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AHDB Agronomy Event 2020

11 February 2020



Welcome
Richard Meredith

AHDB Cereals & Oilseeds, Knowledge Exchange Manager (West & Wales)



Agronomy 2020

* Morning: Cereals & Ollseeds
* Lunch

 Afternoon: Potatoes



Agenda

9:00
9:20
9:30

10:10

10:50

11:30

11:50

12:30

13:10

Registration

Welcome

New fungicide performance

Improving yields through using micronutrients

A farmers journey
Refreshment break
Bio-pesticides and their potential benefit for field crops

Systematic approaches to soil management

Close & lunch

All

Richard Meredith

Steven Kildea

Steve McGrath

Steve Klenk

All

Dave Chandler

Jane Rickson

Richard Meredith
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AHDB AHDB

We are a statutory levy board f y farmers, growers

and processors in the sup .

Our purpose Is to equg ayers with evidence-based
Information and t t&§grow, become more competitive
and sustaing
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How to feed back...
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Research
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Research

Encyclopaedia of
pests and natural enemies
in field crops

Diseases

RECOMMENDEDLISTS
MEN AHDB
AHDB Recommended Lists for cereals and oilseeds 2018/19

Nutrient
management

Business
Planning

For all research, visit: ahdb.org.uk



Researc h For all research, visit: ahdb.org.uk

Brexit Marketing Markets and prices Knowledge library Events About AHDB Contact us

Marketing Markets and prices Knowledge library About AHDB Contact us

Knowledge library

er by.

Sector v Topic v Keywords Q Reset

Gme > Research reports

Research reports

AHDB ‘
g o sroaueaity
e oy th S S S &

Driving productivity The WTO and its Consumer Focus:
growth together implications for UK agri-food trade Buying British T —T——

: Researc d knowledge exchange strategy PhD studentships
The UK undoubtedly has some of the d g ricu ltU re Understand how agrj_food trade could Within this report, we investigate AHDB is the major funder of applied agricultural and horticultural research and Delivering new experts and science with practical benefits across agriculture and
most productive, dynamic and AHDB's series of Horizon reports has be affected once the UK leaves the EU, whether the EU referendum is likely to
inspirational farming-and.growing previously looked at some of the inder both an agreed withdrawal and deliver a boost for domestic growers

issues that will be critical in shaping Search our research archive

THE CHARACTERISTICS OF

HiGH PERFORMING FARMS IN THE UK

Soil Health and Water The characteristics of

Drouaht






Coming later this year...

Oilseed rape disease management guide




GREATSOILS

Download AHDB’s new guide on the
principles of soil management

Learn more about:
- Soil health
- Soil texture and structure
- Cation exchange capacity
- Soil organic matter

- Soil biology

www.ahdb.org.uk/greatsoils




Coming very soon...

Arable soil management guide
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RB209 — Key changes

» Greater emphasis on soll
and grain analysis

» Guidance on grain
sampling

* Alignment of standard
yields for N and P/K
recommendations




RB209 — Key changes

 Reduction in P offtake In
winter wheat

» Grain P offtake updated

P and K recommendation
tables revised

* Download the RB209 app
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Cereal straw — incorporate or sell? —// Virus management in cereals and oilw

dowveiop. pato oo
exdonaive areas of infected crop. Red tiopieg of upper
foaves can also ccour Very earty infeotions can rosult I
plant Geath.
Lo cycle
The virus, which axists 20 several strains, & transenitted
Dy various apecies of caeal aphid. The bid charry-cat
J aphid (Rhopalosiphum pad) is the principal vector in the

= Sl South. In the Midlanda and the North, the grain aphid
Figrs 1. Yalow wicky 0 (Sttabion avanao} is useally more Imporant.
The tranamission of viruses 10 cersals and olsead rape

Some

In the AHDE Encyclopasdia of coral diseasss.
The key period for virus tranamission by aphids is in the I

typicaily appear In spang. When
Infactions are unusually axtrame, antire plants can ba -
Kilod. The axtent of ylakd ossas ks detarmined by 8
numarous factors, which an outined in this publication. 1
Earior-50wn winter Crops and 1819-50wn 5png Crops =
tend to ba at a highar risk, due 10 the timing of aphid b
migrations. Risk is hoightanad in all crops by miid
Caroal straw has booome an incroasingly versatike and bood conditions In autumn and wintar, which encourage aphid | \
vakuabio commodty. Today, straw markets inclade " fight, reproduction and movament within the crop. | \
ronowabio 0nargy By, for Both dormestic heating /7 '
and power Qenanston, ovarwinter camot production and et = Barley yellow dwarf virus -
mushroom production. This Is in addition 1o fa tradional Eu,,\/'\/x\-/ ! Figurs 3 Wingad met wingies achkis can wites Srop.
s a5 Ivestook bedding. At the same Smo, the a_ v \ A J\/
incenthos 10 chop straw have iNomasod. So¥ heaitn & » —x 10 the autume, BYDV can be Introcuced into cereal arops
000 of the main drivars, with marty aiming to ap the » In two waya:
ngar-torm beceits with straw . 1. indirect transfar by winged aphida, from grase or
:w?t:y(mt:mmm”nlmn SOOI AN SIS wolunioor caraala slsowhere. Thia i the most common
), SPOoR, ¥ AOS. VIS SI PSP FF S source of BYDV infecSon.
Tho incroase In demand for atraw has 3000 5 2. Direct transfer by winglosa aphids, from grass or on
mspond. 1 the last docade, big balo straw prices In = Tariey b volunoar coroaln that scrvive culthation. Thia & known
@xcoss of 2407 have boooma mare requont. Volatie g hale st prioes 24 the ‘groen bridge” offoct.
Gomand 0. 3pikea 1n CONSUMPHON 0f GNIMEE DOGING vy cea vy & e s Ankociton e, Bt oy & e Fioe 2. Sympcms of tarey yekcw durt i i Ry
g long. caki vAskes) a0 svply sheo raet bn Macrurss AwocitcnT e ey NS manner. This means that i virus doos not pass diecty
A R Bariay yolow dwart virus (BYDV) 10 the aphia’ offapring and must be aoquined through
Thia publication locka &t the proa and cons asscciated farm oporations. Armed with a botier understanding Soacing on Infacted host plants, The thme betwoen
WEN the deoiaion %0 GthOr INCOPAFET o 201 straw. of the monatary and non-monetary Imploations, Hosts and the aphid baing abio 1o tranamit the
1 provides examgios of how to vk straw, espocialy tria publication wil haip you decide on o Wheat, barioy, cata, ryo and titical Infoction la 12-48 hours.

23 nutrient value, and locka at the impiloations 1o other beat cption for yoor famm busineas.




Wider tools

Brexit

* Business management "

p z
Brexit prospects for UK agri-food trade . -
jow the industry could be affected once the UK leaves the EUs—1"

» Markets
» Brexit (ahdb.org.uk/Brexit)

= & D 4o o

Beef & Lamb Cereals & Oilseeds Dairy Horticulture Pork Potatoes

Tools available at ahdb.org.uk




Horizon Reports

Market Intelligence September 2018

Prepanng for change
\ .The*charactenstlcs o] \
top‘performmg farms \
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Knowledge Exchange
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Farm Excellence

» Strategic Farms — Putting research into practice

* Focus on improving arable productivity through the formal testing and
demonstrating of innovative practices on a field or farm scale. They aim to drive the
adoption of innovation.

+ 3 open meetings per year over 6 years, plus closed group visits
* Monitor Farms — Farmer Led, Farmer Driven

- Cover a wide range of activity aimed at business, technical and personal
development. They aim to address current issues identified on the host farm.

* 4 to 6 open meetings per year over 3 years, plus closed benchmarking sessions

Strategic Monitor Wider

Research Eare Farms Industry




West & Wales — Cereals & Oilseeds

Hereford Monitor Farm Loppington Monitor Farm Pembrokeshire Monitor Farm Strategic Cereals Farm West

Hereford Monitor Farm Cardiff Monitor Farm Bridgnorth Monitor Farm
2014 - 2017 2014 - 2017 2016 - 2019



Cereals and Oilseeds — Strategic Farm West

West Host = Rob Fox, Squab Hall Farm
Open Day Day = Tuesday 2"9 June
Harvest 2020 Demonstrations

For all details, visit: https://ahdb.org.uk/farm-excellence/strategic_cereal_farm_west



Subscriptions and Publications
"’@ ahdb.org.uk/keeping-in-touch

* Crop Research News

* Market Analysis

* Aphid News

* Grain Outlook

* New publications alerts
* Recommended List

@ Webinars and AHDB Podcasts




Amy Hughes, AHDB Beef & Lamb

Steve West, AHDB Dairy

Bill Watts, AHDB Potatoes

Angela Cliff, AHDB Pork

AHDB Horticulture




cag5asc

New Fungicide Performance 2019
Septoria & Ramularia

Steven Kildea, Teagasc CELUP, Oak Park Crops Research

®

|




Protecting Yield Potential

cagasc




The application of chlorothalonil Is
not permitted from May 20t" 2020

CTL based products registered in Ireland

Product* PCS No. Product PCS No. Product PCS No.
Barclay Avoca 4458 Daconil 5748 Amistar Opti 5068
Jupital 4503 UNIPRO CTL 5944 Ortiva Opti 5992
Rover 500 4467 Spirodor 5934 Proceed 5519
Balear 720 SC 4411 Cavaterra 5059 Treoris 5310
Abringo 4239 Phyton 5019 Aylora 5311
Joules 4784 Orchid B 5058 Fielder SE 4251
Muti-Star 500 4812 Chlorthalis 5193 Fezan Plus 4468
Supreme 4841 Bravado 6013 Crafter 5345
CT 500 5302 Bravo 500 3452 Tonga 6285
Stefonil 5351 Curator 5069 Cigal Plus 6061
Renew Chlorothalonil 5362 Vertik 5071

Farmco Chlorothalonil 5593 Perseo 5750

cagasc
*On PCRD database Nov 2019

A s Foon Devivorsmsr A



Should we be concerned?

1. What diseases are a problem?
e Septoria tritici blotch of winter wheat
 Ramularia leaf blotch of winter & spring barley
 Chocolate spot of winter & spring beans

2. Are there solutions?
* Variety
* Agronomy
e Chemistry (NEW and old)

ct:n;}ﬂ:;{:

A P LY



The problem—WHEAT

Yieldresponses (winter wheat) from fungicides 2003-2017

14

12

10

LAY AN
1/
/

t/ha

V \v

0 T T T T T T T T T T T T T T 1

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Teagasc Wheat Fungicide Trials 2003-2017

* 73 Trials

* 154 Direct comparisons

* Significant Year x CTL interaction (P<0.001)

e Untreated
e Fungicide

e==m Fungicide + CTL

C cagasc

AGETULIVEE &% -I‘I-- -”‘.l'.l FRENT S THORITY



The problem—WHEAT

Yield responses (winter wheat) from fungicide programmes 2008-2017

14

12

10 \ \
8 == ntreated
6 \v/ === Fungicide

=== Fungicide + CTL

t/ha

2008 2010 2011 2012 2013 2014 2015 2016 2017

Teagasc Wheat Fungicide Trials 2003-2017

e 27 Trials cas5asc
e 45 Direct comparisons (SDHI & SDHI/azole 75-100% rates)
« Significant Year x CTL interaction (P<0.001)

AGETULIVEE &% -I‘I-- -”‘.l'.l DFRENT STHO

Ty



The problem — BARLEY

Cover spray+ CTL (1.0 I/ha) A .C.ovgr__spray+1rh-trex (2.0/ha) "

cagasc

Kildalton 16/07/2019



Why is SEPTORIA a problem? —

Anmovrva asn Fooo Dovnoesooe A WY

* Varietal Resistance — improving but still require protection
(not sole factor determining a variety in Ireland)

* Agronomic practises — cost/benefit (e.g. how late to we need to
delay planting)

* Nutrition — limited capacity to impact disease development?

* Fungicides — Z. tritici has demonstrated quite an ability to become
resistant

* CTL has provided a consistent/inexpensive “backup” to all of above




Varietal Resistance improving...BUT Tooeee

Acmonae s Fooo Deaorooe Armosemy

Majority of wheat grown in Ireland is moderately susceptible to STB

i

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2009 2010 2011 2014 2015 2016 2017
Year

6.5

55

(2}
|

STB Rating (1-9)
SN
in

I
]

35

3 -

An Roinn Talmhaiochta,
Bia agus Mara
Department of Agriculture,
Food and the Marine

Based on annual STB rating x seed availability



We need very high levels of STB resistance

— R2=75 Killeagh 2014 Carlow 2015

3;1700 S —— \~7 1700 - * T

W - .:-- -'--:___ =T -

= 1500 SEQ =746 1500 ¢ . -e e T

8 T

3 1300 1300 -

2

£ 1100 1100 -

(=

g 900 - 900 -

£ R2=59

2 700 - 700 1 p<0.001

= SEO = 66.5

500 1 I 1 1 500 1 1 1 1
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Proportion of azole+SDHI full rate Proportion of azole+SDHI full rate
Killeagh 2015

1700 4 R*=41 (8)

-S.. P<0.001

51500 | SEO=118.0

S - A SR5 —-+= SR7  mm——- SR8

91300 { W ._o=== ————=oseeea.. A SRS ® SR7 B SR8

S = 6._.-.a._, —h

=T] P -t e . -

£ 1100 L

B ®

2 900

c [ ]

® 700 And this was when

=

500

| ' r ' . azoles/SDHIs worked well!

0.0 0.5 1.0 1.5 2.0 CcaQ F}{] SC
Proportion of azole+SDHI full rate

Lynch et al. (2017) Field Crops Research 204: 89-100 A o Foso D



. . cag5asc
So how will we manage without CTL? C‘

From L)

1. Know your risk
* Strengths & weakness of variety?
* When & where is it being grown?
 Know strengths & weakness of fungicides

2. Know your crop
* What growth stage — timings critical
* What is disease pressure?

3. Know your fungicide

 What can | expect from the fungicide, new or old?
* Alternative multisites!



What should we expect from a fungicide?

Rainfall in Summer

Need to protect those
leaves important to yield

TO
T1

T2

T3

25

20

15

£
£

10

5

0

<30

32

39

65

C €agasc
Ao om Fooo Doanornea Avmoemy

% of L2, L3, L4

L1, L2

L1

L4 + below




What should we expect from a fungicide?

Yield response of each leaf layer

0.80
= Contribution of L1, 2 & 3 similar when
0.60 in “programme”
@ = L4 showed lowest contribution
> 0.40
= Variation between sites due to
infection events
0.20 -
0-00 N D D |

Leaf 4 Leaf 3 Leaf 2 Leaf 1

cag5asc
Ctears e NOTmATTOsERTS

Acmoinae s Foon Doviorsooe Aoy




cagasc
What should we expect from a fungicide? =

Role of Pre Stem Extension fungicides — Septoria

12
m 2012 - 2014

11

10

9

8

7

6

Range of varieties 3

nt No TO Bravo Rubric Gleam

T1: Proline 1.0L & Bravo 1.0L

12: Adexar 1.61. & Bravo 1.0L No significantyield benefit from PSE (TO)

T3: Prosaro1.2L (Gleam2.0L 2012)



How does new chemistry fit - Ireland?

Septoria — Protection 2019

35

30

25

20

15

% Ramularia

10

0

X

Ramularia — Protection 2019

——Revystar XL

Bravo

——Proline

0%

25% 50% 75%
Percentage of full label dose

100%

% Septoria

40

35

30

25

20

15

10

0

€ Bravo
— AscraXpro
——Elatus Era
—Revysol XL
—Proline
— |mtrex

0%

25% 50% 75% 100%
Percentage of full label dose

cc:u;}m;(;
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Why is RAMULARIA a problem? T

Acmrv v axn Fooo Dinviorsosr Ao

e Varietal Resistance — if available not in elite varieties

* Agronomic practises — don’t stress the crop....in the Irish
climate??

* Nutrition — don’t stress the crop!

* Fungicides — R. collo-cygni has demonstrated quite an
ability to become resistant

* CTL has provided a consistent/inexpensive “backup” to
all of above




Ramularia—a bit of a spanner? R

“Don’t worry about it, CTL will take care of it”

- Dr.Eugene O’Sullivan (circa 2014)



cagasc
Maximising barley yields? -

Understanding why RLS importantto vyield

Yield responseat different
timings - SB
1.0

0.8

0.6

t/ha

0.4

0.2

0.0
Mid-late GS31/32 GS39/49 GS59
tillering

Create Protect



Ramularia -it’s bloody complex! @

EPIC IPM
It is in the seed — no surprise

* Screening all seed samples submitted for 100 :
certification W Winter
cpe W Sprin
* gPCR based quantification 30 Pring
©
* Seed samples 2015-2017 (significantyear effect P = £
0.018) < 60
c
* No location x variety effect! T
a
e 40 -
e Lo L e e :
2015  Winter 071  0-6.19 = 0

Spring 94 0.6 0-6.38

2016  Winter 102 4.69 0-62.51
Spring 104 0.64 0-3.58 2015 2016 2017

2017  Winter 94 0.67 0-0.271 ca5asc

*pg/100ng total DNA hosscearves o Foes D tormer Avvacan

o
|



Ramularia - it’s bloody complex!

Every interaction possible!

()]

B
3

N

m DSSprod

w
w o,

m DSSrate

m St.prog
= Qol

m Untreated

N

(log10 transformation)
Rcc pg/100ng DNA
N
(&3]

o =
o vk, wu
1

Irina Olympus Propino RGTplanet

| Source ofvariation | d.f. [ (mwv) lss.  Ims.  fvr.  [Fpr. |
4 55.701 13.9252  36.88 <.001
3 8.0296  2.6765 8.44 <.001
12 7.6881  0.6407 202 0045
Ee 1 421909 42.1909  96.01 <.001

169.505  169.505

casasc

Treatment.Cv.Site 14.9144
Treatment.Cv.year 10.8724
Treatment.Site.year 5.0658

Mmoo o Foon Dovioroce Amsoemy




Ramularia - Relationship with Yield

Impact on yield depends on year / PRESSURE

Visual Disease on leaf 2 versus Grain Yield 2016 Visual Disease on leaf 2 versus Grain Yield 2017
RLS L2 RLS L2
40/ 301
° R2=-0.019 R2=-0.748
P=0.811 P < 0.001

30 o

(&)

=] =]




Ramularia - Some answers, more questions!

ON

1. Islrish barley seed infected with Ramularia?
* Yes
2. Whatroledoes seed play in RLS?

«  Wereally don’t know, very difficult to prevent it from being in
seed

3. Whatimpacthas RLS haveon yield

«  Can be quite significant, but not always — barley is not wheat

4. Does variety make adifference?
-  Differences apparent, but not clear — visual v DNA v treatment
5. Canwe predictRLS

 Evenin arelatively small trial lots of interactions exist — we need

to know more about the disease! C cagasc

A s Foon Dhev



What's working & what’s not

Control possible without CTL — Winter Barley 2019

60
50
i
o
©
3 40 -
2
S
-
5 30 -
£
o
< 20
N a I I I
. = l
& \\9\ & & Q@Q & & &
\)Q é\/ le @

Teagasc Ramularia “Alternative” Fungicide Trial 2019
* WB at two sites, cv Pixel

=4 eyt e
* Cover Spray (CS) Proline (0.4 I/ha) & Modem (0.625 I/ha) cagasc
* No site x treatment interactions (P=0.174)

* Slgnlflcant fung|C|de EffeCt (P<0.001) Acmonrex asn Foon Do Armsceery




Understanding impact of programme

Optimum Fungicide Programme Dose Response WB 2016-2019

Kildalton 2019 Proportion of full dose required for optimum
1400
1300 KWS KWS SY Volume
1200 7 Cassia Tower
1100 E——
Swg Lo T OP 2016 0.25 0.30 0.28
& a0 - o G KD 2016 0.25 0.27 0.24
——Tower
800 /\\ Volume OP 2017 0.18 0.27 0.19
700 - KD 2017 0.34 0.34 0.34
o0 OP2019 0.34 0.43 0.18
500 : : : '
0 0.25 0.5 0.75 1 KD 2019 0.37 0.37 0.37

Proportion of full dose (Proline & Jenton)

Teagasc WB Fungicide x Variety DR

 WB at two sites, 4 varieties (Retriever replaced by Kosmos) {*GSG SC
* Proline & Jenton x 3 applications
« Significant exponential plus linear fits (P<0.001) ;

AGRICULTURE ANT I‘I-- i |.]‘.l'\|.- PMENT S THOITY




Understanding impact of programme

SY Volume - Kildalton

Proline + Jenton x 3 applications

Untreated X % Rate Full Rate
Optimum Dose

(0.37)



So how will we manage without CTL? T

1. Know your risk
e Strengths & weakness of variety?
* When & where is it being grown?
 Know strengths & weakness of fungicides

2. Know your crop
* What growth stage — timings critical
* Whatis disease pressure?
* |sit under stress — Ramularia

3. Know your fungicide
 What can | expect from the fungicide, new or old?
 Alternative multisites do work!
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Agronomy West 2020

Improving yield through \P T
using micro-nutrients ias (TR

Steve McGrath
Head of Sustainable Agriculture Sciences, Rothamsted Research

U\ g
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Law of the minimum

Minimum

Are micronutrients
limiting yields

of high-yielding

crops on at risk soils?

