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Shakespeare once said that “…A rose by 
any other name would smell as sweet…” 

— (Romeo and Juliet, Act II, Scene II). 

A flower is the reproductive organ of a 
flowering plant, and contains its male and/
or female gametes (refer Fig. 1). The male 
gametes are the pollen grains. Pollen is 
found on the anther of the flower. These 
grains need to be transferred to the stigma, 
the female organ, for fertilization to take 
place. After fertilization, the plant produces 
seeds that can germinate into new plants. 
The process by which pollen is transferred 
from the male to female organs is called 
pollination.

The transfer of pollen within the same 
flower is called self-pollination, and 
between different flowers is cross-
pollination. Pollination can occur 

abiotically by wind, water, or even 
gravitational force; and, biotically through 
insects, bats, birds and many other animals. 
Around 90% of flowering plants are 
pollinated by animals1 (refer Fig. 2). The 
colorful butterflies, buzzing bees, hovering 
flies, moths, bats, and hummingbirds that 
you see in your garden are performing this 
vital job of transferring pollen, day and 
night (refer Fig. 3). Thus, pollination is what 
we call an essential ‘ecosystem service’ or, 
in other words, a natural process within 
ecosystems that benefits humankind. 
Without pollination, there would be no 
flowering plants. No more fruits and 
vegetables. Life, as we know it, would not 
exist! But, have you ever considered how 
plants attract these animals for pollination 
in the first place?

V. S. PRAGADHEESH & SHANNON OLSSON

While walking through a 
beautiful garden, you are 
met with a lovely bouquet 
of fragrances from its 
many flowers. These 
smells are so pleasing 
that we use them in our 
homes, food, and even 
on our bodies. Have you 
ever considered what 
makes these flowers smell 
sweet, and how plants 
might benefit from these 
scents?

LIFE IN YOUR BACKYARD

THE 
SCENT 
ORCHESTRA 
OF FLOWERS

Flower scent
Plants attract pollinators using the 
fragrance and visual characteristics of 
their flowers, such as color and shape. 
Odors can travel in the air over several 
meters. As such, scent is a particularly 
important cue to attract pollinators to 
flowers from a distance.

All chemical compounds produced 
by plants can be divided into two 
categories — primary and secondary 
metabolites. Glucose, proteins, and 
lipids that are necessary for the 
growth and development of the plant 
are classified as primary metabolites. 
Compounds produced as byproducts of 
these metabolites, including terpenoids, 
flavonoids, steroids, alkaloids, and the 
many other chemicals not related to 
growth and development, are known 
as secondary metabolites. Secondary 
metabolites can also benefit the plant 
by protecting them from disease, 
drought, sun damage, and plant-eating 
animals (herbivores) through pigments, 
noxious taste, and water-retaining 
waxes, among other mechanisms.

Floral scents are produced by plants 
as byproducts of glucose synthesis 
and are, therefore, considered to be 
secondary metabolites. The remarkable 

Fig. 2. Common crops for which animal pollination is vital. A pie chart showing percentage 
of crops (75%) that rely in part on animal pollination (FAO).
Credits: Shannon Olsson.

Fig. 1. The reproductive parts of a flower.
Credits: ProFlowers, Flickr. URL: https://www.flickr.com/photos/proflowers/15099656846. License: CC-BY.

variation of floral scents in plants is 
produced mainly from three groups 
of chemical compounds — terpenoids, 
phenylpropanoids, and fatty acid 
derivatives2. Lavender and rosemary 
release odours from mostly the terpenoid 
group; whereas rose, jasmine, and 
lily have scents produced by all three 
floral scent groups. Phenylpropanoids 
are also involved in the production of 
pigmentation (color) in flowers, whereas 
terpenoids act as a deterrent against 
herbivores in other plant parts, such as 
the leaves and stem3.

Floral scents also serve other functions 
that include warding off non-pollinating 
flower visitors such as nectar robbers, 
and inviting natural enemies of the 
herbivores that feed on the plant. For 
example, leaves, stems, and flowers of 
plants release several chemicals when 
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chewed or broken. You will be familiar 
with this if you enjoy the smell of fresh-
cut leaves and grasses. Crab spiders use 
chemicals like β-ocimene, released by 
flowers when they are chewed on by 
insects, to locate and feed on these 
insects. Indeed, flowers may even emit 
larger amounts of β-ocimene when 
attacked by florivores (refer Fig. 4)4. 
In another example, the presence of 
methyl anthranilate, a bird repelling 
compound, in flowers may help repel 
birds that feed on pollinating insects. 
The chemicals responsible for floral 
scents can also possess anti-microbial 
properties that inhibit microbial growth 
in the flower.

Flower constancy and 
specialisation
Each plant species uses a small number 
of chemical synthesis pathways 
to generate a large variety of low 
molecular weight volatile organic 
compounds (VOCs). It is the unique 
blend of its VOC’s that gives the flowers 
of each species their specific fragrance. 

VOCs can attract a variety of pollinators 
— ranging from insects to birds to small 
animals. However, the cacophony of 
many plants, many pollinators, and 
many scents can create a problem — if 
pollinators visit flowers of different 
species, how can a plant ensure that its 
pollen gets transferred to another flower 
of the same species? 

Pollinators like honey bees visit a 
number of plant species, and are 
called generalists. However, many of 
these generalist pollinators show a 
certain degree of flower constancy. 
Flower constancy is the tendency of a 
pollinator to visit several flowers of the 
same species and transfer pollen within 
that species. The specific composition of 
the flower scent of each species plays 
a key role in maintaining this flower 
constancy by allowing pollinators to 
identify and learn the flower species. 

Alternatively, some pollinators only 
visit a single species of flowering 
plant throughout their lifetime. Such 

Fig. 4. A florivore feeding on a Hibiscus flower.
Credits: V. S. Pragadheesh. License: CC-BY-NC.

pollinators are termed as specialists. In 
turn, the flowers of such plant species 
are often visited only by that pollinator 
species. For example, Vanilla planifolia, 
the plant responsible for producing 
the vanilla bean, is pollinated only by 
a single species of Melipona bee. Thus, 
when this plant is cultivated outside the 
range of these bees, it cannot survive5 
unless it is hand pollinated — as is done, 
here, in India to allow for the production 
of vanilla flavoring from its beans. 

Diurnal and nocturnal 
flower scents
Many plants tend to emit scents 
rhythmically over the length of a day and 
night. The floral scent of diurnal (day-
blooming) flowers is different from that 
of nocturnal (night-blooming) flowers. 

The time of the day when the maximum 
scent is emitted from a flower is 
associated with its nectar availability, 

pollen maturation, and the activity of 
its pollinators. For example, diurnal 
flowers, like the rose, emit maximum 
concentrations of odour during the day 
and attract bees, beetles, butterflies, flies 
etc. In contrast, nocturnal flowers, like 
jasmine, release their maximum scent 
in the night to attract pollinators such 
as bats, mice, and nocturnal moths. The 
scents of night-blooming flowers are 
composed of chemicals such as linalool, 
nerolidol, certain aromatic esters, and 

Box 1. Teaching Tips

Guess the Pollinator: Take a trip 
outside and observe several flowers. 
Have the students guess what types 
of pollinators could be attracted 
to these flowers (e.g. Are they 
night-blooming? Are they insect or 
bird-sized?). Then, using the internet, 
try to identify the flowers and their 
pollinators.

The Perfumery: Obtain several 
essential oil samples from flowers. 
Have the students guess which plants 
they come from. Which scents are 
similar? Which are different? Is there 
something about the flower biology 
that makes some flower scents similar 
— for example, do they have similar 
pollinators (do they bloom in the 
same areas at the same times of day)? 
If possible, try to observe the real 
flowers and test your hypotheses!

Make a Flower: Create your own 
artificial flower experiment! Using 
paper, crayons or pencils, and 
toothpicks, create artificial flowers 
to test outside in the morning. Did 
you trick any pollinators to visit 
your artificial flowers? Add a drop of 
essential oil from a flower or some 
perfume and see if this enhances 
the attraction of pollinators to your 
artificial flower. Were you successful? 
Why or why not?

Importance of Pollinators: Have the 
students use reputed websites such as 
FAO.org to research the importance 
of pollinators to our crops. See if 
they can guess which fruits and 
vegetables are 100% reliant on animal 
pollination. How many of these crops 
grow here in India?

Fig. 5. A mining bee (Andrena nigroaenea) pollinating an early spider orchid (Ophrys 
sphegodes).
Credits: Keith Wilson. URL: https://www.flickr.com/photos/wislonhk/27042427467/in/photostream/. 
License: CC-BY-NC.

Fig. 3. An insect pollinating a flower.
Credits: V. S. Pragadheesh. License: CC-BY-NC.
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nitrogenous indole and oximes. These 
chemicals are collectively referred to as 
the ‘white floral-olfactory image’6.

Pseudocopulation
Flowers can sometimes go to great 
lengths to attract pollinators. One of 
the ways to help ensure pollination is 
to evolve a specialized relationship so 
that you attract only one species of 
pollinator — increasing the likelihood 
that the pollinator will visit only your 
species. One of the most ingenious 
methods flowers can employ is 
to “pretend” they are pollinators 
themselves!

Some orchids, like Ophrys sphegodes, 
mimic the appearance and volatile 
pheromones of the females of the bee 
species Andrena nigroaenea to attract 
males of that species to visit and 
transfer their pollen. The process by 
which the male confuses the flower with 
a female is known as ‘pseudocopulation’ 
(refer Fig. 5). Interestingly, the scent 
of the flower changes after pollination 
— the chemical farnesyl hexanoate 
increases in concentration and inhibits 
further visitations by male bees7. Since 
the biosynthesis of flower scent is a 
costly effort, plants like the Orphys 
orchid use these chemical odours 
judiciously to maximize pollination by 
reducing the attraction of insects to 
already pollinated flowers.

Studying flower scents
Flower scents are studied by collecting 
gaseous compounds emitted from 
flowers and analyzing them in the 
laboratory. Several techniques are 
available for the collection of volatiles. 
Floral odours can be collected from 
the air around the plant, known as 
headspace collection; or by directly 
extracting compounds from the floral 
tissue using solvents (much like we make 
tea). Plant volatiles can also be collected 
by trapping them on adsorbent surfaces, 
like charcoal or polymers, through a 
process known as solid-phase extraction 
(refer Fig. 6). To analyze floral volatiles 
using solid-phase extraction, they must 

then be removed from the adsorbent 
surface using either solvents or heat 
and separated from the mixture by 
fractionation. After collection, individual 
floral scent compounds are further 
isolated using a technique known as gas 
chromatography and identified using 
techniques such as mass spectrometry.

To understand the function of individual 
floral volatiles in nature, we can create 

artificial ‘dummies’ or ‘flower lures’ with 
the colours, shapes, and odours of real 
flowers, and observe how pollinators 
respond to them. These artificial flower 
lures can mimic a flower with or without 
its scent, with a different colour, or with 
different combinations of floral scents. 
Scientists can then use these lures to 
test how different colours, shapes, 
and scents change the preference of 
pollinators in different ecologies8, 9.

Box 2. Glossary

Ecosystem: The interactions between a community of living organisms and the 
non-living components in a particular area.

Terpenoids: A class of organic compounds formed by the combination of five 
carbon units, linked together in a head-to-tail fashion.

Flavonoids: A group of organic compounds with two phenyl groups attached to 
a ring of carbon and oxygen atoms. Most color pigments in plants belong to this 
group.

Steroids: Another group of organic compounds with three six membered carbon 
rings and a five membered carbon ring attached to each other in a specific 
arrangement.

Alkaloids: A group of nitrogenous organic compounds that have significant 
physiological effects on humans.

Phenylpropanoids: A class of organic compounds having a phenyl group 
attached to a propane (three carbons) side chain. Phenylpropanoids are derived 
from the amino acids phenylalanine and tyrosine.

Fatty acid derivatives: Volatile organic compounds derived from fatty acids 
present in the cell wall, and released during cell wall rupture.

Nectar: A sugar-rich solution produced in plant glands called nectaries. Plants 
secrete this solution in flowers to attract pollinators, and in vegetative parts like 
stems and leaves to attract animals, such as ants, that can deter herbivores.

Microbes: Unicellular or multicellular organisms such as bacteria, fungi, etc. 
that are too small to be seen with the naked eye.

Volatility: The relative tendency of a substance to evaporate into the air.

Linalool: A terpenoid alcohol present in most plant volatiles.

Orchids: Members of the family Orchidaceae, with flowers that are often 
colourful and fragrant.

Pheromone: Chemical compounds released by animals as signaling compounds 
to another member of the same species.

Extract: A process of separating chemical compounds from any material (mainly 
biological) using solvents.

Solvents: A liquid, solid, or gas used to dissolve a substance (called a solute) 
without changing the nature of the solute.

Gas chromatography: A separation technique mainly used to separate gaseous 
compounds based on the partition between a stationary liquid (or solid) phase 
and a mobile gaseous phase.

