-microbial, which make these 

compounds ideal for damp weather conditions. 

These compounds were emitted at comparatively 

higher concentrations when compared to those 

emitted in the morning (6 a.m. to 9 a.m.).   

Amongst them, 2- methyl-octadecyne, which was 

emitted at a high concentration of 28% at night, 

is a sex pheromone (Gries et al. 2002) of 

Lepidopterans (allomone). Therefore, those 

odoriferous compounds are ideal for the 

attraction of nocturnal pollinator moth species, 

Daphnis nerii (Olender Hawk moth), which was 

more frequent from 5.30 p.m. to 8.30 p.m. at V. 

tessellata flowers (Sup. Table 4). 

The role of volatile compounds in Ophyrs-

pollinator interactions has been explained by 

Bergstron (1978). Certain orchids lure their 

specific male insect pollinators to their flower by 

emitting “semiochemical” volatile compounds 

that mimic female-related sex pheromones 

(Schiestl et al. 1999, 2003; Wong et al. 2004, 

Mant et al. 2005, Stokl et al. 2007, Franke et al. 

2009, Vereecken & Schiestl 2009). Studies 

carried out on Ophrys iricolor has shown that 

Ophrys flowers mimic the female sex 

pheromones of their pollinator species to attract 

males for pollination (Schiestl et al. 1999, Greis 

et al. 2002, Stokl et al. 2005, 2007, 2008, 2009, 

2011; Spaethe et al. 2010; Streinzer et al. 2010, 

Ayasse et al. 2011, Bateman et al. 2011). 

Substances detected in the current study such 

as 4-ethoxymethylphenol, Cyclohexasiloxane, 

1,2-Benzenedicarboxylic acid, 

Decamethylpentasiloxane express a sweet odour 

(Gaytan et al. 2013, Cuna et al. 2021, Paudel et 

al. 2020, Wang et al. 2017), whilst p-vinylphenol 

is musty ((Nunez et al. 2016), Eugenol express 

the smell of clove oil (Dodson et al. 1969) and 

Methyl pentacyclododecane-8-carboxyloat 

expresses a ginger smell and is a long-range 

pheromone inhibitor (Mondragón & Theissen 

2009). Some compounds such as 1,2-

Benzenedicarboxylic acid are known solvents 

(Paudel et al. 2020), while Octadeamethyl-

cyclononasiloxan, and 2- methyl-octadecyne are 

associated with antimicrobial properties (Hanif et 

al. 2022, Gries et al. 2002).  Hence, this study 

reveals that the volatile compounds emitted by V. 

tessellata flowers are a very complex mixture 

with multiple purposes. V. tessellata may be 

attracting diurnal and nocturnal pollinators by 

emitting different odoriferous compounds at 

different times. 

More focused studies on their chemical 

properties as well as the timing of their 

occurrence and the specific part of the flower 

that emits would be important. Also, as noticed 

in this paper, in addition to pollinators there were 

other visitors, who need to be further 

investigated. Previous studies have shown that 

Vanda roxburghii (V. tessalata) have useful 

properties as an aphrodisiac, antibacterial, 

antifungal, antiulcer, anticonvulsant, and 

antioxidant agent (Kumar et al. 2000, 

Subramoniam et al. 2013; Mukhtar & Kalsi 

2017, 2018). The wealth of volatile chemical 

compounds with different chemical properties 

opens up the possibility of using V. tessellata for 

commercial use in the perfume industry. 

This study exposed hitherto unknown facts 

regarding food deception and the role of specific 

compounds in V. tessellata. The pollinator 

visitations to V. tessellata flowers and the 

intensity and the type of chemical compounds of 

floral odour correlated well. V. tessellata exhibits 

a dual pollinator system where Xylocopa 

tenuiscapa is a diurnal pollinator and Daphnis 

nerii is a nocturnal pollinator in the successful 

cross-pollination of flowers. Therefore, the 

survival of the species, V. tessellata depends on 

the volatile organic chemical compounds and the 

presence of these pollinators. Further studies on 

those volatile chemical compounds are 

recommended. Protecting the pollinators of V. 

tessellata is also recommended. 

 

Author contributions 

All the authors contributed equally. 