\/

ROTHAMSTED
RESEARCH



Questions

AHDB project report 518

* Is there any evidence of changing Cu, Mn and Zn
status in soils?

* Do high yielding wheat varieties respond more to Cu,
Mn and Zn?

» Evidence for reports of up to 3 t/ha yield increases due
to micronutrient sprays?

* Does soll, leaf or grain analysis help predict when yield D
will be affected? \

ROTHAMSTED
RESEARCH



1) Changes in soil micronutrient status?

Used standard EDTA extracts for soil analysis

- Sampled 132 arable soils in 2009 - 2010 = "NEW”

 National Soll Inventory sampled 1978 - 1982

1,805 arable soils = “OLD”

\/

ROTHAMSTED
RESEARCH




Soil extractable Manganese

500

400 -

300 -

mg/kg soil
N
3

EDTA soil extracts

v i
Mn new Mn old
n=132 n=13805

aaaaaaaaa

Note: no soil threshold value

\/

ROTHAMSTED
RESEARCH



Soil extractable Copper and Zinc

mg/kg soil

50

40 -

30 -

20 1

10 +

EDTA soil extracts

d o
: :
°
o $ -
: :
. ! o
o
s .
i I
e € - - - -
1 1.6
Cunew Cuold Znnew Znold

\/

ROTHAMSTED
RESEARCH



2) Field Experiments on the need for AHDB
micronutrient applications

15 site years (5 sites x 3 seasons)

Type of soil — light (6), organic (6), high pH (3)

— all high risk due to low bioavailability of micronutrients in soll

Visible symptoms -~

EDTA extracts of soll

Leaf tissue analysis in spring

Grain analysis at harvest

ROTHAMSTED
RESEARCH




Visual symptoms

« Assessed leaves at GS 33

 None were observed

Mn Yara

~ - e  ——— -

ey i el pometn i

. -~ - o e —

T S
~r -

e c— B i
e o 3 2l s
. e W
R e aa
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"Jg-q..

« Can be confused with other problems...

Cu NIAB-TAG



Visual symptoms

Easily
misinterpreted...

ROTHAMSTED
RESEARCH




Grain vields as deviation from control (t/ha)

Copper significantly affected yield in only 1 experiment

Grain yield deviation from control

20

148
14
04 |
a4 |
08
A4 ]

TN

Copper

\/

ROTHAMSTED
RESEARCH



Grain vields as deviation from control (t/ha)

Manganese significantly affected yield in no experiments

Grain yield devistion from control

(t/ha)

Manganese

PITETIITIIIIE.

\/

ROTHAMSTED
RESEARCH



Grain yields as deviation from control (t/ha)

« Zinc significantly affected yield in only 1 experiment

ROTHAMSTED
RESEARCH




What size increase in grain yield is detectable in A —
these plot experiments?

« Coefficient of variation of each field trial, in terms of
t/ha of grain

* Any yield increase compared to control yield would
have to be larger than these values to be detected

Range 0.20-1.11 0.34 - 0.62 0.08 - 0.76

Mean 0.58 0.48 0.37 \D

ROTHAMSTED
RESEARCH



How diagnostic is leaf tissue testing for
zinc?

Yield response (t/ha)

o O
N

o =
N M O ®

o

O
o

Only significant o®
response
|
I = * & T T ]
( 10 20 £(0) 49 50

60

Zinc concentration in leaf material (mg/kg)

Threshold: Zn < 20 mg/kg in leaves

D

ROTHAMSTED
RESEARCH



How diagnostic is soil testing for zinc?

Light loamy sand, Morley

O
o

AN

o O
N

0.8
Only significant
s response

o
&

¢ I I I
2 3 45 6 7 8°* 9 10 11 12 13 14

Yield response (t/ha)

.---.---P----T- —— -
2

o o o
o B~ N

Zinc concentration in soil (EDTA mg/kg)

Threshold: Zn <1 mg/kg in soill

P

ROTHAMSTED
RESEARCH



How diagnostic is grain testing for zinc?

0.8 ,
I o
0.6 E
f__@ ! Only significant
= 04 ] ' response
o) i’ ¢
2 0.2 : A
coz - .
g O I I I I I I I i o 1 I I I I I I I I I I I . I I |
- 0 2 4 6 810121411618209224262830323 36 3840 42 44 46
o -0.2 I
- i
-0.4 by
: *
-0.6 ! S . \D
Zinc concentration in grain (mg/kg)
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How diagnostic is leaf tissue testing for
copper?

1.5 J ~ Only significant
: response
|
T 1 |
s I
= [
@ 0.5 | ’
5 I
% | . L 4
v 0 T ’iP —* * % T T T |
© 0 2 4 6 8 10 13 14
(S AR :
> -0.5 : *
I
|
|
-1 y
Copper concentration in leaf material (mg/kg) \D

. ; ROTHAMSTED
Threshold: Cu < 4 mg/kg in leaves RESEARCH



How diagnostic is soil testing for copper?

Waterbeach, Cambs
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How diagnostic is grain testing for copper?

Yield response (t/ha)
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How diagnostic is leaf tissue testing for T —
manganese?

Yield response (t/ha)
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How diagnostic is grain testing for manganese?
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Comparison of winter wheat yield responses —
in Research Review No. 78 and PR518

Micronutrient 1st | All trials RR78 | Since 2005 RR78 PR518
trials (resp/total) (resp/total) (resp/total)

Copper 1952 8/45 1/27 1/15
18% 4% 7%

Manganese 1976 7137 2/25 0/15
19% 8% 0%

Zinc 2005 - 1/29 1/15
- 3% 7%

Note: RR78 included many countries for Cu and Zn

P

ROTHAMSTED
RESEARCH



Micronutrients in wheat AHDB

AHDB project report 518

1.

2.

Extractable Mn, Cu & Zn in soils have fallen a tiny amount in
the last 30 years but not considered biologically significant

Leaf tissue analysis at GS30 resulted in six false
recommendations for treatment for either Cu or Znin 15 trials
as well as missing the recommendation for the one Zn
response

Our limited response data do not suggest that leaf analysis in
spring is useful to predict yield responsiveness

Soil analysis identified correctly the two responses (one zinc,
one copper) in 15 trials, but for 3 sites copper it wrongly
recommended treatment

Grain analysis appeared to identify the two responses correctly j
(one zinc, one copper) in 15 trials !

Cu may have had a fungicidal rather than a nutrient effect
Mn — no response, 9 false applications that did not affect yield

. . . . . . ROTHAMSTED
Grain analysis may be a useful indicator — ongoing discussion RESEARCH



3) Looking forward — can we do things differently?

