Scientific Inquiry – Using sensors to optimize seed germination conditions

Student name: ________________________________________________________________
Overview Over the next few weeks you will be applying the scientific process to understanding the germination process. As you and your teammates research and design       an plant pot (germination environment), you will monitor its growth with the help of electronic, wireless sensors that can very accurately measure temperature, humidity, light intensity and carbon dioxide levels. From the little information you will be given about your seed’s specific germination requirements, you will most likely experience little growth in the first attempt. 

In order to correct the original protocol, and hopefully get better germination results, you will need to review and think about not only your data but those of your classmates that will be posted on a common Google drive spread sheet (“2019 Econome - Using sensors to optimize seed germination conditions” ).
You (and your teammates) will graded in the following ways:
25% Team preparedness: I will briefly visit your group and ask questions regarding some aspect of the germination experiment. In addition, I will be looking for productive conversations and on-time, progress reports (data uploads to the (“2019 Econome - Using sensors to optimize seed germination conditions”).
25% Individual preparedness: Homework assignments, quizzes.

50% Individual report: See grading rubric for all of the elements that you will be graded.

Introduction Congratulations, you now own a farm! You were set on becoming a physician before inheriting a very profitable mustard farm from your great aunt & uncle. You still want to heal the masses one day but this sounds like the perfect detraction before entering medical school. The question is, can you muster the right resources to be a success?
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If you recall from the unit you just completed, one of the more important steps in scientific inquiry is observation and the willingness to adapt, especially when the results are not supportive of the hypothesis.

The first part of your new venture is to sow mustard seeds and nurture their germination.

Go to the table, following this page, to review and discuss with your teammates the variables you feel will produce the most effective germination conditions.

Homework to submit 

Student name: ___________________________________________________________

Before you start the experiment next week you should peruse these resources and familiarize yourself with the basic principles of germination and the role certain environmental factors play in the transformative growth of a seed into an adult, functionally photosynthesizing plant.
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Germination is the early growth process of an embryonic plant emerging from its seed. For      the first few days, the embryo is growing under the soil surface, in complete darkness!

1. Explain how the following ingredients, inside the seed, allow the embryo to grow.
         A. Polysaccharide-starch:

         B. Lipid-oil:

         C. Protein:

2. Explain how the following environmental factors (like the ones in your protocol),                  help the embryo to grow.
         A. Oxygen (seed depth in soil):

         B. Water:

         C. Fertilizer (nitrogen, phosphorus, potassium):

         D. Temperature

Quiz – Student name: _______________________________________________

1-2. List any 2 food stuffs from the seed and explain the roles they play during germination.
   1. _____________:

    2. _____________:

3-6. Explain how the following environmental factors (like the ones in your protocol),                  help the embryo to grow.
   3. Oxygen (seed depth in soil):

   4. Water:

   5. Fertilizer (nitrogen, phosphorus, potassium):

   6. Temperature

7. Why isn’t sunlight much of a factor during the germination process?

8. Temperature seems to be a big part of germination but how does it work? 

1st Experiment                                                                                                          Read basic germination information: The mustard plant (Brassicaceae) is a biennial that grows 1-3 feet with many branches. Leaves can reach 12 inches long, with bright yellow flowers clustered at stem tops. The fruit is an elongated, two-parted capsule that splits open at the base to release the seeds at maturity. Seeds are nearly round, and reddish-gray to black. This is an extremely adaptable plant, growing in sandy to heavy clay soils and tolerates a pH   5-9 range. It grows best in well-drained, moist soil, but may also grow in droughty conditions, moderate heat, and soils with low fertility. Although it grows best in full sun, it will grow in moderate shade. (Clark, A., editor. 2007. Managing cover crops profitably, National SARE Outreach Handbook Book 9.)
Design Protocol: After you have read the above passage and researched any additional literature, describing general germination conditions, you are to discuss with your teammates how you want to use the variables in the table listed below. Once you’re all in agreement, fill in the empty boxes to the right of each variable listed with a detailed description as to how you will implement each; this is your protocol! Be explicit so as to eliminate errors or misinterpretations.
	Temperature (Celsius)

