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Teacher Guide and Background Information
Student Lab Experiment 
What is the Effect of Nitrogen and Phosphorus on Algal Populations?
Lesson 3
This lab is designed to allow students to choose their own independent variable related to the presence of plant fertilizer (nitrogen/phosphorus) in order to predict, measure, and analyze the effect on algal density and growth rate.  Students will use the Student Design Plan sheet to help them plan and carry out their experiment.  All students should write a hypothesis once they have created their own experimental design. 
 Teachers should adapt the complexity of the lab based on the needs of their students.  An example procedure has been included for teachers looking for a more guided type of inquiry.
Background Information:
· Please see Where Do the Nutrients Go Lesson , Carrying Capacity Lesson, Making Air Out of Oceans Lesson, and Rating the Growth of Picophytoplankton Lesson  of this unit in order to gather additional background information.

· What is plankton? 

· http://goo.gl/hjb8Mb 

· Nutrient cycling

· http://goo.gl/YZ4XeS 

Teacher Preparation:
· Note:  Proper disposal of the algal cultures is important at the conclusion of this lab.

· Materials:

· Algal culture (Chlorella suggested)

· Carolina Science http://www.carolina.com/ 

· Frey Scientific http://www.freyscientific.com/
· Ward Science https://www.wardsci.com/store/


· Boiled tap water, if using Chlorella
· (alternately, if using pond water, filter through a 0.2 micron filter)

· Light source

· Test tubes with caps (9 for each group)

· 100 mL beakers (2 for each group)

· Pipettes

· Liquid plant fertilizer

· Wax pencils

· Spectrophotometer

· alternately, a light meter

Lab Procedure: (Below is an example of a procedure that the teacher may choose to have students that manipulates the concentration of plant fertilizer.):
Making the fertilizer solutions:
1. 10% fertilizer solution:

a. Add 5 mL of fertilizer and 45 mL of water to a 100 mL beaker.

b. Stir well and set aside.

2. 20% fertilizer solution:

a. Add 10 mL of fertilizer and 40 mL of water to a 100 mL beaker.

b. Stir well and set aside.

Setting-up the experiment:
1. Provide each lab group with nine test tubes.  Label the tubes as follows:

	Control
	10% Fertilizer
	20% Fertilizer

	C-1
	10-1
	20-1

	C-2
	10-2
	20-2

	C-3
	10-3
	20-3


2. Add the following to each of the three control test tubes:

a. 10 mL of water

b. 10 drops of algae culture

3. Add the following to each of the three 10% fertilizer test tubes:

a.  10 mL of 10% fertilizer solution

b. 10 drops of algae culture

4. Add the following to each of the three 20% fertilizer test tubes:

a. 10 mL of 20% fertilizer solution

b. 10 drops of algae culture

5. Put caps on the test tubes, invert the tubes 10 times each, and place them in a well-lit area on their sides where they will be undisturbed.

Collecting data:
1. Students should create a data table after the experiment has been set-up.

a. The data table below is an example of what students could use:

Table 1.  This table shows the growth of algae for the control test tubes.
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6. Measure the biomass (density) of the culture on a daily basis.

a. Use a spectrophotometer, if available.

i. Alternate method: use a flashlight and light meter (with a cone affixed to focus light) 

b. Make other qualitative measures as determined in the experimental design.

i. Record data in the following tables over a 1-2 week period:

Graphing data: Students should create a bar graph depicting biomass density (using the spectrophotometer or light meter measure) over time, for each trial sample. 
Analyzing data: Students should analyze their data to determine if nitrogen and phosphorus were limiting factors. Students should analyze their data to determine if any of the populations reached their carrying capacities. Students should be encouraged to take photographs of their samples to be used in their final displays.
Analysis Questions:
1. Students should determine the answer to the following questions and support their responses with evidence from the graphs:

a. Were nitrogen and phosphorus limiting factors in any of your algal samples? How do you know? (support with evidence).

b. Did any of your sample reach their carrying capacity? How do you know? (support with evidence).

Discussion and Communication: 
· Students should create displays (in hard copy or digital) of their data tables, graphs and photos. Once displays are posted around the rooms, students will take a Gallery Walk observing other student work with the goal of critiquing graphing format, drawing conclusions, and looking for trends in the data such as carrying capacity.

· Teacher will lead a discussion of graphical displays and conclusion results.

· Example teacher-led discussion questions:

· What did you notice about the graphs from other groups?  Were they similar to yours?  Were they different?  How were they different?

· Why might groups that had the same treatments get different results?  Is this a “bad” thing?

· What variables were or were not controlled for?  How might these variables influence class results?

· Did all groups use the same scale on their axes when graphing the data?  How might this influence the appearance of their graph?  Is this something important to control for when comparing class data?

· What other questions do you have after completing this lab?  Do you have ideas for future experiments?

Extensions:
· Engineering design question: Teachers may decide to allow students to determine non-electronic mechanisms to determine density of the algal populations, for example design of mini secchi disks to measure turbidity. 

· Teachers may decide to have students compare the bar graphs that they created from this lab to the graphs they created if they completed Part 2 of the What’s Growing On unit.
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