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Problem Statement

For the new homeowner, it is not clear on what the best method of growing a successful winter lawn is.  When entering the local Home Depot, there are many choices of grass seed and fertilizer. Also, the watering plan used on a newly planted winter lawn varies by whom you talk to.  A lack of a clear process makes it difficult for the new homeowner to decide what is necessary to grow a winter lawn successfully.  Three major factors that are ‘said’ to be significant in growing a winter lawn include: the grass seed used, the type of fertilizer used and the watering technique that is applied.  An experiment will be performed to determine the best combination of these factors to use in the planting a winter lawn.    The experiment will also be used to determine if any or all of these factors are significant in the success of the winter lawn.  

Choice of Factors, Levels and Range

The experiment will be a 3 level factorial.  Each factor will be tested at 2 levels.  The experiment will be replicated three times giving a total of 24 runs.  The experimenters felt that a power of 99.6% at 2 standard deviations was sufficient for the experiment.  The power was calculated by using Design-Expert (Table 1).  








                Power
 at 5 % alpha level for effect of
 
        Term
       StdErr**
          VIF
Ri-Squared
  1/2 Std. Dev.
   1 Std. Dev.
    2 Std. Dev.

 Block 1
0.20




 A
0.20
1.00
0.0000
21.1 %
63.3 %
99.6 %

 B
0.20
1.00
0.0000
21.1 %
63.3 %
99.6 %

 AB
0.20
1.00
0.0000
21.1 %
63.3 %
99.6 %

 AC
0.20
1.00
0.0000
21.1 %
63.3 %
99.6 %

 BC
0.20
1.00
0.0000
21.1 %
63.3 %
99.6 %

 ABC
0.20
1.00
0.0000
21.1 %
63.3 %
99.6 %

**Basis Std. Dev. = 1.0
Table 1: Power at 5% alpha
Each run will be a 1’ by 1’ plot of land utilizing a specified combination of factor levels determined by Design Expert. . 

The factors include type of fertilizer, type of grass seed and watering technique.  For fertilizer, the team will use an average fertilizer (lower cost and nitrogen content) and higher quality fertilizer (higher cost and higher nitrogen content).  The grass seed will be varied in terms of seed type: annual rye and perennial rye.  The perennial rye is said to grow a greener and lusher lawn but has a higher cost.  Finally, watering technique will consist of 2 different watering schedules.  The first watering technique will utilize a sprinkler for a duration of 2 minutes, 3x a day, until germination (7-10 days).  Then the sprinkler time will be adjusted to a duration of 2 minutes, 2x a day for a week.   The second watering technique will utilize a sprinkler for a duration of 6 minutes, 3x a day, until germination (7-10 days).  Then the sprinkler time will be adjusted to a duration of 6 minutes, 2x a day for a week.  The factors and levels are summarized in the Table 2.

	Factor Description
	Levels

	Type of Fertilizer
	 - Scotts Starter 20-27-5

+ Ultra Vigoro 31-2-4

	Type of Seed
	- Annual

+ Perennial

	Watering Technique
	- Technique 1 (less water)

+ Technique 2 (more water)


Table 2: Factor Summary

Some of the uncontrollable factors and nuisance variables include climate, elevation differences, soil differences and nature.  Climate includes rainfall, temperature and sun exposure.  These are factors that are out of control of the experimenters.  It is assumed that each block of the yard will receive the same amount of rainfall, reach the same temperature and receive the same sun exposure.  If it does rain, the watering technique will not be adjusted.  Elevation differences again cannot be avoided.  When beginning the experiments, the group will attempt to level the ground.  This will eliminate large differences in elevation, but small differences cannot be avoided.  In the same respect, the team thoroughly mixing and tilling the soil will eliminate large soil differences.  The soil will not have the same mixture or nutrients throughout and that cannot be avoided.  Finally, nature is completely uncontrollable. Nature includes the climate already mentioned, but also bird interference and insect interaction.  It is assumed that the birds will equally affect all the plots and insects will be evenly distributed over all the plots. 

Selection of the Response Variable

The responses in the experiment include greenness, length of the grass, and density.  These factors were selected because having very green grass, grass that grows and high coverage are important to the average homeowner.  The greenness will be a qualitative measurement and requires taking blades of grass and comparing them to paint sample cards.  The actual paint samples used in the experiment are provided in the Appendix (Hard Copy Only).  The paint sample cards will be ranked numerically prior to the start of the experiment in order from less green to greenest.  The experimenters will perform the ranking and comparing of the grass color.  The length of the grass will be measured quantitatively.  Individual blades of grass will be measured in inches using a ruler.  Finally, the density of the grass or the coverage area will be examined.  Taking a small 1” by 1” area and counting the number of blades of grass in that area will measure the coverage.  A cookie cutter type object will be used to acquire the sample.  

