Radish Plants Data Table: 

	Column 
	A
	B
	C
	D
	E
	F
	G
	H - OPTIONAL

	
	Average biomass* of one seed (g)
(seeds have very little water)
	# of plants harvested and 
massed out

	Biomass(g) of seeds
(seeds have very little water)
	* Mass (g) of plants = Green Mass
*Includes carbon compounds  and H20 
	Biomass (g) of plants.
(carbon compounds – no H20)
	% Change in biomass from seeds to harvested plants
	Approximate mass (g) of carbon stored in harvested plants
	% change in mass (g) from seeds to  plants

	
	
	
	
	
	
	
	
	

	Calculations

Needed  
	Mass (g)of 100 seeds divided by 100
(done by class)

	
	A x B
	
	D x .50 

Green mass  x  .50
(approximately 50% of plants is carbon compounds. The rest is H20 
	E  − C  ÷  C   x   100

Biomass of harvested plants - biomass of seeds ÷  biomass of seeds   x 100  = % change in biomass

	D    x   .40 

Approximately 40% of plant biomass is carbon 
	Can you figure this one out on your own?

	
	
	
	
	
	
	
	
	

	Control Plants


	0.01 g

(see below*)




	5
	0.01g x 5 = 

0.05g
	9.650 g

(This is a direct measurement)  
	9.650 g x .50 = 4.83 g
	4.83g – 0.05 ÷ 0.05 x 100 = 

9560% Change in biomass
	9.650 g x .40 =

3.86 g of carbon in the plants
	

	
	
	
	
	
	
	
	
	

	CO2 enhanced plants sprayed with Cal Carb
	0.01 g
	5
	0.01 g x 5 = 0.05 g
	10.065 g

(direct measurement)
	10.065 x. 50 = 

5.03 g
	5.03g – 0.05 g  ÷ 0.05 g x 100  =

9960 % change in biomass
	10.065 g x. 40  =

4.03 g of carbon in the plants
	

	
	
	
	
	
	
	
	
	

	Nutrient deficient plants (no fertilizer)

	0.01 g
	4

(only 4 could be measured)
	0.01g  x 4 = 0.04 g
	1.242 g 
	1.242 g x .50 = 

0.62 g
	0.62 g – 0.04 g ÷ 0.04 x 100 = 

1450 % change in biomass
	1.242g x .40 =

0.50 g
	



The mass of 100 radish seeds were  0.925 g  thus an average seed = 0.00925g  rounded off to 0.01 g

This data is from radish plants that had formed small radish bulbs. (approximately 3.5 weeks from seed to radish bulb) You will probably harvest  your plants sooner so your numbers may be smaller.

It is important to explain  what % change means.  A good example is to use an example like this:

John got a salary increase of  2 dollars per hour.  Betty got a salary increase of 3 dollars per hour.  Who received the better salary  increase?  Many kids will impulsively  say Betty.  If you then tell them that  John was working at 10 dollars per hour  and  Betty was working at 25 dollars per hour.  Have them do the % change calculations and then compare.  The value of % change is that it allows us to compare growth in the three conditions – the control, enhanced CO2 and no fertilizer groups. 




If you see a smaller % change in biomass for your calcarb enhanced plants, you will need to discuss sources of error.  
Examples
· They didn’t shake the calcarb solution before they sprayed
· They didn’t spray the underside of the leaves 

The plants in the nutrient deficient bottle  grow quite well in the beginning because seeds and sprouting plants have their own nutrients packaged in them.   When these run out,  plant growth (which needs photosynthesis and respiration) slows down and eventually ceases. 
If you run the experiment too long, these group of plants can be quite desiccated  so the column G  may be underrepresenting the actual amount of carbon, but not by much. 


1. Graph your % change in Biomass  for the  1. control, 2. No Fertilizer, and 3. No Fertilizer – Enhanced with CalCarb groups.  Also graph the amount of carbon  sequestered (g) in each one of those groups.  Your teacher may  ask you to put these two sets of data on two separate  graphs or both on an  X-YY graph.  Note: Your teacher may want you to  combine your data in a class data table and then graph the class data.  This really works best if groups combine their data for a class data table. 

2. Use your graphs to answer the research question in a conclusion. 

Research Question: 
Is the ability of radish plants to sequester carbon limited by soil nutrients such as nitrogen, phosphorus and magnesium? 

Experimental Design.
Radish seedlings will be planted in three different experimental conditions.  
After approximately two weeks of growth,  3-5 of the healthiest plants from each  bottle will be  harvested and massed to determine the  GREEN MASS  and BIOMASS of the plants.  Then, % change in biomass and the approximate amount of carbon sequestered will be calculated and graphed. 




Stop and Think: 

1.  What evidence do you have from the  plant experiment that carbon has moved  from one carbon reservoir to another? What are those two carbon reservoirs?  There are simple and more complex ways they could answer this question.  

 The % increase in biomass (and the % increase in carbon (optional- Column H) both indicate that the plants gained biomass which is made of carbon compounds  derived  from CO2 and water during photosynthesis.  There fore the carbon moved from the atmosphere in the form of CO2 into the plants and was converted by the plants into carbon  compounds it used to build its roots, stems, leaves etc.  Thus, carbon moved from the atmosphere to the biosphere. 
There was no carbon in the water, vermiculite mix or nutrients so they only place carbon  could come from is the atmosphere


2.  What evidence do you have that the plants have been sequestering carbon as they have grown. 

In  two basic ways:

Difference of biomass between the seed and the harvested plants. 
% change in biomass
 
If they do the optional column H, they would have to determine the grams of carbon in the seeds (biomass of seeds x. 40). They could then say that the plants added a specific amount of carbon.  They could also determine the % change in carbon from seed to plant. 

3.  Describe the role of photosynthesis in carbon sequestration in plants.   
Photosynthesis absorbs CO2 from the atmosphere and H2O brought up by the roots  to make carbon compounds such as proteins,  carbohydrates, oils and fats.    Some CO2 is respired back to the atmosphere as part of the respiration process.   The remaining carbon compounds  are used to build the cells and tissues of the plant’s leaves, branches, stems, flowers, roots etc.  In this way, plants become a storehouse of carbon.

4.  Many people hope that forests will be able to remove enough CO2 from the atmosphere to mitigate the effects of increasing anthropogenic (human-made) CO2 emissions on global temperature.  Based on your results from your experiment and your conclusion,  what impact could  the availability of nitrogen in the soil have on the  ability of  forests  to sequester carbon?   
Students should clearly see that a lack of nutrients limit plant growth.  Although plants can absorb increasing amount sof CO2 (as evidenced by the calcarb data,  increased photosynthesis and plant health is limited by available nutrients such as nitrogen, phosphorus. 
You may want to show them j-mol molecules of DNA and proteins and point out the nitrogen atoms in these molecules. 

Biology teachers may want to think about letting the plants grow until radish bulbs form and then test for presence of carbohydrates, proteins and fats.  


[bookmark: _GoBack]
Extra research:

Some individuals and governments  believe that reforestation is the most effective solution to sequestering carbon.  To offset high carbon dioxide emissions, they  have grown “tree plantations.”    Research at least three sources that outline the pros and cons of this issue and report out to classmates

Some students may have chosen these as their research project in Lab 3-C.  If you ensure that some students take this on, they can become experts in a class discussion. 
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