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In this article, we will explain the processes of transpiration and
respiration in plants. Also, we will explain how to keep fruits and
vegetables fresh for longer periods by limiting respiration and
transpiration. You will furthermore learn how to measure these
processes and to visualize the process of transpiration in a very
colorful manner at home through a very simple experiment. In
addition, by the end of this article, we will help you answer many
“whys” related to respiration and transpiration in plants, specifically
in fruits and vegetables.

HAVE YOU EVER WONDERED
• Why do bananas (and other fruits and vegetables) shrink when
left uncovered on the kitchen shelf for some time?
• Why do we keep most of our fruits and vegetables (F&V) in the
refrigerator? Don’t you or your parents do that especially with
leafy vegetables?
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• Why can you sometimes ﬁnd water inside F&V packages even
though they were dry before? Was that magic or could it come
from the F&V?
TRANSPIRATION
The process by which
water vapor is released
from the surfaces of
plants, ﬂowers, fruits,
or vegetables.

RESPIRATION
The process used by
plants to generate
energy. Oxygen and
stored sugars are used
and carbon dioxide and
water are produced.

XYLEM
The tissue in which
plants transport water
and nutrients from the
roots to the rest of
the plant.

Well, these questions can be easily answered if we understand the
processes of transpiration and respiration in plants. So, let this
article guide you on answering all these “whys” you might have
ever wondered.

WHAT IS TRANSPIRATION?
Transpiration is the process by which water exits from plants
(Figure 1A). Liquid water inside leaves and other plant parts evaporates,
and the resulting water vapor moves out into the surrounding air.
Normally, plants can easily replace this “lost” water by taking up water
from the soil, with the help of their roots. This water is transported
up the stems to the leaves, through a specialized tube-like tissue
called xylem. Plants also acquire valuable nutrients from the soil
water and transport these nutrients to the leaves and other plant
parts. Nutrient uptake is one major purpose of transpiration in plants.
The other purpose is to cool the leaves when it is hot outside. You
have probably experienced this cooling effect yourself when water
evaporates from your skin after you get out of a swimming pool. The
process of transpiration helps us humans, animals and plants to keep
cool, cool right?
Transpiration happens in all kinds of plants, including herbs, shrubs,
and trees. It also happens in harvested roots, stems, ﬂowers, or fruit.
Even if fruits and vegetables (F&V) are separated from the plant, they
continue to transpire and, therefore, to lose water. The difference
is that detached F&V cannot replace the water that they lose. In
F&V, transpiration results in shrinking, shriveling, decreased glossiness,
and wilting. As F&V continue to lose water, their appearance, quality,

Figure 1
(A) In the process of
transpiration, water
evaporates into the air
from the surface of a
plant and is replaced by
water taken up by the
roots. A tube-like plant
tissue called xylem
transports water, and
the nutrients it
contains, from the
roots to the other parts
of the plant. (B) In the
process of respiration,
plants use oxygen, and
stored sugars to
produce energy, water,
and carbon dioxide.

Figure 1
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shelf life, and consumer appeal decrease [1]. You have probably
noticed this happening with F&V in your kitchen. Don’t they eventually
get smaller and less attractive to eat? Well, you can blame transpiration
for that!
SHELF LIFE
The length of time that
a food product is good
to eat and therefore
able to be sold.

HUMIDITY
A measure of the
amount of water vapor
in the air.

The amount of water lost in transpiration is related to the plant’s
surface area and the characteristics of the skin, or peel, of F&V.
Water exits plants through their skin. For that reason, leafy green
vegetables and vegetables like cauliﬂower, which have large surface
areas, transpire more than oranges or tomatoes, because spherical
fruits have lower surface areas. Now let us compare an apple and
a mushroom. Which one has a thicker skin? Apples, right? So, it is
much harder for water to leave through the thick, waxy apple peel than
through the surface of a mushroom, which has no skin. Therefore, the
shape, size, and structure of a plant all affect transpiration.
Other factors, such as maturity stage, skin injuries, temperature,
air ﬂow, and humidity, can also affect transpiration. For example,
the higher the temperature and the lower the humidity, the higher
the transpiration of F&V. To demonstrate this, we measured the
transpiration of picked strawberries at different temperatures and
humidities [2]. As we increased the temperature from 4 to 20◦ C,
which also decreased the humidity, transpiration increased more than
ﬁve times!

MEASURING AND VISUALIZING TRANSPIRATION
You can easily measure transpiration at home. All you need is a fruit
or vegetable of your preference, a kitchen scale, paper, and a pen.
Keep track of the mass of your chosen piece of produce over a
period of several days. As time passes, you will see that your produce
becomes lighter and lighter. Most of this mass loss corresponds to the
water lost via transpiration. You can even calculate the percentage of
your produce’s mass that has been lost over time via transpiration, by
solving the following equation:
Mass loss (%) =

Mi − Mt
×100
Mi

(1)

where Mi is the initial mass of the product and Mt is the ﬁnal mass.
You can also visualize the transpiration process using a simple but
interesting experiment. All you need are some lettuce leaves, water,
food coloring, and a clear drinking glass or transparent pot. Fill the
glass about 1/3 full of water. Mix some food coloring with the water,
enough to make the water dark. Use multiple glasses with different
colored water if you like! Put the lettuce leaves into the water (Figure
2A). After a couple of hours, you will begin to see the leaves becoming
more colorful as they transpire. The leaves suck up colored water from
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Figure 2
Visualizing
transpiration. (A)
Lettuce leaves
immediately after being
placed into colored
water. (B) Lettuce
leaves after a couple of
hours in colored water.
(C) White ﬂowers
immediate after being
placed into colored
water. (D) Flowers after
a couple of hours in
colored water. In (B,D),
you can clearly see
some of the effects of
transpiration on the
lettuce and ﬂowers,
such as shrinking,
decreased glossiness,
and wilting.

Figure 2

the glass and transport it to the leaf surface, where it evaporates (Figure
2B). This also works with leaves from celery, turnip, cabbage, or with
white-petaled ﬂowers (Figures 2C,D).

WHAT IS RESPIRATION?
GAS EXCHANGE
Movement of a gas
from an area of high
concentration, an area
where there is a lot of
it, to an area of
low concentration.

In very simple terms, in respiration plants “inhale” oxygen (O2 ) from
the air (at night) and “exhale” carbon dioxide (CO2 ), just as you do
by breathing. For humans, animals and plants, this gas exchange,
however, is only one part of the entire story. In the full process of
respiration, plants consume sugars, or in the case of avocados, e.g.,
fats and oxygen, and produce carbon dioxide, water and heat in the
cells (Figure 1B) [3]. In other words, we can say that respiration is the
process in which “food” is broken down with the help of oxygen to
produce energy.
But you may say, plants do not eat (ok, e.g., except Venus ﬂytraps);
how do they get their food then? Well, you certainly know what
photosynthesis is. During the day, plants can “reverse” respiration, take
up CO2 from the air and water from the soil, and, with the help of
absorbed sun light energy, produce sugars, and O2 .
Just as we saw for transpiration, many factors can affect the respiration
of F&V. These factors are often divided into two groups: those
that affect the growth of F&V before harvest and those that are
relevant after harvest. Before harvest, the season and the climate
inﬂuence the amount that F&V respire. For respiration, temperature
is a very important factor. The higher the temperature, the more
F&V will respire. So, on a hot day, the same F&V will respire more
than it will on a cold day. After harvest, temperature and the O2
and CO2 concentrations around the F&V both affect respiration.
To demonstrate this, we measured the respiration rates of picked
strawberries at different temperatures [2]. When the temperature was
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increased from 4 to 20◦ C, the respiration of the fruit increased by more
than ﬁve times!
FERMENTATION
Chemical processes
related to respiration
that happen in plants
and animals if only low
oxygen concentration
is available.

Respiration can also affect shelf life of F&V, for example, if F&V no
longer have O2 to take in, it will undergo another process called
fermentation, which will produce strong taste and smell. But do not go
on thinking that fermentation is always a bad thing. For some products,
such as yogurt, it is a good thing, but for others such as fresh F&V it
is not.

