	wrong
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	

	right
	55
	54
	53
	52
	51
	50
	49
	48
	47
	46
	45
	44
	43
	42
	41
	40
	39
	38
	37
	

	score
	100.0
	98.2
	96.4
	94.5
	92.7
	90.9
	89.1
	87.3
	85.5
	83.6
	81.8
	80.0
	78.2
	76.4
	74.5
	72.7
	70.9
	69.1
	67.3
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Seed Germination
Name


The effect of light on lettuce seed germination

A. Observation. Seeds of some species germinate in the light but do not do so well in the dark. The pigment phytochrome has two forms, Pr and Pfr, which absorb red and far-red light, respectively. Perhaps this pigment helps seeds detect the light.

B. Question. Do species requiring light to germinate use the phytochrome pigment to determine if they are in the light or darkness?

C. Hypothesis. Light-sensitive seeds do use the phytochrome pigment.

D. Prediction. If the hypothesis is true, then lettuce seeds placed in red light will germinate much better than seeds placed in darkness or far-red light. Moreover, seeds in far-red light should be particularly inhibited.

E. Experiment. Obtain four Petri Dishes from the supply and put one disc of filter paper in the bottom of each dish. Label the dish covers (and bottoms!) with the marking pen. The labels should include:  White Light      Red Light      Far-red light      Dark Control

Put 5 mL of distilled water in each dish, and obtain a square of aluminum foil so that you are ready to wrap the “dark” dish immediately. BE READY!
With your partner, carefully count out four groups of 50 lettuce (Lactuca sativa ‘Tango’) seeds. Of course the counts must be accurate, but WORK QUICKLY! Place one group of 50 seeds into each dish on top of the moist paper.

IMMEDIATELY wrap the "dark" dish in aluminum foil so that it is completely enshrouded. Place the "red light" dish under red filter with fluorescent lighting. Place the "far-red light" and the “dark control” dishes under red and blue filter with incandescent lighting.

After three days and ten days, count out the number of seeds germinating and calculate the percent germination. After three days, add 2.5 mL dH2O and move all the dishes of seeds into white light.

Raw Data

Do NOT put % calculated results here…just the raw data of total number germinated!):

	Initial treatment
	Total germinated after 3-days of initial treatment
	Total germinated over the 10 days (including after 7-days of followup white exposure). Also includes data in previous column!

	white light
	___ ___ of 50
	___ ___ of 50

	red light
	___ ___ of 50
	___ ___ of 50

	far-red light
	___ ___ of 50
	___ ___ of 50

	darkness
	___ ___ of 50
	___ ___ of 50


F. Analysis.  Using your Z-test spreadsheet (see page 4)

Use the data after three days of initial treatment to compare the dark control with:

	Treatment
	p-value

(between 0 and 1)
	Decision on

null hypothesis
	Treatment effect on

seed germination

	white light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits

	red light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits

	far-red light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits


Use all the data to compare the initial results (control) with the results after white-followup:

	Initial

Treatment
	p-value

(between 0 and 1)
	Decision on

null hypothesis
	Followup effect on

seed germination

	white light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits

	red light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits

	far-red light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits

	darkness
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits


Use the data after ten days (after 7-days of white light followup exposure) to compare the initial dark control group with those initially treated with:

	Initial treatment
	p-value

(between 0 and 1)
	Decision on

null hypothesis
	Initial treatment effect on

final seed germination

	white light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits

	red light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits

	far-red light
	__ . __ __ __
	reject   cannot reject
	stimulates   ineffective   inhibits


Note: ‘stimulates’ means treatment is statistically effective and germination is greater than in control

‘inhibits’ means treatment is statistically effective and germination is less than in control

The most seeds germinated in four days of:


 EQ \x(  red light      far-red light      darkness  ) 
The fewest seeds germinated in four days of:


 EQ \x(  red light      far-red light      darkness  ) 
The germination-simulating form of phytochrome is: 
 EQ \x(   Pr      Pfr   ) 
G. Decision. The hypothesis: “Light-sensitive seeds do use the phytochrome pigment”


is:   EQ \x(  rejected      not rejected  ) 
Questions

Defend the statement: "Lettuce seeds need light to germinate" using the data you obtained in laboratory.

