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SmELLS LIKE 
GREEN SPIRIT

CHEMICAL WARFARE,  
DISTRESS SIGNALS, DEATH, 

AND DELICIOUSNESS:  
PLANT SMELLS wE SHoULdN’T 

LIKE, BUT WE DO

Plants use volatile mole-
cules that are small and light 
enough to be diffused through 
the air to communicate mes-
sages, to encourage or discour-
age different behaviors, and to 

attack and defend themselves. 
We humans perceive these 
molecules as smells, and many 
organisms have evolved ways 
to emit them for advantageous 
purposes.
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Imagine the seductive floral smell of 
an orchard in October. That’s a message 
from the trees that they’re ready to 
spread their seeds. The fruiting plants 
produce volatiles when they’re ripe 
and ready to be eaten that are differ-
ent from those produced before they 
ripen (think of the difference in smell 
between a green banana and a ripe 
one); humans and other species learn to 
associate these smells with sweetness 
and to eat the fruit when sugar lev-
els are high and the seeds are mature. 
Chemical message received, intended 
behavior carried out.

In addition to being an impor-
tant sense in its own right, smell is the 
key to our ability to experience flavor. 
Tastes—sour, sweet, bitter, salty, and 
umami—provide the baseline sub-
structure of a flavor, but the trillion or 
so1 smells humans can process give fla-
vors their complexity and distinctive-
ness. Without smell, wine is just a sour 
watery liquid; lemons and limes taste 
the same; whiskey is vodka is mezcal; 
Camembert is just runny, salty, milky 
goo with no delicious funk. Smell is 
so important that genes for olfactory 
receptors—the cell-surface proteins 
deep inside our noses that bind to vola-
tiles and send signals to our brain com-
municating the varied sensations that 
make up smell—are the largest family 
of genes in humans, comprising 3 per-
cent of our entire genome. 

Possibly because of the linkage 
between the olfactory bulb—the part 
of the brain where smells are pro-
cessed—the amygdala, and other 
parts of the limbic system (where 
emotions are processed), humans have 
also evolved to experience close ties 
between smell, memory, and feelings. 

The smell of cut grass, or Old Spice 
if that’s what your dad wore, or baking 
spices can evoke eerily specific mem-
ories of past times, to the point that 

1 Potentially, according to recent work from the 
Rockefeller University—see Bushdid, Caroline, et 
al in Science: “Humans can discriminate more than 
1 trillion olfactory stimuli.” 

they can even induce the same emo-
tions you felt when you first smelled 
them. This can also lead us to develop 
strong or otherwise unusual prefer-
ences for certain smells or flavors that 
were intended to repel us. 

  
FRESHLY CUT GRASS:  

GREEN-LEAF VOLATILES AND 
PLANT BOOBOOS

P
lants are in a constant state of 
war. The smells they produce are 
often more like chemical weap-
ons than messages of entice-

ment. They are intended to deter or 
poison herbivores, communicate dan-
ger to nearby plants, or call in air sup-
port in the form of the predators of 
their predators.

Take the smell of freshly cut grass. 
Maybe it makes you think of mowing 
the lawn in the summer, or baseball 
games, or even grassy olive oil. The 
main molecules responsible for this 
smell are Z-3-hexenal (the “classic” 
cut-grass smell), E-2-hexenal (which 
smells more leafy and fruity, and is 
structurally similar to E-2-nonenal, 
the smell of cucumbers), Z-3-hex-
enol (“melon-rind-like with a pungent 
freshness” according to flavor-chem-
istry literature), and Z-3-hexe-
nyl acetate (which smells sweet, like 
green fruit). Lettuces, celery, pars-
ley, chives, and other vegetables share 
these “green” smells, but that salady 
scent is actually the smell of plants 
in danger. The molecules responsi-
ble—“green-leaf volatiles” (GLVs), in 
scientific parlance—are only produced 
when a plant is physically damaged. 

Some of these volatiles com-
municate to the leafy cells farther 
away from the injury site that new 
cells need to be produced to heal the 
wound, while others have an antibi-
otic effect. The GLVs are also a dis-
tress call, warning other plants in the 
vicinity that danger is near. In a dia-
bolically clever twist, in some plants, 
GLVs react with compounds in the 

saliva of the insects that feed on them 
to create aromas that attract para-
sitic wasps that like to lay their eggs in 
other insects’ larvae—a win-win for 
the plant and the wasp, not so much 
for the larvae.

HORSERADISH AND WASABI: 
LACHRYMATORY AND  

oRgANoSULFUR coMPoUNDS

T
here are a great many plants that 
don’t produce fruit (i.e., sacrifi-
cial parts intended for us to eat), 
but we still eat them because 

they’re delicious. For example, wasabi 
gets no particular reproductive advan-
tage from having its roots grated and 
served with sushi. Like grass and green 
leaves, horseradish and wasabi have 
evolved their own chemical means of 
telegraphing their displeasure at being 
damaged. These defensive aroma com-
pounds are distinctive smells (like those 
of crushed garlic or chopped onions) 
that don’t exist in the intact plant. 
Instead, they are enzymatically created 
from stores of larger nonvolatile com-
pounds when the plant is injured. 