MEASURING RESPIRATION
Measuring plant respiration at home is a bit more complicated, so
you might want to leave this one to the scientists. The measuring
process requires an airtight box or other container that prevents air
from coming in or out. Oxygen and carbon dioxide sensors are also
needed. These tools measure and record the amount of O2 and CO2
in the air. A fruit or vegetable is sealed into the airtight container and,
over time, the chosen piece of produce will use up some O2 and
generate some CO2 by respiration, decreasing the O2 concentration
and increasing the CO2 concentration in the airtight box. The sensors
record these changes [4].

HOW CAN WE KEEP FRUITS AND VEGETABLES FRESH
LONGER?
We are sure you already take steps at home to keep your F&V fresh!
First, you probably keep them in the refrigerator. Refrigeration helps
F&V to last longer, because temperature is a key factor affecting
both transpiration and respiration. So, just by keeping your F&V in the
refrigerator, you slow down both respiration and transpiration, which
helps your produce to last longer.

MODIFIED
ATMOSPHERE
PACKAGING
A special type of food
packaging that helps
modifying the gas
composition inside
packages and, thus,
reduces respiration but
increases shelf life.

It is important to know that every F&V has unique storage conditions.
The two most important factors are temperature and humidity (Table
1). Most F&V prefer a high humidity of 85–90%. But there are
some products that last longer at lower humidity, such as garlic
and onion, which prefer humidity of 70–75%. Lower humidity helps
these products to avoid absorbing water, which could lead to them
becoming moldy and spoiling.
Packaging is another simple technique for keeping F&V fresh. Nearly
any package is helpful, even a paper bag. Packaging leads to
a higher humidity around the F&V and, therefore, slows down
transpiration. Many companies use a speciﬁc kind of packaging called
modiﬁed atmosphere packaging, which can be seen quite often in
supermarkets. This type of packaging is specially designed to reduce
the respiration of F&V, by modifying the concentration of oxygen
kids.frontiersin.org
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Table 1

Plant

Product

Optimum storage
conditions for
some F&V [5].

Fruits

Vegetables

Temperature (◦ C)

Humidity (%)

Shelf life

Mango

10–12

85–90

4 weeks

Orange

0–9

90–95

3–8 weeks

Lemon

10–13

85–90

1–6 months

Green tomato

18–20

90–95

2 weeks

Ripe tomato

13–15

90–95

4–7 days

Eggplant

7–12

85–90

7–10 days

0

95–98

6–9 months

Carrot
Broccoli

0

95-98

1–2 weeks

Cauliﬂower

0

95-98

3–4 weeks

Cucumber

10–12

95

2 weeks
Table 1

available for the F&V to use [6]. Usually, there is less oxygen and more
carbon dioxide inside these packages than is found in the air outside
the package.

TIME TO ANSWER ALL THE “HAVE YOU EVER WONDERED”
QUESTIONS
• Why do bananas (and other fruits and vegetables) shrink when
left uncovered on the kitchen shelf for some time?
Well, by now you have already learned that fruits transpire and
respire. In the process of transpiration, the plants lose water and,
consequently, they also lose some mass. In the process of respiration,
the breakdown of sugar into carbon dioxide, water, and heat also leads
to mass loss.
• Why do we keep most of our fruits and vegetables (F&V) in the
refrigerator? Don’t you or your parents do that especially with
leafy vegetables?
As we have explained before, both respiration and transpiration
depend on temperature. The lower temperatures limit both processes
and, therefore, these processes are slowed down, which increases the
shelf life of F&V. In the case of leafy vegetables, lettuce for example,
they will wilt very quickly if left outside, especially on a hot and
dry day.
• Why can you sometimes ﬁnd water inside F&V packages even
though they were dry before? Was that magic or could it come
from the F&V?
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No magic here! The water comes from the F&V; it is simply the
water released by transpiration. This water vapor condensed inside
the package.
Well, we hope that you enjoyed learning about respiration and
transpiration. Have fun with measuring and visualizing transpiration at
home, share it with your parents and friends!
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time I like meeting my friends and reading. My favorite book is Harry Potter. I also
like listening to music.
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