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New Plants

Concepts

Plants require certain
things for growth and
survival.

Not all things we
associate with plants are
strictly necessary.

We can design
experiments to test our
ideas.

HCPS III Benchmarks
SC.2.1.1
SC.2.1.2
SC.2.4.1
SC.2.5.1
SC.2.8.2

Duration
Varies greatly

Vocabulary
algae

light

soil

nutrient
water

air

oxygen

CO2
photosynthesis
respiration

Lesson 9: What do Plants need?

Summary

This activity presses students to identify information that is relevant
to a research question. Students identify five things they believe
plants need to survive (soil, light, nutrients, water, air) and propose
ways to test the hypothesis that each factor is actually necessary for
plant development. Students seek conclusions through prior
knowledge, research, and experiment.

Objectives

e Students will think critically about their beliefs about plants.

¢ Students will demonstrate use of relevant prior knowledge.

¢ Students will make a prediction based on previous
observations.

* Students will use a systematic process to test a prediction.

¢ Students will use the Internet to conduct a focused search for
information.

Materials

Scientific Notebook

Organizer Sheet: What Do Plants Need?
Blank sheet of paper for Brainstorming
Pencils/crayons

Other materials will be determined by students conducting
experiment, but are likely to include:

Simple hydroponics set up (See Resources and Lesson 5 Extension)
Grow lights

Dark material or paper to block light

Sand or gravel
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Making Connections

Most students will hold firm beliefs about what a plant is and what it needs. Among these will
be the conviction that plants grow in the ground. Many plants, however, grow without any soil.
If there is a class fish tank, the students may quickly grasp that algae is a plant and can grow on a
glass surface. Hawaii has many epiphytic plants including mosses, some orchids, bird’s nest fern,
air plants, laua’e ferns (can grow on a tree), and native pepperomia (alaalawainui), which grow
on the surface of other plants. The pineapple “descended” from epiphytic bromeliads, which
lived on tree branches in the Central American rainforest. Beta fighting fish are popular pets that
often are kept in a glass jar with a free-floating houseplant set into it. Hydroponic gardening is a
method of producing food plants which grow with their roots suspended in aqueous (dissolved)
solutions of nutrients and gravel, analogous to the way whole forests begin to grow on bare
cinders in the wet parts of our islands. None of these require soil.

Teacher Prep for Activity
1.Decide if you want to actually do these experiments, or just work on the students’ ability to
propose and design them, then perhaps pick one to do as a class. The class can be divided
into groups, assigning each group a “need” to investigate (i.e. soil or light). Start each group
off with a well-defined scientific question: “Do plants require soil to survive?” really is
tested by asking, “Can some plants survive without soil?”

2. Plan for seedlings. Most projects will go a lot faster with small, established seedlings,
rather than starting with seeds. Try to schedule this activity to make use of the plants you are
already growing in earlier investigations (i.e. the bok choy or mustard that may not have
completed their life cycle; wheat sprouts, or the little “lawns” the students planted). You can
also plant lettuce or other vegetable seeds in small break-apart trays at least three weeks
before the investigations will be conducted (Anuenue or Manoa are hardy—use only local
brand seeds, bought in air-conditioned stores). Keep surface moist until sprouts appear.
Then place in full sun and water every day in dry climates or two days in wetter areas.
NOTE: You want to schedule the designing day several days earlier than the day(s)
scheduled for setting up the experiments, to give you time to collect materials the students
request.

3.Copy Organizer Sheets: Each student should have their own Organizer sheet, plus one for
the group. Worksheets are at the very end of the lesson plan. You can staple this in with
other worksheets to make a science journal, or paste into a composition book.

4. Plan for some extra funding and time: If your students are interested in a complex project
that might require expensive, permanent materials, don’t reject it right off. Consider ways to
make it happen, considering that future classes will almost certainly generate similar ideas
and getting kids comfortable with technology will be a great result of this investigation. We
borrowed several hundred dollars worth of hydroponics equipment from a Hilo shop—the
owner was delighted a school finally asked. The students may also need to work out some
time outside of class to keep up with a complicated project.
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Background

Most students will hold firm beliefs about what a plant is and what it needs. Among these will
be the conviction that plants grow in soil. Soil does fulfill some of a plant's basic needs, such as
anchoring plant roots and acting as a source of water and nutrients for healthy growth. However,
technically speaking, plants don't need soil as long as they are able to obtain the necessary
nutrients needed to survive. Hawaii has many epiphytic plants including mosses, orchids, bird’s
nest fern, air plants, laua’e ferns (can grow on a tree), and native pepperomia (ala ‘alawainui),
which grow on the surface of other plants. The pineapple “descended” from epiphytic
bromeliads, which lived on tree branches in the Central American rainforest. Beta fighting fish
are popular pets that are often kept in a glass jar with a free-floating houseplant. Hydroponic
gardening is a method of producing food plants that grow with their roots suspended in aqueous
(dissolved) solutions of nutrients. Algae is a plant, and can grow on a glass surface
underwater—ijust look at the class fish tank! And of course, there are many species of /imu in
the ocean. (See Grade 3: Ocean Grazers curriculum for more on limu!). None of these require
soil.