How do we get more RL trials 2019
data?

How can we improve
threshold values?

« 5 standard WW varieties

» Soll, leaf, straw and grain samples
from 20 sites

Under development - Sites chosen for their range of soils

i . TR A T ETRE TERPTT

Use tissue (leaf, grain)
and soill testing

Use conventional wet
chem and new dry ] |
spectral methods e
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* Would crops below thresholds
respond to fertiliser?

 Grain quality is another consideration
— biofortification (Zn, Fe)



Can we do things differently in future?

Predicting those situations that will respond in yield to nutrient additions

Benchmarking

Diagnosis Is usually done by wet chemistry

Direct spectral signals from solils and plant tissues

YReflectance or Transmittance
g wowowoR BB oA ¥ oN oy N B
FI- - T - - ¥ou oy

ROTHAMSTED
RESEARCH
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A farmer’s journey

Steve Klenk, Garnstone Farms




WHO AM |77
WHY AM | HERE??






Garnstone Estate

e 2754 acres in hand

* 192 fields average size 14 acres

 Largest arable field 36 acres

* Smallest arable field 6 acres

* 500 acres woodland

* Approx 2100 acres in 8 long term tenancies
* Let houses and cottages



Gamstone Farm Office
Ledgemoor

Weaobley

Herelormd

HR4 BQH

Stephen Klenk

Tel: 01432 330 382
Mob: 07831 120 948
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Cropping in hand land
2019 Harvest (acres)

Winter wheat 812
 OSR 320
* Maize 412
* Herbage seeds 260
* Whole crop cereals 140
* Clover for seed 25
* Fodder Beet 20
* @Grass we graze 250
* Grass we let 250
* Orchard 80
* Traditional Orchard 25
e Stewardship areas 81
* Headland margins 45
e Let for currants 34
* Cover crops 352



Livestock

* Up to 700 beef cattle - Pedigree Herefords
. Single suckler Hereford X
. Bought in weaned calves mostly continental X

* Chicken Unit producing fertile eggs

* Anaerobic digester needing 35 to 45 tonnes per day of feed



Labour

Arable and general

1 Sprayer operator

1 Drill man

1 tractor /combine driver
Seasonal harvest

1 manager

Average age 52

Livestock
3 full time on cattle
4 — 5 on chickens




Machinery

o




“The answers to your soil

problems are beneath your feet,
not in the machinery shed.”

The kit in the shed probably
causes the problems.















Crop establishment

* Cereals — direct drilling

* OSR and herbage seed— scratch till, drill, roll x2

e Cover crops — broadcast seed, scratch till, roll if needed

* Maize — Low disturbance subsoiler, scratch till, precision drill



~\




How and why did we get
here?



How and why did we get here?

By Accident!!
A bit at a time!l












“The soil is our past, our present and our future”
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Aims

* To produce healthy high yielding crops

* To reduce cost of production

* To improve work rates

* To improve sustainability of the business

* To improve soils resilience

* To lessen the reliance on “out of the bottle” solutions
* To reduce artificial inputs (by 50%) in five years

* (To create a better work life balance)



“The soil is our past, our present and our future”

*\WWhere is the best soil on the farm?

e Middle of the field?
 Headland?
* Under the hedge?



What happens in a hedge?

* Soil never moved

* Always something growing

* Crop residue returned

* Variety of species

* Less or no fertilizer and ag chems
* Therefore

 Better friablity

* Better biology

* Better OM



Regen Ag Principles

* Limit Tillage

* Plants or crop residue on the soil surface
* Living roots in the soil

* Diverse crop rotations

* Multi species cover crops

* Integrate livestock



How to try to replicate a hedge in the middle
of your field?

* Agro forestry
* Reduce cultivations
* Direct drilling
* Companion cropping
* Cover cropping
* Reduce ag chems and fertilizers
* Increase biology
e Return crop residue
* Add organic matter



OSR

1N

Crimson clover




OSR

1N

Crimson clover




Triticale and Oats




ing Barley and Peas

Spr




Different varieties




Other options

* Maize with ryegrass

* Maize with Clover

* Wheat with Clover

* OSR with Vetch, Buckwheat, Lucerne, Beans
* OSR and Peas (Peola)

* Many others



Cover cropping Tillage radish
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Our typical cover crop mixes
 Homegrown spring oats / spring barley 90kg
* Homegrown Peas 10kg

* Buckwheat 5kg

* Vetch 2.5kg

* Berseem clover 2.5kg

* Phacelia 3kg

* Crimson clover 2.5kg

* Linseed 5kg

e Seed £54.73 per Ha

 Establishment £39.53 per ha

* Total £94.26



Dry Matter Report

Srephen Elenk Garmsoone Famm ( i//_'

Custormmer: h
Drate- 27 092019

Fiseld: Maize Cowver Chop
I [resuls weight/ha [Towml dry mass/ha (Kg): | 2225)
|MNitrogen (M) 40.50|Kg
|Sulphur (S) 5. 79 |Kg
|Phosphorous [P) 935 |Keg
|Pe o [EC) 7633 |Kg
|Cailcium (Ca) 38 72|Kg
|rMagnesium [(Mg) 445 [Kg

Sodivm [Na) D.mll{.g

Iron [Fe) O.88 |Kg
|MManganese (Mn) 149 543 [

Cr [Cu) 13 13|

Zimc {Zn) TOTE|=
|Boron [B) 47 40|
|nciybdenum [Mo) 1.71|=

Edapho=s Lrd
Old Farm Offices
MManor Farm

Ginge
Oeon. OX12 8O1S

Tel: 01235 834997
Fa: 01235 833320




Value

Nitrogen

* Phosphorus

)
)
e Potassium ) 50 % of analysis £73.82
e Sulphur )

)

* Magnesium
e Trace elements 50 % of analysis £12

 Grazing rent Based on 6 sheep per acre for 1 week £2.25

* TOTAL £88.07



Biological Improvements
* Higher worm counts, up to 35 per cubic foot =9.45 million per ha
e Greater water permeability
* Increasing Organic Matter
* Increased rooting depth - can cause issues
* Increased microbial activity
* Increased Fungal activity
* Quicker breakdown of crop residue
e Healthy crops
* Increased wildlife numbers and diversity



Potential savings

* Direct drilling v plough based

* Home saved seed mixed varieties
* No dressing applied to seed

* No insecticide applications

* Reduced Growth regulators

* Reduced lime application

* Reduced P and K

* Reduced N

* Reduced fungicide application

* Increase in Trace Elements, Humic, Fulvic
Mollasses and Biologicals

* Balance

Saves £83.32
Saves £21
Saves £12.25
Saves £4.10
Saves £12.50
Saves £12
Saves £85
Saves £38
Saves £69.67

Costs £55

£282.84



Issues

* Management

* Drains

* Trees

e Justifying labour
* Having patience



Opportunities

e Public good - ELMS

* Points system for reduced inputs?

