Introduction:

Key Terms: Research the following terms involving seed development and use them to generate a specific purpose related to the rate of seed germination.  
Endosperm 

Seed coat

Embryo

Radicle

Cotyledon 

Purpose: Generate a specific purpose that addresses the following question. 
What affects the rate of seed germination in Mung beans? 

Possible Treatments:

· .1% Salt solution

· Acidic (pH 4) solution

· Basic (pH 9) solution

· Temp (hot or cold)

· Phosphorus & nitrogen solution 

Hypothesis:

Procedure:

1.) Using the top of a petri dish as a template, trace two circles on a piece of paper towel. 

2.) Use a metric ruler and pencil to draw a line across one of the circles on the paper towel about 3 cm from the top edge. (figure 1) 

-Label the bottom edge of the filter paper with the seed type, date, and name 
   of one member of your group. Don’t use pen, as ink will bleed when water
   is added. Cut out the circles
3.) Place the labeled paper towel in the top of the petri dish.

-Thoroughly wet the paper towel with tap water.

- For the experimental group, be sure to wet the paper towel with the  

     appropriate solution

4.) Use forceps to place 10 Mung bean seeds on the line you drew on the paper
         towel.

-Space the seeds out evenly across the line (figure 2).

- Place the other non-labeled moist paper towel over the mung beans to keep 
     them in place.

5.) Cover the seeds by inserting the smaller bottom half of the petri dish into the
      top.

6.) Carefully place the petri dish in the base of the 2-liter soft-drink bottle so that 
     the seeds are at the top and the petri dish is tilted slightly. There may 

     already be a tray set up from another class, so you can just add yours to it. 
-Make sure that none of the seeds have fallen from their original positions.

-Slowly add water to the soft-drink bottle base from the side until water 
    reaches a depth of about 2 cm (figure 3).

7.) Place the soft-drink bottle base under a fluorescent plant lamp. This is your 
       control group.  
8.) Repeat steps 1-7 with the other petri dish which will be your experimental 

     group. Be sure to change to protocol so that your experimental group has no 
     confounding variables. You will have to put this experimental group into a 
     different soft drink bottom.  

9.) After 24 hours, observe the germination of the seeds. If necessary, use the 
     hand lens and take photos. 

- Note the number of seeds that have a split seed coat, an emerging radicle, 

    cotyledons, or the appearance of root hairs for your control group.

- Record the information in data table 1.

- Repeat this step for the experimental group and record in data table 2.

Data Table 1: Number of Seeds of Control Group
	Time
	Split Seed Coat
	Radicle
	Root Hairs
	Cotyledon

	24 hrs
	
	
	
	

	48Hrs
	
	
	
	

	72 Hrs
	
	
	
	

	96 Hrs
	
	
	
	


Data Table 2: Number of Seeds of Experimental Group 
	Time
	Split Seed Coat
	Radicle
	Root Hairs
	Cotyledon

	24 hrs
	
	
	
	

	48Hrs
	
	
	
	

	72 Hrs
	
	
	
	

	96 Hrs
	
	
	
	


10.) Measure the length of radicles for each of the 10 seeds in millimeters and 

       record in data table 3. If a root hasn’t emerged from a seed, record it as 
       0mm.

- Calculate the average radicle length and record in data table 3.

- Repeat for experimental group and record in data table 4

- Repeat steps 9 and 10 for 3 more days.

Data Table 3: Radicle Length (mm) Control Group
	Time
	Seed 1
	Seed 2
	Seed 3
	Seed 4
	Seed 5
	Seed 6
	Seed 7
	Seed 8
	Seed 9
	Seed 10
	Average

	24 Hrs
	
	
	
	
	
	
	
	
	
	
	

	48 Hrs
	
	
	
	
	
	
	
	
	
	
	

	72 Hrs
	
	
	
	
	
	
	
	
	
	
	

	96 Hrs
	
	
	
	
	
	
	
	
	
	
	


Data Table 4: Radicle Length (mm) Experimental Group
	Time
	Seed 1
	Seed 2
	Seed 3
	Seed 4
	Seed 5
	Seed 6
	Seed 7
	Seed 8
	Seed 9
	Seed 10
	Average

	24 Hrs
	
	
	
	
	
	
	
	
	
	
	

	48 Hrs
	
	
	
	
	
	
	
	
	
	
	

	72 Hrs
	
	
	
	
	
	
	
	
	
	
	

	96 Hrs
	
	
	
	
	
	
	
	
	
	
	


11.) After the completion of the experiment, construct a graph on excel showing 
      the average radicle length for each observation period for your control and 
      experimental groups. 

12.) Generate data tables showing the growth characteristics recorded in data 

      tables 1 and 2 for both your control and experimental groups. If you took 

      photos, be sure to add them to you data tables as well. 
13.) Calculate the average growth rate of the radicles for the control group over 
       the four days by dividing the average length by the period of time. For 
       example:

40mm/ 96 hrs = .42 mm/hr
     -Repeat this step for experimental group

14.) Generate a data table to show the average rate of growth of radicles for 
       both the control and experimental groups. 

Results: 

Completed steps 11 through 14 go in this section.

Analysis/Conclusion: Be sure to address the following questions in your dissertation.
1. Was the hypothesis supported or rejected? Use multiple data sets to justify your decision.

2. Explain the results of the experiment. Why did the experimental group respond the way it did to the conditions you subjected your seeds to?

3. What are some further questions you could test that would help further your understanding of how your seeds behaved? 

The following questions should be answered on a separate sheet of paper prior to the dissertation day. The rest of this paper will act as a graphic organizer for notes on other group’s dissertations. 
4. Why did we use 10 seeds per group?
5. Seed germination is an energetically costly process for the developing embryo. Why was it not necessary to include soil or other nutrients in order to get the seeds to germinate and develop throughout the 4 day experiment?

6. Put the sequence of seed germination events in order using the following terms: radicle, cotyledon, split seed coat, root hairs. Explain why this sequence is necessary for successful seed germination.  