Unlike the green-grassy smelling 
family of six-carbon aldehydes and 
alcohols, garlic, onions, horseradish, 
and wasabi rely on sulfur compounds 
for their characteristic aromatic 
defenses. Sulfur is an interesting 
element because it’s extremely 
reactive, and many sulfur compounds 
are relatively unstable and only exist 
for a brief window before they turn 
into a different type of molecule. 
Certain types of sulfur compounds 
are also extremely effective 
lachrymators—molecules that 
inflame our nasal passages and make 
us cry. Unsurprisingly, these types 
of compounds are meant to drive 
us away, but somewhat perversely 
they’re also the main reasons we like 
to eat these plants in the first place.

Allyl isothiocyanate is the main 
lachrymatory compound in wasabi, 
horseradish, mustard, and radishes; 
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it’s most concentrated in wasabi, 
especially in higher-quality plants. 
The fleeting nature of allyl isothiocy-
anate means that its precious, deli-
cate, delicious chemical weapons only 
play a culinary role in freshly grated 
wasabi served immediately after it 
is prepared—other “wasabi” pastes 
are usually made of horseradish and 
mustard powder (with their more 
robust lachrymatory factors like 
phenethyl isothiocyanate) dyed green.

TERPENOIDS: HIGHLY  
AROMATIC DEFENSE SYSTEMS

w
e tend to prefer spices or herbs 
that produce a lot of aroma; the 
most common class of molecules 
that provide such smells are 

called terpenoids. (Interesting stoner 
fact: Terpenoids are also thought to 
modulate the type of high you get from 
different strains of weed!) Terpenoid 
compounds are produced by a whole 
load of different plants for insect-kill-
ing, drought-protection, antibacterial, 
and anti-grazing purposes. 

One of the most common terpenes, 
limonene, has a sweet, orangey smell. 
It’s produced in very high concen-
trations as an insecticide in the peels 
of all citrus fruits, almost all herbal 
plants from ajowan to yarrow, ever-
greens, root vegetables like carrot and 
turmeric, as well as other plants.

Citral is another citrusy-smell-
ing terpenoid compound and the main 

aroma note in lemongrass. It delivers a 
lemony-fresh one-two punch against 
pathogenic bacteria and herbivo-
rous insects, causing the bacteria to 
die when they come into contact with 
oxygen and making insects become 
light sensitive so that they die off fast 
from lethal sunburns. 

Camphor has a “camphoraceous” 
(smell scientists can be a little stiff 
with words), minty, and woody aroma. 
It’s found in basil, sage, rosemary, 

wormwood, and nutmeg, and is the 
main aroma component of camphor 
wood, which has been used for 
various perfumery, medicinal, and 
funereal purposes throughout the 
centuries. Through mechanisms 
that aren’t quite clear, camphor 
production increases when herbs 
suffer from drought stress. This  
is likely one of the reasons that  
wild herbs from drier Mediterranean 
countries have such intense 

flavors—the flavor-producing 
molecules may help them survive for 
long periods without water.

Terpenoid 1,8-cineole is the main 
aroma compound in eucalyptus and 
is known commonly as eucalyptol. It 
contributes to the smell of rosemary, 
grapefruit, basil, and blackcurrants, 
and is known to be a grazing deterrent 
for both possums and deer (though 
not for koalas, which consume huge 
amounts of it in their eucalyptus-only 
diet and are able to metabolize it 
faster than other animals). It also 
increases plants’ competitive advan-
tage by preventing nearby seeds from 
growing properly, reducing germina-
tion and hampering root growth. 

Thujone has a cedary aroma and is 
found in bay leaf, thyme, and lemon 
verbena. In very high concentra-
tions it can cause excitation, convul-
sions, and brain damage. It is pre-
ponderant in wormwood, one of the 
main ingredients in absinthe, and up 
until the nineties it was blamed for 
the drink’s alleged hallucinogenic 
effects. (More recent research shows 
that historical methods for making 
absinthe don’t imbue it with enough 
thujone to have an effect on the brain 
and so the behavior of belle epo-
que absinthe-drinkers is more likely 
because of their copious alcohol con-
sumption). Thujone, like camphor, is 
also produced by plants as part of the 
process they use to protect them-
selves from droughts. 

As an additional deterrent to 
predators, plants also produce 
compounds that are too heavy 
or water-soluble to be signif-
icantly volatile. Many of these 
compounds evolved to affect 
insectbiochemistry long before 
humans or mammals showed 
up, but they still affect us in 
somewhat similar ways.

CAPSAICIN is produced as 
a pain-inducing deterrent 
by Capsicum species. It 
is the delicious burn we 
masochistically seek out 
from chilies.

CYANOGENIC gLYcoSIDES 
like amygdalin prevent 
animals from eating seeds 

by releasing a toxic cya-
nide as well as benzalde-
hyde, a molecule found in 
apricot kernels that can 
be used to infuse bitter 
almond-flavored cream. 

ALKALOIDS deter grazers 
by causing central nerv-
ous system stimulation, 

hallucinations, physical 
and respiratory depres-
sion, accumulation of 
dopamine, and extreme 
bitterness—in other 
words, the main effects 
we seek out from nico-
tine, caffeine, atropine, 
morphine, cocaine,  
and quinine.

FUN WITH NoNVoLATILES:


