Supplementary material for:

Can knowledge of the spatial field trend
improve phenotypic prediction accuracy
through informed choice of experimental
design?

1. Field Layouts in simulation study
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Fig. S1: Field layout with 18 individual experiments with 6 by 6 plots. Different colors represent
different experiments. The numbers represent arbitrary experiment numbers.
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Fig. S2: Field layout with 12 individual experiments with 6 by 9 plots. Different colors represent
different experiments. The numbers represent arbitrary experiment numbers.
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Fig. S3: Field layout with 8 individual experiments with 9 by 9 plots. Different colors represent
different experiments. The numbers represent arbitrary experiment numbers.
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2. lllustrations of single experiments for each design type and
experiment size

RCBD design
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Fig. S4: Example of RCBD design in experiment with 6 by 6 plots and 2 complete blocks. The different
colors each represent one repetition (complete block). The numbers represent line names.

14 6 11
21 4 1
31 3 8
=
[e]
o
44 2 10
54 7 12
6 5 9
1 2 3 4 5 6

Column

Fig. S5: Example of RCBD design in experiment with 6 by 6 plots and 3 complete blocks. The different
colors each represent one repetition (complete block). The numbers represent line names.
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Fig. S6: Example of RCBD design in experiment with 6 by 9 plots and 3 complete blocks. The different
colors each represent one repetition (complete block). The numbers represent line names.
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Fig. S7: Example of RCBD design in experiment with 9 by 9 plots and 3 complete blocks. The different
colors each represent one repetition (complete block). The numbers represent line names.
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Alpha designs
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Fig. S8: Example of alpha design in experiment with 6 by 6 plots and 2 complete blocks, each divided
in 6 incomplete blocks. The different colors each represent one repetition while the shades of each
color represent the incomplete (mini) blocks surrounded by dashed lines. The numbers represent
line names.
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Fig. S9: Example of alpha design in experiment with 6 by 6 plots and 3 complete blocks, each divided
in 4 incomplete blocks. The different colors each represent one repetition while the shades of each
color represent the incomplete (mini) blocks surrounded by dashed lines. The numbers represent
line names.
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Fig. S10: Example of alpha design in experiment with 6 by 9 plots and 3 complete blocks, each
divided in 6 incomplete blocks. The different colors each represent one repetition while the shades
of each color represent the incomplete (mini) blocks surrounded by dashed lines. The numbers

represent line names.
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Fig. S11: Example of alpha design in experiment with 9 by 9 plots and 3 complete blocks, each
divided in 9 incomplete blocks. The different colors each represent one repetition while the shades
of each color represent the incomplete (mini) blocks surrounded by dashed lines. The numbers

represent line names.



Row-column designs
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Fig. S12: Example of row-column design in experiment with 6 by 6 plots and 2 complete blocks. The
different colors each represent one repetition (complete block). The numbers represent line names.
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Fig. S13: Example of row-column design in experiment with 6 by 6 plots and 3 complete blocks. The
different colors each represent one repetition (complete block). The numbers represent line names.
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Fig. S14: Example of row-column design in experiment with 6 by 9 plots and 3 complete blocks. The
different colors each represent one repetition (complete block). The numbers represent line names.
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Fig. S15: Example of row-column design in experiment with 9 by 9 plots and 3 complete blocks. The
different colors each represent one repetition (complete block). The numbers represent line names.



Augmented designs
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Fig. S16: Example of augmented design in experiment with 6 by 6 plots and 2 complete blocks. The
different colors each represent one repetition (complete block). The numbers represent line names.
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Fig. S17: Example of augmented design in experiment with 6 by 6 plots and 3 complete blocks. The
different colors each represent one repetition (complete block). The numbers represent line names.
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Fig. S18: Example of augmented design in experiment with 6 by 9 plots and 3 complete blocks. The
different colors each represent one repetition (complete block). The numbers represent line names.
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Fig. S19: Example of augmented design in experiment with 9 by 9 plots and 3 complete blocks. The
different colors each represent one repetition (complete block). The numbers represent line names.
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Augmented row-column designs
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Fig. S20: Example of augmented row-column design in experiment with 6 by 6 plots and 2 complete

blocks. The different colors each represent one repetition (complete block). The numbers represent
line names.
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Fig. S21: Example of augmented row-column design in experiment with 6 by 6 plots and 3 complete
blocks. The different colors each represent one repetition (complete block). The numbers represent
line names.

11



Column

Fig. S22: Example of augmented row-column design in experiment with 6 by 9 plots and 3 complete
blocks. The different colors each represent one repetition (complete block). The numbers represent

line names.
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Fig. S23: Example of augmented row-column design in experiment with 9 by 9 plots and 3 complete
blocks. The different colors each represent one repetition (complete block). The numbers represent

line names.