All measurements will be performed a week from germination which is about 7 to 10 days from planting.  Five measurements will be taken for each response per run (5 * 3 * 24 = 360).  The average of the five measurements will be used as the value for each response within each run.  The location of the measurements will be taken in the same locations for each response within each run.  One measurement will be done at each of the four corners of the plot, one inch diagonally from the corner of the plot.  The fifth measurement will be done at the geometric center of the plot.    

Choice of Experimental Design

Our experiment will be designed using a section of one our team member’s lawn.  The plot we will be using is approximately 250 square feet (10 feet by 25 feet).  The design used is a 23 factorial design with 3 replicates.
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Figure 1:  Lawn Plot
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Table 3:  Random assignments of experimental trials

Because of our plentiful size lawn lot, we are separating each plot into 1’ by 1’ segments.  This will allow us to cover the seed and fertilizer evenly and we will be able to segregate each of the plots to avoid mixture of seed and fertilizer combinations.  The method of watering will cause the watering technique factor to be co-founded.  This will cause the plots to be evenly separated by watering technique (Figure 1).  The remaining plot locations will be randomly located with the help of Design-Expert.  

Utilizing our Design Expert software, we will be able to input our Fertilizer, Seed, and Water parameters to determine our Experimental design.  With our experimental objective in mind, planting our winter lawn, we now have an experimental procedure to carefully perform our experiment.

Performing the Experiment

When setting up the experiment, the team segregated the area into two sections.  One section would be used for watering schedule 1 and the second for watering schedule 2.  The soil was tilled and mixed up to prevent inconsistency in the soil mixture.  Then, plots of land were sectioned into 1’ squares.  Once all the plots were sectioned off, the team systematically laid down the fertilizer and seed.  An 1/8 cup of fertilizer was used on each plot and spread evenly.  Then 1 cup of seed was used for each plot and again spread evenly.  After laying down the fertilizer and seed, the team covered both with 1 cup of topsoil to prevent the seed from getting washed away or eaten by the birds.  Each section was watered according to their respective watering schedules.  A picture of the experiment on day zero is provided in Figure 2.
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  Figure 2: Picture of Experiment on Day Zero 
One problem that the team ran into is that the weather did not cooperate with the experiment.  During the experiment, there were days when the watering could not be completed due to the soil being saturated with water from the rainstorms.  Luckily grass was able to grow and the plots were still in tact after all the rain.  The rainy days may invalidate any results with respect to the watering response.
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The team took the final measurements one week after germination.  A picture of the experiment on the day of the measurement taking is provided on Figure 3.  

Figure 3: Picture of Experiment on Day of Measurement Taking
Five replicates were taken off of each plot for each of the responses.  There was one measurement taken at 1” from each of the corners and at the center of the plot.  The measurements were taken in the same order for all samples.  The order of the measurements is in Figure 4.  
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Figure 4:  Measurement Order
The average of the five measurements are what we entered into Design Expert to analyze the results.

Statistical Analysis of the Data

Using ANOVA in Design Expert the significant factors for the density response include B (type of seed), C (watering technique) and the BC interaction.  These were determined using the Half Normal Plot shown in Figure 5.
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Figure 5:  Half Normal Plot for the density response

Upon looking at the Normal plot of the residuals in Figure 6, we concluded that it was necessary to perform a transformation because the plot exhibited some curvature. 
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Figure 6:  Normal plot of residuals for density response with no transformation.

We choose to use the natural log transformation.  With this transformation, the significant factors include B (type of seed) and C (watering technique).  The half normal plot is shown in Figure 7.
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Figure 7:  Half Normal plot for the transformed density response.
 The ANOVA show in Figure 8 confirms that B and are significant that 0.05 level of significance.




Response:
Response 1
Transform:
Natural log
Constant:
0

        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]

                      Sum of
                      Mean                           F


Source          Squares                      DF                     Square                Value
                Prob > F

Model           14.23
2
7.12
78.29
< 0.0001
significant


B
12.64
1
12.64
139.11
< 0.0001

C
1.59
1
1.59
17.47
0.0004

Residual
1.91
21
0.091

Lack of Fit
0.42
5
0.085
0.91
0.4981
not significant

Pure Error
1.49
16
0.093

Cor Total
16.14
23


The Model F-value of 78.29 implies the model is significant.  There is only

a 0.01% chance that a "Model F-Value" this large could occur due to noise.

