
SPLITFACT_M2S2: A SAS MACRO FOR ANLYSIS OF SPLIT-FACTORIAL PLOT DESIGNS (MAIN - AxB, SUB - CxD)

Introduction

The SAS® macro, splitfact_m2s2.sas provides a convenient way to analyze the Split Factorial (Main–AxB, Sub–CxD) Plot Designs. The macro produces the output as Rich Text Format (RTF) file. It also gives the list output in SAS Output Window. The macro will run perfectly in the version SAS 9.2 or higher. In the sequel, we give some guidelines on How to use this macro?

Dataset Preparation

The macro (splitfact_m2s2.sas) requires that the dataset should be prepared as follows:

· Create a SAS dataset with at least 6 variables, one for block or replication, one for main plot-factor 1 treatment, one main plot-factor 2 treatment, one for subplot-factor 1 treatment, one for subplot-factor 2 treatment and one for the dependent or analysis variables. If the data on more than one dependent variable is collected in the same experiment, the data on all variables may be entered in additional columns. The macro can handle and analyze data on more than one dependent variable in one go.

· One may give actual levels used for different factors applied in main plot-factor 1, main plot-factor 2, subplot-factor 1 and subplot-factor 2. Please remember that there should not be any space between a single data value. Main plot-factor 1, main plot-factor 2, subplot-factor 1, subplot-factor 2 treatments and block numbers may be coded as 1, 2, 3 and so on. One can have character values also. 

Using Macro splitfact_m2s2.sas

· Download splitfact_m2s2.sas and Using_Split_fact_main2_sub2_Macro.sas program files to your computer system.

· First file viz. splitfact_m2s2.sas contains the macro program and the second one Using_Split_fact_main2_sub2.sas contains an example experimental data conducted in Split Plot design with two factors in Main plot and two factors in subplot having two dependent variables. 

· Copy the “Splitfact_m2s2.sas” in any folder. 

· Open Using_Split_fact_main2_sub2.sas program in SAS.  
The codes for creating the SAS dataset using DATA step are included in the file. If one would like to use the same file, replace the datalines within the DATA step with the data to be analyzed. Remember to add/remove dependent variables in INPUT line of the DATA step. An example of data set preparation with 3 levels of main plot factor, 2 levels of factor applied to subplot-factor1 and 4 levels of factor applied to subplot-factor2 arranged in 3 blocks or replications is given below.

data sp_main2_sub2;

input Rep Irrigation Tillage Variety Fertilizer yield s_yield;

cards;

