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This lesson is an expanded and piga version oBagged Branches by Alan Berkowitip://www.ecostudies.org/syefe

Enduring Understandings:
Water moves betweenftiirent parts of the environme

NYS Standards:Elementary standards for math, science

technology:
Standard 1 (Analysis, inquiry and desit

M1.1 Usespecial mathematical notation and symim to communicate in
mathematicend to compare and describe quantities, exprestonships,

and relate mathematiés their immediate environme

S3.2 Interpret organized observations and measumsirecogni:ng simple

patterns, sequences, and relationships.

Standard 6 (Interconnectedness)

observe and describe interactions among compopésisiple systen
identify common things that can be consideto be systems (e.g., a plant, a [zlale Kele]E1[e slRele]a[=N o) F31<

transportation system, human beings)

Standard 4 (Science)
2.1c Water is recycled by natural processes on |.

5.1a All living thingsgrow, take in nutrients, breathe, reproduce,

eliminate waste.
Setting: Classroom and Schoolyard
Duration: Three 45 minutsession in late spring

Materials you will need:
Transparencies, or powerpoint slides of picturestaat.
10 Clear, gallon size plastic bags (i-ziploc works best)
Masking tape or twist-tie® seal bac
Permanent pen to mark plastic bags
Data sheets (included)
Graph paper to calculate leaf area
Garden shears or strong scissors
Small beaker or graduate cylinder to measure \
To view stomata (optional):
Microscope slides
Clear mailing tape
Clear nail polish
Compound microscope
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After building a basit
knowledge of the wate
cycle and \ater in their
schoolyard, studes are
ready to build ortheir
ecosystem thinking ills by

tackling the fundament:
approach oanalyzing
budgets and pathways
matter.The math involver
in this lesson will be
advanced for third grader

teacher for those <dents
lacking certain math skills
In addition this lesson

couldbe done for muc
older student
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Lesson
1. Begin by discussing and viewing stomataAsk students to open their mouths wide open for

several seconds. If you really want to be dramaticcan blow a fan on them. What is
happening to the water on the surface of their ittis evaporating, of course. Plants have
very small “mouths” called stomata (singular: stQitiat they leave open in order to move
carbon dioxide and oxygen in and out of the leaftddunately, while they are doing this, they
also loose water just like we loose water if weenvierleave our mouths wide open. Plants are so
sophisticated that when they are low on water, where is no sunlight or when they have
plenty of carbon dioxide, they close their stomata.

So how much water can they loose? According takibn Coder at the University of Georgia,
water moves at 92 feet/hr in a red oak tree irstimamer, but only 3 feet/hour in a hemlock tree.
The United States Geological Survey reports thataa of corn gives off about 3,000-4,000
gallons of water each day, and a large oak tredraaspire 40,000 gallons per year (a bathtub
holds about 50 gallons of water, so an oak tredrearspire 800 bathtubs worth of water in a
growing season).

2. Either in advance or with your students, gathesvaleaves of any tree, shrub or herb. A large
leaf, as opposed to a grass leaf or pine neediksvaest. Paint the underside of the leaf with
clear nail polish. Let it dry completely (about fnnrtes). Place clear mailing tape on the nail
polish. Press it down smoothly and then lift up tdgge. Place the tape, sticky side down, on a
microscope slide. View under a microscope to lawkstomata. If this method is unavailable to
you, you can view photos of stomata on the lasepmddhis lesson. These photos were taken of
stomata “captured” with the method described here.

Which leaves transpire the most amount of water iur schoolyard?

3. Select areas, species, and branches etc. to sasey lipon your question, e.g., if your question
"How does transpiration differ in sunny versus &thdonditions?", then find branches from the
same species that have similar leaves (number,etizg. Or if your question is, "How do two
species differ in the amount of water loss thaesgBlace over the course of 1 week?", then find
twigs from two species that are similar in all athespects (e.g., exposure to sun, size of leaves,
etc.). You can have some students work on one iguesind another group on a different
guestion. You may want to have them do this outaidiée looking at plants in the schoolyard.
Once each student or group has a question, asktthemite their question and hypothesis at the
top of their data sheet.

4. Choose at least two branches approximately 15c (as replicates) in each of the two or more
situations you've decided to focus on. All brancstesuld be as similar as possible, and each
must be able to fit into the plastic bag.

