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Introduction

Type III: resistance

of the grains
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• FHB resistance is an important trait in plant breeding programs

 new indicators for the scoring of resistance are needed

• Indicators of spike and/or grain resistance

Type I: 

resistance

against the 

primary

infection

Type II: against 

pathogen 

propagation 

througout the 

spike

Ideotype

Reduced yield losses

Grains free of 

mycotoxins

New traits

Charlotte Martin, EFS13, Martina Franca
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Introduction

Health Promoting Compounds (HPC) for cereals

with added value

 Antioxidants

Pigments with antioxidant properties. Plant

breeders provide modern varieties with elevated

pigment content in the grain.

Antioxidants play a role in plant resistance. HPCs 

have been suggested as a source of 

resistance against Fusarium head blight.

 Cereals more resistant while providing health 

benefits

Charlotte Martin, EFS13, Martina Franca

Photo: C.Martin
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Objectives

Field resistance tests : 

wheat, barley and oats

varieties with elevated 

amounts of antioxidant 

compounds. 

Dissect impact of 

lutein on the resistant

variety Toronit

Investigate the 

spectrum of 

antioxidants with

disease resistance

Phenotype the 

resistance

Assess the impact of lutein

against FHB. Understand the

heritability of traits linked

with resistance.

Determine the anthocyanin

content in grains, and their

impact on resistance and

toxin accumulation in grain.

Understand the contribution of antioxidant compounds in FHB resistance

Charlotte Martin, EFS13, Martina Franca
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Comparing components of  

resistance of varieties with varying 

amounts in HPCs

1. Phenotyping the resistance
Dissecting the FHB resistance of wheat with elevated content of HPCs

Charlotte Martin, EFS13, Martina Franca

Experimental design
14 wheat varieties

3 locations across Switzerland

3 repetitions

Disease incidence

and severityField notations

Artificial infections at flowering

stage

FG strains

Analyses on grains
DON analyses,

TKW, FDK
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1. Phenotyping the resistance
Field notations

Incidence: risk for the plant to

develop the disease.

Observations of 30 spikes: 

proportion of infected spikes.

 3 notations  AUDPC

Resistence test in Cadenazzo ( photo: F. Mascher)

Charlotte Martin, EFS13, Martina Franca
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Severity: proportion of the spike

actually infected.

Observations of 30 spikes: 

number of infected spikelets.

 3 notations  AUDPC
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1. Phenotyping the resistance
Field notations

Charlotte Martin, EFS13, Martina Franca
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Wheat varieties - orange plots correspond to varieties with coloured grains

FHB incidence

Changins* Vouvry Reckenholz

• Significant differences in field symptoms between varieties.

• GxE interactions on resistance.

• Most of the coloured lines are among the more resistant varieties.
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Wheat varieties - orange plots correspond to varieties with coloured grains

Fusarium Damaged Kernel 

Changins Vouvry Reckenholz

1. Phenotyping the resistance
Grain analyses
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Wheat varieties - orange plots correspond to varieties with coloured grains

DON accumulation

Changins Vouvry Reckenholz

Charlotte Martin, EFS13, Martina Franca

Distinct resistance

mechanisms.

GxE  Reckenholz

Enhanced grain resistance

in some coloured varieties. 

TKW reduction

Yield losses

FDK

Quality losses

DON acumulation

Quality losses
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1. Phenotyping the resistance
Conclusions

Spearman's rank correlation rho

• Good correlations between the observed parameters

• The observed parameters can be linked to the resistance type (1-3) 

providing a measure of global resistance.

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

 Coloured lines were among the most resistant varieties for several of the 

observed parameters.

 Coloration of the grains as an indicator of resistance ?
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2. Assess the role of anthocyanins in 
resistance

Anthocyanins are antioxidant compounds, 

but also pigments. Blue to dark coloration.

Present in outler layers of wheat grains 

but also in the spike.

 Effect in plant resistance ?

 A new trait for plant breeding ?

Charlotte Martin, EFS13, Martina Franca

Experimental design

Extraction of anthocyanins in whole meal 

flour1

• Infected samples

• Non infected samples

PurendoIndigoHanswinVanilnoir
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Spectrophotometry measurements

Anthocyanins content



11

b
b

c

d d

b

a

b

0

20

40

60

80

100

120

 ACW 83  ACW 71 Arina Combin Hanswin Indigo Purendo Vanilnoir

C
o

n
ce

n
tr

at
io

n
 a

n
th

o
cy

an
in

s 
(m

g/
kg

) 

Wheat varieties - orange plots correspond to varieties providing coloured grains

Anthocyanin contents of non infected samples

Changins* Vouvry** Reckenholz*

2. Assess the role of anthocyanins in 
wheat

Charlotte Martin, EFS13, Martina Franca

Results for 2 

environments

GxE interactions 

anthocyanin content depends

on the environment.

Tendency to higher 

concentrations of anthocyanins 

in infected grains.

No correlation with DON 

content, TKW

 Determination of anthocyanins

spectrum by LC MS/MS in progress

Development of a new tool for plant breeding of value added cereals.

The content in anthocyanins alone did not explain the enhanced resistance of 

coloured varieties.

 Implication of other compouds? Ferulic acid, flavonoids, lutein ?
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Mapping population 

« Toronit x 211.12014»

Lutein is a carotenoid with antioxidant action,  giving a yellow pigmentation to the grains

3. Dissect impact of lutein on the 
resistance of variety Toronit

Differences in coloration between

grains rich and poor in lutein

Charlotte Martin, EFS13, Martina Franca

Experimental design

Very resistant

variety, grains 

rich in lutein

Very susceptible 

line, poor lutein

content
165 DH lines

Artificial infections in field
3 locations x 3 repetitions

FHB symptoms on spikes

Analyses on grains and flour
TKW losses, FDK, DON accumulation

Lutein content

P
h
o
to

: 
C

. 
M

a
rt

in



13

3. Dissect impact of lutein on the resistant variety 
Toronit

Charlotte Martin, EFS13, Martina Franca
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Conclusions

Field resistance tests for wheat varieties with anthocyanin enriched grains 

give encouraging results

 The lines with enhanced antioxidant content ( anthocyanins and lutein) 

seems to be more resistant

 These results have to be confirmed by another year of repetition (GxE

interactions)

 Open doors to explore: how antioxidants actually impact the resistance, 

the pathogen, genetic link…

 Analyses of barley with enhanced contents in HPCs are in progress.

 May be conjugated impacts of different antioxidants compounds

 Analyses of ferulic acid

Charlotte Martin, EFS13, Martina Franca
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