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Lesson 4: What Do Plants Need To Grow?
Overview & Guiding Questions
Students gain an understanding of the role of water, sunlight, carbon dioxide to make glucose, water, and oxygen and where plants obtain these things.  Students will develop a systematic method for measuring plant height and will articulate if these data support their hypothesis.  
· What do plants need to grow? 
· How do they get these things and what do they use them for?
· How do we figure how plants are getting what they need?
· How would you measure plant height?


 
Objectives
Ecological Understanding
· Students will be able to describe the basic elements of plant anatomy (leaves, stem, roots) and how a plant uses these structures.
· Students will be able to provide a basic definition of photosynthesis and identify the ingredients and products of this process, as well as how the plant accesses the ingredients.
· Students will be able to articulate how competition may limit growth of plants and why thinning their pots is useful.
Scientific Process
· Students will practice taking measurements using a consistent method.
· [bookmark: _GoBack]Students will use metric units to measure and be able to describe why they are using centimeters rather than inches.
· Students will practice careful recording of data and checking their recording for completeness and accuracy. 
Sense of Place
· Students begin to gather data in an experiment based on local ecology.
· Students discuss factors that affect plant growth in their region.
Time Required
80-90 minutes
 
Supplies
· Rulers
· Stakes
· Twist ties
· Scissors
· Toothpicks in three colors
· Paper plates
· SmartBoard documents

 
Classroom Activities
Students will work as a class to discuss what plants need to grow and how plants use their leaves and roots to access the ingredients needed for growth. Students learn how these ingredients for growth are combined to help the plant make food through photosynthesis. Students then develop methods for plant height measurement collection and maintaining plants and take their first measurements.  Finally, students will make the connection between their initial data recordings to their hypothesis. 
  
 
 
Lesson 4: What Do Plants Need To Grow?
  
Students will learn plant parts and important components for their growth by identifying plant diagrams. Students will measure plant height as a proxy for plant success and environmental quality. As a scientist they will develop methods for measuring, collecting data, and making observations.
What do plants need to grow? 
How do they use these things?
How do we as scientist figure how plants are getting what they need?
How would you measure plant height?
Do all seedlings look the same?
Preparatory Activities
None
  

LESSON PLAN OUTLINE 

I. WHAT DO PLANTS NEED TO GROW AND WHERE DO THEY GET IT FROM? (20 MIN)
II. SEEDLING DATA RECORDING (5 MIN)
III. MEASURING SUCCESS AND EXPERIMENT MAINTENANCE (25 MIN)
IV. PROVIDE SUPPORT FOR TALL PLANTS (IF NEEDED) (10 MIN) (May not need to do this yet)
V. OBSERVATION JOURNALING AND DISCUSSION (5 MIN)

LESSON PLAN

I. WHAT DO PLANTS NEED TO GROW AND WHERE DO THEY GET IT FROM? (30 MIN)
a. Recall the list of things we came up with for what plants need to grow (Lesson 2).  Volunteers write the list on the board as students brainstorm. The list should eventually include sunlight, carbon dioxide, water, and nutrients.  Bring up the plant diagram on the SmartBoard (or draw a basic picture of a plant).  Then, as a class, label the plant parts (roots, leaves, stem) and discuss where each item from the “what plants need” list comes from (sunlight/energy from the sun, carbon dioxide from the air, and water and nutrients from the soil), which parts of the plant are used to access each item (leaves for sunlight and carbon dioxide, roots for water and nutrients). Write each item into the diagram next to the appropriate plant part. Students should follow along in their Experimental Log, labeling the plant diagram. If there is enough time, students may be asked to write out longer answers to the questions on the next page.Adapt This!
· This lesson will work well for any plant growth experiment.
· The photosynthesis introduction works well as an introduction to plant measurement but can stand on its own as an introduction to photosynthesis.
· The photosynthesis lesson pairs nicely with the optional wildfire lesson--these could be paired up in a pared down version of the curriculum.