Mass spectrometry (MS): An analytical technique that ionizes a chemical 
compound, separates its ions, and quantifies them, to obtain a chemical 
fingerprint that allows identification of the compound.

(a) Solid-phase extraction of volatiles using Polydimethylsiloxane (PDMS) tubes from an 
inflorescence of Pentas lanceolata.

Fig. 6. Examples of solid-phase extraction of plant volatiles. Fig. 7. An insect visiting an artificial flower 
made of paper and artificial odour.

(b) Solid-phase micro extraction of volatiles in the inflorescence of Hedychium species.
Credits: V. S. Pragadheesh. License: CC-BY-NC.

Conclusion
“Perfumes are the feelings of the 
flowers” — Heinrich Heine

The next time you walk in a garden, 
don’t just smell the beautiful fragrances 
of flowers. Take a moment to stop 
and think how these lovely odours 
are the plant’s means to interact with 
its ecology. This is the language of 
nature. At any given moment, there 
are thousands of chemically-mediated 
interactions happening in your own 
backyard — in each plant, animal, 
and microbe you see. If you have any 
questions or observe any of these 
interactions, do write to us.

Credits: Shravathi Krishna. License: CC-BY-NC.

Note: Credits for the image used in the background of the article title: Flowers for sale in India, McKay Savage, Flickr. URL: https://www.flickr.com/photos/
mckaysavage/2279208080. License: CC-BY.
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stems and leaves to attract animals, such as ants, that can deter herbivores.

Microbes: Unicellular or multicellular organisms such as bacteria, fungi, etc. 
that are too small to be seen with the naked eye.

Volatility: The relative tendency of a substance to evaporate into the air.

Linalool: A terpenoid alcohol present in most plant volatiles.

Orchids: Members of the family Orchidaceae, with flowers that are often 
colourful and fragrant.

Pheromone: Chemical compounds released by animals as signaling compounds 
to another member of the same species.

Extract: A process of separating chemical compounds from any material (mainly 
biological) using solvents.

Solvents: A liquid, solid, or gas used to dissolve a substance (called a solute) 
without changing the nature of the solute.

Gas chromatography: A separation technique mainly used to separate gaseous 
compounds based on the partition between a stationary liquid (or solid) phase 
and a mobile gaseous phase.

Mass spectrometry (MS): An analytical technique that ionizes a chemical 
compound, separates its ions, and quantifies them, to obtain a chemical 
fingerprint that allows identification of the compound.

(a) Solid-phase extraction of volatiles using Polydimethylsiloxane (PDMS) tubes from an 
inflorescence of Pentas lanceolata.

Fig. 6. Examples of solid-phase extraction of plant volatiles. Fig. 7. An insect visiting an artificial flower 
made of paper and artificial odour.

(b) Solid-phase micro extraction of volatiles in the inflorescence of Hedychium species.
Credits: V. S. Pragadheesh. License: CC-BY-NC.

Conclusion
“Perfumes are the feelings of the 
flowers” — Heinrich Heine

The next time you walk in a garden, 
don’t just smell the beautiful fragrances 
of flowers. Take a moment to stop 
and think how these lovely odours 
are the plant’s means to interact with 
its ecology. This is the language of 
nature. At any given moment, there 
are thousands of chemically-mediated 
interactions happening in your own 
backyard — in each plant, animal, 
and microbe you see. If you have any 
questions or observe any of these 
interactions, do write to us.

Credits: Shravathi Krishna. License: CC-BY-NC.

Note: Credits for the image used in the background of the article title: Flowers for sale in India, McKay Savage, Flickr. URL: https://www.flickr.com/photos/
mckaysavage/2279208080. License: CC-BY.



74 - REDISCOVERING SCHOOL SCIENCE  Sep 2018 75- REDISCOVERING SCHOOL SCIENCE  Sep 2018

References
1. Winfree, R. (2010). The conservation and restoration of wild bees. Annals of the New York Academy of Sciences, 1195: 169-197.

2. Pichersky, E. & Dudareva, N. (2007). Scent engineering: toward the goal of controlling how flowers smell. Trends in Biotechnology, 25 (3): 105-110.

3. Farré-Armengol, G., Filella, I. & Llusia, J. & Peñuelas, J. (2013). Floral volatile organic compounds: Between attraction and deterrence of visitors under global 
change. Perspectives in Plant Ecology, Evolution and Systematics 15: 56-67.

4. Knauer, A. C., Bakhtiari, M. & Schiestl, F. P. (2018). Crab spiders impact floral-signal evolution indirectly through removal of florivores. Nature 
Communications 9: 1367. DOI: https://doi.org/10.1038/s41467-018-03792-x.

