Table of Contents

o =] - 1o =R X
31 o T [V ot i o o TSNS 1
1.1 General INtrodUCtion ........ceeeeeiiiiicciieeeee e 1
L2 PUIPOSE ettt et e e e e e e e e e e e e et e et eeeeeee 1
1.3 How to Read this BOOK.......cccovcuuiiiiiiiiiiiee et 1

2 Setting the Trial Objectives.....cc.cccvveiiiiiiniiiireciiniinniiiienciinienenene. 3
2 R €] [0 1YY VPR 3
2.2 Defining the Number of Factors .......ccccccvvveeeeeiiiieciiee e 3
2.3 Description of a Level Within a Factor........cccccccvveiiiiiiviiieeees 4
2.4 Pesticide EValuations ........ceeeeeeeiiiiicciiciiiiieeeee e 4
2.5 Seed Variety Evaluations .........coooveeiiiiiieiceecce e, 5
2.6 Experimental Conditions.........cccoovieiiiiiiiiiiieeeee e 6
2.6.1 Soil Heterogeneity......coooeeceiviiiiiiieeeee e, 6
2.6.2 Practical Constraints.......ccccouvviieeieeeee e e, 7
2.6.3 LoCal CONLIOl cooviieeieiceeeeee e 8

3 Setting Up the Complete Block Experimental Design .......ccccceeeeeee. 9
3.1 Selection of the Experimental Design........cccccevvvvveeniveveeeeeeeeenenn. 9
3.2 Characteristics of the Experimental Designs .......ccceeevvvveeereeennn. 10
3.2.1 Fully RaNdOmiSed .......cccovvviieiiiiiriieieee e 10
3.2.2 Random Complete Block (RCB) .....ccceeveeeeivieeeeeeiiiiieeeeee 10
3.2.3 Latin SQUAre DESIZN ....uuuueuuiiiiiiiieieeeiei e 11
3.2.4 Factorial Design (2 or More Factors).....c.cccceeeevveeveeeecennee. 11
3.2.5 SPIE-PIOt c.veeieiieeciee e 14
3.2.6 Criss-Cross or Strip-Plot.......ccccveeeeeeeieiieicccce e, 15

3.3 Number of Replicates (Number of BIocks) .......ccceeeeevciiiieenenns 16
3.3 L BIOCKING ..ttt e 16
S T o =1 4= To [T Y1 =T 16
3.3.3 Estimation of the Number of Replicates.......c.ccccvvverrrnnneen. 17
3.3.4 Number of Treatments and Replicates in Relation to Degrees

(o) il S L=Y=o (o 1's F U 18
3.3.5 Minimum Required Replicates by Type of Experimental
D=3 =4 o TR PP OO PP PP PPPPPPPPPPPPPIRt 19

3.4 Randomisation and Allocation of the Plots ........ccccoccviiiveeennnns 22
3.4, 1 PUIMPOSE ..ottt e e s e s e et 22
3.4.2 GUIEIINES...uveeeeeieeee e 22

3.5 Layout of the Plots in Relation to the Experimental Crop ........ 27

Vi



3.0 UNTrEated PlOtS . cuueiiieiiiiieeee ettt ettt ettt e e e e eeaee e e e eeens 27

3.0.1 PUIMPOSE cevttitieieiiiiiieisissee e e e e e s ss s s s e s e e e e e e e e e e 27
3.6.2 Types of Control Plot Arrangements.........ccccueeeeeeiicirnenennn. 27
3.6.3 Selection of the Type of Untreated Control Arrangement. 29
A N a1 YT 1= U PUPPRPR 29
3.7.1Single Trial Versus Trial Series......ccooveveeeeieeeieieieeeecciiene, 29
3.7.2 Planning a Trial SEries .....cccccvuiririeeeiee e, 30

4 Incomplete BlOCk DESIZNS ...ccuueereenneerrenneerennneeeeenncereenseeeeenneseennees 31
4.1 Preliminary and Definitions ......ccccovveeeeeeieieii e, 31
4.1.2 Resolvable Incomplete Block DesSigNns ......ceeeeeveeeeeeeieeeennnn. 31
4.1.3 Lattice DESINS coeeveeieee ettt e 31
4.2 Selection of a Lattice Experimental Design.........cccceeeeveennnnnneee. 32
4.3 Characteristics of the Lattice Designs .....cccceeeeeeeeieeeeieiiecinrnnneen, 33
4.3.0 GlOSSANY ceveeieeeeeeieeiiirireeeeeeeeeeeeeeeeeiabareeeceaarrereeeeeeeeeesesnansnees 33
4.3.25quare LattiCe...ooumuuieeeieeeeeeee e, 34
4.3.3 Rectangular LattiCe.....uumreeieeeieiieciiieeeeee e 35
4.3.4 Alpha Lattice....ccccceiiiiieeeeee e 36
4.3.5 Lattice Square (ROW-Column).......ccceecuiveeeieciiieeieee e, 37
4.4 Number of Replications/Number of BIOCKS ..........ccccveeeeeenieenes 39
4.4.1 Number of Treatments and Replicates in Relation to
"Degrees of Freedom" ..., 39
4.4.2 Minimum Required Replications by Type of Lattice Design40
4.5 Randomisation and Allocation of PlotS..........cccececciiieiccnnnnnneee, 41
A.5.1 PUMPOSE oitiiieiiiieeiiice ettt e ettt e s e e e e ea e e e e eeaaaaas 41
4.5.2 GUIAEIINES...cci ittt e e e e e 41
4.6 Construction of Lattice DeSigNs ......cccveveeeeeeeeeeieeieeee e, 42
4.7 Construction of Lattice Designs with ARM .........ccooccvvviiieeeinnnns 43
4.7.1 Efficiency FACtOrS......uuuiiieeeiee ettt e 46