 

Acknowledgements 

We thank the Department of Wildlife 

Conservation, the Department of Forest 

Conservation, and the staff of the Industrial 

Technological Institute of Sri Lanka (ITI) for 

their valuable contributions; S.M. Thilakaratne 

(Kurunegala) provided his valuable collection of 

V. tessellata in his private nursery for research 

purposes; M. Ekanayake, and A. Fernando 

43 



VOLATILE FRAGRANCE PROFILE OF Vanda tessellata ORCHID 

 40  TAPROBANICA VOL. 13: NO. 02 

(NARA, Sri Lanka) are acknowledged for the 

valuable contribution in advising and 

proofreading.      

 
Research permits 

None 

 
Funding information 

None 

 
Supplement data 
https://doi.org/10.47605/tapro.v13i2.329 

 
Literature cited 
Ackerman, J.D., E.J.M. Ackerman & J.S. Faria 

(1997). Variation in pollinator abundance and 

selection on fragrance phenotypes in an 

epiphytic orchid, American Journal of Botany, 

84(10): 1383–1390. 

Ahmad, S., Peng, D.Y. Zhou & K. Zhao (2022). 

The genetic and hormonal inducers of 

continuous flowering in orchids: an emerging 

view. Cells, 11(4): 657. 

Al Bratty, M., H.A. Makeen, H.A. Alhazmi et al. 

(2020). Phytochemical, cytotoxic, and 

antimicrobial evaluation of the fruits of miswak 

plant, Salvadora persica L. Hindawi, Journal of 

Chemistry, 2020: 4521951. 

Anon (1937). Fauna & Flora Protection 

Ordinance, No. 02 of 1937, Government Press, 

Sri Lanka. 24–25, 45–46. 

Anon (2009). Fauna & Flora Protection (Amend) 

Act, No. 22 of 2009, Government Press, Sri 

Lanka. 25–26, 80. 

Ayasse, M., J. Stökl & W. Francke (2011). 

Chemical ecology and pollinator-driven 

speciation in sexually deceptive orchids. 

Phytochemistry, 72: 1667–1677. 

Bateman, R.M., E. Bradshaw, D.S. Devey et al. 

(2011). Species arguments; clarifying 

competing concepts of species delimitation in 

the pseudo-copulatory orchid genus Ophrys, 

Botanical Journal of the Linnean Society, 

165(4): 336–347. 

Bergströn, G. (1978). Role of volatile chemicals in 

Ophyrs-pollinator interactions. Pp. 207–231. In: 

Harbone, G. (ed.). Biochemical aspects of plant 

and animal co-evolution. Academic Press, 

London. 

Cresswell, J.E. & C. Galen, 1991. Frequncy- 

dependent selection and adaptive surfaces for 

floral character combinations: the pollination of 

Polemonium viscosum, American Naturalist, 

138(6): 1342–1353. 

Cuna, F.S.R.D., J. Calevo, M. Bazzicalupo et al. 

(2021). Chemical composition of essential oil 

from flowers of five fragrant Dendrobium 

(Orchidaceae). Plants, 10(8): 1718. 

Dafni, A. (1983). Pollination of Orchis caspia, a 

nectarless plant which deceives the pollinators 

of nectariferiferous species from other plant 

families, Journal of Ecology, 71(2): 467–474. 

Dodson, C.H., R.L. Dressler, H.G. Hills et al. 

(1969). Biologically active compounds in orchid 

fragrances function of natural plant products in 

orchid flower odours and the attraction of 

specific pollinators are described, Science, 

1969: 1243–1249. 

Dötterl, S., L.M. Wolfe &  A. Jürgens (2005). 

Qualitative and quantitative analyses of flower 

scent in Silene latifolia, Phytochemistry, 66(2): 

203–213. 

Dudareva, N. & E. Pichersky (2008). Metabolic 

engineering of plant volatiles, Current Opinion 

in Biotechnology, 2008(19): 1–9. 

Faegri, K. & L. Van der Piji (1979). The Principles 

of Pollination Ecology. Pergamon Press, 

Oxford: 55pp. 

Fenster, C.B., S. Martén-Rodriguez & D.W. 

Schemske (2009). Pollination syndromes and 

the evolution of floral diversity in Iochroma 

(Solanaceae). Evolution, 63(10): 2758–2762. 

Fonseca, R.S., F.A.D. Santos & M.F. Vieira (2015). 

Is the pollination efficiency of long-lived orchid 

flowers affected by age? Revista Ceres, 62(4): 

347–350. 

Franke, S., F. Ibarra, C.M. Schulz et al. (2009). The 

discovery of 2,5-dialkylcyclohexan-1,3-diones 

as a new class of natural products. PNAS, 

106(22): 8877–8882. 

Fu, L, G. Yang, L. Liu et al. (2020). Analysis of 

volatile components of Auricularia auricula 

from different origins by GC-MS combined 

with electronic nose, Hindawi Journal of Food 

Quality, 2020: 8858093. 

Galen, C. (1999). Why do flower vary?  the 

functional ecology of variation in flower size 

and form within natural plant populations, 

BioScience, 49(8): 631–640. 

Gasket, A.C., E. Conti & F. Schiestl (2005). Floral 

odour variation in two heterostylous species of 

primula, Journal of Chemical Ecology, 31(5): 

5351–5359. 

Gaytán, V.G., M. de las N.R. Mendoza, M.S. 

Hernández et al. 2013. Volatile components in 

the flower, Pedicellate Ovary and aqueous 

residue of Cymbidium sp. (Orchidaceae). 

Journal of Analytical Sciences, Methods & 

Instrumentation, 2013(3): 212–218. 

Gigord, L.D.B., M.R. Macnair & A. Smithson 

(2001). Negative frequency-dependent selection 

maintains a dramatic flower colour 

polymorphism in the rewardless orchid 

44 

https://doi.org/10.47605/tapro.v13i2.329
http://www.sciencedirect.com/science/article/pii/S0031942204006235
http://www.sciencedirect.com/science/article/pii/S0031942204006235#aff1"
http://www.sciencedirect.com/science/article/pii/S0031942204006235


GUNASEKARA ET AL. 2024 

 41  TAPROBANICA VOL. 13: NO. 02 

Dactylorhiza sambucina, PNAS, 98(11): 6253–

6255. 

Giurfa, M., A. Dafni & P.R. Neal (1999). Floral 

symmetry and its role in plant-pollinator 

systems, International Journal of Plant 

Sciences, 160(6): S41–S50. 

Gries, G., P.W. Schaefer, R. Gries et al. (2002). 2-

Methyl -(Z)-7-Octadecane: sex pheromone of 

allopathric Lymantria lucescens and L. serva.  

Journal of Chemical Ecology, 28(3): 469–478. 

Gunasekara, R.S & D.S.A. Wijesundara (2008). 

Investigation of the relationship between floral 

diversity and the reproductive success of Vanda 

tessellata (Roxb.) Hook.ex G.Don. An 

unpublished report of PAM/WCP, Department 

of Wild Life Conservation: 1–26. 

Gunasekara, R.S. (2016). Flower polymorphism of 

naturally occurring Vanda tessellata in 

SriLanka, Proceedings of the Wayamba 

University International Conference, Sri Lanka, 

19-20 August: 242. 

Gunasekara R.S., K. Yakandawala, S. Jayakody & 

D.S.A. Wijesundara (2019a). Orchid trade in Sri 

Lanka with special reference to Vanda 
tessellate. International Symposium of Global 

dialogue on Wildlife Trafficking 2019. 

CITES/University of Colombo/Department of 

Wildlife Conservation of Sri Lanka: 4 

Gunasekara R.S., K. Yakandawala, S.  Jayakody & 

D.S.A. Wijesundara (2019b). A Case Study on 

Vanda tessellata (Roxb)Hook. ex G. Don Treade 

in Sri Lanka. International Scientific 

Symposium of Association for Tropical Biology 

and Conservation (ATBC): Asia-Pacific Chapter 

2019, MAS Athena, Sri Lanka: 160. 

Hanif, M., B. Xie, S. Wei et al. (2022).  

Characterization of the volatile profile from six 

different varieties of Chinese chives by HS-

SPME/GC–MS coupled with E. NOSE, Journal 

of King Saud University (Science), 34(4): 

101971. 

Heinrich, B. (1975). Bee flowers: a hypothesis on 

flower variety and blooming times, Evolution, 

29(2): 325–334. 

Dasanayake, M.D. & F.R. Fosberg (eds)(1981). A 
revised Handbook to the Flora of Ceylon, Vol II: 

Smithsonian Institution, USA: 218–511. 

