Randomized Complete Block Designs

Block Designs
Design Control
Completely Random Blocked
I Il 1] v I Il I \Y,
Trt2 | Trtl | Trtd | Trtl Trt2 | Trtl | Trt4 | Trt1l
Trt3 | Trt3 | Trtl | Trt4 Trtl | Trt3 | Trt3 | Trt4
Tre3 | Trt2 | Trtl | Trt4 Trt3 | Trtd | Trtl | Trt2
Trtd | Trt3 | Trt2 | Trt2 Trtd | Trt2 | Trt2 | Trt3
Yy =H+Ti+g, Yik=u+ B +T+g
RCBD ANOVA
Comparison with CRD
CRD RCBD
Source | df SS Source df SS
I _ I _
T, -1 | IV, -Y) B -1 IV, -V
i=1 i=1
I J = Joo_ _
g |10-1)] 22 (-Y) T, J-1 (Y, -V
=1 j=1 =1
I J _ I J _
Total | -1 | 2% -Y) g | (-DU-1) [ 220G -Y-Y+YY
Total -1 22, =YY
i=1 j=1
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Randomized Complete Block Designs

RCBD

Blocking Criteria

Spatial

* Topography

* Edaphic

* Windbreak

* Flood irrigation (moisture gradient)
Temporal

* Time Period

* Order

Other

* Greenhouse

* Growth chamber
* Lab run / Batch

RCBD
Blocking Patterns

Trt1 | Trt4 | Trt2 | Trt3

Trt4 | Trt3 | Trt2 | Trt1

Gradient

Trt3 | Trt1 | Trt4 | Trt 2

Trt2 | Trt3 | Trt4 | Trt1
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Randomized Complete Block Designs

RCBD

Blocking Patterns

sl |||t =]~ | ]| ] <]
N - T e

ElE|E|E|lE|E|E|E||E|E|E|E||lE|E|E|E
Gradient

RCBD

Blocking Patterns

Trt3
Trt1
Trt 4
Trt2
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Randomized Complete Block Designs

RCBD
Linear Additive Model

W=“+&+6M+E+BH

Where:
Y; = Observation from the ij* plot
p = Overall mean
B. = Effect of the i*" block
d; = Restriction error associated with B
T, = Effect of the j™" treatment
BT. = Interaction effect of the it" of block

ij
with the jt treatment

RCBD

Expected Mean Squares

Blocks Random

Source | b | t EMS
RI|F
1)
B, 1|t |o?+tc?; + tody
3 1]t |o?+tc?
T, b | 0 |62+ o251+ bD(T)
BT, 110 |o%+ 0%
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Randomized Complete Block Designs

Variety
Dowling
Evergldl
Evergl71
Gregg
PF2
SF459
T2
Whitten
Mean

RCBD Example

Kenaf Variety Trial
Block
1 3 4
4.3 3.7 4.0 2.8
3.4 3.7 3.9 33
3.6 3.0 3.7 3.6
3.7 4.2 4.3 2.8
2.6 2.5 3.2 1.7
3.2 5.3 2.2 2.2
54 6.1 4.2 4.6
4.5 3.4 3.3 2.6
3.8 4.0 3.6 2.9

Mean
3.7
3.6
3.5
3.7
2.5
3.2
5.1
34
3.6

RCBD Example
Kenaf Variety Trial ANOVA

CRD

Mean F
Source | DF SS Square |Value| Pr>F
Variety | 7 | 14.53005 |2.075721| 3.40 |0.0115
Error 24 |14.66376 | 0.61099
RCBD

Mean F
Source | DF SS Square |Value | Pr>F
Block 5.161725| 1.720575
\Var 7 [14.53005]| 2.075721 | 4.59 | 0.003
Error 21 |9.502032| 0.452478
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Randomized Complete Block Designs

RCBD Example
Kenaf Variety Trial
CRD
LSD 5,4 =2.063 A =1.14
RCBD
LSD o5 514 = 2.079 2452) =0.99
RCBD
Relative Efficiency
RE - (ng +1)(n +3)MS_,
(ne +1)(ng +3)MS_;

Where: MS_ = Error mean square for CRD
MSg = Error mean square for RCBD
n. = error df for CRD
ng = error df for RCBD
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Randomized Complete Block Designs

