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Bark is the outside layer of wood that all trees have. Bark protects
trees from harsh environmental conditions including weather, pests,
disease, and damage from hungry animals. Just like leaves, bark is
different across species. Some trees have thick, rough bark while
others have thin, smooth bark. When it rains, bark acts like a sponge
and absorbs water. Some trees have bark with large pore spaces that
make it easy to absorb rain water quickly. Other trees have bark with
smaller pore spaces, which absorb water slowly. Each tree species
has a maximum storage capacity of water that can be held in the
bark. In fact, some mature trees can store more than 100 L of water in
their bark—that is about as much water as you would use in a 10-min
shower! In this way, bark influences the water cycle of individual trees
and entire forests.
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Figure 1

The barks of different
tree species

absorb different
amounts of water. (A)
The barks of various
tree species are shown
in the top row. If we
squeeze all the solid
bark together and
separate it from the
open pore space, we
can see that some
species have more
open pore space and
some have less. (B)
Some of this pore
space is always
occupied by
hygroscopic water,
which is water
absorbed from the
atmosphere, and
whatever pore space is
left over determines the
amount of additional
water the tree bark can
store from rain storms.

WATER CYCLE

Movement of water
between the Earth and
the atmosphere.

HYDROLOGY

The scientific study of
water and its
movement on Earth.

THROUGHFALL

Rainwater that falls
through forest
canopies to the
forest floor.

STEMFLOW

Rainwater that runs
down tree trunks.

INTERCEPTION

Rainwater that is
captured by forest
canopies and
evaporated back to
the atmosphere.

PORE SPACE

Open voids that can be
filled with water or air.
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Figure 1

THE WATER CYCLE IN THE FOREST

Have you ever thought about where rain goes when it falls from the
sky? There are scientists called hydrologists who do just this. They
study the water cycle as water moves through our environment, and
this area of study is called hydrology. Rain is just one small part of
the water cycle. The water cycle describes the movement of water
on Earth and includes rain and snow, rivers and oceans, groundwater
below our feet, and water that evaporates from soil, lakes, and leaves
[1]. If we look closely at a forest, even more parts of the water cycle
can be found. Some water lands on the leaves of trees and drops to
the ground—this is called throughfall. Some water lands on leaves
and flows down branches to the tree trunk and then to the soil—this
is called stemflow. And some water lands on leaves and bark and is
held there before being evaporated back into the atmosphere—this is
called interception. Hydrologists care about how much water reaches
the forest floor by throughfall and stemflow. We also care about how
much water is “lost” to interception because that water cannot be used
by the trees or animals in the forests, or by humans who might rely on
the forests for drinking water.

WHAT IS BARK’S ROLE IN THE WATER CYCLE?

Bark is the outside layer of wood that all trees have. Bark protects
trees from harsh environmental conditions including weather, pests,
disease, and physical damage from hungry animals. Bark is an
important component of the water cycle because it acts like a sponge
during storms. That means some of the rainwater is absorbed into the
bark and does not make it to the forest floor. The amount of water that
can be absorbed by bark depends on the tree species and its physical
structure [2]. For example, if we compare the same amount (or volume)
of bark among six different tree species, loblolly pine bark is about 18%
solid bark and the rest of bark volume is open pore space (Figure 1A,
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Sometimes bark must
be removed from trees
SO experiments can be
performed on that bark
in the lab. This is called
destructive sampling. In
this picture, a piece of
bark was pried from a
loblolly pine tree in the

Bankhead National
Forest in northern

Alabama. Don't worry,

the tree will be ok!

Removal of sample
from the object
of interest.

far right). Pores inside bark are spaces that can be filled up by water
during rain events. In contrast, mockernut and pignut hickory bark are
about 38% solid bark and the rest is open pore space. So when it rains,
loblolly pine has a lot more open pore space to absorb water!

Measuring surface characteristics of bark is pretty easy. We can poke
and prod the tree and measure how deep the bark is, down to the
underlying wood. But sometimes, we need to take the bark off of the
tree and bring it back to the laboratory to perform more experiments.
Using chisels and hammers, we isolate a square patch of bark and
gently pry the bark sample off of the tree. When we remove a piece of
a tree to study it, we call this destructive sampling (Figure 2). Some of
the experiments we might conduct on tree bark in the lab are listed in
Table 1.