Jersakova, J., P. Kindlmann & S.S. Renner (2006). 

Is the colour dimorphism in Dactylorhiza 

sambucina maintained by different seed 

viability instead of frequency-dependent 

selection? Folia Geobotanica, 41(1): 61–76. 

Paudel, M.R., M.B. Chand, S. Pradhan et al. 2020. 

Cytotoxic effect of selected wild orchids on two 

different human cancer cell lines, Heliyon, 6(5) 

e03991. 

Karunaratne, W.A.I.P & J.P. Edirisinghe, 2008. 

Keys for the identification of common bees of 

Sri Lanka, Keys to the common bees of Sri 

Lanka, 69, Journal of National Science 

Foundation Sri Lanka, 36(1): 69–89. 

Kay, Q.O.N. (1978). The role of preferential and 

assortative pollination in the maintenance of the 

colour polymorphism, Pp. 1–4. In: Richards, 

A.J. (ed). The pollination of flowers by insects, 

Academic Press London. 

Kessler, A. & R. Halitschke (2009). Testing the 

potential for conflicting selection on floral 

chemical traits by pollinators and herbivores: 

predictions and case study. Functional Ecology 

2009(23): 901–912. 

Kessler, D., C. Diezel, D.G. Clark et al. 2013. 

Petunia flowers solve the defence/apparency 

dilemma of pollinator attraction by deploying 

complex floral blends. Ecology Letter, 16(3): 

299–306. 

Knudsen, J.T & B. Stahl (1994). Floral odours in 

the ophrastaceae. Biochemical Systematics & 
Ecology, 22(3): 259–268. 

Kumar, P.K., A. Subramonium & P. Pushpangadan 

(2000). Aprodisiac activity of Vanda tessellata 

(Roxb)Hook. Ex. Don extract in male mice, 

Indian Pharmacological Society journal, 
2000(32): 300–304. 

Laloi, D., M. Richard, P. Federici et al. (2009). 

Relationship between female mating strategy, 

litter success, and offspring dispersal, Ecology 

Letters, 12(8): 823–829. 

Levin, D.A. & E.T. Brack (1995). Natural selection 

against white petals in Phlox. Evolution, 49(5): 

1017–1022. 

Lorz, P.M., F.K. Towae, W. Enke et al. (2007). 

Phthalic acid and derivatives. In: (ed). 

Ullmann's Encyclopedia of Industrial 

Chemistry: 181.  

Mant, J., C. Brandil, N.J. Vereecken et al. (2005). 

Cuticular hydrocarbons as sex pheromone of the 

bee Colletes cunicularius and the key to its 

mimicry by the sexually deceptive orchid, 

Ophrys exaltata, Journal of Chemical Ecology, 

31(8): xx–xx.  

MoE (2020). Ministry of Environment. The 

National Red List 2020 - Conservation Status of 

the Flora of Sri Lanka (2020). Biodiversity 

Secretariat, Ministry of Environment and the 

National Herbarium, Department of National 

Botanic Gardens, Sri Lanka: 97–104. 

Mogford, D.J. (1978). Pollination and flower 

colour polymorphism with special reference to 

Cirsiumpalustre. Pp. 191–199. In: Richards, A.J. 

(ed.). The pollination of flowers by insects. 

Academic Press, London. 

45 

https://www.sciencedirect.com/journal/journal-of-king-saud-university-science
https://www.sciencedirect.com/journal/journal-of-king-saud-university-science
https://www.sciencedirect.com/journal/journal-of-king-saud-university-science/vol/34/issue/4
https://www.sciencedirect.com/science/article/pii/S2405844020308367#!"
https://www.sciencedirect.com/science/article/pii/S2405844020308367#!"
https://www.sciencedirect.com/journal/heliyon/vol/6/issue/5
https://onlinelibrary.wiley.com/doi/book/10.1002/14356007
https://onlinelibrary.wiley.com/doi/book/10.1002/14356007


VOLATILE FRAGRANCE PROFILE OF Vanda tessellata ORCHID 

 40  TAPROBANICA VOL. 13: NO. 02 

Mohd-Hairul, A.R., P. Namasivayam, G.C.E. Lian 

& J.O. Abdullah (2010). Terpenoid, Benzenoid, 

and Phenylpropanoid compounds in the floral 

scent of vanda mimi palmer. Journal of Plant 

Biology, 53(5): 358–366. 