	

	Fertilizer-N/P/K (ounces)


	

	Soil - wetness (#sprays, #days)


	

	Soil - seed depth (inches)


	

	Soil – number of seeds per pot


	

	Humidity (%)


	

	Light frequency                    (hours per day per week)
	

	Light intensity (luz)

	


Construct Mustard plant pot (germination experiment)
Review answers to the quiz you’ve just taken (and submitted worksheets) assemble 
into your assigned teams and discuss one last time the protocol you intend to use for the germination experiment; you may talk to other teams as well. 
Along with your finalized protocol, gloves, goggles, laboratory coat, start assembling your 
pot (one per team). All materials will be available at the teacher’s front desk or somewhere 
else in the laboratory room. Do not forget to label the pot with your team’s name.

Homework: Write a reflection of today’s experimental setup. Include a “Plan B” that 

describes possible alternative/s to your protocol if you do not get the desired result by day 7. 
Days 1, 3, … 10  Measure – germination conditions and growth parameters 
Use sensors (temperature, humidity, light intensity) to record germination conditions and metric rulers to record growth parameters (number of plants and leaves, stem size/s, total leaf surface area). Share out a summary of your germination protocol.

Germination conditions  place appropriate sensor on soil, by the sprouting plant and record your results for the next 3 minutes.
Growth results  measure total leaf surface area by tracing an outline of all the leaves onto graph paper (grid area = 1 cm2); see example below.

A) Measure carbon dioxide (CO2) by placing a transparent bag over leaves with sensors and record average CO2 value over 3 minutes; it should be lower than ambience. 
CO2 levels near plants = _________________  ppm.

Hallway (ambience) CO2 levels = _________________  ppm.

Measure this value using several locations and calculate overall average ambience CO2 levels (expect values near 405 parts per million or 0.1% of the atmosphere); no plants present.              
B) Measure total leaf surface area
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Hold graph paper (1-cm2 per grid) up against a leaf and trace its outline.

Count all squares within outline; include only whole and half squares but nothing smaller.

Add up all of these squares from the one leaf to calculate it’s surface area (cm2). In the example above, the leaf’s surface area = 13 cm2 and the total would be 130 cm2 if there 10 similarly sized leaves altogether; if not tally all of the individual leaf area values.
Plant’s total leaf surface area = ________ cm2.
Daily data (days 1-10) upload on an MS-Excel spreadsheet your team’s germination protocol conditions and daily growth data.
germination conditions                                      

                               soil           soil        seeds                             light           light                                team #    fertilize   wet           depth    per pot   temp   humid   frequency  intensity
	Econome
	___oz
	___oz/day
	   ___in
	___ in
	 ___C
	___%
	___hr/day
	___lux


daily growth results    

                                      stem                                            total leaf           CO2                        

  team #        #days       size/s       #plants     # leaves     surface area      absorption
	Econome
	1 
	___cm
	___
	___
	___cm2
	___ppm

	
	 4
	 
	
	
	
	

	
	10
	
	
	
	
	


Culminating data (days 1-10) upload on the Google drive spread sheet 
(“2019 Econome class data – exp 1 - germination conditions”) your team’s germination 
protocol conditions and culminating growth results.
germination conditions                                      

                               soil           soil        seeds                             light           light                                team #    fertilize   wet           depth    per pot   temp   humid   frequency  intensity

	Econome
	___oz
	___oz/day
	   ___in
	___ in
	 ___C
	___%
	___hr/day
	___lux


culminating growth results    

                                     stem                                            total leaf                                         

team #          #days      size/s       #plants     # leaves      surface area             
	Econome
	10
	___cm
	___
	___
	___cm2


2nd Experiment                                                                                                      Changes to the original protocol                                                                             You and your teammates should review make notes of the culminating data averages from your other teammates (Google drive spread sheet “2019 Econome class data – exp 1 - germination conditions”) and discuss the necessary changes. Once all in agreement, fill in the empty boxes to the right of each variable listed with a detailed description as to how you will implement each; this is your new protocol! Be explicit so as to eliminate errors or misinterpretations.

Along with your finalized protocol, gloves, goggles, laboratory coat, start assembling your terrarium (1 pot per team). All materials will be available at the teacher’s front desk or some where else in the laboratory room. Do not forget to label the pot with your team’s name.

Sensors: Measure and document temperature, humidity and light intensity for your plant pot.

Spend the next 10-15 minutes, before class ends, sharing out your germination protocol, highlighting what environmental factors you believe are key to your experiment’s success.

	Temperature (Celsius)

	

	Fertilizer-N/P/K (ounces)


	

	Soil - wetness (#sprays, #days)


	

	Soil - seed depth (inches)


	

	Soil – number of seeds per pot


	

	Humidity (%)


	

	Light frequency                    (hours per day per week)
	

	Light intensity (luz)

	


Days 1, 3, … 10  Measure – germination conditions and growth parameters 
Use sensors (temperature, humidity, light intensity) to record germination conditions and metric rulers to record growth parameters (number of plants and leaves, stem size/s, total leaf surface area). Share out a summary of your germination protocol, highlighting what environmental factors you believe will be key to your experiment’s success.

Germination conditions  place the appropriate sensor on soil, by the sprouting plant and record your results for the next 3 minutes
Growth results  measure total leaf surface area by tracing an outline of all the leaves onto graph paper (grid area = 1 cm2); see example below.




Hold a piece of graph paper (1-cm grid ) up against 

a representative leaf of your young pea plant and trace its outline.

Count the number of square centimeters within the outline; include all of the whole                        and half squares but nothing smaller.

Add up all of these squares from this one leaf to calculate it’s surface area (cm2).

In the example above, the leaf’s surface area = 13 cm2 and the total would be 130 cm2 
if there 10 similarly sized leaves altogether; if not tally all of the individual leaf area values.
Do not include stem (petiole) in your calculation.
Plant’s total leaf surface area = ________ cm2.

Daily data (days 1-10) upload on an MS-Excel spreadsheet your team’s germination protocol conditions and daily growth data.
germination conditions                                      
                               soil           soil        seeds                             light           light                                team #    fertilize   wet           depth    per pot   temp   humid   frequency  intensity

	Econome
	___oz
	___oz/day
	   ___in
	___ in
	 ___C
	___%
	___hr/day
	___lux


daily growth results    

                                      stem                                            total leaf                                         

  team #        #days       size/s       #plants     # leaves     surface area            
	Econome
	1 
	___cm
	___
	___
	___cm2

	
	 4
	 
	
	
	

	
	10
	
	
	
	


Culminating data (days 1-10) upload on the Google drive spread sheet      

(“2019 Econome class data – exp 2 - germination conditions”) your team’s germination   protocol conditions and culminating growth results.
germination conditions                                      
                               soil           soil        seeds                             light           light                                team #    fertilize   wet           depth    per pot   temp   humid   frequency  intensity

	Econome
	___oz
	___oz/day
	   ___in
	___ in
	 ___C
	___%
	___hr/day
	___lux


culminating growth results    

                                     stem                                            total leaf                                         

team #          #days      size/s       #plants     # leaves      surface area             
	Econome
	10
	___cm
	___
	___
	___cm2


Final Germination Report                                                                                        
Student name: ________________________________________________________________
Congratulations, you’ve just completed the scientific inquiry to understanding the germination process; you’ve used your imagination, observed, analyzed as well as discuss before making critical decisions (minus hours and hours of reading primary literature… oh well I digress). 
The final step is to communicate your results in a report by summarizing your data as well       as speculate about future experiments. Please include the following sections in your report:

1. Describe initial germination conditions and growth results over the first 10 days.
2. Assess the classes’ culminative data and justify your new germination protocol.
3. Discuss the new germination experiment’s results for days 12-19 (relative to class data).

4. Reflect on the flaws in your experimental setup and how they could be improved.

5. Describe a new experiment that you may want to conduct in the future; see template below. Keep in mind the following, all solid experiments are controlled.


Hypothesis:

Independent variable:

Dependent variable:

Experimental group/s:

Negative control group:
13 cm2 = 3+3.5+3.5+3





13 cm2 = 3+3.5+3.5+3