Lettuce seeds do need light to germinate, because germination of seeds was 
 EQ \x(  greater    less  ) in the dark than in white light. Moreover, after three days of darkness, the ungerminated seeds were exposed to white light and
 EQ \x(  more    no more  ) germinated.

Condemn the statement: "Lettuce seeds need light to germinate" using the data you obtained in laboratory.

Lettuce seeds do not need light to germinate, because germination of seeds in the darkness was more than  EQ \x(  0      5%      in white light control  ).

Explain how you can tell whether far-red light had any effect.

Seed germination after four days in far-red light was  EQ \x(  greater      equal to       less   ) than in the control seeds, which were in   white light    red light     darkness  .

The failure of a seed to sprout could be due to the fact that its germination is indeed inhibited. But there is also a second possibility: perhaps the treatment does not inhibit seed germination directly, but simply kills the embryo. Such a situation would certainly not produce many germinating seeds either. In this exercise you exposed the seeds treated with far-red light to white light for an additional time and observed germination again. Present arguments for both possibilities.

Far-red light inhibits germination.

My evidence is that germination after white light exposure was...

Far-red light kills the embryo.

My evidence is that germination after white light exposure was...

Seed Germination in Crotalaria sagittalis
Untreated ______/50   Scarified ______/50   Z-test p=0.__ __ __   Significant:   yes   no
Statistical Analysis of Percent Germination in Experiments

The Z-test is appropriate for comparing the difference between two proportions in Excel™. Use the following instructions to create a spreadsheet that compares the percent germination of seeds in a treatment to its corresponding control. By saving the resulting file, it can be used to compare any lab experiments that generate percentage or proportion data. Apply this analysis to your project and include it in your report!

Setting up the areas on the spreadsheet:

In A1, type: Z Test for the Difference in Two Proportions

In A3, type: Data –and make it bold

In A4, type: Hypothesized Difference

In A5, type: Chosen level of ( -select a and select Symbol from formatting palette

In A6, type: Control –and make it bold

In A7 type: Seeds Germinated

In A8 type: Total Sample Size

In A9 type: Treatment –and make it bold

In A10 type: Seeds Germinated

In A11 type: Total Sample Size

In A13 type: Intermediate Calculations –and make it bold

In A14 type: Control Germination

In A15 type: Treatment Germination

In A16 type: Difference in Proportions

In A17 type: Average Proportion

In A18 type: Z-Test Statistic – and make it bold

In A20 type: Two-Tailed Test – and make it bold

In A21 type: Lower Critical Value

In A22 type: Upper Critical Value

In A23 type: p-value –and make it bold – double-click column separator

Inserting the formulas into the spreadsheet:

In B4 type: 0

In B5 type: 0.05

In B7 type the number of seeds germinating in your control

In B8 type the number of seeds sown in the control = 50

In B10 type the number of seeds germinating in your treatment

In B11 type the number of seeds sown in the treatment = 50

In B14 type: =B7/B8

In B15 type: =B10/B11

In B16 type: =B14-B15

In B17 type: =(B7+B10)/(B8+B11)

In B18 type: =(B16-B4)/SQRT(B17*(1-B17)*(1/B8+1/B11))
In B21 type: =NORMSINV(B5/2)

In B22 type: =NORMSINV(1-B5/2)
In B23 type: =2*(1-NORMSDIST(ABS(B18))) then set to 3 decimal places, make bold!
In A24 type: =IF(B23<$B$5,"Reject the null hypothesis","Do not reject the null hypothesis")

In A25 type: =IF(B23<$B$5,"Treatment Effective","Treatment Ineffective")

Save your spreadsheet for repeated use…enter data in B7 and B10 for any similar experiment
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