
Food and Energy for all, Student Guide

Food and Energy for all!
· OBJECTIVES 
· The student will be able to identify what materials a plant needs for photosynthesis.

· The student will be able to relate photosynthesis to the flow of matter in a food chain.

· PROBLEM / QUESTION 
· Overarching Question:  What factors affect a plant’s ability to make food (sugar)? 
· PRIOR KNOWLEDGE 
To complete this lab you should have a basic understanding of energy, energy transformations, chemical reactions, and food webs.  You should be able to recall the different types of energy that occur on earth such as light, heat, kinetic, potential, chemical, and elastic. You should also remember that we see color because of the wavelengths that are absorbed vs. reflected.  If an object is blue it’s because a lot of blue light is being reflected.  You should also remember that energy can be transformed following the law of conservations of energy.  In previous units we learned that a chemical reaction is the process in which the reactants rearrange atoms to form the products and that all the atoms present in the products came from the reactants.  Lastly, a food web is a model that shows the interactions and flow of energy and matter within an ecosystem. 
· PREDICTIONS 
· In your lab notebook, write down what factors you think affect a plant’s ability to make food.  Make explain why you think that.
· SAFETY 
· Wear safety glasses.
· Do not consume any materials 
· MATERIALS

· Sodium Bicarbonate (baking soda) 

· Liquid soap 

· Plastic syringe (10 cc or larger) 

· Leaves (i.e. spinach) 

· plastic cups 

· Timer 

· Light source 

· Hole punch 

· 500 mL beakers 

· 500 ml Graduated cylinders

· 1 ml or 5 ml plastic disposable pipette 

·  Metric ruler

· Different colored bulbs

· BACKGROUND INFORMATION 
If you remember from 6th grade science organisms are split into three different groups: producers, decomposers, and consumers.  These groups are categorized by the way the organism gets food. All three types of organisms ultimately use glucose (sugar) as their food, but what differs is how they get that food (sugar). Producers make the food, consumers must intake (eat) to get the food, and decomposers breakdown things that were once living to get the food. Many of you have probably heard of photosynthesis. Photosynthesis it the process through which producers make their food (sugar).  During photosynthesis, producers take in other reactants and through a chemical process produce glucose (sugar), which they then use as food for growth. 
Biology behind this lab:

Leaf disks normally because gases fill the spaces in the leaves. But, when the air spaces are infiltrated with solution the overall density of the leaf disk increases and the disk sinks. The infiltration solution we are using includes a small amount of sodium bicarbonate. The bicarbonate ion serves as the carbon source for photosynthesis. As photosynthesis proceeds, oxygen is released into the interior of the leaf which causes the leaf disc to become less dense--causing the disks to rise.  Since cellular respiration is taking place at the same time, consuming oxygen, the rate that the disks rises is a relative measurement of the net rate of photosynthesis.
· PROCEDURE 
The following steps are out of order. Put the steps in the correct order to perform the experiment and get them checked by your teacher before you move on. 

_____
A) Add 1 drop of dilute liquid soap to this solution. The soap wets the hydrophobic surface of the leaf allowing the solution to be drawn into the leaf and keeping it from sticking to the sides of containers. Avoid suds. If your solution generates suds then dilute it with more bicarbonate solution. 
____
B) Place under the light source about 30 cm away and start the timer. At the end of each minute, record the number of floating disks. Then swirl the disks to dislodge any that are stuck against the sides of the cups. Continue until all of the disks are floating. 
____
C) Hole punch 10 uniform leaf disks for each trial.  AVOID MAJOR VEINS IN THE LEAF!
____
D) Remove the plunger from syringe and place the leaf disks into the syringe barrel. Replace the plunger being careful not to crush the leaf disks. Push on the plunger until only a small volume of air and leaf disk remain in the barrel (< 10%).
____
E) Gently push the syringe back up so that no air is present only liquid and leaf disks.
____
F) Prepare 300 ml of bicarbonate solution.  The bicarbonate serves as an alternate dissolved source of carbon dioxide for photosynthesis. Use about .5 grams of baking soda and mix with 300 ml of water. 
____
G) Pull a small volume of sodium bicarbonate solution into the syringe around 20cc. Tap the syringe to suspend the leaf disks in the solution. 
____
H) After the air is pushed out, using a figure held over the syringe-opening, draw back on the plunger to create a vacuum. Hold this vacuum for about 10 seconds. While holding the vacuum, swirl the leaf disks to suspend them in the solution. Let off the vacuum. The bicarbonate solution will infiltrate the air spaces in the leaf causing the disks to sink. You will probably have to repeat this procedure 2-3 times in order to get the disks to sink. If you have difficulty getting your disks to sink after about 3 evacuations, it is usually because there is not enough soap in the solution. Add a few more drops of soap.
____
I) Pour the disks and solution into a clear plastic cup. Add bicarbonate solution to a depth of about half full. Use the same depth for each trial. Shallower depths work just as well.
· DATA AND OBSERVATIONS
· Use the procedure above to create a table to organize your data.  To help you complete the table, identify your independent and dependent variables.  What are you changing each trial and what are you measuring in each trail? 
· RESULTS /ANALYSIS/EVALUATION 
Complete the following in your lab notebook.
· Graph your data.  What type of graph will best represent your data?
· Are there any calculations you can make to help represent your data? (mean, median, mode, range)
· What pattern(s) do you notice in your data?
· How many other groups support your results (We will share results when everyone is done)?  How close is their data to yours? Should they be the exact same?  Why or why not.
· How confident are you?
· How many trials did you do?
· What did you do to limit error?
· Do other groups or an outside source support you?
· Do you have prior knowledge that backs this up?
· DISCUSSION  Part A
· After completing this investigation, what question would you like to investigate now? Think about a variable you could change that you believe affects plants.
· What could be sources of error in your investigation?

