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DALP - DROUGHT, ANCHORAGE and LODGING PANEL

CIMMYT lines and SATYN panel
Elite varieties
Roth Res and JIC lines
DFW Breeders TK H17 and H18
EMS semi-dwarves
Selected Paragon x Garcia RILs
Watkins – all founder parents of NAM populations
Other parents of available populations

DALP – to assess Lodging and test Anchorage



• All (except one) founder parents of NAM populations present in DALP

• ~ 230 lines + / - irrigation

• Spaced plants (~ 5.5. cm apart) 

• 6m plots so able to irrigate with boom

• Usual field phenotyping (DTEM / HT / YLD)

• Lodging scores (after early June severe weather, will assess again)

• Will sacrifice specified segment of plots to anchorage tests

DALP – to assess Lodging and test Anchorage



• An additional year of the Paragon x Garcia Drought Trial was essential as only 
one spring drought occurred in the first three seasons

• Fortunately had strong spring drought in April 2019 so decision vindicated
• But this delayed scheduled exploration of new populations for lodging, 

anchorage and drought. 
• Needed to compensate for this and explore more populations than originally 

planned 
• Decided on mixed trial of a number of RIL populations the results of which 

should allow us a number of potential suitable populations to drill in autumn 
2020

Assessing lodging traits from Paragon NAM background



• Nested association mapping (NAM) populations

• WGIN and DFW have 80+ populations of crosses between Paragon and 
founder parents (including the Watkins collection)

• Minimum of 96 RILs per founder parent

• Find marker associated traits for lodging with high accuracy

• Need to select 1-3 populations for autumn 2020 trials

Assessing lodging traits from Paragon NAM background



• Selected RILs with phenotypes similar to Paragon, where possible

1) DTEM – very similar heading date

2) Height

3) Yield

RIL Selection – 3-step process – Paragon is benchmark

May June
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1) DTEM

2) Height – similar or slightly smaller

3) Yield

1) Yield

From each population up to 11 lines were selected
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1) DTEM

2) Height

3) Yield – similar or slightly greater

From each population up to 11 lines were selected

Yield (kg)
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Trial design and measurements

• 466 RILs selected from 52 crosses (up to 11 lines / population)

• Drilled in 1 m plots, randomized design, single rep

• Phenotyping: 
• DTEM, HT, YLD
• Lodging (after early June severe weather, will assess again)
• Stiffness (currently concentrating on populations where some RILs lodged 

and some not)



Scoring Lodging and Stem Stiffness

• Lodging scored 2-3 times over 10 days in all lines (NAM and DALP) after 

severe weather in early June

• Trying to identify a population(s) where lodging is a segregating trait

• Looked at NAM populations where some RILs had lodged but not many –

13+ currently identified 

• Some completely lodged, some no lodging

• Variation in severity of lodging, some lines recovered, others didn’t

• Stem stiffness compared to Paragon



Latest Lodging and Stem Stiffness Results

DALP RILs

DTEM from 1st May Parent Lodging Stiffness (partial data)

RIL popn 1 (<P) 2 (=P) 3 (>P) 

Paragon x Bacard Kachu 9.5 1 3 of 11 2 2 1 

Paragon x Fiorello 21 x 3 of 11 4

Paragon x Super 152 11.5 1 2 of 11 1 4

Paragon x Waxwing 9 x 2 of 7 2 1

Paragon x Watkins 94 31 2 7 of 9 2 2

Paragon x Watkins 126 17 2 4 of 11 2 3 3

Paragon x Watkins 199 19.5 1 4 of 9 1 2

Paragon x Watkins 224 28 3 5 of 10 1 4

Paragon x Watkins 471 24.5 3 4 of 11 6

Paragon x Watkins 496 25.5 x 3 of 11 1 2 2

Paragon x Watkins 560 26 3 5 of 10 1 3

Paragon x Watkins 694 21 2 6 of 11 1 4

Paragon x Watkins 749 26 3 3 of 10 4

Paragon 33.5 x

x - no lodging

1 - slight lodging

2 - medium lodging

3 - severe lodging



Selection of RIL population(s) 

• Want to identify as many potential populations as possible having a range 

of ‘lodgability’ and stem stiffness

• Will need to do germination tests on these to check good level of viability

• Will select 1-3 population to drill this autumn +/- irrigation



Diversity Update July 2020

Andrew Riche



Diversity 2020

Sown end Oct

Rather thin – not expecting good 
yields

Hyperspectral reflectance & UAV 
flights weekly from end-May

Disease assessments: 
14-16 May
27-29 May
15 June
02 July
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UAV Data processing



Timings

Operation Hr Notes

Planning flight 1

Setting out GCPs & logging position, remove end of season 4 (incl two people) Usually 2 people

Clear round GCPs 1

Drawing shape file 2-8

Operation Time

Flying time 1 Including charging batteries

Assigning GCPs & running software 0.5 * 2 for RGB + NIR

For each flight:

For each experiment:

Plus 18-32hrs computer time per image set (600 images) x2 for RGB and NIR



UAV Data processing2017 Time lapse



Diversity 2018 UAV data
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Diversity 2017 UAV data
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Crop height – growth patterns between yrs
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Crop NDVI
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Diversity 2018 Canopy NDVI
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Canopy cover
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Crop Growth – Canopy Cover

Reduced canopy of Robigus RFP 
shows



UAV - New uses

Ear counts
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Triticum monococcum
Introgression

(update 563.4)

virtual WGIN MM July 8th 2020

Michael Hammond-Kosack (RRes)



T. monococcum introgression
using T. durum as a bridging species  

- progress so far 

completed

completed

increased
fertility

Extensive phenotyping
throughout  

~50%

~0.5%



fertility for BC3 crosses for MDR031 derived plants

Kronos
Hoh501



589 grains

249 grains

1151 grains

181 gr

1593 gr

Kronos
Hoh501

Summary of BC3 yields for MDR031

838 grains total 2925 grains total



319 grains
930 grains

MDR049

Summary of BC2 fertilities and yields for MDR049 and MDR308

MDR308



MDR031

Hoh501

Kronos

many thanks to Jess Spong (Take-all PhD student with Javier / Kim) for help with crossing



Ear shapes of parent plants

MDR049 MDR308

diploid
tetraploid hexaploid







T. monococcum introgression field trial  April 2020 onwards 

Purpose :   1.  To assess various traits as a 1st wheat crop
- Plant growth
- Plant development
- Responses to Yellow Rust and Septoria
- Ear morphology and grain shape   

2.  Seed multiplication for Oct 2020 Take-all trial (3rd wheat)



WGIN’s 1st Triticum monococcum Introgression Field Trial

Take-all R
Aphid R 

Septoria R 



45cm 
gaps

75cm 
depth

20 meters

4.5 meters

1 40

Trial Design and Layout

75cm 
gap

6 plants per row  with 15 cm intervals 



Late April Early to late May

At home 

@ home



25th May 2020 

3A Trial site preparation (3 weeks after glyphosate treatment ) and then cultivated 28th May  



29th May 2020

Water 

bowser





3,500 litres so far, plus the occasional rain 



Disease development - Septoria – none
Yellow rust – a lot 

Basal leaves heavily YR infected

1 control + 4 lines 

40. Hoh501

2.   BC1 – X12-3

6.   BC1 - X147-1

8.   BC1 – X88-1

29. BC2 – X150-3

3 Tm lines – no yellow rust lesions 



Plant development – as of 7th July 2020 

Most plants in anthesis (GS60 onwards)

3 controls and 5 lines 

30. MDR031

33. Paragon

39. Kronos 

1.   BC1 – X12-1

6.   BC1 - X147-1

8.   BC1 – X88-1

17. BC1 – X189-2

27. BC2- X150-1

Also have high YR in basal leaves 



Plant development – as of 7th July 2020 

Most plants only up to GS 37 (i.e. flag leaf visible) 

1 control and 5 lines 

37. Fielder 

10. BC1 – X161-3

12. BC1 – X187-1

13. BC1 – X187-2

14. BC1 - X187-3

18. BC1 – X224-1

19. BC1 – X224.2

25. BC2- X113-1

26. BC2 - X113-3



What’s next ? 

Ear morphology
Yellow Rust assessments on  flag leaf and 3 top leaves
Aphid infestations ?  Specifically R2#2-7 vs MDR049
Flag leaf size 
Leaf senescence

Total number of flowering tillers / plant
Plant heights 
Grain harvest
Grain shape 

Prepare the seed for the 3rd wheat – take-all trial to be drilled Oct 2020 



7th July 2020 – Field trial 40 days old   



Questions for the Breeders 

- What is the consensus for introgressed plant labelling ?

To help the dissemination of seeds  

- When to start the SSD ? 

- Which plants / lines to nominate for DFW Breeders Observation Panel ? 



Many thanks to …. 

Glasshouse staff – Jill Maple, Fiona Gilzean & Tom Yaxley  - Phase 1 lockdown

Field staff  - Chris Mackay, Ben Flannery - Phase 1 & 2 lockdown

Statistician – Suzanne Clark - Phase 1 lockdown

Gail Canning – location of seed stocks in the seed store 

and advice on GS scoring - Phase 1 & 2 lockdown 



Rothamsted Research
where knowledge grows

Resilience to foliar pathogens

Kim Hammond-Kosack
Vanessa McMillan

Gail Canning
Deborah Wright

WGIN MM 8th July 2020 



WGIN 4 objectives

• To explore whether mlo mediated resistance to 
powdery mildew is also effective against other fungal  
pathogens

• To explore the  genetic basis of Yellow Rust resistance 
in two Watkins lines 



Powdery Mildew

Seedling 
glasshouse 
screen



Finally drilled in late March 2020                  

- 72 plots – identical design to 2018/19 trial  

2019/ 2020 mlo wheat trial – update on progress 

Established very well 

Main disease  Yellow Rust  - scored  3 times on

Flag leaf and top 3 leaves 

Data  gone to statistics dept for analysis 



Double mlo line 4-1-2 was again the most susceptible line in 2020 trial  



Artificial inoculations with Fusarium done on 15th June 2020 

(1 week out of Phase 1 lockdown)  

Image DJI_0174

16th June 2020 , Andrew Riche 

Fusarium inoculations – 15th and 19th June 

Scored 20 ears per plot at 21 days 
– 6th and 10th July 

7th July 2020
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WGIN 4 objectives

• To explore whether mlo mediated resistance to 
powdery mildew is also effective against other fungal  
pathogens

• To explore the  genetic basis of Yellow Rust resistance 
in two Watkins lines 

W 733 – dominant resistance
W786 – recessive resistance 

High disease in 2020 trial and both Watkins lines  still 
provide high levels of resistance 

Evaluated a larger F2 population and more F3 lines



Wheat mlo project and Watkins YR project 

Gail Canning

Deborah Wright 

Jessica Hammond (Plant Pathology Apprentice)

Martin Urban  - Fusarium inoculations 

2019 - Tania Chancellor (2nd year PhD student)

2019 -Vanessa McMillan 

Statistics

Rodger White, Stephen Powers 

and Suzanne Clark

Many thanks to

RRes Farm and glasshouse staff



Lawrence Bramham

8th July 2020

Resistance Screening and 
Diversity Trial Update



Aphid/BYDV 
Resistance Screening



• Germplasm screened for aphid/BYDV resistance:

• 20 wheat cultivars from WGIN diversity trial

• 17 hexaploid lines from the core Watkins landrace collection

• 33 synthetic wheat lines developed by NIAB EMR

• 3 additional commercial cultivars (Hereward, Paragon and 
Solstice), included as control material throughout all testing



5 x viruliferous
R. padi 

1 week

Insecticide 
application

Collect 1st leaf 
sample

&
Collect 2nd leaf 

sample (flag leaf)

• 7-day old seedlings (10 per line) challenged with 5 x 
Rhopalosiphum padi reared on BYDV-PAV infected wheat 



• Mid/high-throughput assay developed 
at Rothamsted (Martin Williamson) 

- designed for use with aphids
- working for <0.5 cm2 foliar 

samples

• ‘TaqMan’/qRT-PCR capable of 
identifying both the presence and 
strain of BYDV

• All 1st leaf samples processed

• 2nd leaf samples underway



• 20 wheat cultivars from WGIN diversity trial (2019):

• Majority of lines indicated 
an increased or matched 
detection of BYDV in flag 
leaf vs seedling samples

1st seedling sample
2nd flag leaf sample

• cv. Solstice was the only line 
where BYDV was not detected



• 17 Watkins lines:
Watkins core 

collection 

designation

Number of R. padi/BYDV-

challenged samples

Number of unchallenged 

control samples

R I S R I S

WATKINS_0007 10 1

WATKINS_0032 7 2

WATKINS_0034 8 3

WATKINS_0042 9 2

WATKINS_0044 5 1 3

WATKINS_0045 9 2 1

WATKINS_0079 9 3

WATKINS_0103 7 2

WATKINS_0110 8 2 1

WATKINS_0126 6 2

WATKINS_0127 5 2

WATKINS_0139 7 3

WATKINS_0141 6 2

WATKINS_0145 7 3

WATKINS_0160 8 2 1

WATKINS_0468 7 1 2 1

WATKINS_0729 8 3

• No BYDV detected in 
11/17 of 1st leaf 
samples 

• BYDV detected within 
unchallenged control 
material, suggesting 
insecticide treatment 
was <100% effective

R = Resistant
I = Intermediate 
S = Susceptible



• 33 synthetic NIAB EMR lines (table 1 of 2):

Synthetic 

hexaploid wheat 

designation

Number of R. padi/BYDV-

challenged samples

Number of unchallenged 

control samples

R I S R I S

NIAB_SHW_012 9 1 3

NIAB_SHW_018 3 1 1 3

NIAB_SHW_027 6 1 2

NIAB_SHW_028 7 2 1 1

NIAB_SHW_029 7 1

NIAB_SHW_030 10 3

NIAB_SHW_031 5 1 3

NIAB_SHW_035 7 1

NIAB_SHW_036 1 1

NIAB_SHW_042 8 1 2

NIAB_SHW_051 6 1 2

NIAB_SHW_054 7 3

NIAB_SHW_071 5 1 1 1

NIAB_SHW_072 8 3

NIAB_SHW_073 6 3 3

NIAB_SHW_076 7 1 1 1

NIAB_SHW_077 6 3 3

• 8/33 lines with no 
BYDV detected in 1st

leaf samples

R = Resistant
I = Intermediate 
S = Susceptible



• 33 synthetic NIAB EMR lines (table 2 of 2):

Synthetic 

hexaploid wheat 

designation

Number of R. padi/BYDV-

challenged samples

Number of unchallenged 

control samples

R I S R I S

NIAB_SHW_080 7 2 1

NIAB_SHW_082 8 1 3

NIAB_SHW_083 7 1 3

NIAB_SHW_084 5 1 1

NIAB_SHW_085 5 1 1 1

NIAB_SHW_086 4 1 3

NIAB_SHW_087 6 2 1

NIAB_SHW_090 11 1 2 1

NIAB_SHW_091 8 2 3

NIAB_SHW_093 9 3

NIAB_SHW_094 7 2 3

NIAB_SHW_095 7 1 1 3

NIAB_SHW_096 8 1 1

NIAB_SHW_099 7 3 3

NIAB_SHW_137 4 1 2

NIAB_SHW_138 9 3

R = Resistant
I = Intermediate 
S = Susceptible

• 8/33 lines with no 
BYDV detected in 1st

leaf samples

• BYDV detected within 
some unchallenged 
control material



Wheat cultivar

Number of R. 

padi/BYDV-challenged 

samples

Number of unchallenged 

control samples

R I S R I S

Hereward 16 1 2 8 1

Paragon 13 5 3 7 1

Solstice 32 1 8

• 3 commercial control cultivars: R = Resistant
I = Intermediate 
S = Susceptible

‘Intermediate’ cv. Solstice 1st leaf 
sample reassessed 3 times; 

2x = R
1x = I

• Consistent indication 
that cv. Solstice 
exhibits some level 
of BYDV and/or 
aphid resistance



• 2nd leaf samples of the three control cultivars 
processed since ease in lockdown restrictions

• Quality control failures due to passive fluorescence 
reference dye, so data not yet robust

• No indication of BYDV within cv. Solstice 2nd leaf 
samples (TBC)



Diversity Field Trial 
Aphid Monitoring



• 10 tillers per plot assessed 
(excl. insecticide-treated plots, total = 180)

• Aphid species (R. padi, S. avenae and M. dirhodum)
and their morphs recorded



• Peak in aphid presence 
around 28th May
- correlates with weather  

and RRes suction trap 
data for most aphid 

species

• Indication of aphid 
migration to field trial 
at this time, followed by 
curtailing reproduction 
of wingless apterae



• Wingless apterae presenting 
no clear tendency for 
survival/higher reproduction 
on individual cultivars

- data influenced by tillers with 

high number of aphids

- dynamic biological system, 
exploring data but no 

clear  correlations to GS, N or 
cultivar



• Wingless apterae presenting 
no clear tendency for 
survival/higher reproduction 
on individual cultivars

- data influenced by tillers with 

high number of aphids

- dynamic biological system, 
exploring data but no 

clear  correlations to GS, N or 
cultivar

• Variation in preference of 
winged alates to cultivars



• Correlations identified previously: 
- higher N ~ fewer aphids

- higher yellow rust ~ fewer aphids

• Low yellow rust incidence during 
aphid peak

Yellow Rust:
<5%

0%
<5%

<25%
<5%

0%
<5%
<5%
<5%
<5%

0%
<10%
<10%
<5%
<5%
<5%

0%
0%
0%
0%



- 0

- >15

G = Guard plots

NA = Unassessed plots 
(treated with insecticides)

N

Alate 
count

• Uneven distribution of winged alates across entire field trial, but 
tendency towards discrete plots during migration



• Preliminary BYDV testing has identified lines with 
potential sources of resistance

– to be validated in future with 2nd leaf samples

• Notable aphid movement captured in WGIN diversity 
field trial with indication of what may be BYDV vectors’ 
preference towards/against certain cultivars

– data to be fully explored, potential for future 
semiochemical research





































WGIN Scientific Outreach Jan – July 2020 

Seedstor at the GRU – for access to all WGIN seedstocks 

Joint GINs website – June 2020 

Virtual Cereals ppt – June 2020

Crop Production Magazine – July 2020  WGIN, PCGIN and OREGIN 

Open Access Government site – advertising the virtual Stakeholder meeting 

11-12th Nov 2020  



https://www.seedstor.ac.uk/search-panel.php

All WGIN generated seed stocks available from Seedstor at the GRU 

https://www.seedstor.ac.uk/search-panel.php


https://www.seedstor.ac.uk/search-browsecollections.php

https://www.seedstor.ac.uk/search-browsecollections.php


The new joint GINs website: https://defracropgenetics.org

Tested in May  and went live in June 2020 

Brief project descriptions

+ dates for stakeholder

meetings

Link-outs to the four

individual GIN websites

News 

Publications per GIN

Scaleable

for use on any

mobile device

in portrait or

landscape modes 

Developer : James Seager (RRes -BCP PHI-base team), software is WordPress  

QR for the site 

https://defracropgenetics.org/


WGIN 

T. monococcum

as a source of 

take-all resistance

- Video  

Virtual Cereals event – 11th – 12th June 2020 



Kim Hammond-Kosack 

11th June 2020

WGIN4 Core Project

March 2018 – March 2023 

www.WGIN.org.uk

New germplasm, new tools, new traits, new genes 

333 in the audience on the day

100 plus  viewings since  

https://www.cerealsevent.co.uk/cereals-2020-live-webinar-timetable

https://www.cerealsevent.co.uk/cereals-2020-live-webinar-timetable


CPM magazine special issue on Crop Genetics – July 2020   

WGIN 

PCGIN



1) ‘Genetics special – The global reach of plant science’
http://www.cpm-magazine.co.uk/2020/07/05/genetics-special-
the-global-reach-of-plant-science/

2) ‘Theory to Field – The OREGIN of resilience?’

http://www.cpm-magazine.co.uk/2020/07/06/theory-to-field-
the-oregin-of-resilience/

3) ‘Pulse Genetics – Reach for the GIN’

http://www.cpm-magazine.co.uk/2020/07/09/pulse-genetics-
reach-for-the-gin/

July 2020 

https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.cpm-magazine.co.uk%2F2020%2F07%2F05%2Fgenetics-special-the-global-reach-of-plant-science%2F&data=01%7C01%7Ckim.hammond-kosack%40rothamsted.ac.uk%7C71d2ca151978440886ad08d823e38216%7Cb688362589414342b0e37b8cc8392f64%7C1&sdata=yCGO9iymrVWU9s%2FTPVWrzwDtSfgyAb8itBHe%2FFbzz7M%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.cpm-magazine.co.uk%2F2020%2F07%2F06%2Ftheory-to-field-the-oregin-of-resilience%2F&data=01%7C01%7Ckim.hammond-kosack%40rothamsted.ac.uk%7C71d2ca151978440886ad08d823e38216%7Cb688362589414342b0e37b8cc8392f64%7C1&sdata=Mnod2hmp3vIH8JSQ6hVE0%2BK6tPNCLvyRNOLxu6O4LEU%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.cpm-magazine.co.uk%2F2020%2F07%2F09%2Fpulse-genetics-reach-for-the-gin%2F&data=01%7C01%7Ckim.hammond-kosack%40rothamsted.ac.uk%7C71d2ca151978440886ad08d823e38216%7Cb688362589414342b0e37b8cc8392f64%7C1&sdata=iQer%2FwoLpj14cQqUm%2FFb7dN3xAs81zMZBZvKqEHctII%3D&reserved=0


https://www.openaccessgovernment.org/rothamsted-research-strategic-agricultural-science/74522/

Ongoing since May 2019 

Agricultural Sciences section 

+ 500 words of text 

Mailshot Reach 
~120, 000/annum  
across UK and Europe
- Governments, EU Leaders 
- NGO Leaders
- Heads of Large companies 


