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© Fusarium ear blight resistance in
wheat and maize

« FEB in maize and wheat causes yield losses, loss of grain quality
(shrivelled kernels) and accumulation of mycotoxins in grains.

« Many different resistance factors are known able to prevent or slow
down infection and accumulation of mycotoxins.

* These resistance factors are complex, difficult to select for and
determined by manifold genes and gene-interactions.

« Resistant varieties are a key element for sustainable disease control.

»Need for reliable and stable information on resistance
level of varieties in breeding of resistance, variety tests
and VAT tests (registration of new varieties).
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© Resistance tests

 Wheat and maize resistance tests are
infected artificially with F. graminearum
and/or F. culmorum.

* Creation of conducive conditions
(overhead irrigation).

« Symptom scoring - according to plant
species and target trait — to appreciate
level of resistance

(Source : Flickr and Agroscope IPS)




Disease severity and accumulation of DON on wheat
In 2010 in Nyon and Cadenazzo
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Campioni: high severity and high DON at both sites

AISC.3: low severity but sometimes elevated DON

Battuta: from intermediate to high severity and always high DON
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© Evaluation of the resistance

Significant differences in disease severity and DON accumulation between
different locations (and years).

o B oS
. Strains
" viru

£

lence

How to stabilize results of
resistance tests in order to improve
breeding for resistance ?

Here:
What is the influence of Fusarium
strains’ virulence on resistance tests ?

Which factors may impact strains’

virulence ?
Environmental factors
Fusarium species and chemotype
Resistance of host
Host species




o 1l Effects of environmental factors on strain
virulence

Field experiment:
« 6 WW varieties

* Infected with 6 Fusarium strains
* F. culmorum
* F. poae
* F. avenaceum
« F. graminearum

* Repeated in 4 environnements
* Nyon (VD), Cadenazzo (TC)
- 2008, 2009
« Temperatures, humidity, wetting period are known

- Analyse of disease severity




o 1l Effects of environmental factors on strain
virulence

a Fculmorum 876 a F.poae 0378
6 .
.. .. - «Cadenazzo 2008» conditions have fostered
R 2, strain virulence.
£ § “n g + Humidity and wetting period lated
3. b 5. umidity and wetting period were corre ate
) L & . B o - with virulence (resp 0.78**, 0.71***) but not
ca08 ca09 nyon08 nyon09 ca09 nyon nyon09 temperature
8 F.culmorum 808 o F.avenaceum 0379
6 6
E : s  But one strain can be more virulent in one
g = ) é,;l environment (ex : F.culmorum 808 in Nyon
@ 3 L) .
3, ] b 3 2008) but not in another.
Sa - 31
0 L 0
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F.crockwellensee 9703
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;“: % b - Strains virulence is dependant on
T b 7 [ t (p<0.05)
£ . % . environnmen
ca08 ca09 myonos  nyon09 - Varieties resistance was not linked with
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© 2. Effect of strain properties on virulence

Is the virulence linked with strain
properties?

* Species

« Chemotype

Field experiment:

« 3 SW varieties (Carasso, Nadro,
Toronit)

* Infected with 18 Fusarium strains
»  Species determined ( F.culmorum, F.
graminearum)
*  Chemotype determined (NIV, 3A-DON,
15A-DON)
* Wheat or Maize as pathogen source
Isolated in different places in Switzerland

Agroscope
°

Strain number Species™ Plant origin Chemotype
1073 Fusarium culmorum Maize 3A-DON
1068 * Fusarium culmorum Maize NIV
-1} Fusarium culmorum Wheat 3A-DON
376 * Fusarium culmorum Wheat NIV
1153 * Fusarium graminearum Maize 15A-DON
1088 * Fusarium graminearum Maize 15A-DON
Fg13 * Fusarium graminearum Wheat 15A-DON
1149 * Fusarium graminearum Wheat 15A-DON
1069 Fusarium culmorum Maize NIV
97003 Fusarium crookwellense Wheat NIV
378 Fusarium culmorum Maize 3A-DON
1879 Fusarium culmorum Wheat NIV
254 Fusarium culmorum Wheat 3A-DON
1065 Fusarium culmorum Maize NIV
2113 Fusarium graminearum Wheat 15A-DON
1151 Fusarium graminearum Maize 15A-DON
1145 Fusarium graminearum Wheat 15A-DON
876 h Fusarium culmorum Wheat Mot available
876 1 Fusarium culmorum Wheat Not available




© 2. Effect of strain properties on virulence

a 25 ;\?
E 20|y, be be b
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g 15 = N B
g
= 10
R\ A S AN SV AN
~ N 1073 BOB 1153 1065 ST003 1875 254 1085 2113 1151
b «  Different levels of virulence between
Df Sum Sq Pr(>F) strains
chemotype 2 275.1 <0.001*** «  Strains chemotype and species has only a
cultivar 2 474.9 <0.001*** weak impact on virulence .
Chemotype:strain 14 835.9 <0.001*** . chemotype 7.5%, strain 23%
residue 123 3.508 . . species 3.3%, strain 27.5%
Df Sum Sq Pr(>F)
species 1 122.7 0.00827 **
4] i - " q
W o ke iecedbythe o0V 2 4796  3.10e-06 ™+ - Strains virulence depends on other
Tl strain 2113, (b) spike species : strain 15 983.6 1.31e-05** properties than species or chemotype.
o infected by the strain 808 residue 123  2093.6
g’ (source Agroscope IPS) :




© 3. Impact of wheat variety on virulence

Does the level of host resistance Decomposition of variability depending on the pathotype and on the

affect strains virulence ? cultivar.
Sov Df SS Fvalue Pr(>F)
Field experiment pathotype 19 2143.1 8.712 <0.001 ***
cultivar 2 514.7 19.877  <0.001 ***
+ 3 SW varieties (Nadro, Carasso, Toronit) with repetition 2 179.87 13.893  <0.001 ***
different levels of resistance pathotype : cultivar 38 514.9 1.047 0.4139

«  Infected with the same 18 strains residue 117 1514.8

Both varieties resistance and strains virulence have impacted
disease severity. But 44% of the variability was explained by

Spikes infected with Fusarium graminearum strains effect.
1153

No interaction was found between wheat genotype and
pathotype.

- There was no interaction between strains
virulence and genotype resistance
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@ 4. Impact of host plant on virulence

Does a Fusarium strain display the same LT -
virulence level on different hosts? wiesio || 072 || 0.78 || o040
Field experiment 218 || wesen | 0.75 | 063 || 061
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. 2 maize varieties with different levels of resistance
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. Infected with 8 F.culmorum or F.graminearum strains
with different levels of virulence
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I— »  The virulence of strains was correlated
—=—Maize AGR with different species and genotypes
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* An highly virulent strain on wheat is also
more virulent on maize whatever the
resistance level of the variety.
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F.c1073 ‘ F.c 1068 I F.c 808 ‘ F.c376 F.g 1153 ‘ F.g 1088 ‘ Fg13 ‘ F.g 1149 9 Stralns VIrUIence iS nOt Ilnked Wlth
plant species and resistance.
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© Conclusion

* Virulence of Fusarium is similar on wheat and on maize.

* The virulence level but not the species of Fusarium determines
the appreciation of the resistance in wheat and maize cultivars.

* Virulence is not influenced by the chemotype of the strain
> influence of other endogenous factors.

* Virulence is influenced by environmental conditions (disease
severity and synthesis of mycotoxins).

« Host resistance seems not to be influenced by the environment.

Approach to improve resistance tests:

- Use of a mixture of carefully selected
strains to compensate environmental effects.
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