* Points system for increased soil health?
* Carbon



CARBON
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LF T New assessment - Aggregation My projects | steve@gar...- | ? LFT New assessment +  Aggregaton My pojecs

steve@gar.. | ?

oo Share . More.

winter_wheat 2019 winter wheat 2nd

Other Crops -~ WinterWheat - Finished product:3,300tonnes  Yield: 10 tomne /ha OtherCops ~ Winter Wheat  Finsed product 3.0 tomnes + Yield: 0 tomne

oo Share  More.,

y 0
Cop  Soil Inputs  Fuel &Energy  Iigation  Carbon  Transport Results ‘19'% Cop  Soil Inputs  Fuel &Energy  Imigation  Carbon  Transport Results ‘19'%]
(HGs Compare Performance (osts  Data GHGs Compare ~ Performance (osts  Data
Total ermissions Emissions per hectare Emissions per tonne Total emissions Emissions per hectare Emissions per tonne
-537.60k 1,63k -162.91 505.77k 1.53k 153.26
kg C02e kg CO2e kg CO2e kg C02e kg CO2e kg CO2e



—
612612019 (Crop Product (GHG resuts) - Cool Farm Tool
ik g ( ) 612612018 Crop Product (GHG results) - Cool Farm Tool
200k
200k 180k 180k 170k
4%k 76k 31k 180k
w W 00 o— [ 0 m— i
-200k 140k
0 o
100k
ki 80k
-B00K 60k
A0M 40k 3%
- 20k
h 1M 00 0 00 00 00 00 00
M Seed Residue Fertiliser Sail / Paddy Crop Carbon Energyuse  Energyuse  Wastewater  Offfarm
el - bt sl o o Carbon Bepyuee B Vst oftm production ~ management  production* fertiliser methane protection stock (field)) (processing transport
production  management  production® fertilser methane ~ protection stock (field)) ~ (processing transport
’ Detailed data (all values n kg Hide data
Detailed data (all values in kg) Hdaikts Sources 0, N0 CHy  Total COpeq Per ha Pertonne
Seed production 0 0 0 0 0 0
Sources (0 N0 (Hy  TotalCOyeq Per ha Per tonne Residue management 0 0 0 0 0 0
Seed production 0 0 00 0 0 Fertiiser production* 180.5% 0 0 180.59% 507.05 5472
Resdue maragemen 0 G668 0 18K S666 556 i":‘: '””'l';” g I w51
addy methan
Fetlisrproducion’ 18059% 0 0 105 Ws s C’ODLMOZ e g g 27 . ‘1’4_. ) ?4 .
Sol / fertiliser 0 568.08 0 169,29k 51299 5130 Carbon siockchanges 0 0 0 0 5 o
Paddy methane 0 0 0 0 0 0 Energy use (field)) 7643 0 0 7643 23159 23.16
Crop protection 4735 0 0 47.35 14350 1435 Energy use (processing)) 0 0 0 0 0 0
Carbon stock changes L23M 0 0 123M 371k 37136 Waste water 0 0 0 0 0 0
Energy use (field)) 7643k 0 0 7643k 23150 2316 Off-farm transport 32.11k 0 0 N1tk 9729 973
Energy use (processing)) A 0 0 0 0 0 0
Waste water 0 0 0 0 0 0 * Colculated with validated default values for fertiliser production.
Off-farm transport 3053k 0 0 30.53k 9253 9.25




Assume 0.1% increase in organic matter on a
standard bulk density soil.

That equals 8.39 tonnes per Ha of Co2
seguestered.

At todays euro carbon trading price that would
be between £63.76 and £100.68 per ha.
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Potential for biopesticides / bioprotectants in field crops

Dave Chandler, Warwick Crop Centre
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Radical change needed to global agriculture.

* Global agriculture: homogenous & highly
connected.

A major producer of greenhouse gases.
Vulnerable to climate heating.

e Loss of natural habitats to monocultures.

* Loss of ecosystem services, replaced by
artificial inputs.

e Shiftin power & agency from farmers to
corporations.

Nystrom et al., Nature (575), 7 November 2019; \/\/

Bahadur et al. (2018), PLOS ONE 0205683



A new farming revolution?




The EAT Lancet strategies
From quantity to quality.
Sustainable intensification:

— Reduce yield gaps, fertilizer & water use
efficiency, enhance biodiversity in ag.
systems.

— Make agriculture a net carbon sink.

— Halve food losses and waste.




Sustainability: agriculture iIs the solution, not the
problem
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Where does crop protection fit
in?

Pests (invertebrates, pathogens, weeds): a
major constraint on quality production.

Climate heating will make things more
challenging.

Over-reliance on synthetic chemical pesticides.

Need a more sustainable system.




Unsustainable use of synthetic chemical pesticides

The 1960s Green Revolution:
‘Top down’ use of synthetic
chemical pesticides — industrialised farming

|

|

Reduction in availability:

* Products stop working.
 Government restrictions.

* Retailer restrictions.

* Pesticides — precious resource.
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Sparks & Nauen (2015). IRAC:
Mode of action classification and
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management. Pesticide
Biochemistry and Physiology,
121, 122-128.
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The number of synthetic chemical pesticides
available is declining.

1000
900 A
800 1
700

600 -

No. of a.i.s

500 -

400 *

300 L | | L | L] | | | | | | | |
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

year
Conventional pesticides approvedin EU

Costs c. £200M & 10
years to develop a new
conventional pesticide.
Few new actives in the
pipeline.

European Parliament calls
for mandatory reduction
targets for the revised
Pesticides Directive
(resolution passed
18.12.19).

AVAVA



Field crops: P&D becoming ‘more challenging’

aphids
weeds slugs
flea beetle septorila
powdery milldew moth pests

Sol1l borne pathogens










Netherlands 2030 plant protection vision’ strategy document

We need

R L. 8 © this too!

Agriculture, nature
food: valuable
and connected

The Netherlands as a leader
in circular agriculture

i e ®
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Integrated Pest Management (IPM):
the way forward for all growers

* Integrated Pest Management (IPM) 1s an

ecosystem approach to crop production and

protection that combines different management

strategles and practices to grow healthy

crops and minimize the use of pesticides (UN

FAO) .

AVAVA



IPM — the Sustainable Use Directive

IPM is mandatory under EU law

Growers should adhere to core principles set out in the
Directive (prevention, monitoring, treatment, checking
effectiveness).

Each country has a National Action Plan.




The SUD: sustainable pest management

e Sustainable biological, physical and other non-chemical methods
must be preferred to chemical methods if they provide
satisfactory pest control.

* Pesticides applied shall be as specific as possible ... and shall have
the least side effects on human health, non-target organisms and
the environment.

 Where the risk of resistance against a plant protection measure is
known ... anti-resistance strategies should be applied to maintain

the effectiveness of the products.



The IPM pyramid

Chemical
control

Few silver bullets

Physical / mechanical controls

Agronomic practices: crop breeding, rotation,
intercropping, conserve & enhance beneficials

Which of these are
you already using?
How well are they
integrated?

What new tools do
you need?




