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Plant Respiration and Photosynthesis


Student Inquiry Worksheet


Plant Respiration and Photosynthesis
Driving Questions
Plants (and other photosynthetic organisms) are unique in that they can make their own food by capturing the energy from sunlight into the chemical bonds of sugars. 

· Does the change in the level of carbon dioxide gas in a closed environment containing a plant differ under the conditions of darkness compared with bright light?

· Do plants perform cellular respiration, in addition to performing photosynthesis?
Background
Carbon dioxide is necessary for the process of photosynthesis to occur, and it is an end product of cellular respiration. In plants, CO2 is captured during photosynthesis and converted into carbohydrates. These energy-rich storage molecules are then available to the plant that made them or to organisms that eat the plants. These organisms convert the carbohydrate molecules to glucose molecules that they then use to produce usable energy molecules, such as adenosine triphosphate (ATP), which are needed for the organism to survive. The process by which the glucose molecules are converted to ATP is cellular respiration.

Since CO2 is produced during cellular respiration, an increasing CO2 concentration inside a mini-terrarium when no light is present is evidence that cellular respiration is occurring. Cellular respiration occurs 24 hours a day in plants. However, under lighted conditions, photosynthesis is also occurring, which may consume CO2 faster than the cellular respiration processes produce it. In this instance, the net effect during lighted conditions is for the concentration of CO2 in the air inside the mini-terrarium to decrease.
Materials and Equipment
For each student or group:

	· Data collection system 
	· Box or heavy cloth (to cover the bottle)

	· CO2 sensor
	· Aluminum foil, 1 ft. 

	· Sensor extension cable
	· Lamp, 100-W (or equivalent)

	· Sampling bottle (included with sensor)
	· Mint, or similar, plant

	· Large beaker or aquarium (to keep the light source 
	· Water 

	from heating the sample)
	


Safety
Follow all standard laboratory procedures.

Sequencing Challenge
The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 
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Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note:  When you see the symbol "�" with a superscripted number following a step, refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There you will find detailed technical instructions for performing that step. Your teacher will provide you with a copy of the instructions for these operations.
Set Up
Note: Avoid bumping the equipment, because jarring or bumping the CO2 gas sensor may cause it to record erratically. 

Note: Do not allow the sensor to come in contact with the water at any time.  
1. 
(
Connect a sensor extension cable to a port on the data collection system. Connect the other end of the extension cable to the CO2 sensor. �(2.1)
2.
(
Display the CO2 Concentration in parts per million (ppm) on the y-axis versus Time in seconds (s) on the x-axis of a graph. �(7.1.1)
3.
(
Split a fresh, healthy plant into several leafy stems with 36 to 40 leaves of 2 to 4 square centimeters.


4.
(
Add 25 mL of water to the sampling bottle. 
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5.
(
Gently push several sprigs of the plant into the sampling bottle. Arrange the stems so that the majority of the leaves face in the same direction.  

Note: Use the blunt end of a pencil or pen to push the plant parts into proper position in the bottle.

6.
(
Why do you think that water is needed? Why do the leaves need to face the same direction?

7.
(
Calibrate the CO2 sensor. �(3.1)
8.
(
Place the CO2 gas sensor into the sampling bottle so that the rubber stopper firmly plugs the end of the bottle. 

Collect Data 

Part 1 – In darkness
9.
(
Carefully cover the sensor and sampling bottle with a box or a heavy cloth to block out any ambient light. 

10.
(
Start data recording. �6.2 Adjust the scale of the graph to show all data. �(7.1.2)
Note:  Do not bump the sensor or it may record erroneous data. 

11.
(
What do you think will happen to the CO2 level in the bottle while the plant is in the dark?  Explain your answer.

12.
(
Record data for 10 minutes, and then stop data recording. �(6.2)
13.
(
Name the data run "Dark". �(8.2)
Part 2 – In light
14.
(
Remove the cloth or box from the sampling bottle.  
15.
(
Place the bottle onto aluminum foil. 
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Note: Make sure that the top of the leaves are pointing toward the light source. 
16.
(
Place the large beaker or aquarium that is full of water between the light source and the bottle to keep the light source from overheating the sample.

17.
(
Turn on the lamp.

18.
(
What is the purpose of the aluminum foil?