5. Wikipedia contributors. (2018, August 19). Vanilla. In Wikipedia, The Free Encyclopedia. Retrieved 16:17, August 23, 2018, from https://en.wikipedia.org/w/
index.php?title=Vanilla&oldid=855636219.

6. Raguso, R. A. & Pichersky, E. (1999). A day in the life of a linalool molecule: chemical communication in a plant-pollinator system. Part 1: Linalool 
biosynthesis in flowering plants. Plant Species Biology, 14: 95-120.

7. Figueiredo, A. C., Barroso, J. G., Pedro, L. G. & Scheffer, J. J. C (2008). Factors affecting volatile and essential oil production in plants. Flavour and Fragrance, 
Journal 23: 213–226.

8. Larue, A. C., Raguso, R. A. & Junker, R. R. (2016). Experimental manipulation of floral scent bouquets restructures flower–visitor interactions in the field. 
Journal of Animal Ecology, 85(2): 396-408.

9. Nordström, K. et al. (2017). In situ modeling of multimodal floral cues attracting wild pollinators across environments. Proceedings of the National 
Academy of Sciences, 114 (50): 13218-13223.

V. S. Pragadheesh is a natural product analytical chemist who was so fascinated by the ecological function of chiral terpenoids in 
plant volatiles that he broadened his interest to chemical ecology. He was associated with the Naturalist-inspired Chemical Ecology 
lab of NCBS-TIFR, Bengaluru as a postdoctoral researcher; and currently works as a scientist in CSIR-IICB, Kolkata. Pragadheesh can be 
contacted at vspragadheesh@gmail.com.

Shannon Olsson is an Associate Professor heading the Naturalist-inspired Chemical Ecology group at the National Centre for Biological 
Sciences, Tata Institute of Fundamental Research. A Fulbright Scholar and Ramanujan Fellow, Dr. Olsson is part of a large effort to 
promote chemical ecology in India. Her favorite thing about being a scientist is the privilege to observe and learn, every day, something 
completely new, and the possibility that the something new could make a positive difference in this world. She can be contacted at 
shannon@nice.ncbs.res.in. Imagine you are walking on a road, and 

you see an insect sitting on a rock. 
Both the rock and the insect are, at a 
fundamental level, made up of matter. 
Yet they are very different from each 
other. While the rock can be composed 
of all 92 naturally occurring elements, 
the insect sitting on it can be made up of 
only 30 of these elements. What makes 
these 30 elements special? And, does 
the chemistry of an insect make it so 
different from a rock? 

Life on Earth is  
carbon-based 
While it has been suggested that alien life 
forms could be silicon-based, all life forms 
on Earth are carbon-based.

Question to ponder: Why are C-C 
bonds much stronger than Si-Si bonds? 
(Hint: look up the periodic table). 

Both silicon and carbon have four valence 
electrons, and silicon is right below carbon 
in the periodic table. However, carbon-
carbon (C-C) bonds are stronger and much 
more stable in water than silicon-silicon 

(Si-Si) bonds. Also, on being completely 
oxidized, carbon forms carbon dioxide, a 
gas; while silicon forms silicon dioxide, a 
solid. And, a gas (carbon dioxide) is more 
suitable than a solid for diffusion and 
recycling — processes without which life 
cannot be sustained.

Dihydrogen monoxide 
(H2O) sustains life
A unique combination of chemical 
properties makes water as essential as we 
know it to be in sustaining life on Earth. 

For the millions of life-sustaining 
reactions that need to take place in a cell, 
molecules have to collide against each 
other. These collisions are more likely to 
occur in a liquid medium (as compared 
to solid or gaseous media). The huge 
difference in its boiling and freezing 
points (~100 °C) means that most water 
on Earth has existed in liquid state at the 
wide range of temperatures experienced 
on the planet in the last 3.5 billion years. 
Being composed of two of the most 
abundant elements in the universe — 
hydrogen and oxygen, water has been 
abundantly available during this period. 

ANAGH PURANDARE & ANIRUDDH SASTRY 

Living organisms can be 
studied at different levels 
of organization — from 
molecules to ecosystems. 
Our current understanding 
of chemistry sheds some 
light on the way we 
understand living organisms 
at each of these levels. This 
article offers a glimpse of 
some interesting aspects 
of ‘life’ through the lens of 
chemistry.
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