b. Note on NGSS 5-LS-1: One of the NGS standards requires that students understand that plants get the materials they need for growth “chiefly from air and water”, with an emphasis on the idea that the material for plant matter comes mostly from air and water, not the soil. This comes from a misunderstanding that plants “eat” soil. The trickiest part of this concept is that plants do absorb most of their water through the soil (and by many definitions, that water is part of the soil) and do get nutrients that are essential to growth from the soil. To meet this standard, take care throughout this section to emphasize the importance of carbon dioxide and water as the “ingredients” in photosynthesis, while nutrients from the soil are tools (like kitchen tools) that help the process along. You can also address the misconception directly, noting that soil is not the plant’s “food”—the plant makes food using ingredients in air and water.
c. Project blank photosynthesis equation onto SmartBoard (three boxes for “ingredients” and three boxes for “products.” Ok, so now we know the items that plants need for growth, but how do they use those things?  The answer we’re looking for is that plants use those things to make food in a process called photosynthesis. Have students repeat this term, and write it on the board.
d. What kind of food do plants make? All living things are made up of three main ingredients: carbon, oxygen, and hydrogen, so that is what most of our food is made of, too. We eat other living things (plants and animals) to get these. Plants need carbon, oxygen, and hydrogen, too—but they make theirs from scratch, using carbon dioxide (carbon and oxygen) and water (hydrogen and oxygen) as ingredients, and sunlight as a tool (kind of like we use an oven as a tool to make our food). Nutrients are also tools that help the plant grow—like measuring cups, they help make photosynthesis happen but are not ingredients.  Fill out the left side of the photosynthesis equation boxes together (carbon dioxide + water + sunlight). Students should fill out the corresponding page in their notebooks. 
e. The food that plants make is called glucose, which has carbon, hydrogen, and oxygen in it. Photosynthesis also gives off waste products, (just like we don’t use every part of our ingredients when we cook—we have eggshells and peels left over). In photosynthesis, these products are water and oxygen. Fill out the right side of the photosynthesis equation boxes together (glucose + water +oxygen). Students should fill out the corresponding page in their notebooks.
f. Why is photosynthesis important? Connect photosynthesis explicitly to plant growth (plants build their bodies by making glucose), as well as other ways it is important to global ecosystems (providing oxygen, biomass for habitats, food source for animals, plant matter for wood, paper, etc.). Students should then write a sentence or two discussing why photosynthesis is important below the equation. 
NOTE: It can be a good approach to explain parts II & III together before handing out the plants and rulers. Marking emergence is very fast, and only a few students will need to thin right now, so it’s good to get them started on measuring. Write a list on the SmartBoard of the three things the students need to do: 1) Measure Emergence, 2) Thin if necessary, then mark with toothpicks 3) Measure your plants. If you choose to do these parts one at a time, DO NOT hand out rulers until students have been instructed in how to measure the plants. 
II. SEEDLING DATA RECORDING AND THINNING (10 MIN)
a. We’re going to start working with our plants.  First, take emergence data on them as you did last week.  You’ll have 5 min, and then we’ll move on to thinking about other ways to record the success of plants in these pots. 
b. Have each pair collect their pots from the tray. 
c. Measure emergence in both pots and record the data in your Plant Emergence data sheet.
d. If it looks like pots are getting crowded with plants, the plants will need to be thinned. It is necessary to remove some of the plants in order for the three we are studying to be healthy. If there are too many plants they can end up competing with each other for resources and even killing each other, and we don’t want that to happen! Mark the three healthiest looking plants with toothpicks. Then cut other plants at the soil level until there are three plants remaining (cut all plants that are not marked with the toothpicks). There should be three plants left after thinning.  If students have three or fewer plants, they should mark as many plants as they have and do no thinning. We do not want to pull the plants out of the soil because that will disturb the roots of the plants we want to grow. Explain these the purpose of this process to the students as many will not want to remove any plants from their pots. (Hand out scissors AFTER explaining this and reiterating: “Cut until there are three plants left”).

III. MEASURING PLANT SUCCESS AND EXPERIMENT MAINTENANCE (25 MIN)
a. How do we as scientists figure out how well plants are doing, or if they are getting all of their needs met?  Do you have some ideas about how we might tell which plants are getting more of what they need and which ones are not getting enough? 
b. We can measure plant height as a basic way of looking at how well plants are growing and how fast. Plants that are getting sufficient nutrients, light and water will grow faster and taller than those that do not.  You are going to take height measurements over the next couple of weeks, and build another graph. We can use these measurements and the graph to compare how plants grow on the different soil types.
c. How would you go about measuring plant height? 
d. First, before we measure heights we have to check out our tools.  Take a good look at your rulers.  Notice that they don’t actually start at zero!  What do we need to do about this? Show the students how to gently push the bottom of the ruler into the soil so that the “0” line is at the soil level and you start measuring from the base of the plant [show picture on board]. Be careful not to harm your plants!. 
e. (Make sure to finish describing methods before handing out the rulers! Only hand them out when students are ready to begin measuring right away).
f. Explain our methods for height measurement: place ruler at the soil, gently hold the top of the plant (the top of the stem not the leaves) to measure its longest height. Each student should record this by writing down the protocol (the method we used to measure height; each student should make sure that measurements are taken correctly and are accurately recorded) as their answer to the first question on page 10 of the experimental log. Make sure to write everything down so you will remember and repeat exactly what you did.
g. Note the color of the toothpick for the plant being measured and record this value on your Plant Growth Datasheet.  All heights should be measured to the nearest 0.1 cm (students may not understand this as they are just learning decimals, explain by drawing a ruler on the board). Be sure to record the height for the correct toothpick color.  We will record them later on charts in another lesson.
h. How would height be measured on a different species (e.g. tree versus grass)? Are there differences that we need to consider?  Plant may be of different shapes that we need to take into consideration.
i. After you are finished measuring, make sure you have to described/drawn your measuring methods in as much detail as possible so you can remember next time!