1
1  1   1  1 
5.35
0.88

1
1  1   1  2 
5.50
1.24

1
1  1   2  1 
8.00
0.80

1
1  1   2  2 
6.65
1.19

1
1   2  1  1 
11.05
1.36

1
1   2  1  2 
8.25
1.54

1
1  2  2   1 
6.75
0.94

1
1  2  2  2 
6.80
1.08

1
2  1  1  1 
3.75
1.51

1
2  1  1  2 
4.05
1.22

1
2  1  2  1 
3.40
0.89

1
2  1  2  2 
4.20
1.14

1
2  2  1  1 
4.65
1.36

1
2  2  1  2 
5.30
1.20

1
2  2  2  1 
4.25
0.81

1
2  2  2  2 
3.60
0.81

2
1  1  1  1 
6.25
1.42

2
1  1  1  2 
5.60
1.58

2
1  1  2  1 
7.60
0.91

2
1  1  2  2 
5.10
1.22

2
1  2  1  1 
9.05
1.71

2
1  2  1  2 
7.80
1.32

2
1  2  2  1 
6.60
0.90

2
1  2  2  2 
7.10
1.32

2
2  1  1  1 
3.70
1.22

2
2  1  1  2 
4.65
1.50

2
2  1  2  1 
4.50
0.94

2
2  1  2  2 
4.80
1.02

2
2  2  1  1 
5.00
0.94

2
2  2  1  2 
5.10
1.20

2
2  2  2  1 
4.70
0.92

2
2  2  2  2 
4.10
1.16

3
1  1  1  1 
4.05
0.94

3
1  1 1  2 
4.45
1.46

3
1  1  2  1 
6.80
0.94

3
1  1  2  2 
5.80
1.15

3
1  2  1  1 
8.10
1.06

3
1  2  1  2 
8.50
1.39

3
1  2  2  1 
7.30
1.01

3
1  2  2  2 
7.60
1.31

3
2  1  1  1 
3.40
1.40

3
2  1  1  2 
3.60
1.36

3
2  1  2  1 
4.80
1.02

3
2  1  2  2 
5.20
0.88

3
2  2  1  1 
5.30
1.65

3
2  2  1  2 
5.60
1.00

3
2  2  2  1 
3.60
1.42

3
2  2  2  2 
3.30
1.30

4
1  1  1  1 
6.00
1.19

4
1  1  1  2 
6.15
1.08

4
1  1  2  1 
8.75
0.93

4
1  1  2  2 
6.20
1.05

4
1  2  1  1 
10.05
1.10

4
1  2  1  2 
8.15
1.39

4
1  2  2  1 
7.45
1.11

4
1  2  2  2 
6.70
1.18

4
2  1  1  1 
3.25
1.11

4
2  1  1  2 
3.25
1.23

4
2  1  2  1 
5.45
1.01

4
2  1  2  2 
5.75
1.19

4
2  2  1  1 
6.05
1.38

4
2  2  1  2 
6.15
1.30

4
2  2  2  1 
4.80
1.35

4
2  2  2  2 
3.65
1.22

;run;
The different variable names used in the above example are

1. Rep - Block variable name. In this Example there are 3 blocks numbered as 1, 2, 3and 4.

2. Irrigation - Main Plot Factor 1 variable name. (numbered as 1 and 2)
3. Tillage - Main Plot Factor 2 variable name. (numbered as 1 and 2)

4. Variety - Subplot-Factor1 variable name. (numbered as 1 and 2)
5. Fertilizer - Subplot-Factor2 variable name. (numbered as 1 and 2)
6. yield s_yield - One can have several response/dependent variables. In this Example there are two dependent variables, namely yield and s_yield. 

Assigning values to various macro variables names:  For details on these variables, please see after this paragraph

%let ds = split_fact;
%let dep_var = yield s_yield;
%let block_var = rep; 
%let main_plot = Irrigation;

%let main_plot = Tillage;

%let sub_plot1 = Variety; 

%let sub_plot2 = Fertilizer;
%let adjust = t;
%let alpha = 0.05; 




%let rtf = Split_Factorial_2X2_result.rtf; 

The macro takes the following arguments. All these are macro variables written after %let statement.

1. ds - Write data set name. It should be same as defined in data step.

2. dep_var - Write response variable(s) names separated by a single space. In this example there are two dependent variables, namely yield and s_yield. So these are written separated by a space.

3. block_var - Write block variable name as given in above dataset. In this example its rep.

4. main_plot 1- Write main plot factor1 variable name as defined in above dataset. In this example its Irrigation.
5. main_plot2 - Write main plot factor2 variable name as defined in above dataset. In this example its Irrigation.
6. sub_plot1 - Write subplot-factor 1 treatment variable name as defined in above dataset. In this example its Variety.

7. sub_plot2 - Write subplot-factor 2 treatment variable name as defined in above dataset. In this example its Fertilizer.

8. adjust - Enter Multiple Comparison Adjustment variable here. Accepted values are TUKEY for Tuley's Honest Significant Difference or T for Least Significant Difference.

9. alpha - Level of Significance (as a fraction) to be used in the multiple comparison test. Typically, 0.01 or 0.05 for 1% and 5% level of significance respectively. One can specify any value for level of significance between 0 and 1. 
10. rtf - Output file Name. In this Example the output file name is Split_Factorial_result. You may change the folder in which output is desired. Make sure that you have write permissions for the defined folder. It is advisable to save the output file before opening instead of opening before saving. It may be noted that in the Versions earlier than 9.2 file would not open before saving. The important thing to remember the extension .rtf should remain as such.

/* Modify to change the path to the file containing Split Factorial Plot macro. (splitfact_m2s2.sas) */ 
%include D:\Split Factorial Macro\splitfact_m2s2.sas';
This can be used when the directory in which macro is saved is D:\Split Factorial Macro. In case the macro is saved at another location then the path of that location should be completely specified.

If one is not sure of the path of the macro and don't want to use this, then open the file splitfact_m2s2.sas and run it once. It will not produce any output. Don't include above statement in program or make it as comment by writing * in the beginning of %include statement.