Moloinyane, S. & F. Nchu (2019).  The effects of 

endophytic beauveria bassiana inoculation on 

infestation level of Planococcus ficus, growth 

and volatile constituents of potted greenhouse 

grapevine (Vitis vinifera L.). Toxins, 11(2):72. 

Mondragón-Palomino, M, & G. Theissen (2009). 

Why are orchid flowers so diverse? Reduction 

of evolutionary constraints by paralogues of 

class B floral homeotic genes. Annals of Botany, 

104(3): 583–94. 

Mukhtari, H.M.  & V. Kalsi (2017). The rapeutic 

potential of Vanda roxburghii Roxb.: a review. 

International Journal of Current Pharma 

ceutical Review & Research, 8(3); 261–265. 

Mukhtari, H.M. & V. Kalsi (2018). 

Pharmacognostic Standardization of Stems of 

Vanda roxburghii Roxb, Asian Journal of 
Pharmaceutical & Clinical Research, 11(2): 

325–328. 

Nilsson, L.A. (1992). Orchid pollination biology, 

Trends in Ecology & Evolution, 7(8): 255–259. 

Nielsen, L. & B. Møller (2015). Scent emission 

profiles from Darwin’s orchid – Angraecum 

sesquipedale: Investigation of the aldoxime 

metabolism using clustering analysis, 

Phytochemistry, 120: 3–18. 

Nunes, C.E.P., M.F.G.V. Peñaflor, J.M.S. Bento et 
al. (2016). Projects: floral volatiles of 

euglossine-pollinated plants: from individuals to 

communities-Multi-trophic plant-insect 

interactions, Oecologia, 182(4): 933–946. 

Olesen, J.M. & J.T. Knudsen (1994). Scent profiles 

of flower colour morphs of Corydalis cava 

(Fumariaceae) in relation to foraging behaviour 

of bumble bee queens (Bombus terrestris), 

Biochemical Systematics & Ecology, 22(3): 

231–237. 

Peakall, R., D.J. Ebert, R.A.B.  Poldy et al. (2010). 

Pollinator specificity, floral odour chemistry and 

the phylogeny of Australian sexually 

deceptive Chiloglottis orchids: implications for 

pollinator-driven speciation, New Phytologist 

Trust, 188(2): 437–450. 

Patil, A. & V. Jadhav (2014). GC-MS analysis of 

bioactive components from methanol leaf 

extract of Toddalia asiatica (L.). International 

Journal of Pharmaceutical Sciences Review & 

Research, 29(1): 18–20. 

Ramya, M., S. Jang, A. Hye-Ryun et al. (2020). 

Volatile Organic Compounds from Orchids: 

From Synthesis and Function to Gene 

Regulation, International Journal of Molecular 
Science, 2020: 1–19. 

Salzmann, C.C & F.P. Schiestl (2007). Odour and 

colour polymorphism in the food-deceptive 

orchid Dactylorhiza romana, Plant Systematics 

& Evolution, 267(1): 37–45. 

Salzmann, C., A.M. Nardella, S. Cozzolino & F.P. 

Schiestl (2007). Variability in floral scent in 

rewarding and deceptive orchids: the signature 

of pollinator-imposed selection? Annals of 

Botany, 100(4): 757–765. 

Schiestl, F.P., M. Ayasse, H.F.  Paulus et al. (1999). 

Orchid pollination by sexual swindle, 

Nature, 399(6735): 421–421. 

Schiestl, F.P. (2002). Research project: odour 

communication and the evolution pollination 

syndrome in orchids, Bulletin of Geobotanical 

Institute, 68: 55–62. 

Schiestl, F.P., R. Peakall, J.G. Mant et al. (2003). 

The chemistry of sexual deception in an Orchid-

wasp pollination system, Science, 302 (5644): 

437–438. 

Schiestl, F. (2005). On the success of a swindle: 

pollination by deception in orchids, Natur 
wissenschaften, 92(6): 255–264. 

Shi, J., Y-B. Luo., P. Bernhardt et al. (2008). 

Pollination by deceit; Paphiopedilum 
barbigerum (Orchidaceae): a staminode exploits 

the innate colour preferences of hoverflies 

(Syrphidae), Plant Biology, 11(1): 17–28. 

Smithson, A. & M.R. Macnair (1997). Negative 

frequency-dependent selection by pollinators on 

artificial flowers without rewards, Evolution, 

51(3): 715–723. 

Somanathan, H., R.M. Borges, E.J. Warranta & A.  

Kelber (2017). Visual adaptations for mate 

detection in the male carpenter bee, Xyloco 

tenuiscapa. PlosOne, 2017: 0168452. 

Spaethe, J., W.H. Moser & H.F. Paulus (2007). 

Increase of pollinator attraction by means of a 

visual signal in the sexually deceptive orchid, 

Ophry sheldreichii (Orchidaceae), Plant 

Systematics & Evolution, 264(1): 31–40. 

Spaethe, J., M. Streinzer & H.F. Paulus (2010). 

Why sexually deceptive orchids have coloured 

flowers, Communicative and Integrative 

Biology, 3(2): 139–1141. 

Stanton, M.L & R.E. Preston (1988). A qualitative 

model for evaluating the effects of flower 

attractiveness on male and female fitness in 

plants. American Journal of Botany, 75(4): 540–

544. 

Stanton, M.L., H.J. Young, N.C. Ellstr & J.M.  

Clegg, 1991. Consequences of floral variations 

for male and female reproduction in 

experimental population of wild radish, 

46 

https://www.researchgate.net/journal/Phytochemistry-0031-9422
https://www.researchgate.net/profile/Jose-Mauricio-Bento?_sg%5b0%5d=hHB3OFVFWJZSDjQ3JfMLGwcDqtl-nyNlpW9JGj15arSgAOtreYi_IpQfArXtj72GaiIDyRA.2c3Jb49q-I-ktQdQf_G6Dq2gqp4rGsuU7WViLEmBhLAu4rZ23pYER6snXWXAoudLXGubq5C6j_76qKrESt0T0Q&_sg%5b1%5d=q_PME_B_
https://www.researchgate.net/project/Floral-volatiles-of-euglossine-pollinated-plants-from-individuals-to-communities
https://www.researchgate.net/project/Floral-volatiles-of-euglossine-pollinated-plants-from-individuals-to-communities
https://www.researchgate.net/project/Floral-volatiles-of-euglossine-pollinated-plants-from-individuals-to-communities
https://www.researchgate.net/project/Multi-trophic-plant-insect-interactions
https://www.researchgate.net/project/Multi-trophic-plant-insect-interactions
https://www.researchgate.net/journal/Oecologia-1432-1939?_sg=_l-u6dIfI60RJyRFsAwRZidnk-4Hhg9ybtWY-QxM6P-FK8T4kKquiu-FiGsBK7mU_x5GEE85a8EQZfqfufGm4zRvcahuwLA.D0QUlE0tkCY0wEzcdufBNeoh_4pD57pzBnRUwM3CCaau0-S9bWwnaxUDTxT_Vcr74fqiEVAOCOhumWHETRUNyQ
http://onlinelibrary.wiley.com/doi/10.1111/nph.2010.188.issue-2/issuetoc


GUNASEKARA ET AL. 2024 

 41  TAPROBANICA VOL. 13: NO. 02 

Raphanus sativus, L, Evolution, 45(2): 268–

280. 

Steiner, K.E. (1998). The evolution of beetle 

pollination in a South African orchid, American 

journal of Botany, 85(9): 1180–1193. 

Streinzer, M., T. Ellis & H.F. Paulus (2010). Visual 

discrimination between two sexually deceptive 

Ophrys species by a bee pollinator, Arthropod-

Plant Interactions, 4(3): 141–148. 

Stökl, J., H. Paulus, A. Dafni et al. (2005). 

Pollinator attracting odour signals in sexually 

deceptive orchids of the Ophrys fusca group, 

Plant Systematics & Evolution, 254: 105–120. 

Stökl, J., R. Twele, D.H. Erdmann et al. (2007). 

Comparison of the flower scent of the sexually 

deceptive orchid Ophrys iricolor and the female 

pheromone o fit’s pollinator Andrenamorio, 

Chemoecology, 17: 231–233. 