There are other things plants may need to reproduce and survive as a species, such as pollinators,
or seed dispersers that are needed to survive in a community of other organisms (such as
competitive ability or protection from predators). This activity just focuses on those needed by
an individual plant to survive for a long period of time.

Parasitic plants have roots that actually enter the tissue of their host plant to steal (or sometimes
exchange) nutrients. Most often nutrients come from the breakdown of materials including dead
leaves, animals (mainly bugs), animal droppings (rich in nitrogen and phosphorus, two critical
nutrients for plant growth), and rock. These may fall into the cup-like structures of bromeliad
and orchid leaves, or be dissolved in the water for fresh and salt-water plants. Although they are
components of dry soil, these nutrients are only available to the roots of terrestrial (land) plants
when they become dissolved in water.

So plants don’t necessarily need soil—they just need some medium to deliver water and nutrients
and provide stability.

How about the rest? Plants require light, water, nutrients, and CO,, but have varying adaptations
to survive different periods of time without them. Just think of the difference between a cactus
and a lettuce plant in terms of surviving a drought. Tropical rainforest plants are adapted to
withstand long periods of deep, dark shade, storing energy to be able to shoot up when a light
gap opens. Some plants are specially adapted to survive on nutrient poor soils, such as the
worlds’ longest living tree species—the Bristlecone Pine of California’s White Mountains—that
lives up to 4000 years in part because it grows very slowly, with very little competition in its
nutrient poor habitat. Others seem to make their own nutrients. “Nitrogen fixing” plants like
peanuts and Koa invite special guests known as rhizobial bacteria to live within their roots and
make nitrogen for them.

What about air? Plants “breathe” in CO, and breathe out oxygen through openings in their
leaves. Their roots breathe the way we do—they take in oxygen for respiration, which is the
break down of sugars into energy. At night when there is no light, plants stop photosynthesizing
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(making sugars from light) and their leaves start respiration; or using up the sugars they stored
during the sunny part of the day.

Do plants ever have to survive without air? Yes! On very hot days, some plants must close
those little air-openings to keep from drying out. They literally hold their breath through the
hottest part of the day! If they use up all their stored sugar before temperatures drop, their
growth slows down (hmm...I wonder if this is why kiawe wood is so hard?). In swampy bogs,
the thick mud prevents fresh air from reaching the roots of plants. No air, no respiration: very
slow growth! This is why the bog forests of Mt. Ka'ala and Waialeale look like magical,
miniature elfin worlds—the plants really are dwarfs. In the swamps of Louisiana, cypress trees
keep growing tall thanks to their “knees,” pointy projections that stick up out of the water for
air—they are like snorkels for their root systems.

In lakes and oceans, plants generally get plenty of CO,—which is good because algae and
phytoplankton make much of the oxygen that we terrestrial creatures breathe. Both fresh and salt
water plants are suspended in a solution that includes dissolved oxygen, CO,, and other gases.
When the water becomes “full” of gas, it rises into the air for us to breathe. Rising water
temperatures due to global warming may cause water to hold less CO,. That means less air for
phytoplankton to use, which could mean less oxygen for sea life and for us.

Algae: single or multi-celled plants, usually living in water. Seaweed and the microscopic green
stuff in pond water are both algae.

Light: any form of electromagnetic radiation, usually refers to the visible and near-visible
portions of the spectrum (red, green, blue and ultraviolet light)

Soil: a mixture of dirt, humus (organic matter), and living and dead organisms.

Nutrient: a substance that provides nourishment, for example, the minerals that a plant takes
from the soil or the vitamins in food that keep a human body healthy and help it grow.

Water: a clear liquid, chemical formula: H,O, that is essential for all plant and animal life.
Air: a mixture of gases including nitrogen, oxygen, and carbon dioxide, that living things
breathe to survive.

Oxygen: the main gas that animals need to breathe to survive.

CO;: the main gas that plants need to breath to survive. The carbon that makes plants woody
and strong comes directly from breathing this gas out of the air.

Photosynthesis: process by which green plants produce simple sugars from CO, and sunlight.
Respiration: 1) the act of breathing air in and out. 2) The process by which animals and plants
use oxygen to convert sugars to energy that can be used by the organism—direct opposite of
photosynthesis. Most plants do this when the sun goes down.

Definitions adapted from the Encarta® World English Dictionary © 1999 Microsoft Corporation.
All rights reserved, or from Wikipedia.