5 Assessing the Trial ReSUIES .....c..eciiiiiieeeiiiiiiiiienniiiinnieeeecceseeeennn 48
5.1 Reliability of the Trial.......ccccuieeiieee e, 48
5.2 Box-Whisker Graph.......coooocoiiiiieeee e 49
5.3 Nature of the Variables........ccoeeeeeeiiieei e, 51
5.4 Transformation of Variables: How to Select the Correct One .. 52
5.5 MiSSING DAta .evvvvviiiiiiiiiiiiiciiiiieiee e e 55
6 Statistical ANalYSiS ..ccuuerreeeeereenierreeeeeereneereenneeeeenseereeeneesennseseenns 56
6.1 Choice of the Method of Analysis........ccccvvvrieeeeiieiirieiieeeeeeeeand 56
6.2 Analysis of Variance (AQV) ....eeeeeeeeeeeiieeciirieeeeeireeeeee e e 57
B.2. 1 PriNCIPIES cuevvviiiieieeeee ettt 57



6.2.2 Assumptions Underlying the Analysis of Variance............. 57

6.2.3 AOV Violations Assumptions Detection in ARM ................ 63
6.2.3.1 Corrections-ARM Action Codes .......cccoevuvrvrveeeieeeieeenenennn. 66
6.2.4 Analysis of Variance Results (Outputs) ......ccccccvveeeveeeennnnen. 66
6.2.5 Analysis of Variance for Other Types of Designs-Examples 71

6.3 ARM Factorial AOV Table reports (2 or more Factors)............. 77
6.4 Lattice Designs AOV ANalYSiS ..ccceeeeeiieeccciiiiiiieeee e 82
6.4.1 Efficiency GaiN...cccooe i 86

7 Multiple COMPAriSONS ...cccuceereenierreenierrenneereenseerensessenssessenssessennns 87
8 R B 1= To £ (o] o N 1 o o PP OO OO 87
7.2 Selection of a Multiple Comparison TesSt......cccvvveeeeeeiveereeeeeeeenn. 88
7.3 Setting the Significance Level of a Test......ccccvvvvvevrriveeeieeeeeeennn. 90

7 A EXAMPIES vttt e e e e e seaanes 91

8 Advanced ARM TOPICS ...coeireennenciinirrnnnnssssniinennssssssssensssssssssssennsnes 92
8.1 Dose-Response ANAIYSIS .....uueeeeeruiieeeiiiiiieee s siieee e eeieeee e 92
8.1.1 Dose-Response Analysis Process with an ARM Example ... 94

8.2 Area Under Disease Progress Curve (AUDPC).......cccceeevuvveenne 100
8.2.2 Measuring Plant Disease — AUDPC with an ARM
EXAMIPIE: et s 102

8.3 Control Correction Transformations........cccccceeeviiveieeeeecennen. 107
8.3.1 Henderson-Tilton's Transformation.........cccccceeeecvvivneennnn. 107
8.3.2 Abbott's Transformation.........cccceecvieeeiiviiiiees e, 108
8.3.3 Schneider-Orelli's Transformation ..........ccccceeeeevieiiinnennnn. 110
8.3.4 Control Corrections with ARM Specification of the Untreated
Treatment NUMDBEI(S) ..cooocvvrrrririieee et 112

LN 0T o114 T L N 114
A1l Layout of the Plots in Relation to the Experimental Crop......... 114
A2 Comparisons Involving Two Sample Means (Two Treatments) 126
A2.1 Independent Samples Comparisons: t-TeSt........ccvveeeernnnee. 126
A2.2 Paired Samples Comparisons/Paired t-Test .......c...ccuveeunenne. 127
A2.3 EXAMPIES..ciiiiiiiiiieiieieeee ettt e 128
A2.4 Paired versus Independent Comparisons........ccceecuvveeeeeeennnns 129
A3 Nonparametric Statistics "Distribution Free" Tests.................. 130
A 0t I o o o Tl o 1= PSP 130
A3.2 Choice of a Test According the Nature of Variables............. 131
A3.3 Chi-Squared Test (X2 TESE) c.ecvveveereeireereeeecree et 131
A3.4 Most Frequently Encountered Tests .......ccooeeecevvviveennnnvennnen. 133

viii



A3.4. 1 Fisher's EXACt TOST .iiiiiiiieiiieeeeeeeeieeee ettt eeeeeeeieeeeeeeees 133

A3.4.2 SIgN TEST ciiieiii i e 133
A3.4.3 Wilcoxon Signed-Rank Test........cccccviieieiieeeieeinieeeeeeee 134
A3.4.4 Kruskal-Wallis k-Sample Test ....ccccovvvirieeeeeeieien e, 134
A3.4.5 Friedman’s TESt.....uuuiiiiieeeeie et ereee e e e e 134
A3.4.6 Cochran's Q TeSt ....uuuueeeeeieieiiecccireeee e 135
A3.4.7 MacNemMar's TESt ....uuuiiiiieeee e e 135
A3.4.8 Median TeSt .ccccuiiiiiieieeiee et e e e e e e e e 136
References-Bibliography....ccccceiieeeeereenerieencereenneereeeneeeeenneeseennenns 137
[T L=} RPNt 139