3. lllustrations of entire field
Designs with 6 by 6 plots and two replicates per experiment
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Fig. S24: Example of RCBD design with 18 treatments per experiment in two blocks. There are 3
check lines across the entire field. Each color represents a repetition (complete block) within one
experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S25: Example of alpha design with 18 treatments per experiment in two blocks, each divided in 6
incomplete mini blocks. There are 3 check lines across the entire field. Each color represents a
repetition within one experiment surrounded by bold black lines. Incomplete (mini) blocks are
surrounded by dashed lines. The numbers represent line names.
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Fig. S26: Example of augmented design with 33 treatments per experiment in two blocks. There are
3 check lines across the entire field. Each color represents a repetition (complete block) within one
experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S27: Example of row-column design with 18 treatments per experiment in two blocks. There are

3 check lines across the entire field. Each color represents a repetition (complete block) within one
experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S28: Example of augmented row-column design with 33 treatments per Experiment in two
blocks. There are 3 check lines across the entire field. Each color represents a repetition (complete
block) within one experiment surrounded by bold black lines. The numbers represent line names.

Designs with 6 by 6 plots and three replicates per experiment
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Fig. S29: Example of RCBD design with 12 treatments per Experiment in three blocks. There are 3
check lines across the entire field. Each color represents a repetition (complete block) within one
experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S30: Example of alpha design with 12 treatments per experiment in three blocks, each divided in

4 incomplete (mini) blocks. There are 3 check lines across the entire field. Each color represents a

repetition within one experiment surrounded by bold black lines. Incomplete (mini) blocks are

surrounded by dashed lines. The numbers represent line names.
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Fig. S31: Example of augmented design with 29 treatments per experiment in three blocks. There are

3 check lines across the entire field. Each color represents a repetition (complete block) within one

experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S32: Example of row-column design with 12 treatments per experiment in three blocks. There
are 3 check lines across the entire field. Each color represents a repetition (complete block) within
one experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S33: Example of augmented row-column design with 29 treatments per Experiment in three
blocks. There are 3 check lines across the entire field. Each color represents a repetition (complete
block) within one experiment surrounded by bold black lines. The numbers represent line names.
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Designs with 6 by 9 plots and three replicates per experiment
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Fig. S34: Example of RCBD design with 18 treatments per Experiment in three blocks. There are 3
check lines across the entire field. Each color represents a repetition (complete block) within one
experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S35: Example of alpha design with 18 treatments per experiment in three blocks, each divided in

6 incomplete (mini) blocks. There are 3 check lines across the entire field. Each color represents a

repetition within one experiment surrounded by bold black lines. Incomplete (mini) blocks are

surrounded by dashed lines. The numbers represent line names.
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Fig. S36: Example of augmented design with 48 treatments per experiment in three blocks. There are
3 check lines across the entire field. Each color represents a repetition (complete block) within one
experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S37: Example of row-column design with 18 treatments per experiment in three blocks. There

are 3 check lines across the entire field. Each color represents a repetition (complete block) within
one experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S38: Example of augmented row-column design with 48 treatments per Experiment in three
blocks. There are 3 check lines across the entire field. Each color represents a repetition (complete
block) within one experiment surrounded by bold black lines. The numbers represent line names.

Designs with 9 by 9 plots and three replicates per experiment
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Fig. S39: Example of RCBD design with 27 treatments per Experiment in three blocks. There are 3
check lines across the entire field. Each color represents a repetition (complete block) within one
experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S40: Example of alpha design with 27 treatments per experiment in three blocks, each divided in
9 incomplete (mini) blocks. There are 3 check lines across the entire field. Each color represents a
repetition within one experiment surrounded by bold black lines. Incomplete (mini) blocks are
surrounded by dashed lines. The numbers represent line names.
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Fig. S41: Example of augmented design with 75 treatments per experiment in three blocks. There are
3 check lines across the entire field. Each color represents a repetition (complete block) within one
experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S42: Example of row-column design with 27 treatments per experiment in three blocks. There
are 3 check lines across the entire field. Each color represents a repetition (complete block) within
one experiment surrounded by bold black lines. The numbers represent line names.
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Fig. S43: Example of augmented row-column design with 75 treatments per Experiment in three
blocks. There are 3 check lines across the entire field. Each color represents a repetition (complete
block) within one experiment surrounded by bold black lines. The numbers represent line names.