Procedure
1. GATHER AT RUG
2. BRAINSTORM: WHAT DO PLANTS NEED?
a. Students have been growing plants in the classroom.

Lesson 9: What do plants need?
4



A
S Partnership for Reform through Investigative Science and Mathematics

b. Ask them to list the things their plants need (should include water, light, soil,
nutrients (food or fertilizer), and air (CO,).

c. Some of the things listed will not be required for all plants to survive (cups, soil,
labels).

3. REFINE THE LIST: WHAT DON’T PLANTS REALLY NEED?

a. Ask students to try to think of any plants they know of that do not need these
things. Are there any items on the list that they think they should take off?

b. How can they be sure?

4. ASK: HOW DO WE FIND OUT FOR SURE?

a. How can they find out if their plants really need each of the items remaining on
their list?

b. What are the ways we find out information we’re not sure of? (Students may
suggest research, examples of exceptions that they have personally observed, or
designing an experiment).

5. EXPLAIN THAT EACH GROUP WILL BE GIVEN A CHANCE TO DESIGN AN
EXPERIMENT

a. Explain what type(s) of plants the students will have to work with. If they are
investigating seeds, you might let them choose anything readily available, but
most projects will go a lot faster with established seedlings you prepared or
purchased ahead of time.

b. Be sure to make it clear whether they will be given the chance to do their
experiments, or if this will just be a brainstorming exercise.

6. DIVIDE THE CLASS INTO GROUPS that will investigate whether one item on the list
is really necessary for a plant to survive.
7. PASS OUT BRAINSTORMING PAGE AND DESIGN WORKSHEET

a. Each group will record their experimental question and details of the experiment
they would like to carry out.

8. GUIDE STUDENTS THROUGH THE BRAINSTORMING PAGE:

a. Scientific question: What are you investigating?

1. Instruct students to write out their scientific question. It will be some
version of “Can plants grow without light?”

2. Then ask them to make it much more specific: “Can lettuce plants live
for two weeks without light?” or “Will lettuce plants with light get
bigger than lettuce plants without light?”

3. Note that these questions lead to two different experiments. The first is
much simpler, and is basically “observational”’-just put some lettuce
seedlings in the dark. The second requires two treatments—an
experimental and a control—and is therefore a true “experiment”. For
second grade, you might want to stick to observational investigations,
but if your kids are recognizing the need to compare—run with it!

4. Tell students to write their scientific question on their design worksheet
after it is approved.

b. EXPERIMENTAL DESIGN: What will your group do to find the answer to their
question?

1. Have students jot down ideas and drawings on their brainstorming
page.
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2. If you have computers, allow students to search the Internet for ideas,
by simply entering their topic (i.e. “growing plants without light.”
Sometimes adding the word “classroom” or “lesson” will pull up great
classroom experiments).

3. Circulate to each group discussing how their plan is going to go.
Encourage simplicity, but challenge them to include all the details.

4. If they are going to grow lettuce plants in the dark, how many? For
how long?

5. Ifthey are going to grow plants without soil, what will they grow them

in? Baskets? Sand? Rock? Why did they choose that material?

If that material is not available, would a substitute work?

Does everyone agree with the plan?

How often will you water/measure/etc. your plants?

Have one student write the plan on the organizer sheet, as the group

reaches consensus on each item.

Al S

c. Predictions: What do you think will happen?
1. Have the students tell each other and you what they think will happen.
2. Discuss whether their predictions are based on previous observations,
and whether they are realistic and relevant. (“I think lettuce plants
grown in the dark will glow in the dark™ is probably not realistic or
sincere).
3. Have one student write the predictions on the design worksheet.

d. Data: How will you record what happened?
1. If students will be making any kinds of measurements, they need to make
a data sheet.
2. Otherwise, the “what happened” space on the design sheet should suffice
for general observations (i.e. the plants died without water).
3. See the graphing tutorial for data sheet suggestions, and to help the kids
make a nice data sheet on Excel.

e. Materials: What do you need?

1. Ask students to make a list of all the materials they think they will use.
Remind them to think about the other plant investigations they have done,
to help think of materials.

2. Check their list, and help to make it complete. You will need these lists to
gather the materials.

9. PRESENT PROPOSALS:
a. Allow each group to stand before the class and present their research proposal.
b. Explain that the whole class is going to help make this project a success by
offering constructive, helpful comments and ideas.
c. Solicit suggestions from the other students, reminding them that the idea is not to
criticize or reject the other group’s ideas, but to add to its chance of success.
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10. If you do not intend to carry out the experiments, you are pau!

Part I1I: Investigation Day

1. TOUCH UP EXPERIMENTAL DESIGNS:
If any of the groups require extra work or revisions to their experimental design,
try to clear it up in advance of the day you will carry out the investigations.