%splitfact_m2s2(ds=&ds, dep=&dep_var, block_var=&block_var, main=&main_plot, sub1=&sub_plot1, sub2=&sub_plot2, adjust=&adjust, alpha=&alpha, rtffile=&rtf);
This above statement is calling the macro. 
STANDARD ERRORS OF DIFFERENCES AND RESPECTIVE LEAST SIGNIFICANT DIFFERENCES

	No
	Type of pair Comparison Between
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	LSD

	1
	Two main plot-factor 1 means
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 (1) * ta


	2
	Two sub plot-factor 2 means 
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(2) * tb 

	3
	Two main plot-factor 1 * main plot-factor 2  means
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 (3) * tb


	4


	Two sub plot-factor 1 means 
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(4) * tb

	5
	Two sub plot-factor 2 means
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(5) * tb


	6
	Two sub plot factor 1 * sub plot-factor 2 means
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(6) * tb


	7
	Two main plot-factor 1 at the same or different level of sub plot-factor 1 means
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(7) * twc


	8
	Two main plot-factor 1 at the same or different level of sub plot-factor 2 means
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(8) *twd


	9
	Two main plot-factor 1 at the same or different level of sub plot-factor 1 and  sub plot-factor 2 means
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(9) * twcd


	10
	Two main plot-factor 2 means at the same or different level of sub plot-factor 1 means
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 (10) * twc


	11
	Two main plot-factor 2  means at the same or different level of sub plot-factor 2 means
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 (11) * twd


	12


	Two main plot-factor 2  at the same or different levels of sub plot-factor 1 and  sub plot-factor 2 means
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 (12) * twcd


	13
	Two main plot-factor 1 and main plot-factor 2 at the same or different level of sub plot-factor 1 means
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 (13) * twc


	14
	Two main plot-factor 1 and main plot-factor 2 at the same or different level of sub plot-factor 2 means
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 (14) * twd


	15.
	Two main plot-factor 1  and main plot-factor 2 at the same or different level of sub plot-factor 1 and sub plot-factor 2 means
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(15)* twcd


	16
	Two sub plot-factor 1 at the same or different level of main plot-factor 1 means 
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(16)* tb

	17
	Two sub plot-factor 2 at the same or different level of main plot-factor 1 means
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(17)* tb

	18
	Two sub plot-factor 1 and sub plot-factor 2 at the same or different level of Main plot-factor 1 means
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(18)* tb

	19
	Two sub plot-factor 1 at the same or different level of main plot-factor 2 means
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(19)* tb

	20
	Two sub plot-factor 2 at the same or different level of main plot-factor 2 means
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(20)* tb

	21
	Two sub plot-factor 1 and sub plot-factor 2 at the same or different level of main plot-factor 2 means
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(21)* tb

	22
	Two sub plot-factor 2 at the same or different level of main plot-factor 1 and main plot-factor 2 means
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(22)* tb

	23
	Two sub plot-factor 2 at the same or different level of main plot-factor 1 and main plot-factor 2 means
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(23)* tb

	24
	Two sub plot-factor 1 and sub plot-factor 2 at the same or different level of main plot-factor 1 and main plot-factor 2 means
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(24)* tb

	25
	Two sub plot-factor 2 at the same or different level of main plot-factor 1 and sub plot-factor 1 means
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(25)* tb

	26
	Two sub plot-factor 2 at the same or different level of main plot-factor 2  and sub plot-factor 1 means
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(26)* tb

	27
	Two sub plot-factor 1 at the same or different level of  sub plot-factor 1 and sub plot-factor 2 means 
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(27)* tb

	28
	Two sub plot-factor 1 at the same or different level of  main plot-factor 2  and sub plot-factor 2 means 
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(28)* tb

	29
	Two sub plot-factor 2 at the same or different level of  main plot-factor 1 and main plot-factor 2 and sub plot-factor 1 means   
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(29)* tb

	30.
	Two sub plot-factor 1 at the same or different level of main plot-factor 1 and main plot-factor 2 and  sub plot-factor 2 means    
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(30)* tb


where  

Ea = Mean Square Error(a), 

Eb = Mean Square Error(b), 

r = number of replications, 

a = number of main plot–factor 1 treatments, 

b = number of main plot–factor 2 treatments, 

c = number of subplot-factor 1 treatments, 

d = number of subplot-factor 2 treatments,

ta = t-value at Error(A) df and at desired level of significance

tb = t-value at Error(B) df and at desired level of significance

TWc = [image: image93.png](e D Epetp+ Egetg
(-1 Byt B,



 = Pooled t value b/w (A & C) or (B & C) or (A * B & C)
TWd = [image: image95.png](d-DEpetpt Egetg
(a1 By + £,



 = Pooled t value at b/w (A & D) or (B & D) or (A*B & D)
TWcd = [image: image97.png](cd—1) Epety+ Egetg
Ted—1) £y + 5,



 = Pooled t value b/w (A & C*D) or (B & C*D) or (A*B & C*D)
If one is interested to obtain Tukey’s HSD, then ta, tb may be replaced with corresponding Studentized range values.

Output Produced

The outputs are shown for the sample data included in the second file, Using_Splitfact_main2_sub2.sas. The variable names are “rep”, “Irrigation”, “Tillage”, "Variety" and "Fertilizer" for block, main plot treatment factor1, main plot treatment factor2, sub plot-factor1 treatment and sub plot-factor2 plot treatment respectively and the dependent variables are yield & s_yield.

Split-Factorial Plot Details

This table provides the details of the Split-Factorial Plot Design used.

Split-Factorial (Main-AxB, Sub-CxD) Plot Design Analysis

Split-Factorial Plot Details

	Details
	Number of Levels

	Number of Replications
	4

	Number of Main Plots - Factor 1 (Irrigation)
	2

	Number of Main Plots - Factor 2 (Tillage)
	2

	Number of Sub Plots - Factor 1 (Variety)
	2

	Number of Sub Plots - Factor 2 (Fertilizer)
	2


ANOVA Table - Dependent Variable is YIELD

	Source
	DF
	Sum of Squares
	Mean Square
	F-Ratio
	p-Value
	Significant

	rep
	3
	3.44
	1.15
	2.36
	0.1391
	NS

	Irrigation
	1
	106.61
	106.61
	219.54
	<.0001
	*

	Tillage
	1
	20.70
	20.70
	42.63
	0.0001
	*

	Irrigation*Tillage
	1
	7.29
	7.29
	15.01
	0.0038
	*

	Error(a)
	9
	4.37
	0.49
	.
	.
	

	Variety
	1
	0.53
	0.53
	1.39
	0.2469
	NS

	Fertilizer
	1
	1.93
	1.93
	5.08
	0.0305
	*

	Variety*Fertilizer
	1
	0.44
	0.44
	1.16
	0.2892
	NS

	Irrigation*Variety
	1
	0.00
	0.00
	0.01
	0.9357
	NS

	Tillage*Variety
	1
	32.78
	32.78
	86.41
	<.0001
	*

	Irrigation*Tillage*Variety
	1
	0.68
	0.68
	1.79
	0.1888
	NS

	Irrigation*Fertilizer
	1
	3.29
	3.29
	8.66
	0.0057
	*

	Tillage*Fertilizer
	1
	0.13
	0.13
	0.35
	0.5598
	NS

	Irrigation*Tillage*Fertilizer
	1
	0.70
	0.70
	1.85
	0.1823
	NS

	Irrigation*Variety*Fertilizer
	1
	0.05
	0.05
	0.12
	0.7321
	NS

	Tillage*Variety*Fertilizer
	1
	1.24
	1.24
	3.26
	0.0792
	NS

	Irrigation*Tillage*Variety*Fertilizer
	1
	4.68
	4.68
	12.33
	0.0012
	*

	Error(b)
	36
	13.66
	0.38
	.
	.
	

	Total
	63
	202.49
	.
	.
	.
	

	* - Significant at 5% (level of significance opted by user), NS - Non Significant
p-Value < 0.05 - Significant at 5%, p-Value < 0.01 - Significant at 1%


The model used for analysis
Yijklm= μ+ri+αj+βk+eijk+γl+δm+(γδ)lm+(αγ)jl+(βγ)kl+(αβγ)jkl+(αδ)jm+(βδ)km+(αβδ)jkm+(αγδ)jlm 

                +(βγδ)klm+(αβγδ)jklm+eijklm
In this model, term eijk denotes Error(A) But it automatically including lower order interaction i.e.(rα)ij and (rβ)ik .
Note that the last column provides the significance level of each of the sources. A note at the bottom is given for the interpretation. * indicates significant at specified alpha level opted by user. If p-value < 0.05 indicates significant at 5% alpha level and p-Value < 0.01 indicated significant at 1% alpha level and NS indicates non-significant. We can easily conclude that the Irrigation, Variety, Fertilizer, Interaction term - Variety*Fertilizer and Interaction term - Irrigation*Variety treatments are significantly different at 5% level of significance.
Mean Interaction Table - Main plot Factor 1 vs Main plot-Factor 2 (Irrigation * Tillage)
This is the mean interaction table for Main plot-Factor 1 vs Main plot-Factor 2 variable. The last horizontal column shows the averaged mean of Main plot-Factor 2  levels with grouping letters as superscripts only if  Main plot-Factor 2  is significant in above ANOVA table. Similarly last vertical column shows the main plot factor1 mean with grouping letters as Main plot factor1 is also significant for dependent variable - yield.

Mean Interaction Table - Irrigation * Tillage

	Irrigation_Tillage
	MP21 
	MP22 
	Main Plot-Factor 1 Mean

	MP11
	6.14
	7.95
	7.05A

	MP12
	4.23
	4.70
	4.47B

	Main Plot-Factor 2 Mean
	5.19B
	6.33A
	General Mean=5.76

	MP1 - Main Plot-Factor 1, MP2 - Main Plot-Factor 2


Mean Interaction Table - Irrigation * Variety

	Irrigation_Variety
	SP11 
	SP12 
	Main Plot-Factor 1 Mean

	MP11
	7.14
	6.95
	7.05A

	MP12
	4.55
	4.38
	4.47B

	Sub Plot-Factor 1 Mean
	5.85
	5.67
	General Mean=5.76

	MP1 - Main Plot-Factor 1, SP1 - Sub Plot-Factor 1


Mean Interaction Table - Irrigation * Fertilizer

	Irrigation_Fertilizer
	SP21 
	SP22 
	Main Plot-Factor 1 Mean

	MP11
	7.45
	6.65
	7.05A

	MP12
	4.41
	4.52
	4.47B

	Sub Plot-Factor 2 Mean
	5.93A
	5.58B
	General Mean=5.76

	MP1 - Main Plot-Factor 1, SP2 - Sub Plot-Factor 2


Mean Interaction Table - Tillage * Variety

	Tillage_Variety
	SP11 
	SP12 
	Main Plot-Factor 2 Mean

	MP21
	4.56
	5.81
	5.19B

	MP22
	7.13
	5.52
	6.33A

	Sub Plot-Factor 1 Mean
	5.85
	5.67
	General Mean=5.76

	MP2 - Main Plot-Factor 2, SP1 - Sub Plot-Factor 1


Mean Interaction Table - Tillage * Fertilizer

	Tillage_Fertilizer
	SP21 
	SP22 
	Main Plot-Factor 2 Mean

	MP21
	5.32
	5.06
	5.19B

	MP22
	6.54
	6.11
	6.33A

	Sub Plot-Factor 2 Mean
	5.93A
	5.58B
	General Mean=5.76

	MP2 - Main Plot-Factor 2, SP2 - Sub Plot-Factor 2


Mean Interaction Table - Variety * Fertilizer

	Variety_Fertilizer
	SP21 
	SP22 
	Sub Plot-Factor 1 Mean

	SP11
	5.94
	5.76
	5.85

	SP12
	5.92
	5.41
	5.67

	Sub Plot-Factor 2 Mean
	5.93A
	5.58B
	General Mean=5.76

	SP1 - Sub Plot-Factor 1, SP2 - Sub Plot-Factor 2


Mean Interaction Table - Irrigation * Tillage * Variety

	
	MP11 
	MP12 
	

	Irrigation_Tillage_Variety
	MP21 
	MP22 
	Mean
	MP21 
	MP22 
	Mean
	SubPlot-Factor 1 Mean

	SP11
	5.42
	8.87
	7.14
	3.71
	5.39
	4.55
	5.85

	SP12
	6.86
	7.04
	6.95
	4.76
	4.00
	4.38
	5.67

	Mean
	6.14
	7.95
	7.05
	4.23
	4.70
	4.47
	General Mean=5.76

	MP1 - Main Plot-Factor 1, MP2 - Main Plot-Factor 2, SP1 - SubPlot-Factor 1


Mean Interaction Table - Irrigation * Tillage * Fertilizer

	
	MP11 
	MP12 
	

	Irrigation_Tillage_Fertilizer
	MP21 
	MP22 
	Mean
	MP21 
	MP22 
	Mean
	SubPlot-Factor 2 Mean

	SP21
	6.60
	8.29
	7.45
	4.03
	4.79
	4.41
	5.93

	SP22
	5.68
	7.61
	6.65
	4.44
	4.60
	4.52
	5.58

	Mean
	6.14
	7.95
	7.05
	4.23
	4.70
	4.47
	General Mean=5.76

	MP1 - Main Plot-Factor 1, MP2 - Main Plot-Factor 2, SP2 - SubPlot-Factor 2


Mean Interaction Table - Tillage * Variety * Fertilizer

	
	MP21 
	MP22 
	

	Tillage_Variety_Fertilizer
	SP11 
	SP12 
	Mean
	SP11 
	SP12 
	Mean
	SubPlot-Factor 2 Mean

	SP21
	4.47
	6.16
	5.32
	7.41
	5.68
	6.54
	5.93

	SP22
	4.66
	5.46
	5.06
	6.86
	5.36
	6.11
	5.58

	Mean
	4.56
	5.81
	5.19
	7.13
	5.52
	6.33
	General Mean=5.76

	MP2 - Main Plot-Factor 2, SP1 - Sub Plot-Factor 1, SP2 - SubPlot-Factor 2


Mean Interaction Table - Irrigation * Variety * Fertilizer

	
	MP11 
	MP12 
	

	Irrigation_Variety_Fertilizer
	SP11 
	SP12 
	Mean
	SP11 
	SP12 
	Mean
	SubPlot-Factor 1 Mean

	SP21
	7.49
	7.41
	7.45
	4.39
	4.44
	4.41
	5.93

	SP22
	6.80
	6.49
	6.65
	4.71
	4.33
	4.52
	5.58

	Mean
	7.14
	6.95
	7.05
	4.55
	4.38
	4.47
	General Mean=5.76

	MP1 - Main Plot-Factor 1, SP1 - Sub Plot-Factor 1, SP2 - SubPlot-Factor 2


Mean Interaction Table - Irrigation * Tillage * Variety * Fertilizer

	Irrigation
	Tillage
	Variety
	Fertilizer1 
	Fertilizer2 

	1
	1
	1
	5.41
	5.43

	1
	1
	2
	7.79
	5.94

	1
	2
	1
	9.56
	8.18

	1
	2
	2
	7.03
	7.05

	2
	1
	1
	3.53
	3.89

	2
	1
	2
	4.54
	4.99

	2
	2
	1
	5.25
	5.54

	2
	2
	2
	4.34
	3.66


	Note: To ensure overall protection level, only probabilities associated with pre-planned comparisons should be used.


	Means with at least one letter common are not statistically significant. In case, treatment effect is non-significant, no grouping letter is produced in the output


This note is coming below the Mean Interaction Table only when one use adjust=t in Using_Split_fact_main2_sub2.sas and if any of the Main, Subplot-Factor1 and Subplot-Factor2 is coming significant.

Note: To ensure overall protection level, only probabilities associated with pre-planned comparisons should be used.

The following footnote also appears below the table:

Means with at least one letter common are not statistically significant. In case, treatment effect is non-significant, no grouping letter is produced in the output

Note that when the treatment effect is not significant, there would be no grouping letter as it is meaningless to conduct multiple comparison test when the treatment effects are not significant. 
The group letters are produced using the macro, PDGLM800.SAS by Arnold M. Saxton (asaxton@utk.edu) University of Tennessee, Knoxville TN 37996-4500.
p-Value, CV and R-Square for Dependent Variable – yield
	Source
	p-Value
	CV%
	R-Square

	Irrigation
	<.0001
	12.1059
	0.932562

	Tillage
	0.0001
	12.1059
	.

	Irrigation*Tillage
	0.0038
	12.1059
	.