Biopesticides / Bioprotectants

Biological plant protection tools to help manage pests*.
Living microbes, semiochemicals, plant extracts & other
natural products.

Originate from nature, or are nature-identical when
synthesized. Formulated & packaged.

Low impact on human health & environment.

Varied modes of action.

 Some may not directly kill the target (e.g. preventative
biofungicides).
* Hence term “bioprotectant” is now preferred by EU, IBMA.




New substances coming on stream

120

™ Low risk

100

80 W Basic

60 W Others ( semiochemicals, salts,
fatty acids..)
40 M Plant-extracts
20
B Micro-organisms
0 '_. T T | T T T T T T

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 2: Increase in numbers of alternative substances approved by the EU

FEuropean Commission 2017







Why should we be considering them
for field crops?

* Number of products increasing while conventional
pesticides decreasing.

* They are not silver bullets but they have attractive
properties for IPM, human safety & the
environment.

* An opportunity: how can we get the best out of it?




IPM in field crops: challenges & opportunities

* Outdoor environment (weather, climate).

* Not enough new plant protection products.
* Integration can be complex.

* Cost of bio-based protectants.

* ITmprove biodiversity & soils.

* Exploit beneficials.

* Cultural control options at different
scales.

* Manage pesticide resistance. \VAV/



Bioprotectants give natural control — they are already out there!

¥ e
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Let’s look at 3 types of bioprotectant

* Microbial control agents of insect pests (insect pathogens).
 Microbial control agents of plant pathogens.

 Semiochemicals —insect pheromones.




Insect pathogenic microbes

: .":vaq' 3

25 Wnadid




Biofungicides — preventative vs curative

Preventatives for Botrytis (but note MoA).

* Bacillus amyloliquefaciens QST 713 (Serenade): extracellular
lipopeptides

* Gliocladium catenulatum J1446 (Prestop): colonizes plant
surfaces, hyperparasite.

Curative for powdery mildew

* Ampelomyces quisqualis AQ10 - mycoparasite

t!@. ™™

<
r o

| Gliockhdiom catenwlatum strain J1446

Lallemand plant care



BASF Mating behaviour disruption pheromone
against codling moth and leafrollers (RAK 3+4)

.; ,ﬂ,.
J

S

Other products & manufacturers are available!

O one ampoule contains codling pheromone, the other contains tortrix
pheromone. Gives 90 — 99% control depending on target species. \/



Increasing range of pheromones available

Russell IPM — Europe’s biggest
producer.

Pheromones for > 40 insect pest
species.

 Leek moth, turnip moth, cutworm,
diamondback moth

Russell IPM

INTEGRATED PEST MANAGEMENT




Human & environmental safety.
EU approval 1nc. efficacy.
Compatible with the IPM pyramid.

Not silver bullets. Lower potency,
some are slow acting.

Many are contact acting.
Less forgiving:
* Good knowledge. Attention to detail.

* Environmental conditions.




The challenge: capture their
benefits & mitigate for their
downsides.




Can they work in the field?




Proof of potential

Lab & field experiments with Botanigard
(Beauveria bassiana).

Reduced cabbage aphid by 70%.
Lettuce aphid by 80%.

No effect on peach potato aphid.

- insects ﬁﬁ@
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Grapes: Integrated powdery mildew control
using Bacillus amyloliquefaciens(Serenade)

Diseasecontrolin grapescomparing an integrated programto a chemical program

A Trifloxystrobin 15! SERENADE App. 2" SERENADE App.
90 B Quinoxyfen a
C Trifloxystrobin ‘L
80 D Quinoxyfen
E Triflumizole A Trifloxystrobin
70 F Trifloxystrobin B Quinoxyfen
= G Triflumizole C Trifloxystrobin
% D Quinoxyfen
2 E b
I F Trifloxystrobin / .
S G
o\o /
30
20 y
cd
o B—@ 1/l/

15 DA-A 13 DA-B 7 DA-C 14 DA-C 14 DA-D 7 DA-E 5 DA-F 13 DA-F 6 DA-G 13 DA-G

e=B==UTC === Standard Program ==o==SERENADE Program === Skipped Applications

> Fischer, Columbia Ag Research, Hood River, OR — 2010.. W



Combining microbials can improve pest control: fungus (Beauveria bassiana) and microbial
Bt against Colorado potato beetle

Bt causes
starvation?

Bt prolongs
Inter-moult
period?

Wraight & Ramos (2005). J. Invert. Path., 90, 139 — 150. \/\/



Integrated control: An IPM system for aphids on Brassica:
combining durable crop resistance with biocontrol

180 1~
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BBSRC SARIC: Warwick, Keele, Harper Adams, Durham, ADAS \/\/



Bioprotectant strategies must
combine: understanding, utility,
attention to detail




The AMBER project

* Application & Management of Biopesticides for Efficacy and
Reliability.

* PE, PO & HNS crops.

* |dentify the reasons why biopesticides can be inconsistent.

* Develop management tools and practices that can improve
performance.

AGRICULTURE & HORTICULTURE
DEVELOPMENT BOARD




Working in 4 areas

 Making spray application more efficient: relationship between water
volume and % of spray retained on crop.

* Biofungicide performance: biofungicide persistence to improve timing
of application. Integration with decision support system.

* Bioinsecticide performance: how pest population growth rates
influence biopesticide application strategy.

* Knowledge exchange.




Biopesticides: Good applicationis critical

Effective Right place
dose & time
Biology of pest
Avoid / disease:
waste informs use

strategy in IPM

slower acting

Environment; other IPM tools

AVAVA



Number of cfu

Number of colony forming units (cfu) of AQ10 (Ampelomyces quisqualis) per cm?
of leaf area over 5 sampling dates

Powdery mildew
» control:
Persistence of

1200

- biofungicide

800

AQ10 on foliage

400

2000

1800

200
—

‘-\_‘____\_\-‘.

Day0 Day 1 Day 4 Day7 Day 10

0

Sampling day

v

Apply AQ10

Temp. ‘spikes’.

On line sensor (30 MHz, Fargro)



Boxcar model of pest development: informs
biopesticide use strategy in IPM

* Tracks maturation of individuals. 50

* Simulates applications of
biopesticides and control efficacy -
important for when kill 1s not
instantaneous (persistence, 5

Days until eradication
N
(9]

mortality, speed of kill, S, . 6
frequenCY) . Days until death




The future: new biologically based products

e Microbes + metabolites:

e Grandevo (Marrone):
Chromobacterium subtsugae — o bus w- O
Wh itefly’ m iteS, Cate rp i I Ia rS . Insect feeding dsRNA uptake siRNA mechanism

 Requiem (Bayer) - terpenes

ot ”_H__..A.:\
?"‘ dsRNA
IO
§ / = A
& "\.t"'a,
§ siRNA duplex A%
& IOOOOOT | Tt

%A

Malpighian tubule
peritro,

* RNA1 mediated silencing

pt:;cc&‘\'gnmbrane(PM) ‘ ;’Z}o\
of gene expression: “

. GRNA/MRNA
* % complex

* Exogenous dsRNA N——

Transformative or non-transformative
RNAi-mediated plant protection ?