· Do you think if you did this again you would get the exact same rate, relatively close, or could it be completely different?  Explain your answer.

· Part B:  Investigating a variable in photosynthesis.
· Your job now is to design an investigation to test something that you believe is a reactant (something that is taken in) during photosynthesis.  As a class we will try to determine some of the factors that affect photosynthesis. First, use what you learned in Part A and prior knowledge you have about plants to brainstorm a list of things plants absolutely need for survival!
·   The following must be included in your report (notebook) and will be graded:

· Focus Question         
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Have your teacher check your question before moving on

· Prediction
· Procedure:  You do not need to re-write it just state what you will be changing from the first procedure to conduct this one.
· Observations: Create a data table to organize observations.
· Results/Analysis (Answer and complete the questions below):
· Graph your data.  What type of graph will best represent your data?
· Is there a calculation can you make to help show your results (mean, median, mode, range)
· What pattern do you notice in your data?
· How many other groups support your results (We will share results when everyone is done)?  How close is their data to yours? Should they be the exact same?  Why or why not.
· How confident are you?
· How many trials did you do?
· What did you do to limit error?
· Do other groups or an outside source support you?
· Do you have prior knowledge that backs this up? Explain
· Explanation: Write your claim, evidence, and reasoning.  (Make sure you find a reliable source online to supply good reasoning and check your results with another group if they did the same test as you) Use the Explanation Guide for help of what goes in each section!
· Discussion: Answer questions in Discussion Part B below in your notebook.
· DISCUSSION Part B
· As the groups share their results with the class summarize the class findings in the space below.  Be sure to indicate the variable tested, how it affected the rate of photosynthesis (claim), and the data that supports this (evidence).
Answer the following questions based on the class data:

1. What things seemed to speed up and slow down photosynthesis?
2. What does this tell you about the things necessary for photosynthesis to occur?
3. Look at the data for the light intensity and light color.  What can be said about the importance of light for photosynthesis?
4. Think about what we learned during the wave unit, why does the color of the light affect photosynthesis?
Answer the following questions using the reading provided from CK-12 Flexbook and prior knowledge from previous units:
1. Read through the Light Reactions of Photosynthesis.  What is the chemical reaction for photosynthesis?  Use the chemical formulas of the substances.  Do the reactants of photosynthesis match what we found necessary in question 4 above?
2. Where does the mass (atoms) of the products in the reaction come from?  How do you know?  Supply evidence.
3. What is the purpose of food for organisms?
4. What substance in the photosynthesis reaction is food for plants?  
5. What organelle does photosynthesis take place in?  Think back to cells, is this organelle found in both types of cells?  Can animals go through photosynthesis?  Explain.
6. Where do the C, O, and H in sugar and oxygen (products) come from?
7. In most cases, how do sunlight, water, and carbon dioxide get into the plants?
8. What part of the plant does photosynthesis take place?
9. What energy transformation takes place in plants?  Use the law of conservation of energy to explain this.
10. Plants can store large amounts of food.  What evidence is there that supports this. (Hint: What do we use plants for?)
· GOING FURTHER
· It is said that photosynthesis creates food (carbohydrates/sugars) that can be used for immediate use or growth, but also can be saved and stored for later use.  Sugar molecules can join with other atoms and rearrange to make other carbohydrates, fats, and proteins for storage.  Using your knowledge of food webs from 6th grade science lets construct a food web in class and use this as well as this experiment to create an explanation a claim supported by evidence to answer the following questions:
· What is the role of photosynthesis for the cycling of matter?
· What is the role of photosynthesis for the cycling of energy?


Image from: Living organisms and their environment
Claim: 
Evidence:
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