Figure 8:  ANOVA for the transformed density response

The regression equation is as follows:  

Ln (density response) = 3.50939 + 0.72584 *Type of Seed + 0.25719* Watering Plan

The normal probability plot of the residuals indicates that the normality assumption is not violated.  In addition, the other residual plots indicate that the variability is constant between levels.  All the residual plots are shown in Figure 9. 
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Figure 9:  Residual plots for transformed density response

The One Factor Plot (Figure 10) indicates that using Perennial Rye grass at the high level will result in a higher density of grass as will the higher watering plan.
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Figure 10:  One Factor Plot for the transformed density response 
The same sorts of techniques were used in analyzing the grass length response.  For the grass length response there was no need to do a transformation.  By looking at the Half Normal Plot and confirming with the ANOVA table, the significant factor is B (type of seed) at the 0.05 level of significance.  The Half Normal Plot and the ANOVA table are shown in Figure 11.
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Response:
Response 2

        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of
                 Mean
                        F


Source
Squares        DF               Square                Value

Prob > F

Model                 6.18
1
6.18
143.98

< 0.0001                        significant

   B
                         6.18
1
6.18
143.98
                              0.0001
   Residual
              0.94
22
0.043
   Lack of Fit
          0.24
6
0.040
0.89               

   0.5221                  not significant
   Pure Error
         0.71
16
0.044
   Cor Total
            7.12
23


The Model F-value of 143.98 implies the model is significant.  There is only

a 0.01% chance that a "Model F-Value" this large could occur due to noise.

Figure 11 Half Normal Plot and ANOVA for grass length response

The regression equation for calculating grass length is as follows:

 Grass Lenth   = 1.58854 - 0.50729 *  Type of Seed

The residual plots do not show any violation of assumptions.  By looking at the One Factor Plot (Figure 12) for the grass length response, the response indicates that the length of grass is higher when using the Annual Grass seed.
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Figure 12:  One Factor Plot for grass length response


For the last response, greenness, there was no transformation required on the data.  For this response, factors B (type of seed) was significant at a 0.05 level of significance.  This is confirmed in the Half Normal plat and ANOVA table shown in figure 13.
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Response:
Response 3

        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]

                        Sum of
                      Mean                           F

Source                Square                     DF                     Square                 Value
                   Prob > F
Model
                 1.31
1
1.31
7.10
0.0141
significant

B

1.31
1
1.31
7.10
0.0141

Residual
4.05
22
0.18

Lack of Fit
0.93
6
0.15
0.79
0.5894
not significant

Pure Error
3.12
16
0.19

Cor Total
5.35
23


The Model F-value of 7.10 implies the model is significant.  There is only

a 1.41% chance that a "Model F-Value" this large could occur due to noise.

Figure 13:  Half Normal Plot and ANOVA for greenness response

The regression equation for the greenness response is as follows:

Greeness  =  4.41667 + 0.23333 * Type of Seed

The residual plots do not show any violation of assumptions.  By looking at the One Factor Plot (Figure 14) for the grass length response, the response indicates that the level of greeness is higher when using the Perennial Grass seed.
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Figure 14:  One Factor Plot of the greenness response

Conclusions & Recommendations

In conclusion the model for How to Plant a Winter Lawn was significant.  In particular the type of seed and the watering plan effected the responses.  For higher density of grass, the type of fertilizer does not matter, the perennial grass seed should be used and the higher water plan.  To maximize grass length one should use annual grass seed and the fertilizer and watering plan do not matter.  Finally if interest only in level of greenness one should use the perennial grass seed and the type of fertilizer and watering plan does not matter.  There is a conflict in objectives because the density and greenness desired responses depend on the perennial grass seed while the length of the grass depends on the annual grass seed.  Each individual lawn owner would need to decide which he or she prefers:  greener more dense grass or longer grass.  Common sense would say that the owner would want a greener and more dense lawn that doesn’t have to be mowed that frequently.  However, this type of lawn would be at a higher cost.  By performing this experiment we were able to conclude that the type of fertilizer does not affect the density, greenness or length of the grass.  For a future lawn experiment, it would be necessary to compare the result of a plot with fertilizer against one that did not use fertilizer at all.   But, before that is completed we at least know it does not matter what type of fertilizer is used.  Therefore, a homeowner can use a lower cost fertilizer.  The watering technique is only important when it comes to density.  This portion of the experiment would be interesting to redo because the results may come out differently when you take away all the rain that occurred during the middle of the experiment.  The rainfall caused the plots to flood that may have moved the seed within the plot.  In summary, the team recommends that a homeowner use perennial grass seed, a lower cost fertilizer and the high watering technique.    