5. Mark each branch with a twist tie or tape, and lldhvem in some way (e.g., 1 to 4). Record
which number corresponds to which branch.

6. Carefully place the branch with all its leaveshe bag and seal the bag onto the branch as
tightly as you can without damaging it.

7. After 4-8 days, carefully remove the plastic baapfrthe branch, making sure you don't spill any
water.
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8. Pour the water into a beaker or graduated cylitmeetermine the volume of water that was lost
from the twig. Record this amount.

9. Repeat this procedure for each bag.

10. Calculate the amount of water that transpired paase cm of leaf (see data sheet at the end of
this lesson)
(1) Clip the part of the branch that was in the,lmagust its leaves.
(2) Lay the clear cm grid over each leaf (or chadseaves if there are many leaves in the bag)
and estimate its area (you can also have studentiag area by measuring the length and width
of the leaf, but this is less accurate).
(3) Add up the areas of all of the leaves to getal amount of leaf area that was in each bag.
(4) Divide the volume of water by the total leadéarto determine transpiration as ml water per
square cm of leaf.

Which leaves have the most amount of water in them?

Note: this will require a sensitive scale. If thege not available, you can simple skip this step.

11.The calculations above tell us which plants pumiptioet most water, but we also want to know
which plants have the most water in the leavesrdier to figure this out we will dry the leaves.

12.Weigh the leaves from each bag, after wiping thdth & paper towel so the surface is dry.
Record this “wet weight”.

13.Dry the leaves in a dehydrator, in the sun, inraveational oven (14% for 4-12 hours), a solar
oven (see http://www.solarnow.org/pizzabx.Hondirections on making a pizza box solar oven)
or a laboratory oven.

14.Measure the leaves dry and record the “dry weight”.

15. Subtract the dry weight from the wet weight. Thiéedence is the amount of water that was in
the leaf. One gram of water is equal to one mL affen

16.Using the area of the leaves, divide the amoumtatér in the leaves by the area of the leaves to
be able to compare all the bags in terms of mLatewper square cm. (see data sheet below for
example calculations)

Summarize and build on systems thinking skills
17.Draw a large leaf on the board and explain thetinyge and output of water (see diagram

below) of the leaf “ecosystem”. These three itemgu({t, use and output) form the basis of
understanding an ecosystem, or any system.

18.Then have students use the class data to detewhich leaves transpire the most and least
amount of water, and which had the most amountatémin them. Depending on the branches
they chose to bag, ask them if their hypothesissgasect or not.

19.Now, what if our system is not a leaf but a perséfifat areour inputs, outputs and internal uses
of water? Develop a class list of the water inpatgputs and uses of water in our human body
system.

20.Now ask each group to choose an organism and coreiearch in the library and internet to
write a “water diary” for that organism. They cam drtistic by making a poster and drawing that
organism as a system, with input and output arrewd,a place to write water use inside the
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organism. As they are working in a group, you cagll them to have one or two people work

on the input, one or two work on the output and antvo work on what the organism uses
water for. When completed, they should present fhesters to the class. This final poster can be
used as an assessment of their understanding afea lbudget.

Output - water that is transpired out of the
plant through the stomata. This water goes
from liquid in the plant to gas in the air

Input - from water in the
soil that travels up the
roots to the branches

Use - water is used in the plant for
photosynthesis and movement of
important elements

1 25 115.5 0.009350649 0.7 0.2 0.5
2 24 78 0.013846154 0.4 0.1 0.3
3 1 95 | 0001052632 | 06 0.2 0.4
4 <1 45 0.002222222 0.2 o1 | oea |
5 13 84 0.011904762 0.6 0.3 0.3
6 14 115 0.008695652 0.8 0.2 0.6
7 5 99 0.007171717 2.1 0.6 15
8 45 71.25 0.009964912 16 0.5 11

In this scenario, the leaves in bag 2 transpired the most (i.e, largest output), and the leaves in bag 3 transpired the
least. Also, a leaf in bag 4 held the least of amount of water, while a leaf in bag 6 was the wettest inside.
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Water Budget of a Leaf Name

Question: | wonder....

Hypothesis (statement that | can test):

Results:
Data bags put on branches:
Date bags collected:

Is your hypothesis correct? Explain.
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