IV. PROVIDE SUPPORT FOR TALL PLANTS (IF PLANTS ARE READY FOR SUPPORT, 5 MIN)
a. To stake plants gently:
i. Carefully place stakes in the soil about 1-2 cm from the base of the plant to avoid damaging plant roots.  
ii. Tie a twist tie to the stake about 7-8 inches above the soil. (Demonstrate and diagram this on the board).
iii. Make a loop around the plant that is at least the size of your thumb.  This will give the plant a little bit of room and will support it without damaging the stem.  What would happen if ties were too tight on the stem (plants would wilt or break)? Why is that? (Stems transport water, nutrients and air throughout the plant). 
iv. If you finish staking your plants before everyone else, you can move on to answer the other questions in your experimental log. 

V. OBSERVATION JOURNALING AND DISCUSSION (10 MIN)
[bookmark: _gjdgxs]	NOTE: This lesson is very busy. If there is very little time, focus on the 	last 	question about the hypothesis.
a. Spend five minutes answering the rest of the questions on page 4 and 5 of the Experimental Log. If you can’t think of a way to write the answer, you can draw the patterns that you saw.
i. Did all the seedlings emerge on the same day?  Can you describe the pattern of emergence? 
ii. Did one pot have more seedlings emerge than others?  If so, what do you think caused the difference?
iii. Did all of the seedlings in each pot look the same? Or do you observe difference between them? 
iv. Did any of the first three plants that emerged from the soil (the ones that you gave toothpicks to) die? What do you think we should do if one of these plants dies? Have students move the toothpick to the next closest plant and make a note of this in their experimental log.  
b. Let’s go back to your hypothesis on Page 5 of your Experimental Log. What were some of your hypotheses? Do we have any information that you can use to address these hypotheses? What other kinds of information will be needed to answer them? Be careful to note that we have just started the experiment, and that we need more data before drawing conclusions. Our limited data at this point (or even at the end of the experiment) can’t “prove” your hypothesis, but it can be evidence!

Assessment for Lesson 4

Team/Student Name(s):___________________	Date: ___________________

	Level of Understanding




Indicator
	Engaged
1 points
	Emerging
3 points
	Proficient
6 points
	Total Points

	Scientific Skill Development: 
a) Do the students appear to have the correct data in their datasheets?

	The student has attempted to input the data but has made significant errors or left out significant amounts of information..
	The student has fully completed the datasheet but has made some errors or only focused on one soil type.

	The student has correctly completed their datasheets for both soil types..
	

	b) Do the students connect their data to their hypotheses?
	The student has attempted to connect data to the hypotheses but does not fully understand how to make this connection or the statement does not make sense in light of the data.
	The student connects the data to their hypothesis, but it is very short or has some errors in light of the data, such as basing the assessment on only one pot.
	The student has clearly and thoroughly drawn a connection between the hypothesis and the data.
	

	Biological understanding:

Students gain an understanding of the role of water, sunlight, carbon dioxide to make glucose, water, and oxygen and where plants obtain these things. 


	Student only partially identifies the plant parts and resources (p. 8) and the items in the photosynthesis equation (p.9).
	 Student identifies most or all plant parts and resources (p. 8) and all components of the photosynthesis equation (p.9).
	Student/team identifies all plant parts and resources  (p.8) correctly and all components of the photosynthesis equation (p.9) and describe what photosynthesis is and why it’s important (p.9). 
	

	Ecological
Understanding:
(Experiment logbook).
Students are making connections to needs met by plants to how they emerged and how they are growing (p.10-11).

	Student describes emergence and seedling growth/appearance occurring in one day and does not describe the differences they see between pots as a process tied to specific differences in the environment. The answers may be yes/no answers. The hypothesis to data connection does not include ecological reasoning.
	Student describes 1 possible pattern of emergence or  growth connected to 1 explanation to the cause of these differences in emergence.  The hypothesis to data connection may have some basic ecological reasoning.
	Student describes 2 or more details in the pattern of emergence that are connected to how students may be able to tell which plants are getting more than what they need and which ones are not getting enough and specifically states the differences that have caused this. The data to hypothesis connection has thorough and correct ecological reasoning.
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