Unit: Become an Urban Forester
Lesson 3: Making Urban Trees Count
Lesson Goal:
❖
To learn the important role of trees in an urban environment,
particularly due to the roots.

What do Trees do to help?
Trees provide stormwater
benefits in many ways:

Q1. Why do you think trees are important in our urban environment?

Cleansing: Trees clean
stormwater by filtering,
absorbing and taking up water.

There are many reason. Here are a few that may also be on your list.
●
Trees help people to stay healthy. Did you know that one tree can
absorb 10 pounds of air pollutants a year? Cleaner air is shown to
reduce a variety of health issues, such as respiratory diseases
(including asthma).
●
Trees provide shade and keep us cool helping to reduce air
temperatures. In a fact, trees can cut air conditioning costs by
56%, notes the USDA.
●
Trees provide places for birds, insects, and other wildlife.
●
Trees give us food. From apples to oranges, fruiting trees feed
people.
●
Trees give us oxygen to breath.
●
Trees stop erosion. Their root systems slow and stop rain runoff
by absorbing excess water. This reduces the amount of soil and
other chemicals that are washed into streams and ocean and
decreases erosion. This will be the focus of this lesson.

Q2. When it rains, what happens to the water?
Think about the last time it rained. Did streams flow more heavily? Did
water pool in parking lots?
Runoff happens when water doesn’t go into the ground (soil) and instead
flows over land into storm drains and waterways. This can happen when it
rains so much that the ground becomes overly saturated as soil and roots
are only capable of retaining so much water. But in more urban
environments this happens because paved and non-porous surfaces
cannot absorb water into the ground.
Q3. What non-porous surface can you think of?
Along the way the water picks up pollutants such as trash, plastics, car
fluids, chemical pesticides and fertilizers, animal waste, and organic litter.
These pollutants create hazardous conditions for the environment,
humans and animals, and freshwater could become contaminated.
When the water infiltrates or seeps into the ground, it keeps all plants
alive and serves people's’ needs, such as recharging our aquifers. An
aquifer is a body of rock or sediment that holds groundwater. Forests
provide natural filtration and storage systems that process nearly ⅔ of the
water supply in the US.

Interception: When rainfall is
temporarily held on tree leaves
and stem surfaces. This rain then
drips from leaf surfaces and flows
down the stem surface to the
ground or evaporates.
Infiltration: The movement of
surface water into the soil. The
water can be temporarily stored,
sink into underlying soil, flow
into an underdrain, evaporated
back into the atmosphere, or be
taken up by plants. As the water
slowly filters through the soil, it
will become fresh water many
years from now.
Transpiration: The process in
which plants absorb water
through their roots and transfer
it up to the leaves, where it
evaporates into the environment.
Transpiration continues to reduce
stormwater volume stored in the
soil long after a rainfall event
ends.
Q4. What exactly do trees do to
help reduce runoff?
Look at the roots on the diagram
on next page.
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Q5. What tree parts help the uptake of water?

Remember in Lesson 2 we talked
about endemic and native trees?

The root system. The five primary roles in the root system include:
Anchorage and Physical support: A root system anchors the plant body or
the shoot system to the soil. Roots help maintain the plant’s posture by
giving physical support.
Absorption and Conduction: Roots help in absorption of water and
dissolved minerals in the soil and conduction of the nutrients to the plant
body. Root hairs are the fine structures that are in close vicinity to the
ground and absorb nutrients from the soil.
Food Storage: Root system also acts as a storage organ of the plant,
which mainly stores water and carbohydrates.

ʻŌhiʻa, our endemic tree species,
retains more rainfall in the soil
and roots. By capturing greater
amounts of rainfall, Ōhiʻa forests
substantially contribute to less
erosion and play a critical role in
supporting freshwater filtration
into island aquifers. The
abundance of freshwater
resources and the rate of
groundwater recharge are
directly related to the health of
Hawaii’s forests upland.

Role in Photosynthesis: Roots play an essential role in the process of
photosynthesis. A plant gets water from the root system and releases
excessive water through stomata, by a process referred to as
“Transpiration”. As the water vapours release out of the stomata, CO2
enters the plant cell that is required for the photosynthesis.
Ecological functions: Roots are the part of soil ecology, which helps in the
soil aggregation and protects a plant from being carried away by wind or
water.

When planting trees, it is always
recommended to consider
planting native trees. Native
plants have spent millions of
years evolving and adapting to
their specific climate,
environmental, seasonal,
structural, physical, spacial, and
other regional conditions that
allow that species to be
successful in their area.

Let’s see why keeping our urban forests healthy can help reduce the
amount of runoff and promote groundwater filtration.

“One study found that “…a
typical medium-sized tree can
intercept as much as 2,380
gallons of rainfall per year.”
(USDA Forest Service, 2002)
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Let’s look at Root Systems up close!

