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From: Variety mixtures of winter wheat: a general status and national case study
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7 Major differences
E 6 Leaf diseases starts from
2 scratch every year with
® 5 multiple life-circles on the
% \ plants and between plants
g « Common bunt is perennial
g . « Common bunt is almost

2 lethal

1 . * Only one life-circle per year

0

Powdery mildew (13 trials) Septoria tritici (27 trials) Brown rust (7 trials)

Variety mixture B Average of constituent varieties

Results from the Danish National trials from 2021 to 2022. Trials were prompted to support the promoting of variety mixtures (SEGES 2022)
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2 genes; many races

Biparental populations
Mixed spores

’ COBRA project
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Mix of many genes and many races

197 bi-parental populations infected with all races
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% bunt

2 genes; many races

Biparental populations
Mixed spores
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=== 94 Aron * Tataros
79 Tataros * Begra
=p=—= 36 Tambor * Lars
=¢= AB-44-08 Magnifik * Tataros
—@— AB-25-08 Bill * Cortez
==¢= 136 Aron * Butaro
==e= AB-14-08 Tommi * Hypnos
130 Winridge * Tambor
=== 131 Aron * Cortez

=== 75 Cortez * Xenos
==f== 01 Aron * Tataros
AB-1-08 Lars * Hypnos
165 Tommi * Weston
AB-13-08 Quebon * Penta
=== 154 Winridge * Hereward
m—— AB-31-08 Tommi * Hereward
== 3 Huslop * Sprague
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% bunt

2 genes; many races

Selected bi-parental populations
Mixed spores
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Selected idiotypes
2 genes; many races

Biparental populations
Mixed spores
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* S*S= high infection ™
* R*R= |low Infection

* (N*(r)= increasing infection COBRA project
* R*S= decreasing infection 2013-2015



3 genes; 3 races

Expected
infection in the
mixture based
i i Qenes  Frequency on the infections
ace  Vanety/mudure invohved ”Agfﬁ T inthe Actual Actual Actual Actual
Qenes Mggﬂgp_tﬁ Irifection Irifection Irifechion Infechion
with effective] when feste I | TIITT | TInIET | TI0EET
resistance | akne % in the plot % in the plot % in the plot % in the plot
wrz+5+10 NIL 1+5+10 0 0.0 i 29,7 427
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0% avirulent
100,0
c0.0 DIVERSILIENCE
g project 2022-24
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2 genes; 1 race

Expected
infection in the
mture based

race  Variety/micure QENES  Frequency |on the infections
involved of in'the Actual Actual Actual Actual

genes components Infection Infection Infection Infection
with effective when fested NIt oI | TInZT | T

resistance | akong % in the plot, % in the plot % in the plot % in the plot
V5 |NIL 145 1 50,0 235 12,3 15,2

2 genes
50% avirulent

250,0
200,0
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100,0
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0,0

reletive % bunt
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esistance | alone % in the plot % in the plot % in the plot % in the plot
NIL 1+5 1 50,0 235 123 152
NIL 145 1 50,0 235 17,4

2 genes; 1 race

Expected
nfecton in the
miccture based

Varnety/mixture Oenes  Frequency on the infections
involved of in'the Actual Actual Actual Actual

genes components Infection Infection Infection Infection
with effective. when tested T TTIIT TIoI¥T TIoiEr
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50% avirulent

250,0

200,0
1500 == \/r5 NIL 1+5

=¢=\/r2 NIL 1+5
100,0

50,0
0,0
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2 genes; 1 race

Expected
infection in the
mecture based

3 ; QENES  Frequency |on the infections
face Venetyimidure invohed of " inthe Actual Actual Actual Actual
genes components Infection Infection Infection Infection
with effective when fested T TIOIE THIET T
esistance | | alone % in the plot| % in the plot % in the plot|% in the plot
Vrl0 MIL 1+10 50,0 235 15,0
Vil MIL 5+10 50,0 235 221
WVi2 MIL 1+10 50,0 235 10.9
WVi2 MIL 1+5 50,0 235
Vs MIL 1+5 50,0 235
2 genes