4. Sensitivity analyses

3 Check lines 4 Check lines 5 Check lines
+ +
0.154 . +
. . X1
0.10 4 . 9]
A A A (os]
o
a .
0.054 Lt - : e . ° ] M . aa t
',._+:-,f=_" o, +A54 ‘:;1'2'1 R Y BB ".‘;i'::i apttira T ':::-:;+
0.00 SAEtEaEt ‘!+.:=+ " *an - ."+."+."+.:=+ +.Al+ - "'+“:+...+':=+ .+OAI+ B
0.151
x>
0.104 S
=
o1
A
A
0.054 24 s -
W tan Sams e fiof ':f*.:; . 1484 hatild
© SaaFtaNF -f!__.o‘.4=3f:1'.u+ ‘za+inF "..o..+:::i_‘_+ SAnt¥iF "+a‘.+:::1’."+
o 0.00
[}
>
= 0.151
©
2 g
Q 0.10 1 s
=2 8
S =}
g 0.054 '
2. - . 2 sag¥ely Santoal a LT Ban - . ] +8
2000 'tl'#'*-i?!f!*-‘.-p ‘.+o..+..'T aR¥ 'i-+-a-¢!§f¥o ES .+.A.+’2.:‘: - "l+"-#!é:+Igl+ ‘e 0A-+.:=+ et
S0
QD
= 0.15 1
>
&
0.104 3
eant . *.._.; o am+. + A eant - jt g
+ st Py R+ R Y Eatths + it |3
0.059 qapti o’ . ot as adn t 4 e |2
eagtioag 2 eamtiedEE -‘.+:i;*.f sam tANY .A.+;:_+fi!+oA- shn¥
0.00 Y want Y] eand & YL k= eans
0.154
z
«Q
104 oy
0.10 g
el PN | + ES . v
0.05- st L ¥, aoaay PL T LT 1% | 8
. SA=, wam A angt® +. i - -
SaatelEt sagptAnt - HY e 1] b H sagitint . HH ST Al L ‘.‘2;1!‘“ .
*AR AR eAN
000 T T T T T T T T T T T T T T T T T T T T T T T T

* LMM Nested L4

LMM Rows and Cols

Exp Layout -

6x6exp,2rep +

Field trend

LMM corrLin .

LMM corrGaus

6x6exp,3rep =

6x9 exp, 3rep +

1 2 3 4 5 6 7 8

SpATS Nested

SpATS Rows and Cols

9x9 exp, 3 rep

Fig. S44: Mean absolute relative bias for different combinations of field trend, design and analysis
strategy. Values are mean values over 500 simulated data sets. Additive error structure with higher
degree of spatial variation.
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Fig. S45: Spearman correlation to true yield for different combinations of field trend, design and

analysis strategy. Values are mean values over 500 simulated data sets. Additive error structure with
higher degree of spatial variation.
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Fig. S46: Mean absolute relative bias between estimated and true yield for different combinations of
field trend, design and analysis strategy. Values are mean values over 1000 Simulated data sets.

Multiplicative error structure

25




3 Check lines 4 Check lines 5 Check lines
1.04 YLEXYLESPY PP shmy st odnt aptadftcod samt shutighnt dnpiodudcd ednd
Y S| | Daaroan MR hap At CHg L ShEg, LT
0.8 + it - #am A.T +. + o Ang .‘.+ '; . 4+ g -.I_'__A:Jr
S . ¢+ N l+ : ° H ¢ L
. it . ant - ° i 2]
06+ ; B : = <
0.4+
1.0 e AEF b Bt Ami ‘.+_..+oll+ _"'ii:_ Amd ‘.+.A.+“.+ .‘—__,,ﬁi_-. Iy '..‘-+.A.+l‘.+
ti.i".i ,‘\.I' o s ::1'. - o 18T *.‘:I S oAwy
of At sts. L . attogeg
0.84 .‘I+:‘.+ ¥ - R -+:.-+ .
¢ ©
0.6 3
c 0.44
o
% 1.0 jansosnt antosntointosnt RAREQANE AR aAngiotntieAny pANE g ANt andpdnpolntednt
= ' s s J:.:.A: | s e FY o a $Xaeaf4
8 0.1 o (Rt :
= ot . "+ g
© + =
£ 0.6 : : ‘ 8
= =3
@
0.4
s
% 1.0 AN+ . eAN4 R " eant
phg -0bp sam oy | :‘:" y o:- shEreir . :+ i
| .‘.;.‘.«r N .AI+ . £ - -: + +.‘. ea .
08 fam B * ekl : ° EE A Sam = + * - (S
Hoank " LN ! ety |3
064 T Ll ety o taptln ey, e
+. $=‘,* +-A-¢ +."i 8
3 a
0.41 ot s oo ¢ iy
1.0' [CYY BN . LYY B Lo 41t LYY BN
T U Sheenie, e, BRECA shividir o, it
o‘l+o Y I oam . T - -‘l+;" + o
0.8 4 fay oL F ok + - -F + A, =
L] Fat 4 N - ¥ B+ . N “ . . 2 +' =]
¥ ny ¥ ] . oim . Saiitan sy oA us | D
0-6- .AI-‘- = *:f-* s +“ ﬂ! ‘I77 E
O | o
0.4+ .A.+ o my $ i+
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Field trend
¢ LMM Nested * LMM corrLin * SpATS Nested
Model
LMM Rows and Cols LMM corrGaus SpATS Rows and Cols
Exp Layout <+ 6x6exp,2rep + 6x6exp,3rep = 6x9exp,3rep + 9xGexp, 3rep

Fig. S47: Mean spearman correlations for different combinations of field trend, design and analysis
strategy. Values are mean values over 1000 Simulated data sets. Multiplicative error structure.
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