2. GET INTO GROUPS, REVIEW TASKS
Have students join their groups and pass out their design worksheets. Check in to
make sure everyone knows what to do.

3. GETTERS GATHER MATERIALS
Assign getters to bring the list to a table where you have assembled their materials
and gather what they need.

4. CIRCULATE AND PROBLEM SOLVE:
If the students are used to working in groups alone, they may be able to carry on
with minimal assistance.

5. MANAGE TIME:
a. Give students some warnings about time management and allow plenty of

clean-up time.
b. Plants should be labeled and organized in trays or small boxes by the end of
the class period.

c. Do a clean-up check and final approval of their design set up.

6. FILL IN DESIGN WORKSHEETS:
Students should fill in the “What I did” sections of the design worksheet and their
first entries in their data sheets (if needed).

BREAKPOINT
7. Students continue to monitor and care for their experiments for the allotted number of
weeks.

8. SCIENTISTS WORKSHOPS:

a. Check in with the students regularly in a “lab meeting” or “scientists
workshop” to see if they are getting results. If predictions are not being met,
help the students to see it as an interesting discovery—not failure. Remember
that many professional researchers get results with “no difference” between
experiments and controls, or the opposite of what was expected, and these do
get published—all information is valuable.

b. If, however, absolutely nothing is happening, you might try to find ways to
redirect the experiment toward some kind of result. The biggest problem with
plant investigations is non-viable seeds—always try to plant some in “regular”
conditions to be sure you used a good seed packet. Students love to water
their plants and over-watering can be a problem. If plants are outside, keep a
sharp eye out for caterpillars, which can decimate seedlings overnight.

9. BRINGING THE INVESTIGATION TO A CLOSE:

a. Meet with students in groups to look at their data/observations and draw
conclusions. If a graph is appropriate, be sure to have students graph their
results (see graphing tutorial for help).
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b. Students should fill in the “Here is what happened” sections of their design
worksheet, and discuss and record why they think they got the results that they
did.

10. PRESENTATIONS: Students should present their work to the class. Since they have
already given proposal presentations, they should give just a brief overview of what they
were investigating, and tell a good bit more about how it went, and what they found out.
Encourage the class to ask at least one question of each group.

Assessments

Comments and ideas observed while circulating through the classroom. Student presentations
and finished organizer sheets should reflect a good grasp of scientific method and plant life as
learned so far. Also, students should be able to describe a reasonable way to answer a new
scientific question about plants. A student from the “light” group could be asked to describe a
way to address the questions: do plants need soil? Or, students can be given several scientific
questions and asked to select the appropriate investigation for each (match up).

Resources

Russo, Lorraine. Fridays at the Lake. pp11-29 in Taking Inquiry Outdoors: reading, writing,
and science beyond the classroom walls. Barbara Bourne, ed. Stenhouse Publishers, York, ME.
2000. (Experimental design worksheet)

Gardening websites:
www.kidsgardening.com

http://www.squarefootgardening.com
http://www.play-with-water.ch (somewhat complex activities investigating plants grown in water,
worm compost, and more)

Hydroponics Set Ups:

Talk to your local hydroponics store:

Ohana Greenhouse Supply:

Maui

808-871-6393

300 Hulikile Street BLD 2Q Kahului Maui 96732
dan@ohanagreenhouse.com

Ohana Greenhouse Supply:

Hilo

808-961-3111

811 Laukapu street #5 Hilo 96720

Ohana Greenhouse Supply:
Kona

808-331-8720

Kaloko Gallery

73-5581 Lawehana St. #4
Kailua-Kona, HI 96740
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Hydroponics Websites:

Homemade Hydroponics: http://www.homemadehydroponicsreview.com/freeplans/vegetable-
garden/

or

Google: Classroom aquaponics or classroom hydroponics

Funding Source:
DonorsChoose.org

Extension Activities

I think you’ll find this experiment is extensive enough! However, take all those wonderful
experiments and put them out in the garden to see what else a plant needs to survive and
reproduce. Connect this activity to the pollination portion of the Chinese Greens activity. Why
do plants need pollinators? How are the needs of a species different from the needs of an
individual? How are the needs of a single student different from the needs of the class? Or the
school and wider community? If we all need the same resources, how do we share them fairly
and sustainable with each other and with other organisms?

Culture/Art/Math/Literature Connections

Student reports should include artistically detailed drawings of their experimental design and
results, graphic representation of data, and complete sentences using appropriate vocabulary
words.
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Organizer Sheet -What Do Plants Need?

Name: Date:

1. Question:

2. I will need:

3. Draw what you will do tfo answer your question:

4. This is what I did:
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5: Draw what happened:

6: Tell what happened: (I noticed...)

7: Why do you think this happened?
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