Just like leaves, bark is very different depending on the tree species [3].
Some trees have thick, rough bark while others have thin, smooth bark
(Figure 1A). Bark consists of two layers, the outer layer and the inner
layer. The outer layer is composed of dead cells while the inner layer
is living. Does bark with more pore space retain more water than bark
with less pore space? Not exactly!

Loblolly pine has the most pore space but, despite this, it absorbs the
lowest amount of water (Figure 1B). The pore space in post oak is very
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Experiments we
conduct on tree bark to
understand how water
is stored.

The ability of a
substance to absorb
moisture from

the environment.

Siegert and llek Tree Bark and Water Storage

Experiment Name What Is It? How Do We Do It?

Bulk density How much mass of Submerge bark quickly in water in a
solid bark isin a graduated cylinder, to see how
certain volume of bark. much the volume increases. The

increase in water volume is the
volume of the bark. Then dry bark in
the oven for several hours and
weigh bark on a scale to get dry
mass. Calculate bark density as the
ratio of dry mass to bark volume.

Bark porosity How much of the bark To calculate bark porosity, the bulk
is open pore space. density and specific density of bark
are needed. Specific density
describes how much mass of bark is
in the volume of solid bark
measured without the volume of

pore space.
Bark saturation How much water it Submerge bark in water for several
takes to fill all the open days. Weigh bark every day until it
pore space in bark. stops gaining weight. The difference

between initial and final weight is
the weight of the water absorbed
into the bark.

Hygroscopicity How much water Place bark in a sealed chamber on a
vapor can be absorbed raised platform above some water.
into bark at 100% This water will make the relative
relative humidity of the humidity of the air inside the
air. chamber equal 100%. Weigh bark

every day until it stops gaining
weight. The difference between
initial and final weight is the weight
of the water vapor absorbed into
the bark.

similar to sweetgum and white oak, but post oak can absorb much
more water than the other two species because these barks have pores
of different sizes. And even though mockernut hickory bark has much
less pore space than loblolly pine, mockernut hickory can absorb a lot
more water. These differences tell us that water absorption into the
bark is a complex process and depends on many factors. We are trying
to identify these factors through our research.

Some species have larger pores and some have smaller pores,
and pore size also influences how much moisture the bark can
absorb directly from the atmosphere, even when it is not raining!
This characteristic is call hygroscopicity (Figure 1B). When we
account for hygroscopicity, the pore space that can absorb additional
rainwater diminishes and the capacity of our “sponge” is smaller. Bark
hygroscopicity may reach up to 60% of the total amount of water
absorbed by bark.
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CONCLUSION

Now you know that bark is a reservoir for rainwater and that different
tree species can have very different bark. Managing water resources is
important because forests provide more than 75% of the world’'s water
for drinking and growing food [4]. If we want to be good managers
of water resources [5], then we need to know exactly how much
rainwater will make it to the forest floor and how much might be
caught by leaves and absorbed into bark. By studying these topics,
hydrologists help to understand the important role that trees and
forests play in the water cycle.

FUNDING

This work is a contribution of the Forest and Wildlife Research Center
and the Mississippi Agricultural and Forestry Experiment Station,
Mississippi State University. This work was supported by the National
Institution of Food and Agriculture, U.S. Department of Agriculture,
Mclntire Stennis capacity grant # MISZ-032100. Any opinions, findings,
conclusions, or recommendations expressed in this publication are
those of the author(s) and do not necessarily reflect the view of the
U.S. Department of Agriculture.

ORIGINAL SOURCE ARTICLE

llek, A., Siegert, C.M., and Wade, A. 2021. Hygroscopic contributions to
bark water storage and controls exerted by internal bark structure over
water vapor absorption. Trees 35:831-43. doi: 10.1007/s00468-021-
02084-0

REFERENCES

1. Weissinger, R. H., Thoma, D., and Biel, A. W. 2021. When nature gets thirsty.
Front. Young Minds 9:610018. doi: 10.3389/frym.2021.610018

2. llek, A.Siegert, C. M., Wade, A. 2021. Hygroscopic contributions to bark water
storage and controls exerted by internal bark structure over water vapor
absorption. Trees 35:831-43. doi: 10.1007/s00468-021-02084-0

3. Arbor Day Foundation. What Tree Is That? Available online at: https://www.
arborday.org/trees/whattree/.

4. The World Bank. Why Forests Are Key to Climate, Water, Health, and Livelihoods.
Available online at: https://www.worldbank.org/en/news/feature/2016
/03/18/why-forests-are-key-to-climate-water-health-and-livelihoods.