Stökl, J., P.M. Schluter, T.F. Stuessy et al. (2008). 

Scent variation and hybridization cause the 

displacement of a sexually deceptive orchid 

species, American Journal of 
Botany, 95(4): 472–481. 

Stökl, J., P. M. Schlüter, T.F. Stuessy et al. (2009). 

Speciation in sexually deceptive orchids: 

Pollinator driven selection maintains discrete 

odour-phenotypes in hybridizing species. 

Biological Journal of the Linnean Society, 98: 

439–451. 

Stökl, J., J.A. Brodmann, M.  Dafni et al. (2011). 

Smells like aphids: orchid flowers mimic aphid 

alarm pheromones to attract hoverflies for 

pollination. Proceedings of the Royal Society, 

278: 1216–1222. 

Subramoniam, A., A. Gangaprasad, P.K. 

Sureshkumar et al. (2013). A novel aphrodisiac 

compound from an orchid that activates nitric 

oxide synthases, International Journal of 

Impotence Research, 25(6): 212–216. 

Sugiura, N. & M. Yumiyama (2016). Post-anthesis 

changes in the labellum of Cypripedium 

macranthos var. rebunense (Orchidaceae) and a 

speculation on functional design of the 

labellum. Plant Species Biology, 31(2): 135–

140. 

Tan, K.H & R. Nishida (2016). Fruit fly-plant 

association: (a) an update on orchid 

pollination; and (b) adaptations of certain 
dacini and orchid species towards methyl 

eugenol, First Symposium of Tephritid Workers 

of Asia, Australia & Oceania, Putrajaya, 

Malaysia. 

 

 

 

 

Toh, C., A.R.M. Hairul, N.M. Ain et al. (2017). 

Floral micromorphology and transcriptome 

analyses of a fragrant Vandaceous 
Orchid, Vanda Mimi Palmer, for its fragrance 

production sites, BMC Research Notes 10: 554. 

Tremblay, R.L., J.D. Ackerman, J.K. Zimmerman 

& R.H. Calvo (2005).  Variation of sexual 

reproduction in orchids and its evolutionary 

consequences: A spasmodic journey to 

diversification. Biological Journal of the 

Linnean Society, 84(1): 1–54. 

Verdú, M & G. Gleiser (2005). Adaptive evolution 

of reproductive and vegetative traits driven by 

breeding systems, New Phytologist, 169(2): 

409–417. 

Vereecken, N.J. & F.P.  Schiestl (2009). On the 

roles of colour and scent in a specialized floral 

mimicry system, Annals of Botany, 104(6); 

1077–1084. 

Wang, H-M., C-G. Tong & S.S. Jang (2017). 

Current progress in orchid flowering/flower 

development research, Plant Signaling & 
Behavior, 12(5): e1322245. 

Wang, S.L.M., K.K. Viswanath, C.G. Tong et al. 
(2019). Floral induction and flower 

development of orchids, Frontier in Plant 

Science, 10: 1258. 

Wong, B.B.M., C. Salzman & F.P. Schiestl, (2004). 

Pollinator attractiveness increases with 

distance from flowering orchids, The Royal 

Society Biology Letters, 271(4), S212–S214. 

Waser, N.M. & M.V. Price (1981). Pollinator 

choice and stabilizing selection for flower 

colour in Delphinium nelsonii, Evolution, 

35(2): 376–390. 

Wright, S.J. (1943). An analysis of local variability 

of flower colour in Linanthus parryae, 
Genetics, 28(2): 139–156. 

Wright, S.J. (1978). Evolution and the genetics of 

populations, IV variability within and among 

natural populations. University of Chicago 

Press, Ilinois, USA. 

Wright, C.R. 2013. Chemical investigation of 
Opuntia species and Stenocereus thurberi, 

Cacti native to North America: A Search to 
identify essential oil compositions and to 

characterize Cyclic Siloxane compounds, PhD 

Decertation. The Biotechnology Science and 

Engineering Program, The School of Graduate 

Studies of The University of Alabama in 

Huntsville Huntsville, Alabama. 

 

 

Published date: 30 November 2024 

47 

https://pubmed.ncbi.nlm.nih.gov/?term=Tong%20CG%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Jang%20S%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Wang%20SL%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Viswanath%20KK%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Tong%20CG%5bAuthor%5d