DETAILED DATA SHEETS

(Appendix A)

Summary Experiment Plot Data

	Plot 1
	# of blades
	height (in)
	color
	
	Plot 5
	# of blades
	height (in)
	color

	 
	6
	0.875
	4
	
	 
	17
	1 3/4
	4

	 
	70
	1
	4
	
	 
	9
	2 1/2
	4

	 
	8
	1.125
	4
	
	 
	28
	2 1/2
	5

	 
	40
	1.375
	4
	
	 
	23
	1 3/4
	5

	 
	42
	1.25
	4
	
	 
	19
	2
	5

	average
	33.2
	1.125
	4
	
	average
	19.2
	2.1
	4.6

	
	
	
	
	
	
	
	
	

	Plot 2
	# of blades
	height (in)
	color
	
	Plot 6
	# of blades
	height (in)
	color

	 
	18
	2 1/4
	5
	
	 
	4
	1 3/4
	4

	 
	9
	2 1/2
	5
	
	 
	0
	0
	0

	 
	23
	2 1/2
	5
	
	 
	8
	1 3/4
	4

	 
	7
	2 1/4
	5
	
	 
	18
	2 3/4
	5

	 
	5
	2
	4
	
	 
	3
	1 1/2
	4

	average
	12.4
	2.3
	4.8
	
	average
	6.6
	1.55
	3.4

	
	
	
	
	
	
	
	
	

	Plot 3
	# of blades
	height (in)
	color
	
	Plot 7
	# of blades
	height (in)
	color

	 
	10
	2
	3
	
	 
	33
	1 1/4
	4

	 
	19
	2
	3
	
	 
	41
	1 1/4
	5

	 
	7
	2
	3
	
	 
	39
	1 1/4
	4

	 
	11
	2 1/8
	4
	
	 
	34
	1 1/4
	4

	 
	22
	2 1/2
	3
	
	 
	59
	1
	5

	average
	13.8
	2.125
	3.2
	
	average
	41.2
	1.2
	4.4

	
	
	
	
	
	
	
	
	

	Plot 4
	# of blades
	height (in)
	color
	
	Plot 8
	# of blades
	height (in)
	color

	 
	41
	0.75
	5
	
	 
	44
	1
	4

	 
	23
	1 1/4
	4
	
	 
	6
	0.625
	4

	 
	57
	1 1/2
	5
	
	 
	53
	1
	4

	 
	61
	1 1/2
	5
	
	 
	48
	1
	4

	 
	77
	1
	5
	
	 
	102
	0.875
	5

	average
	51.8
	1.2
	4.8
	
	average
	50.6
	0.9
	4.2


	Plot 9
	# of blades
	height (in)
	color
	
	Plot 13
	# of blades
	height (in)
	color

	 
	5
	1 7/8
	4
	
	 
	9
	1 3/4
	4

	 
	8
	2
	4
	
	 
	33
	2 1/2
	5

	 
	11
	2
	4
	
	 
	22
	1 1/2
	5

	 
	25
	2 1/4
	4
	
	 
	19
	2
	5

	 
	18
	1 7/8
	4
	
	 
	21
	2
	5

	average
	13.4
	2
	4
	
	average
	20.8
	1.95
	4.8

	
	
	
	
	
	
	
	
	

	Plot 10
	# of blades
	height (in)
	color
	
	Plot 14
	# of blades
	height (in)
	color

	 
	9
	2
	4
	
	 
	104
	1 1/8
	5

	 
	17
	1 1/4
	4
	
	 
	70
	 3/4
	4

	 
	33
	2 1/2
	5
	
	 
	65
	1 1/8
	4

	 
	23
	2
	4
	
	 
	82
	 7/8
	5

	 
	19
	1 1/2
	5
	
	 
	53
	0.625
	5

	average
	20.2
	1.85
	4.4
	
	average
	74.8
	0.9
	4.6

	
	
	
	
	
	
	
	
	