50% avirulent
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3 genes; 1 race

Expected
nfccion i the
mdure based

: i OENes  Frequency on the infections
face Vanety/muure invohved of T inthe Actual Actual Actual Actual
genes components Infection Infection Infection Infection
with effective when fesied T I TI0IIT ) TIoZgT
resistance |~ alone % in the plot| % in the plot % in the plot % in the plot
Wrl( NIL 1+5+10 G667 15,7 10,0 276 15,6
W2 NIL 1+5+10 66,7 15,7 123 181
W5 NIL 1+5+10 BE,7 157 16,4 216
3 genes

66% avirulent
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4 genes; 1 race

Expected
infection in the
mocture based

Varietymidu genes  Feguency on the infections
face Vpriety e invohed of inthe Actual Actual Actual Actual
genes COmponents Infection Infection Infection Infection
with effective  when fested I TIIT I T
Esistance | albone % in the plot| % in the plot % in the plot /% in the ploi
vrid MIL 1+5+10+6 75,0 118 121
VrlD MIL 1+5+8+10 75,0 118 153
W2 MIL 1+5+10+6 75,0 118 155
W2 MIL 1+5+8+10 750 114
Vi5 NIL 1+5+10+6 75,0 118 15,0
Vs NIL 1+5+10+8 75,0 118 2390
4 genes
75% avirulent
250,0 == \/r10 NIL 1+5+10+6
. 200,0 === \/r10 NIL 1+5+9+10
c
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g 1000 /\ —— Vi5 NIL 1+5+10+6
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5 genes; 1 race

Expected
nfechion i the
mipiture based

race Wariety/mixture _genes  Frequency on the infections
Vanety invohved of inthe Actual Actual Actual Actual

genes components Infection Infection Infection Infection
with effective when tested T3 I T | TIni
resistance | alone % in the plot| % in the plot % in the plot % in the ploi

I Vri0 NIL 1+5+10+6+9+Promesse 833 13,6
Vi2 MIL 1+5+10+6+9+Promesse 83,3
Vs IL 1+5+10+6+9+Promesse+Magnifik 714 134

19,6

5 genes

83% avirulent
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/ genes; 1 race

Expected
infection in the
mcture based

[ACE WVariety/mixture @eEnes  Frequency on the infections
Nanely involved 0 in'the Actual Actugl Actual Actual

genes components Infection Infection Infection Infection
with effective  when tested I THIT TI0IIT | IO
esistance | akne

%% in the plot| % in the plot % in the plot % in the plod
I Wrld MIL 1+5+L0+E+E+HPromes seHMagnifik HPiS54121 7 87,5 146
V2 HNIL 1+5+L0+5+3+Promesse+Magnifik+Fiss4121 7 87,5
7 genes
87% avirulent
. 3000 —=—\/r10 NIL
3 200,0 1+5+10+6+9+Prom
S esse+Magnifik+Pi55
¢ 100,0 4121
8
3 00



Expected

infection in the
—— nne infecior
i i QEnes  Frequency |on the in ns
race " imvoed of | inthe Actual | Acual | Actual | Actual
genes components Infection Infection Infection Infection
with effective, when tested 2021 2022 2023 2024
resistance alone % in the plot % in the plot % in the plot /% in the plot

