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The time of year when plants exhibit the most growth is considered the growing season. Growing seasons vary around the world and are affected by many factors including temperature, elevation and distance from the equator. Another factor, often overlooked, is the amount of sunlight available during the year. The amount of solar radiation and the length of day affect the productivity of plants and crops. Due to axial tilt, the Earth receives different amounts of solar radiation at different times of the year resulting in what we experience as seasons. For example, when the north end of the Earth’s axis points toward the sun, the Northern Hemisphere experiences summer. At the same time, the south end of the axis points away from the sun and the Southern Hemisphere experiences winter. In winter there is less solar radiation and the day length is shorter while in the summer there is more solar radiation and the day length is longer. The amount of solar radiation received by the Earth at a given time is called insolation and the angle at which it strikes a particular location is the angle of insolation. These factors influence the types of plants that grow in different regions and the seasonal patterns in which they grow.
Figure 1
In this investigation, the position of the globe and a light bulb will be used to represent the sun and a Vernier PAR Sensor will be used to measure the amount of light that is available for photosynthesis at different latitudes and seasons. This will model the effect of solar radiation on the growing seasons of plants. 
OBJECTIVES

In this investigation, you will

· Model the amount of PAR distributed across the globe during different seasons.
· Explore the reasons for differing plant growth at different latitudes.

· Analyze the effect PAR can have on plant growth.

MATERIALS

Vernier LabQuest

Vernier PAR Sensor

light bulb

lamp

globe of the Earth

PROCEDURE

1.
Prepare the lamp (simulated sun).
a. Position the globe with the North Pole tilted away from the lamp.

b. Position the lamp so that it is 0.5 m from the globe

c. Position the bulb at the same height as the Tropic of Capricorn. Note: The sun is directly over the Tropic of Capricorn on of winter in the Northern Hemisphere. Refer to the image of the Earth on the right side of Figure 1.
d. Turn on the lamp. 

e. Allow the lamp to warm up if directed by your instructor.

2.
Set up the data-collection mode.
a. On the Meter screen, Tap Mode. Change the mode to Data Matrix.

b. Enter Name For Rows (Latitude) and Name For Runs (Season). 

c. Tap OK.

3.
Collect winter data.

a. Confirm the globe is correctly positioned to represent winter.

b. Start data collection.

c. Tap Add Season and enter winter, then tap OK.

d. Tap Add Latitude and enter –60°, then tap OK.

e. Tap Continue.

f. Place the PAR Sensor on the –60 latitude on the globe facing the light source. 

g. Once the reading has stabilized, tap to keep the value.
h. Tap Change.

i. Tap Add Latitude and enter –30°, then tap OK.

j. Repeat Steps e–h for Latitudes 0°, 30°, and 60°. 

k. Tap Stop.

4. 
Collect spring data.

a. Reposition globe so that it represents spring.
b. Start data collection.
c. Tap Add Season and enter spring then tap OK.

d. Select –60° from the Latitude drop down menu and tap Continue.

e. Place the PAR Sensor on the –60° latitude on the globe facing the light source. 

f. Once the reading has stabilized, tap to keep the value.

g. Tap Change then repeat Steps d–f for Latitudes –30°, 0°, 30°, and 60°. 

h. Tap Stop.

5. 
Collect summer data.

a. Reposition globe so that it represents summer.
b. Start data collection.
c. Tap Add Season and enter summer then tap OK.

d. Select –60° from the Latitude drop down menu and tap Continue.

e. Place the PAR Sensor on the –60° latitude on the globe facing the light source. 

f. Once the reading has stabilized, tap to keep the value.

g. Tap Change then repeat Steps d–f for Latitudes –30°, 0°, 30°, and 60°. 

h. Tap Stop.

6.
 Collect fall data.

a. Reposition globe so that it represents fall.
b. Start data collection.
c. Tap Add Season and enter fall then tap OK.

d. Select –60° from the Latitude drop down menu and tap Continue.

e. Place the PAR Sensor on the –60° latitude on the globe facing the light source. 

f. Once the reading has stabilized, tap to keep the value.

g. Tap Change then repeat Steps d–f for Latitudes –30°, 0°, 30°, and 60°. 

h. Tap Stop.

7.
 Enter the data into your data table.
DATA

	
	Seasonal PAR Values in PPFD (µmol m-2 s-1)

	Latitude

(°)
	Winter 
	Spring
	Summer
	Fall

	–60
	
	
	
	

	–30
	
	
	
	

	0
	
	
	
	

	30
	
	
	
	

	60
	
	
	
	


PROCESSING THE DATA

1.
How does PAR change at the equator for each season? Explain. 
2.
During which season is the sunlight more direct in the Northern Hemisphere? In the Southern Hemisphere? Explain.

3. 
What is the greatest change in PAR you see between latitudes over the course of a year?

4.
What would happen to the distribution of sunlight if the Earth were tilted more than 23.5 degrees?

5.
As you move the globe from its winter position to its summer position, the part of the globe closest to the bulb changes. Describe how it changes.

6.
Why does the amount of sunlight affect what types of plants can grow in certain areas?

7. 
What other factors can affect the types of plants that grow in different areas?

EXTENSION

Measure the angle of insolation
1.
Position the globe for winter (in the Northern Hemisphere) data collection.

a. Turn the globe to position the North Pole (still tilting away from the lamp), your location, and the bulb in a straight line.

b. Cut a piece of string 20 cm long.

c. Use the string to position your location on the globe 20 cm from the bulb. Note: Do not turn on the lamp.
2.
Measure the angle of insolation.

a. Tape the 20 cm string from your location on the globe to the center of the end of the bulb.

b. Tape another piece of string from the Tropic of Capricorn to the center of the end of the bulb. This string should be taught and parallel to the table. Use only as much of the string as needed. 

c. Use a protractor to measure the angle between the strings.

d. Record the angle.

e. Remove the tape and string from the bulb and globe.

Advanced EXTENSION

Model solar declination by using the Vernier PAR Sensor and the globe to simulate the change of the sun’s angle around the equator over a year.
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