19.
(
After the light is turned on, wait 3 to 4 minutes, and then start data recording. �(6.2) Adjust the scale of the graph to show all data. �(7.1.2)
20.
(
What do you think will happen to the CO2 level in the bottle while the plant is exposed to bright light? Explain your answer.

21.
(
Record data for 10 minutes, and then stop data recording. �(6.2)
22.
(
Name the data run "Light".�(8.2)
23.
(
Save your experiment, �(11.1) and clean up the equipment and work area. 
Data Analysis
1.
(
Graph your data for CO2 gas concentration versus Time. Create a scale for the y-axis and label the data for dark and light conditions. 
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2.
(
Using the available tools on your data collection system, find the values for the change 
in CO2 for the time that the plant was in darkness and in bright light. �(9.2) Record these values in Table 1.
Note:  When filling in Table 1, use a plus sign (+) to indicate a positive change and a minus sign (–) to indicate a negative change.  

Table 1: The change in the CO2 level inside the mini-terrarium in darkness and in light

	Light Condition
	Change in CO2 Level (ppm after 10 minutes)

	Darkness
	

	Light
	


Analysis Questions

1.
What happens to the level of carbon dioxide gas when the plant is in darkness? Why does this happen? 

2.
What happens to the level of carbon dioxide gas when the plant is in bright light? Why does this happen?

3.
Was there a greater change in the level of carbon dioxide in darkness or light? 

Synthesis Questions
Use available resources to help you answer the following questions.

1.
Which part of the activity shows the effect of cellular respiration on CO2 levels in the chamber? 
2.
What is meant by the term carbon cycle in this activity?
3.
Explain how photosynthesis and cellular respiration are dependent on one another.
4.
What happened to the carbon dioxide concentration in the sampling bottle when photosynthesis was occurring?

5.
If plants are able to photosynthesize, why do they also have to go through cellular respiration?

6.
Write a conclusion for this experiment based on the driving question, "Does the change in the level of carbon dioxide gas in a closed environment containing a plant differ under the conditions of darkness compared with bright light?"

Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
Which of the following are required for photosynthesis to occur?

A.
Light

B.
Chloroplasts

C.
CO2
D.
All of the above

2.
Cellular respiration can occur in a plant:

A.
In the light

B.
In the dark

C.
When oxygen is present
D.
All of the above

3.
When a bright light is turned on a plant, which reaction or reactions take place?

A.
Photosynthesis only
B.
Cellular respiration only
C.
Photosynthesis and cellular respiration

D.
Nothing
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4.
What is shown in the graph of CO2 concentration versus Time for a plant in a terrarium?

A.
Respiration only and then photosynthesis plus respiration
B.
Photosynthesis and then respiration

C.
Light-dependent reactions only

D.
Light-independent reactions only

Key Term Challenge
Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Word Bank.
1.
Photosynthesis consists of two types of reactions, ____________ and ____________. The light-dependent reactions of photosynthesis involve using light energy to split a water molecule into hydrogen atoms and ____________ atoms. The light-independent reactions in photosynthesis involve changing ____________ and hydrogen into organic molecules. While no light is necessary for the second part of the process to occur, ____________ is required to initiate the photosynthetic process.

2.
The reactants of photosynthesis are ____________, light, and ____________. The products are ____________ and ____________ gas. Plants release oxygen into the air as a by-product of ____________.
3.
The reactants of ____________ are ____________ and oxygen gas. The products are carbon dioxide, ____________, and ____________. Plants release ____________ gas into the air as a by-product of cellular respiration. 
Key Term Challenge Word Bank
	Paragraph 1
	Paragraph 2
	Paragraph 3
	

	carbon dioxide

electron transport chain 
energy

helium

Krebs cycle

light 

light-dependent

light-independent
oxygen

water 
	carbon dioxide

chlorophyll

glucose

H+
mitochondria 

oxygen 

sunlight

water

photosynthesis
	carbon dioxide

glucose 
hydrogen

oxygen

water

light

energy

cellular respiration
	


First, collect CO2 data in darkness











Make sure the sampling bottle is sealed by the CO2 sensor's stopper.











Use analysis tools to determine the change of concentration of CO2 gas.











Add the stems and attached leaves of a small plant to sampling bottle (mini-terrarium).











Next, shield the mini-terrarium with a large beaker or aquarium. Collect CO2 data in light.
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