Vrld  MIL 1+10 1 50,0 235

Vrld ML 5+10 1 50,0 23,5

V2 NIL 1+10 1 50,0 23,5

V2 NIL 145 1 50,0 23,5

Vo NIL 145 1 50,0 23,5

V0 MIL 1+5+10 2 66,7 15,7

Vi NIL 1+5+10 2 66,7 15,7

Ve NIL 1+5+10 2 66,7 15,7

Vrld  MIL 1+5+10+6 3 75,0

V0 MIL 1+5+8+10 3 75,0

V2 NIL 1+5+10+6 3 75,0

V2 NIL 1+5+0+10 3 75,0

Vo NIL 1+5+10+6 3 75,0

Vo NIL 1+5+10+8 3 75,0

Wrd  NIL 1+5+10+6+3+Promesse 4 66,7

Wrld  NIL 1+5+10+6+8+Promesse 8 83,3

W2 NIL 1+5+10+6+3+Promesse 5 83,3

Vs NIL 1+5+10+6+9+Promesse+Magnifik 5 714

Vrid  NIL 1+5+10+6+8+Promesse+Magnifik L] 857

W2  NIL 1+5+10+6+3+Promesse+Magnifik L] 857

VIS HIL 1+5+10+6+5+PromessetMagnifik+Ris54121 L] 75,0

WVl WIL 1+5+10+6+5+PromesseHMagnifik +Ri5541 21 7 875

V2 HIL 1+5+10+6+5+PromessetMagnifik+Ris54121 7 875

Vrld  MIL 1+5 100,0




Expected

infection in the
mibture ha(g'.]d
= 2 OENES  Frequency (on the infections
race  Varety/mixture involved gf in the Actual Actual Actual Actual
genes components Infection Infection Infection Infection
with effective] when tested 2021 2022 2023 2024 Mew spores
resistance alone % in the plot| % in the plot % in the plot % in the plot

Wil NIL 1+10 1 50,0 235

Wrld  NIL 5+10 1 50,0 235

W2 MIL 1+10 1 50,0 235

W2  MIL 1+5 1 50,0 235

Wra  MIL 1+5 1 50,0 235

Wrld  NIL 1+5+10 2 66,7 157

W2 MIL 1+5+10 2 66,7 157

Vs MIL 1+5+10 2 66,7 15,7

Vrld  NIL 1+5+10+6 3 75,0

Vrld  NIL 1+5+8+10 3 75,0

W2 MIL 1+5+10+6 3 75,0

W2 MIL 1+5+8+10 3 75,0

Vs MIL 1+5+10+6 3 75,0

Vs MIL 1+5+10+8 3 75,0

Vs MIL 1+5+10+6+9+Promesse 4 66,7

Wrid  NIL 1+5+10+6+8+Promesse 5 83,3

W2 MIL 1+5+10+6+9+Promesse 5 83,3

W5 NIL 1+5+10+6+9+Promesse+Magnifik a 714

Wri0  NIL 1+5+10+6+8+Promesse+Magnifik 6 85,7

W2 NIL 1+5+10+6+9+Promesse+Magnifik 6 85,7

Vb NIL 1+5+10+6+3+Promesse+HMagnifik HPiS54121 6 75,0

Vil ML 1+5+10+HE+SHPromes setMagnifik +Pis541 21 7 875

WI2  NIL 1+5+10+6+8+PromessetMagnifik +HPiss4121 7 875

Vrl0  [NIL 1+5 1000

E



race  Varety/micture

VE+10 NIL 145410
Vi2+10 NIL 1+5+10
Viz+5 NIL 1+5+10

relative % bunt

Expected
infection in the
mcture based

OEnes  Frequency |on the infections
invahed of |7 inthe
genes COmponents
with effective.  when fested
resistance | alone

1 33,3 313
1 33,3 23,5
1 33,3 23,5
3 genes
33% avirulent
200,0
150,0
100,0
\
50,0 —
0,0
1 2 3 4

year

3 genes; 2 race

Actual Actual Actual Actual
Infection Infection Infection Infection
I AT vk v

% in the plot| % in the plot % in the plot % in the plot
oo EMEEEEE 174 185
211 32,0 142

L 158 272 161 ESEEH

== \/r5+10 NIL 1+5+10
====\/r2+10 NIL 1+5+10
Vr2+5 NIL 1+5+10



Sorry, no surprising conclusions

e Mixtures have lower infection compared to the theoretical expected
Infection level, most likely due to delusion of virulent spores

* Increasing numbers of resistant genes decreases infection levels in
mixtures

* Infection level decreases over time at high infection levels due to
selection

e Selection of resistant lines is faster than selection of virulence
development

* At low infection levels, the effect of selection for improved
resistance is expected to be low
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