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Factors Affecting Radish Growth
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Recognition of and statement of the problem:

Farmer John has expressed a desire to grow the largest radishes, as well as increasing the number of radishes he can produce.  He knows certain things will affect the vegetable, but he does not know what combination would be most effective.

Choice of factors, levels and range.

Acting as a consultant for Farmer John, a 2
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 experiment was developed to determine what combination of three factors would produce the largest and most radishes.  To determine their effect on the growth of the plants, Farmer John recommended adjusting levels of water and soil type, and use of a fertilizer.  Definition of the high and low levels is in the table below.

	Factor
	High levels
	Low Levels

	Water (A)
	Tap water  (+1)
	Distilled water  (-1)

	Fertilizer (B)
	Miracle Grow  (+1)
	No Fertilizer  (-1)

	Soil type (C)
	Potting soil  (+1)
	Dirt  (-1)


Selection of the response variables:

Each seedling is to be quantified numerically by weighing them in grams, and counting the number that germinated.  In addition, height measured in centimeters, the number of leaves as well as categorical measurements of their color and leaf size will help determine the health of each plant, 

Choice of experimental design:

Five radish seeds will be planted according to the design matrix in appendix I.  Five replicates were chosen, since Farmer John has expressed that the number that geminate is equally important as the size produced.  
Performing the experiment

Care was given to assure there was as much uniformity as possible.  The seeds were planted at the same depth and received the same amount of lighting, water and fertilizer, where indicated.  It was necessary to plant them indoors, so rainwater would not confound the experiment.  Because radishes are normally grown in direct sunlight, plant lights were used.  Each pot containing its product mix of factor levels was placed on separate platforms so water or minerals would not be allowed to contaminate each other.  The seedlings were allowed to grow for a period of 7 weeks before measurements were taken.

Statistical analysis of the data

Measurements, both numerical and categorical, were taken in random order according to the design matrix, and are recorded in appendix II.  The data was run through Design Expert to assist in the analysis.  Graphs of the effects are in appendix III.  Height and quantity showed almost no main effect.

Miracle Grow (factor B) appeared to be the most important factor in all parameters, with the addition of water (factor A) in leaf size.  Although the ANOVA Tables (appendix IV), suggest each model was significant, further analysis if the statistics, specifically the predicted R-Square and adequate precision showed otherwise.  The R–Square was very low in all instances.  However, since only weight and leaf size had an acceptable adequate precision of greater than four, these will be the only two models discussed in length.  The other response models would be very poor predictors since the adjusted R-Square is 0.12 or less.  This means the model can explain only 12% of the variability. 



Graphs (appendix V) of the normal probability plot of residuals for weight show there are no obvious outliers. Also, residuals verses run confirms there is random scatter, and the responses are independent. 



The other significant model was for leaf size.  This model had the highest adjusted 

R-Square and F value.  The normal probability plot of residuals approximate a straight line, and the residuals versus predicted show no outliers.  Residuals (appendix VII) against run order shows independent, random scatter.  

Conclusions and recommendations



In my final report to Farmer John, I was able to make the following recommendations.  The addition of Miracle Grow as a fertilizer definitely has an effect on the size of radishes.  In terms of weight, the largest mass was obtained when Miracle Grow was at the high level (+1).  This is shown in the one factor plot in appendix VI.  It made no difference when levels of water or soil were varied.



  I was able to suggest that he need not change his water or soil.  Water only had a positive effect on leaf size when ordinary tap water was used.  The cube graph in appendix VIII indicates best results are when water and Miracle Grow are at their high level.  There is no effect regardless of what level soil is at.  This is good news to Farmer John, since he will not have to grow his radishes in a hot house to separate them from natural elements.  The fact that he does not need to adjust his soil is also a cost saving feature. However, there was not a certain mix of effects that could help determine the quantity of seedlings that would germinate.  These were his two primary objectives.



I would suggest future experiments might include using different kinds of fertilizers, as well as using them at different levels.  It is possible there may a fertilizer that will improve the number of seeds that germinate.  Different fertilizers types may also improve growth size and the other responses measured.  Different seed brands or varieties should also be experimented on to determine if they have an additional effect.  Most important, more time should be spent, planting the radishes at their optimal growth season and measuring the radishes at harvest.  
Appendix III
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Appendix IV



Response:
Weight

        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        1.61
1
 1.61
15.39                       0.0004   significant


B
1.61
1
1.61
                   15.39    0.0004

Residual
3.98
38
0.10

Lack of Fit
0.66
6
0.11                  
 1.07      0.4021not significant

Pure Error
3.32
32
0.10

Cor Total
5.59
39


Std. Dev. 1.95

R-Squared
     0.1267

Mean  3.15

Adj R-Squared  0.1037

C.V.  62.00
    
Pred R-Squared 0.0323


PRESS  160.61


Adeq Precision   3.320



 Final Equation in Terms of Actual Factors:


 Weight = +0.41525+0.2007 * Miracle Grow



Response:
# leaves

        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       21.02
1
21.02
5.51
0.0242
significant


B
    21.03
1
21.03
5.51
0.0242

Residual
144.95
 38
3.81

Lack of Fit
18.50
6
3.08
0.78
0.5915
not significant

Pure Error
m 26.45
32
3.95

Cor Total
  165.98
39


Std. Dev.1.95

R-Squared
0.1267

Mean  3.15

Adj R-Squared  0.1037

C.V. 62.00

Pred R-Squared  0.0323


PRESS  160.61

Adeq Precision  3.320

Final Equation in Terms of Actual Factors:


 # leaves = +3.15000+0.72500 * Miracle Grow

Response:
height

        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      90.60
1
90.60
6.55
0.0146
significant


A
90.60
1
90.60
6.55
0.0146

Residual
525.82
38
13.84

Lack of Fit
85.47
6
14.24
1.04
0.4211
not significant

Pure Error
440.35
32
13.76

Cor Total
616.42
39


Std. Dev. 3.72

R-Squared   0.1470

Mean  6.11

Adj R-Squared  0.1245

C.V.  60.93

Pred R-Squared 0.0548


PRESS  582.62

Adeq Precision  3.619



 Final Equation in Terms of Actual Factors:


 height =+6.10500+1.50500* Water



Response:
color

        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        9.26
1
9.26
5.88
0.0202
significant


B
9.26
1
9.26
5.88
0.0202

Residual
59.86
38
1.58

Lack of Fit
6.61
6
1.10
0.66
0.6806
not significant

Pure Error
53.25
32
1.66

Cor Total
69.12
39


Std. Dev. 1.26

R-Squared
 0.1340

Mean 1.93

Adj R-Squared  0.1112

C.V. 64.99

Pred R-Squared  0.0405


PRESS 66.33

Adeq Precision   3.430


 Final Equation in Terms of Actual Factors:


 color =+1.93125+0.48125 * Miracle Grow


Response:
Leaf size

        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       36.56
2
18.28
16.59
< 0.0001
significant


A
6.81
1
6.81
6.18
0.0176

B
29.76
1
29.76
27.00
< 0.0001

Residual
40.78
37
1.10

Lack of Fit
8.58
5
1.72
1.71
0.1618
not significant

Pure Error
32.20
32
1.01

Cor Total
77.34
39


Std. Dev.  1.05

R-Squared
0.4727

Mean  1.69

Adj R-Squared  0.4442

C.V.  62.21

Pred R-Squared  0.3838


PRESS  47.66

Adeq Precision  8.869



 Final Equation in Terms of Actual Factors:


 Leaf size =+1.68750+0.41250 * Water+0.86250 * Miracle Grow


Response:
Quantity

        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        0.90
1
0.90
5.18
0.0285
significant


A
0.90
1
0.90
5.18
0.0285

Residual
6.60
38
0.17

Lack of Fit
0.60
6
0.10
0.53
0.7788
not significant

Pure Error
6.00
32
0.19

Cor Total
7.50
39


Std. Dev.  0.42

R-Squared0.1200

Mean  0.75

Adj R-Squared  0.0968

C.V.  55.57

Pred R-Squared  0.0249


PRESS  7.31

Adeq Precision  3.219



 Final Equation in Terms of Actual Factors:


Quantity =+0.75000+0.15000* Water

Appendix V
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Appendix VI
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Appendix VII
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Appendix VIII

[image: image16.wmf]DESIGN-EXPERT Plot



Leaf size

X = A: Water

Y = B: Miracle Grow

Z = C: Soil



Cube Graph

Leaf size

A: Water

B: Miracle Grow

C: Soil

A-

A+

B-

B+

C-

C+

0.4125

0.4125

2.1375

2.1375

1.2375

1.2375

2.9625

2.9625


_1037291663.unknown