RCBD Example
Kenaf Variety Trial

£ (21+1)(24 + 3)0.611 134

 (24+1)(21+3)0.453

Where: MS.=0.611
MSg =0.453

RCBD ANOVA

Analysis — Barley Example

Petersen, 1994

Blocks (Soil Types)
Treatment Mean
1 2 3 4
1 (NH,),SO, 321 35.6 41.9 35.4 | 36.25
2 NH,NO, 30.1 315 371 30.8 | 32.38
3 CO(NH,), 254 271 33.8 31.1 | 29.35
4 Ca(NO,), 241 33.0 35.6 31.4 | 31.03
5 NaNO, 26.1 31.0 33.8 319 | 30.70
6 Control 23.2 24.8 26.7 26.7 | 25.35
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Randomized Complete Block

Designs

RCBD ANOVA
Analysis — Barley Example
RCBD
Source DF SS MS F P>F
Block 192.748 64.249 21.1 <.0001
Treatment 256.153 51.231 169 <.0001
Error 15 45.617 3.041
Total 23 494,518
CRD
Source DF SS MS F P>F
Treatment 5 256.153 51.231 39 0.0148
Error 18 238.365 13.243
Total 23 494.518
RCBD ANOVA
Analysis — Barley Example
REED 2(3.041)
LSD g5 15 =2.132, | =" =2.63
o 4
CRD

B 2(13.243
LSD g 15 =2.101 % =5.41
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Randomized Complete Block Designs

Efficiency =

RCBD ANOVA

Analysis — Barley Example

(18 +1)(15+3)3.041

Where: MS. = 13.243

MS, = 3.041
n-=18
ng=15
RCBD
Expected Mean Squares
Blocks Fixed
Source | b | t EMS
F|F
] ]
B, 0| t |02+ to? + tD(B)
) 1]t |c2+to?
T b |0 [c2+ bd(T)
BT, 0 | 0 |o?+ ®(BT)
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Randomized Complete Block Designs

Generalized RCBD
Field Layout

Trt1

Trt1

Trt 2

Trt3

Trt 2

Trt3

Trt 4

Trt 4

Trt4

Trt3

Trt 2

Trt 1

Trt1

Trt 4

Trt 2

Trt3

Gradient

Trt 2

Trt3

Trt 4

Trt1

Trt3

Trt1

Trt 4

Trt 2

Trt 2

Trt1

Trt4

Trt1

Trt 4

Trt 3

Trt 2

Trt3

Generalized RCBD

Yijk =u+B + S(i) + Tj + BTU. + €k

Where:

-
I

el
|

Model

Observation from the ijkt" plot
Overall mean

Effect of the it" block.
Restriction error associated with B

Effect of the jth treatment

Interaction effect of the it" of block

with the jth treatment.

ik =

Effect of the kth eu within it block
and jth treatment.
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Randomized Complete Block Designs

Blocks Random

Generalized RCBD

Expected Mean Squares

Source |b |t | EMS
RIF|R
i ||k
B, 1]t | r|o?+tro? + tro?g
3 1] t]r|o?+tro?
T, b| 0| r|oc?+ro?g;+ brd(T)
BT, 110 r |c?+r0%;
E(ik 1[1]1]s

Generalized RCBD

Expected Mean Squares

Blocks Fixed

Source |b |t | EMS
FIF|R
i|j|k

B, 0| t]|r|o?+tro? + trd(B)

3 11t ]r |o?+tro?

T, b|O0|r |c?+brd(T)

BT, 00| r |2+ rdBT)

E(ik T[] ]
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Randomized Complete Block Designs

Fields as Blocks

pp. 95-103, Lorenzen and Anderson

Layout:
Field
2
Fertilizer 1 2 4 5 1 2 3 4 5
1 6 26 31
Plot 2 7 27
3 8 .
4 9 .24 .. .. 49
5 10 20 25 .. . 45 50

Fields as Blocks
pp. 95-103, Lorenzen and Anderson

Yik =+ F+3;+ N+ FN; + g4,

255
R|F|R

Source |i|j | k|EMS

F. 1|15 |5 |0%+250%+ 25062

3 115 |5 |c?+250%

N, 2|0 |5 |c?+50%, +100(F)

FN; 1105 |c?+506%,

€ ik 1]1]1]c°
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