5. Dobson, C., and Beck, G. 1999. Watersheds: A Practical Handbook for Healthy
Water. Richmond Hill, ON: Firefly Books. 160 p.

SUBMITTED: 07 April 2021; ACCEPTED: 10 March 2022;
PUBLISHED ONLINE: 04 April 2022.

EDITOR: John T. Van Stan, Cleveland State University, United States

kids.frontiersin.org April 2022 | Volume 10 | Article 692203 | 5


https://doi.org/10.1007/s00468-021-02084-0
https://kids.frontiersin.org/articles/10.3389/frym.2021.610018
https://doi.org/10.3389/frym.2021.610018
https://doi.org/10.1007/s00468-021-02084-0
https://www.arborday.org/trees/whattree/
https://www.worldbank.org/en/news/feature/2016/03/18/why-forests-are-key-to-climate-water-health-and-livelihoods
https://loop.frontiersin.org/people/395442
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.692203
https://kids.frontiersin.org/article/10.3389/frym.2022.692203
https://kids.frontiersin.org/article/10.3389/frym.2022.692203

Siegert and llek Tree Bark and Water Storage

SCIENCE MENTORS: Blessing Nyamasoka-Magonziwa and Yoed Nissan Kenett

CITATION: Siegert CM and llek A (2022) Tree Bark: A Surprising and Diverse
Reservoir for Water. Front. Young Minds 10:692203. doi: 10.3389/frym.2022.692203

CONFLICT OF INTEREST: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

COPYRIGHT © 2022 Siegert and llek. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

YOUNG REVIEWERS

AVIV, AGE: 9

A huge Harry Potter fan! | love reading books! | spend many hours reading on my
Kindle, especially Harry Potter—| have read the entire series 20 times! | also love
jamming on my electric piano, jump-roping and skipping when | am happy. | like
eating salads and home cooked meals, but | also have a big sweet tooth—chocolate
is yummy! As a vegetarian, | love nature - learning about it, protecting it, and
enjoying it!

EVAN, AGE: 8

Evan has a passion for science from coding, to designing robots, to learning about
planets and volcanoes, to understanding how viruses work (thanks to corona virus)
and learning about different animals and their habitats. Evan is also a talented artist
and loves to draw and design robots when he is not at school. His favorite activity is
playing with his young brother and dad. He enjoys his mother’'s home baked cakes,
and his favorite fruit is banana.

AUTHORS

COURTNEY M. SIEGERT

Courtney Siegert is a forest hydrologist and biogeochemist. She studies diverse
forest ecosystems across the southeastern United States and around the
world to understand how disturbances like fire, insect outbreaks, and climate
change influence the ways water and nutrients move through trees and soils.
*courtney.siegert@msstate.edu

ANNA ILEK

Anna llek is a forest hydrologist interested in plant-water interactions. She studies
how bark characteristics impact the movement of water down tree trunks and
into soils.

kids.frontiersin.org April 2022 | Volume 10 | Article 692203 | 6


https://loop.frontiersin.org/people/1218426
https://loop.frontiersin.org/people/69396
https://doi.org/10.3389/frym.2022.692203
https://creativecommons.org/licenses/by/4.0/
mailto:courtney.siegert@msstate.edu
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.692203
https://kids.frontiersin.org/article/10.3389/frym.2022.692203
https://kids.frontiersin.org/article/10.3389/frym.2022.692203

	Tree Bark: A Surprising and Diverse Reservoir for Water
	The Water Cycle in the Forest
	What is Bark's Role in the Water Cycle?
	How Do We Study Bark?
	Some Pores Hold More Water Than Others
	Conclusion
	Funding
	Original Source Article
	References
	Young Reviewers
	Authors