	Variety
	0.2469
	10.6995
	.

	Fertilizer
	0.0305
	10.6995
	.

	Variety*Fertilizer
	0.2892
	10.6995
	.

	Irrigation*Variety
	0.9357
	10.6995
	.

	Tillage*Variety
	<.0001
	10.6995
	.

	Irrigation*Tillage*Variety
	0.1888
	10.6995
	.

	Irrigation*Fertilizer
	0.0057
	10.6995
	.

	Tillage*Fertilizer
	0.5598
	10.6995
	.

	Irrigation*Tillage*Fertilizer
	0.1823
	10.6995
	.

	Irrigation*Variety*Fertilizer
	0.7321
	10.6995
	.

	Tillage*Variety*Fertilizer
	0.0792
	10.6995
	.

	Irrigation*Tillage*Variety*Fertilizer
	0.0012
	10.6995
	.


The above table provides the p-Value of the corresponding effects, CV% for Main plot, Sub plot variables respectively. It also gives the Model R-Square value.

Standard Errors

This table provides the standard error of difference between various combinations along with t-value and CD at given alpha level. Note that NS is shown for the corresponding source if its non-significant in above ANOVA table.

Standard Errors for YIELD

	Source
	S.E. of Difference
	t-value at 5%
	CD at 5%

	Main plot-Factor 1 - Irrigation means
	0.17
	2.26
	0.39

	Main plot-Factor 2 - Tillage means
	0.17
	2.26
	0.39

	Interaction - Irrigation*Tillage means
	0.25
	2.26
	0.56

	Sub plot-Factor 1 - Variety means
	0.15
	2.03
	NS

	Sub plot-Factor 2 - Fertilizer means
	0.15
	2.03
	0.31

	Interaction - Variety*Fertilizer means
	0.22
	2.03
	NS

	Irrigation at the same or different level of Variety
	0.23
	2.16
	NS

	Irrigation at the same or different level of Fertilizer
	0.23
	2.16
	0.50

	Irrigation at the same or different level of Variety*Fertilizer
	0.32
	2.10
	NS

	Tillage at the same or different level of Variety
	0.23
	2.16
	0.50

	Tillage at the same or different level of Fertilizer
	0.23
	2.16
	NS

	Tillage at the same or different level of Variety*Fertilizer
	0.32
	2.10
	NS

	Irrigation*Tillage at the same or different level of Variety
	0.33
	2.16
	NS

	Irrigation*Tillage at the same or different level of Fertilizer
	0.33
	2.16
	NS

	Irrigation*Tillage at the same or different level of Variety*Fertilizer
	0.45
	2.10
	0.95

	Variety at the same level of Irrigation
	0.22
	2.03
	NS

	Fertilizer at the same level of Irrigation
	0.22
	2.03
	0.44

	Variety*Fertilizer at the same level of Irrigation
	0.31
	2.03
	NS

	Variety at the same level of Tillage
	0.22
	2.03
	0.44

	Fertilizer at the same level of Tillage
	0.22
	2.03
	NS

	Variety*Fertilizer at the same level of Tillage
	0.31
	2.03
	NS

	Variety at the same level of Irrigation*Tillage
	0.31
	2.03
	NS

	Fertilizer at the same level of Irrigation*Tillage
	0.31
	2.03
	NS

	Variety*Fertilizer at the same level of Irrigation*Tillage
	0.44
	2.03
	0.88

	Fertilizer at the same level of Irrigation*Variety
	0.31
	2.03
	NS

	Fertilizer at the same level of Tillage*Variety
	0.31
	2.03
	NS

	Variety at the same level of Irrigation*Fertilizer
	0.31
	2.03
	NS

	Variety at the same level of Tillage*Fertilizer
	0.31
	2.03
	NS

	Fertilizer at the same level of Irrigation*Tillage*Variety
	0.44
	2.03
	0.88

	Variety at the same level of Irrigation*Tillage*Fertilizer
	0.44
	2.03
	0.88

	NS - Non Significant


Similar output was generated for dependent variable - S_YIELD also.

Errors in Log Files

When you are running the macro, it is better to check the log files to make sure that the macro runs correctly. Some basic checks such as number of parameters, acceptable values are included in the code. However, the following warning may appear in the SAS Log if you run “splitfact_main2_sub2.sas” macro:

