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Herbicide resistance at a national scale

Mesosulfuron (ALS)

€

?" .

75% resistance

Fenoxaprop (ACCase, Fop)

f TN
™
\
\\
\

€
ot ‘L

90% resistance

Cycloxydim (ACCase, Dim)

’(,7 ~—
“~
-

56% resistance

% Survival
@ 0-10

000000000

11
21
31
41
51
61
7
81
91

-20
-30
-40
- 50
- 60
-70
- 80
- 90
- 100



Glyphosate sensitivity in the UK \D RESEARCH
Field rate (540 g ha?) % rate (405 g ha) % survival
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Not just where and whatbut how and why?

Can we use resistance monitoring studies to do more than
simply describe the problem (after it happens)?

Yes, if we adopt epidemiological approaches!




Epidemiology Is the systematic study of the
distribution and determinants of a harmful

organism, disorder or event.




Herbicide resistance as pandemic.

« The study of the distribution, abundance, dynamics, evolution and
management of weed populations is inherently an epidemiological discipline.

« "A pandemic is basically a global epidemic - an epidemic that spreads to more
than one continent"

« Epidemiological approaches can be enabled by increasing access to ‘big
data’, collected on-farm and at scale.

* In general, approaches from human health / biomedicine have much to offer —
epidemiology, public health and community-based approaches, early detection
and diagnostics, evidence-based medicine, prevention rather than cure ......




The BGRI farm network

Black-Grass Resistance Initiative

<3

Annual population monitoring (density maps)

190 seed populations collected

Resistance assays (phenotype + genotype)

Historical management data

Environmental data (soils, weather etc.)

Field epidemiology
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Positive correlation between density and resistance

Black-Grass Resistance Initiative
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We looked for relationships between
herbicide resistance and these common

Evolution of resistance is driven only by intensity of
herbicide use, no mitigation by herbicide diversity

agricultural practices

A

Black-Grass Resistance Initiative

el P <0.005
Not significant

Cultivation histories
Proportion of years ploughed NS
Cultivation intensity score NS
nature
ecology & evolution hdiRTICLES

The factors driving evolved herbicide resistance
at a national scale

[ ]
( m |Xt u re S) Helen L. Hicks', David Comont2, Shaun R. Coutts’, Laura Crook?, Richard Hull2, Ken Norris®,
Paul Neve?, Dylan Z. Childs' and Robert P. Freckleton ®™



Caswr

I AcCCase Wt
CLeu 18t
) vt 1781
e 1oy
Coys 2027
=) val 2041
) Awn 2041
3Gy 2078
Caw 2008

ACCase

100 -/ 1004
2L D . o g
£ 5 - o/ - °
fg’ Lt A
75{ ® millt 4 75 o |
{—g ® s ® & = - oy
15 Y L £ It M
3 o / 7 ollll |l1#
L s50]® ® g/ ® & 501 !
el ¢ 9 L /
= [=
& ! g /
& / & ’
251 ’ 25 !
e / /
/ r
- W
u-g 01d
0 25 50 75 100 0 25 50 75 100
ALS TSR frequency Fop TSR frequency
/ ]m4 ‘
For fenoxaprop and mesosulfuron o h.‘.
TSR frequency does not account 754 ® W%
for all observed resistance g .,’ " e
5 °s 3
. e® @
g 'f{ o
. . g « A
Resistance to cycloxydim 25 4 #
is conferred by TSR —) .t
mutations U_# L T
0

25 50 75 100
Dim TSR frequency



Biomarkers for non-target site resistance

FENOXAPROP RESISTANCE

- GSTF1is
constitutively
over-expressed
in all NTSR
populations

Increasing fenoxaprop metabolism

Susceptible populations

GSTF1 GSTU2 CYP450 OPR1 ZEATIN_UGT ABC




Non-target site resistance in blackgrass

Percentage survival (+ 95% Cl)
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Black-Grass Resistance Initiative
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* Resistance to fenoxaprop and mesosulfuron are
conferred by a combination of TSR and NTSR
mechanisms. Cycloxydim is conferred by TSR
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Black-Grass Resistance Initiative

« Herbicide mixtures are associated
with reduced TSR

0.04

0.51

2 3 2 1 0

Mixing..ufherbicidi-z MOAs (scaled)
F
| NTSR ° Herbicide mixtures and diversity are
”’ 10 _ associated with higher levels of NTSR

« Herbicide mixtures slow evolution of
specialist resistance, but promote

0.5 " . o o
— _— selection for generalist resistance.
o |
3 2 1 0 1 2 # 2 0 2
Mixing of herbicide MOAs [scaled) Diversity of herbicide MOAs [scaled)

Comont et al. (2021). Evolution of generalist resistance to herbicide mixtures
reveals a trade-off in resistance management. Nature Communications.



Glyphosate resistant species globally

# of species evolving glyphosate resistance
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Black-Grass Resistance Initiative

Glyphosate use trends in the UK
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Creeping resistance to glyphosate?

Herbicide selection

> Can we use epidemiological
Field herbicide approaches to detect
dose

creeping glyphosate

resistance in blackgrass?
staning | Evoing \  Fipd Can we do this pre-
variation resistance Istance

emptively, before
resistance has
become a problem?
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Glyphosate sensitivity in the UK \D RESEARCH
Field rate (540 g ha?) % rate (405 g ha) % survival
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Glyphosate ‘insensitive’ blackgrass

Black-Grass Resistance Initiative
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Population 123 Population 23

Population 19

Blackgrass
abundance

Population 45

Population 103

Population 8

Population 91

Population 108

Population 59

Black-Grass Resistance Initiative

Nine blackgrass
populations chosen

Individual pairs of
plants cross
pollinated to

produce seeds

400 seed families
produced



Quantitative genetics for glyphosate sensitivity

Black-Grass Resistance Initiative

Narrow-sense heritability: . . :
) Biomass after spraying | : Py
(How much of the phenotype is due a :
" i at 378 g ha
to additive genetic effects)

0.0 0.1 0.2 0.3 0.4
Heritability (h?) + 95% credible interval

Genetic correlation: . :
) Biomass of unsprayed ;
(Do the same genes determine ' @
. vs. sprayed plants :
unsprayed and sprayed biomass) :
-0.5 0.0 0.5

Genetic correlation (rq) + 95% credible interval



Response to glyphosate selection

Black-Grass Resistance Initiative

1.00 o Reduced sensitivity
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See also: Davies and Neve (2017).
Weed Research. 57, 323-332
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Predictors for reduced glyphosate sensitivity

Management factor Sums of squares P value

Population size and cultivation

Black-grass abundance -0.007 0.217 ns

Proportion autumn sown 0.408 0.517 ns Glyphosate use is the strongest
- * -

BIac.k gr.ass .emerg.ence 0.270 0.026 predictor of current glyphosate

Cultivation intensity 0.150 0.661 ns

sensitivity (LDgg)
Herbicide usage

Herbicidal Glyphosate 0.452 0.008 ** Fields with h|gher glyphosate
MOA turnover 0.164 0.142 ns usage have higher survival of
MOA diversity -0.126 0.447 ns glyphosate

MOA mixing -0.092 0.763 ns

Herbicide resistance

Mesosulfuron resistance 0.277 0.081 ns

Cycloxydim resistance -0.330 0.096 ns

Fenoxaprop resistance 0.170 0.238 ns

R? marginal: 0.240 R? conditional: 0.565



Reduced glyphosate sensitivity is evolving

Black-Grass Resistance Initiative

1. Does blackgrass show variability in glyphosate sensitivity?
- Glasshouse glyphosate sensitivity assays of UK populations

2. Does that variability have a heritable genetic basis?
- Classical genetics on pedigreed seed families

3. Can glyphosate selection cause further reduction in sensitivity?
- Sensitivity screening in generation following glyphosate selection

4. Is there evidence for this occurring in the field?
- Epidemiological analysis of field management data

AN

1\

’ New
Researc Phytologist

Evolutionary epidemiology predicts the emergence of glyphosate
resistance in a major agricultural weed

David Comont’ (%), Helen Hicks® (®), Laura Crook’, Richard Hull', Elise Cocciantelli', Jarrod Hadfield’,
Dylan Childs* (), Robert Freckleton® (©) and Paul Neve'
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The high cost of \?;u’-"

HERBICIDE]
RESISTANCE

£0.4 billion in lost
income for farmers

due to just one weed: black-grass

Cost per hectare

In high weed density areas the economic
cost* of resistant black-grass can be about
£450 per hectare or 37% of potential gross
profit. At low weed density, the cost is
around 7% / £75 per hectare.

820,000 Tonnes of wheat

lost due to herbicide resistant black-grass
THAT'S ABOUT 1.2 BILLION LOAVES OF BREAD

TAKE ACTION REDUCE USE DIVERSIFY MONITOR

Coordinate resistance Reduce use and reliance Use a diversity of crops Impacts of reduced
management at the on herbicides and management practices  resistance on agronomic,
national scale to prevent and manage  economic and environmental
resistance performance.

ROTHAMSTED
RESEARCH

Collecting data on blackgrass density, resistance
status, wheat yields and input costs enables us to

count the cost of blackgrass resistance.

nature .
sustainability s/l v /10.A038,/S41893-010-0450-9

ANALYSIS

The costs of human-induced evolution in an
agricultural system

Alexa Varah®™, Kwadjo Ahodo®’, Shaun R. Coutts??, Helen L. Hicks ©2#, David Comont?,
Laura Crook?, Richard Hull®, Paul Neves, Dylan Z. Childs?, Robert P. Freckleton 2 and Ken Norris ©'



Can we use resistance monitoring studies to do more than simply
describe the problem? Yes, we can © ......

« Demonstrate impacts of resistance on weed population dynamics
« Explore impacts of herbicide use (selection history) on selection for resistance
* Adopt proactive approaches to assess future risks of resistance

* Determine economic cost$ of resistance

« Determine patterns of resistance spread across the landscape (data not shown here)