More on Roots

Key Characteristics of Root Systems:
1.
It is mostly subterranean to the plant axis.
2.
A root system is:
○
Positively geotropic.
○
Negatively phototropic
○
And, Positively hydrotropic.
3.
Root comprises unicellular structures or root hairs which absorb
water from the soil.
4.
The cuticle or waxy coating that surrounds the epidermis is
absent in the root system.
5.
Root system lacks chlorophyll and stomata.
6.
Unlike stems, it does not have nodes and internodes.
7.
Sometimes a root undergoes structural modification to perform
functions like storage, respiration, physical support etc.
Parts of the root
Root cap
It is found at the tip of the root system and has a thimble-like appearance.
Root-cap is a multicellular structure present proximal to the primary
meristem. It also secretes “Mucilage” which acts as a lubricating agent. A
mucilage secreted by the root cap protects the root system against the
dryness. Few aquatic plants like Pistia, Ecchornia etc. have a root pocket
instead of the root cap.
Root meristem
It is found 1mm above the root cap and also refers as “Zone of
meristematic activity”. This region contains cells having a small size,
thin-walled, dense protoplasm and undergoes repeated cell divisions.
There are some cells proximal to the meristematic zone which enlarges
rapidly and refers as “Zone of elongation”. The cells in the elongation
zone extend the root length.
Root hairs
The cells in the zone of elongation undergo multiplication and
differentiation into mature cells. The mature cells proximal to the area of
elongation refers to a region of maturation. The epidermal cells of the
maturation zone give rise to the fine, thread-like root-hairs. Root hairs
perform a functional role in water and mineral absorption from the soil.

Types of roots:
Taproots
Fibrous roots
Root System and Soil Erosion
A tree’s large root system acts as
a bind toward any loose soil
surrounding the tree. The roots
hold the soil in place while
stabilizing the tree and improving
the drainage of the soil, so that
water drains into the ground
rather than flowing atop the
surface. This also helps to
prevent soil compaction, in which
soil under the surface compacts
and hardens, reducing water
infiltration and increasing runoff.
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A watershed is the area of land where all of the water that falls in it and
drains off of it goes to a common outlet (such as a bay or ocean).

The largest watershed in the
United States is the Mississippi
River Watershed, which drains
1.15 million square miles from all
or parts of 31 U.S. states and two
Canadian provinces.

There are 86 watershed units
and 81 ahupuaʻa unit on O’ahu.
Do you know in which watershed
and ahupua’a you live?
Look around. What does your
watershed look like? Can you see
the ridgeline? What is the name
of the stream that flows through
the watershed?
The Hawaiians divided the land into land
divisions called ahupua'a (right picture),
a wedge-shaped area of land running
from the uplands to the sea, following
the natural boundaries of the watershed.
Each ahupua`a contained the resources
the human community needed, from
fish and salt, to fertile land for farming
taro or sweet potato, to koa and other
trees growing in upslope areas.
Both concepts are similar but differ in
that ahupua'a is a functional division
of land that also considers cultural practices.

Watersheds vary in size, slope, shape, drainage density, land use/land
cover, geology and soils, and vegetation.

Let’s explore the connection between watersheds, trees, and runoff in
the module.

Module 3.1-3.3
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Module 3.1: Modeling Watershed Land Use
Goal: To compare the influence of land use types on runoff and
infiltration.
Materials:
❏ Land use substrate - with exception of grass and cement, your choice:
❏
Lawn/grass (this is a must)
❏
Cement or tiles (if using cement mix, mix in advance)
❏
Soil
❏
Rocks
❏
Sand
❏ Scissors or sharp object
❏ Aluminum pans - enough pans for the number of land use substrate
types you will test plus one to place on the ground to collect water
❏ Water
❏ Measuring cup
❏ Bricks or something to elevate the pans
❏ Food coloring (optional) (represent land-based pollutants - fertilizer)
❏ Cooking oil (optional) (represents land-based pollutants - car oil)
Procedure:
1. Using scissors or a sharp object, make 4 holes at one end of each of
the aluminum pans: 2 near the bottom of the pan (infiltration) and 2
at the middle of the pan (runoff).
2. Fill each of the aluminum plans with one of the land-used substrate
types so that the top is just below the top holes
3. Place metal trays at the end of a table. Place a brick or an object to
elevate the back of the pan.
4. Place another metal pan on the ground underneath the pan on the
table. This pan will catch water.
5. Measure 2 cups of water. Add a drops of food coloring and oil & mix.
6. One substrate pan at a time, pour the water. You may need more
than 2 cups enough water for some to fall into the ground pan. (Use
the same amount for all 3 pans)
7. Observe which sets of holes the water comes out off.
8. Repeat for the other substrates.
9. Pour collected water from the ground pan into a measuring cup.
10. Look at the color of the water and measure the amount of water.
11. Repeat for all 3 substrates and record results, such as amount of
runoff and color of water.
Discussion Questions:
• Before conducting the demo, hypothesize which tray will have the
most and/or least runoff and/or infiltration?
• Can you think of a place or a time you’ve seen runoff into the ocean?
• What can we do to prevent runoff?
• Why is it important to prevent runoff?

Module 3.2: Skittles Mountain
Runoff (recommended for K-2)
Goal: Use skittles (mountains) and
water (rain) to observe runoff.
Materials:
❏ Petri dishes (or bowl)
❏ Pipette
❏ Skittles
❏ Water
Procedure:
1. Place skittles in a petri dish or
bowl.
2. Use the pipette to collect some
water.
3. Squeeze 3 drops of water onto
“Skittle Mountain”.
Discussion Questions:
• Did the Skittle coloring runoff?
• What happened to Skittle
Mountain?
• What did the rain from the
pipette do?
• How many drops of water did it
take for the Skittle to turn white?
• Where did the water from the
mountain drain to?

Look around at your
watershed and identify
land-use changes that could
be made to reduce runoff.
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Module 3.3: Erosion and Soil in Plastic Bottles
*Recommended because easier to find these supplies at home
Materials:
❏ 6 Empty plastic liter bottles
❏ 1 x piece of plywood (30cm x 30cm x 2cm thick)
❏ Wood glue
❏ Scissors and Stanley knife
❏ String
❏ Soil from the garden and compost
❏ Grass
❏ Mulch (bark chips, dead leaves and sticks)
❏ Water
Procedure:
1. Prepare three of the coke bottles by cutting a rectangular hole roughly 7cm x 25cm along the side of the
bottle. (You can use a permanent marker to mark out the piece you want to cut out.)
2. Stick the bottles to the wood with the wood glue making sure that the necks of the three bottles protrude a
little over the edge of the board.
○
Fill the first bottle with plain garden soil and the other two with a soil and compost mixture.
Press down firmly to compact it.
3. Leave the first bottle as is.
○
In the second bottle cover the top of the soil in the with your mulch (bark chips, dead leaves
and sticks etc).
○
In the third bottle plant your grass. Make sure you plant them tightly together and press down
firmly to compact the soil.
4. Cut the other three bottles in half, horizontally and keep the bottom halves.
○
Make two small holes opposite each other, nearest the cut side of the bottle.
○
Cut three pieces of string, roughly 25cm long and insert each end into the holes. Tie a knot on
the ends to secure them. This will form a “bucket” to collect the water.
○
Hang them over the necks of each of the three bottles on the board.
5. Slowly pour equal amounts of water into each of the bottles. Pour the water in at the end furthest from the
neck of the bottle.
○
Take note of the color of the water collecting in the cups! The water in the first cut is really
dirty, the water from the second and third cups are much cleaner which shows that both mulch
as well as the root structure of plants assist in preventing soil erosion.
○
Continue pouring water into the bottles for the next week or two.

Let the students do this every day for a week or two and they will soon see how the soil erodes away in the first
container while the plants hold the soil in the last one. It’s nature's glue, so let’s look after our plants and while
we’re about it … plant some more.
Discussion Questions
What happened in each bottle?
Which bottle had the most erosion? What about the least?
What type of ground would you want to live by?
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Lesson 3 Answer Sheet
Q1. Why do you think trees are important in our urban environment?
There are many reason. Here are a few that may also be on your list.
●
Trees help people to stay healthy. Did you know that one tree can absorb 10 pounds of air pollutants a
year? Cleaner air is shown to reduce a variety of health issues, such as respiratory diseases (including
asthma).
●
Trees provide shade and keep us cool helping to reduce air temperatures. In a fact, trees can cut air
conditioning costs by 56%, notes the USDA.
●
Trees provide places for birds, insects, and other wildlife.
●
Trees give us food. From apples to oranges, fruiting trees feed people.
●
Trees give us oxygen to breath.
●
Trees stop erosion. Their root systems slow and stop rain runoff by absorbing excess water. This reduces
the amount of soil and other chemicals that are washed into streams and ocean and decreases erosion.
This will be the focus of this lesson.
Q2. When it rains, what happens to the water?
The water collects in the ground or flows over surfaces into storm drains or to the ocean.
Q3. What non-porous surface can you think of?
Cement, roads, streets, roofs, etc. Anything hard that won’t let water (or another liquid) infiltrate or permeate.
Q4. What exactly do trees do to help reduce runoff?
Tree roots help soak up water through infiltration and filter water through cleansing.
Infiltration: The movement of surface water into the soil. The water can be temporarily stored, sink into
underlying soil, flow into an underdrain, evaporated back into the atmosphere, or be taken up by plants. As the
water slowly filters through the soil, it will become fresh water many years from now.
Cleansing: Trees clean stormwater by filtering, absorbing and taking up water.
Q5. What tree parts help the uptake of water?
Roots and leaves. Trees do transpiration, which is the process of plants absorb water through their roots and
transfer it up to the leaves, where it evaporates into the environment. Transpiration continues to reduce
stormwater volume stored in the soil long after a rainfall event ends.

