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The UK oat breeding program 

• Winter oats 

• Spring oats 

 

 

• Husked oats 

• Naked oats 

 



Meeting the needs of the supply chain 
Farmer Miller Consumer 

Yield Kernel content Beta glucan content 

Maturity Hullability Oil 

Crown rust 
resistance 

Specific weight 

Mildew resistance Thousand grain weight 

Oat mosaic virus 
resistance 

Grain shape 

Height Screenings 



Traits of interest 
• YIELD 
• Milling quality 

– Kernel content 
– Thousand grain weight 
– Specific weight 

• Grain composition 
– ß-glucan 

– Low lignin husk 

– High oil content 

– Protein content 

– Avenanthramide content 

• Disease resistance 
– Mildew 

– Crown rust 

– Barley yellow dwarf virus 

– Oat mosaic virus 

– Fusarium  



Main fungal diseases of oats in the U.K. 

Powdery mildew 

Blumeria graminis f. 

sp. Avenae  

Crown Rust 

Puccinia coronata 

f.sp. avenae 



Disease scoring 

1. Clean 
2. 2 pustules per tiller 
3. 5 pustules per leaf 
4. Two bottom leaves ¼ infected 
5. Two bottom leaves ½ infected 
6. Whole plant half infected 
7. More infected than green leaves 
8. Very little green remaining 
9. Leaves dead 



Balance 

Yield 

Mildew resistance 

Beta glucan content 

Specific weight 

Height 

Oil 

Kernel content 

Hullability 

Maturity 

Thousand grain weight 

Crown rust resistance 

Oat mosaic virus resistance 



Mildew mapping family 

• Two spring oat lines 

• One with high mildew resistance 

• One with low mildew resistance 

• 368 lines 

• F5 generation grown out in field in 2015 

• Mildew incidence scored 

• Compared with grain yield 



Mildew mapping family 

Mildew score Description Number of lines Grain yield (g/plant) 

1 Clean 110 6.10 

2 2 pustules/tiller 30 6.31 

3 3 pustules/ leaf 34 6.24 

4 Two bottom leaves ¼ 
infected 

63 6.18 

5 Two bottom leaves ½ 
infected 

131 5.68 

• As mildew incidence increases, grain yield 
decreases in an untreated situation 

• The disease resistance resulted in an increase grain 
yield 



Disease pre-breeding: Step 1 

The finished cross 

Parent 1: with 
disease alleles 

Parent 2: without 
disease alleles 

F1 seed 

F2 seeds grown in 
glasshouse 



Disease pre-breeding: Step 2 
 

Sampling for marker 
 assisted selection 



Disease pre-breeding: Step 3 
• F2 progeny from the pre-

breeding crosses are grown in 
the glasshouse in trays of 40. 
This includes the parents 

• Leaf samples have been taken 
and samples are analysed for 
disease resistance alleles 

• Plants without resistance alleles 
will be discarded 

• Single seeds will be grown from 
plants with disease resistance 
alleles for the production of 
disease resistance plants for 
crossing parents 

• The remaining seed will be 
grown in the nursery for 
cultivar production 

P1 P2 1 2 3 4 5 6 

7 8 9 10 11 12 13 14 

15 16 17 18 19 20 21 22 

23 24 25 26 27 28 29 30 

31 32 33 34 35 36 37 38 

P1 P2 2 3 

7 8 9 11 12 13 14 

16 19 21 22 

24 26 27 

31 32 33 37 38 

Single seed decent 
for parent production 

Remaining seed into 
nursery for cultivar 
production 



Generation of oat varieties with 

enhanced resistance to crown rust 

and mildew 

A collaboration involving Senova, Aberystwyth University  and 

NIAB TAG, co-funded by the Technology Strategy Board , to 

develop oat varieties with better disease resistance. 

Project no. 100895 



Outline of project 

• Development of markers linked to disease 

resistance alleles 

• Use of markers to incorporate novel disease 

resistance alleles into new varieties 

• Testing of those lines in multi locational field 

trials for 

– disease resistance 

– yield 

– grain quality traits 



Changes in virulence of crown rust isolates between 

1980’s and present day 

Differential 251 265 471 12M 12-Y 12 I 12-Z 12-C 12-U 12-A 12P 12-N 12-K 12 Q

Pc38 R R R R R R R R R R R R R R

Pc39 R R R R R R R R R R R R R R

Pc40 S R S S S S S S S R R R R R

Pc45 S S S R R R R S S S S S R R

Pc46 R S R R R R R R R R R R R R

Pc48 R S S R R R R R R R R R R R

Pc50 R R R R R R R R R R R R R R

Pc51 R S S R R R R/S R/S R R R R R R

Pc52 R R S R R R R R R R R R R R

Pc54 R S S R R R R S S R R R R R

Pc56 R R R R R R R R R R R R R R

Pc58 R R R R R R R R R R R R R R

Pc59 R R R R R R R R R R R R R R

Pc62 R R R S S S S R R R R R R R

Pc64 R R R S S S S S S S S S * *

Pc68 R R R R R R R R R R R R R R

Pc91 R R R R R R R R R R R R R R

Pc94 R R R R R R R R R R R R R *

Pc96 R R R R R R R R R R R R R R

Pc97 R R R R R R R R R R R R R R

Pc98 R R R R R R S R R R S R S R

Pc101 R R R R R R R R R R R R R R

Pc103-1 R R/S S R R R S R R R S S S S

Pc104 S S S S S S S S R/S R R S R R

1980's isolates 2011-2012 isolates

R = resistant, S=susceptible, R/S = mixed *= missing 



Field Trials 

• 12 winter oats 
– 6 varieties 

– 6 experimental disease resistant lines 

• 3 treatments 
– Untreated 

– Low (Siltra Xpro 0.4 l/ha) 

– High (Centaur 0.2 l/ha  + Talius 0.125 l/ha  + Siltra Xpro 0.4 l/ha)  

• 2 sites 
– Newton Abbot (Devon) 

– Sutton Scotney (Hampshire) 

• 2 years 
– 2014 

– 2015  



Winter oat lines tested 
Gerald Control 

Dalguise Control 

Mascani Control 

Tardis Mildew resistant  

Rhapsody Mildew resistant  

Fergus Mildew resistant  

06-01CnI38 New crown rust resistant line (Pc54, Pc68) 

06-61CnI13 New crown rust resistant line (Pc91) - dwarf 

07-18Cn1 New crown rust resistant line (PcKM)  

07-63Cn3 New crown rust resistant line (Pc38, 39, 68)  

08-56ACn9 New crown rust resistant line (Pc91) 

05-86Cn26 New mildew resistant line  

 Examine effect of disease on susceptible varieties 

 Determine disease resistance of new lines 



Crown Rust (% incidence) 
2014 2015 Hampshire 
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Effect of crown rust incidence on yield 
in susceptible varieties across all 4 trials 
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Crown rust also affects grain quality in 
susceptible varieties 

 

Crown rust infection results in lower specific weight 
and lower kernel content 
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Effect of fungicide treatment on yield and crown rust 
incidence in winter oats, Devon 2014 
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Summary 
• Crown rust incidence not only reduced grain yield 

but also grain quality. 
• Across all 12 varieties tested, a 10% incidence of 

crown rust resulted in a decrease in yield of 0.825 
t/ha (8%) 

• New varieties incorporating disease resistance 
alleles had excellent disease resistance and high 
yields even in untreated plots 

• The economic return on new resistant lines was 
greater than using fungicides on susceptible 
varieties.  
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