	Plot 11
	# of blades
	height (in)
	color
	
	Plot 15
	# of blades
	height (in)
	color

	 
	82
	1
	4
	
	 
	11
	1 1/2
	4

	 
	35
	1 3/8
	4
	
	 
	12
	2 1/2
	4

	 
	125
	1
	5
	
	 
	3
	1 7/8
	3

	 
	47
	1 1/4
	5
	
	 
	47
	2    
	5

	 
	38
	 1/2
	5
	
	 
	16
	2    
	5

	average
	65.4
	1.025
	4.6
	
	average
	17.8
	1.975
	4.2

	
	
	
	
	
	
	
	
	

	Plot 12
	# of blades
	height (in)
	color
	
	Plot 16
	# of blades
	height (in)
	color

	 
	61
	0.75
	4
	
	 
	39
	1.00
	5

	 
	83
	0.875
	5
	
	 
	144
	 7/8
	5

	 
	60
	1 1/4
	5
	
	 
	76
	1 1/8
	5

	 
	91
	0.75
	4
	
	 
	110
	1 1/4
	5

	 
	28
	0.75
	5
	
	 
	87
	0.75
	5

	average
	64.6
	0.875
	4.6
	
	average
	91.2
	1
	5


	Plot 17
	# of blades
	height (in)
	color
	
	Plot 21
	# of blades
	height (in)
	color

	 
	136
	1 1/4
	5
	
	 
	27
	2 1/2
	4

	 
	63
	 7/8
	5
	
	 
	19
	2 1/8
	4

	 
	35
	1    
	5
	
	 
	13
	2 1/8
	3

	 
	69
	 7/8
	5
	
	 
	21
	2 1/4
	5

	 
	78
	1 1/4
	5
	
	 
	23
	2 1/8
	5

	average
	76.2
	1.05
	5
	
	average
	20.6
	2.225
	4.2

	
	
	
	
	
	
	
	
	

	Plot 18
	# of blades
	height (in)
	color
	
	Plot 22
	# of blades
	height (in)
	color

	 
	9
	1 3/4
	4
	
	 
	13
	2 1/2
	4

	 
	14
	2 1/4
	4
	
	 
	17
	2 3/4
	4

	 
	49
	2 3/8
	4
	
	 
	24
	2 1/2
	4

	 
	14
	2 1/4
	4
	
	 
	14
	2
	4

	 
	7
	2 1/4
	4
	
	 
	13
	2 1/2
	4

	average
	18.6
	2.175
	4
	
	average
	16.2
	2.45
	4

	
	
	
	
	
	
	
	
	

	Plot 19
	# of blades
	height (in)
	color
	
	Plot 23
	# of blades
	height (in)
	color

	 
	197
	1 1/2
	5
	
	 
	23
	0.875
	4

	 
	160
	1 1/2
	5
	
	 
	98
	1 1/4
	4

	 
	138
	1 1/4
	5
	
	 
	107
	1 1/2
	5

	 
	205
	1    
	5
	
	 
	89
	1 1/4
	5

	 
	209
	1 1/8
	5
	
	 
	102
	1 3/8
	5

	average
	181.8
	1.275
	5
	
	average
	83.8
	1.25
	4.6

	
	
	
	
	
	
	
	
	

	Plot 20
	# of blades
	height (in)
	color
	
	Plot 24
	# of blades
	height (in)
	color

	 
	65
	1 1/4
	5
	
	 
	28
	2 1/2
	5

	 
	108
	0.75
	5
	
	 
	21
	2 1/2
	5

	 
	94
	1 1/4
	5
	
	 
	16
	2 1/2
	4

	 
	110
	1 1/8
	5
	
	 
	43
	2 3/4
	5

	 
	115
	1 1/2
	5
	
	 
	11
	2
	4

	average
	98.4
	1.175
	5
	
	average
	23.8
	2.45
	4.6


DETAILED DATA SHEETS

(Appendix B)

Green Response Templates
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DESIGN-EXPERT Plot







Density Response







X = B: Grass Type







Actual Factors







A: Fertilizer = 0.16







C: Watering Plan = 0.00
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B: Grass Type







Ln(Response 1)
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Grass Length Response 
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DESIGN-EXPERT Plot







Greenness Response







A: Fertilizer
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Half Normal plot







Half Normal % probability
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_1037445429.doc


DESIGN-EXPERT Plot
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B: Grass Type







Response 3







One Factor Plot
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Actual Factors
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C: Watering Plan = 1.00







-1.00







-0.50







0.00







0.50







1.00







0.875







1.26875







1.6625







2.05625







2.45
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DESIGN-EXPERT Plot







Density Response







Ln(Response 1) = 4.492
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