Frontiersin Physiology, 7, 553 \/\/



Innok robotics




Future IPM: new technology & understanding

Precision farming

‘Bio’-crop protection (sensing; spraying)

Decision
support

IPM pyramid




Moving forward

Transition to full IPM: more
biopesticides will be used.

We need a crop protection
‘road map’ based around IPM.

Growers, i1ndustry, research,
government working together.

Start of the journey - but
business as usual is not an
option.







Commercial bioprotectants for field vegetables

Invertebrate pests Plant diseases _

Microbial control agents:

Bt

Fungi (Beauveria, Metarhizium)
Baculovirus (e.g. diamondback
moth)

Pheromones

Botanicals
Neem
Terpenes (coming soon)

Microbial metabolites (next 5 years)

RNAI (10 years)

Microbial control agents
Bacteria (Bacillus spp.)
Fungi (Trichoderma, Gliocladium, Ampelomyces).

Botanicals Botanicals
Garlic extract Pelargonic acid
Laminarin

RNAI (10 years)




Modelling thermal biology of dungal biopesticide & DBM

B. bassiana DBM M. brunneum
[ ] ad
S o ° S
0 © 2 O
o © 2
S 3
g E
= ==
£ \ S 0
(@) Q’ —+
> o
c | =
(© '.I 5
9 -2 P
2 \ S 5
o o —
)
—
O — - 5 () — ":-"
| | | | [ | [ =
10 15 20 25 30 35 40

Temperature (°C)

Leads to a thermal time forecast of control agent performance v \/



How AHDB research can help

 Aroad map for IPM.

* Trial biopesticides
— Where are they successful and why?
— Where don’t they work and why not?
— How to make best use in IPM?




Improving soil health:
systematic approaches to soil management

Professor Jane Rickson, Cranfield University

e’

[l
(\\\\’

|
CEREALS & OILSEEDS



Improving soil health:
systematic approaches to soil management

1.The local / global challenges ahead

2.The importance of soil and soil health

3.Soil management practices for sustainable agriculture

4.Take home messages

195



Cranfield

University

1.The local and global challenges ahead.:
the need for sustainable intensification

How to achieve food security, given:

a) Increasing demands for safe, nutritious and
affordable food

b) Finite amount of land
b) Competition with other land uses
biofuels, urban development, infrastructure

c) Yield plateau’ — poor yield response to
higher fertiliser use

d) Soil degradation (£1.2 billion per annum in
England and Wales alone)

e) Climate change, extreme events and
weather variability (and impacts on water
management, crop production and land
degradation)

...MAYBE THE ANSWER

IS IN THE SOIL?7??

196



2. The importance of soil and soil health

Cranfield

University

What is soil? Organic Clays,

» Mineral content (texture: clays, silts and sands) = 45%
» Chemical composition (bonds between particles)
» Air = 25%
» Water= 25%
» Organic matter content = 5%
« Solil flora: roots and leaves
 Soil fauna
* macro-organisms e.g. earthworms
* micro-organisms “microbes”
* bacteria
* fungi
* viruses

» The physical arrangement of soil particles, air space, water content and
organic matter = soil structure
 Allows roots to grow
» Allows movement of air, water and soil organisms

« Affects soil strength / loading capacity (resist compaction)

197



2. The importance of soil and soil health

Cranfield

University

What is soil structure?
» Soil aggregate size distribution

* Pore size distribution

» Macropores (easy drainage — a good or bad thing?; poor seed
bed; lodging)

» Mesopores (water storage / holding capacity (floods and
droughts), water availability to crops)

» Micropores (water unavailable to crops; less air and water
movement)

o

« The 3 ‘Rs’: Well structured soils can receive, retain and release water

S e —~

A 2 2 R
s Lol LR & SELARES A

B s~ : 5
MODERATE CONDITION VS = 1

GOOD CONDITION VS = 2 POOR CONDITION VS = 0

Good distribution of friable finer Soil contains significant proportions of both Soil dominated by extremely coarse, very firm
aggregates with no significant clodding coarse firm clods and friable, fine clods with very few finer aggregates

Visual soil
assessment/
evaluation
http://www.landcare
research.co.nz/publi
cations/books/visual
-soil-assessment-
field-guide
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2. The importance of soil and soil health:
Uriversity The soils of England and Wales

Cranfield

Soils properties vary
* Texture

« Stoniness

* Organic content

« Depth to rock

* Mineralogy

* Permeability

« Natural drainage
« Consolidation

« Acidity

Denbigh (B.Adams)
Cegin (B.Adams)

Wilcocks

Hiraethog (B.Adams)

National Soil Map

* Product of 200+ years of field work e
« 747 Soil Series (soll types) . i "

- 306 Soil Associations (soil types occurring together) www.landis.org.uk
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2. The importance of soil and soil health:

4% : %

»_ 3 /W “"\,

Cranfield
University

Soils prop
« Texture
« Stonine
. Organic =
+ Deptht ‘g s
 Mineral
« Permee
* Natural
« Consol
« Acidity -

. L . & ~d \ {
National & . : 2 (= 156 S

(&

1§ i
* Product ; ﬂ(\

* 747 Soil g e, 00 8 a gﬂ@% a

e 306 Soil : i?“:-'fggffié.org.uk/soilscapes/index.cfm )rg_uk

200



2. The importance of soil and soil health:
The soils of England and Wales

Cranfield
University

Nationz
* Prod
e 747 S X : http:/ANww.Iandis.org.uk/so'
» 306 Soil Associations (soil types occurring together)
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2. The importance of soil and soil health:
Cranfield The soils of England and Wales

University

http:/Amww.landis.org.uk/soilscapes/index.cfm

Soils pr
« Text

ID Description
+ Ston| Vs - ]

Shallow very acid peaty soils over rock
 Org

-~ K AW 4

Descriptions of the full range of soilscapes are available below. For a full seils guide, including detailed descriptions of scil types and associations, please visit the LandlS Soils Guide.

] : j Soilscape description:
Shallow lime-rich scils over chalk or limestone Slowly permeable seasonally wet slightly acid but baze-rich loamy and clayey soils
Sand dune soils

1
2
3
4
5 Freely draining lime-rich loamy soils
6
7
]
9

Texture:
¢ Dept 5 Freely draining slightly acid loamy soils Loamy and clayey
. . Freely draining slightly acid but base-rich soils Coverage:
b M | n e . Slightly acid loamy and clayey sils with impeded drainage England: 19.9% Wales: 2.4% England &Wales: 17.5%
. Lime-rich leamy and clayey scils with impeded drainage Drainage:
° Per . 10 Freely draining slightlty acid sandy soils Impeded érainage
. 11 Freely draining sandy Breckland scils ‘}
12 Freely draining floodplain soils Fertility:
° N atu . 13 Freely draining acid loamy soils over rock Moderate
. 14 Freely draining very acid sandy and loamy soils Habitats:
L] Con . 15 Maturally wet very acid sandy and loamy soils Seasonally wet pastures and woodlands
16 Very acid loamy upland soils with a wet peaty surface Landcover:

° ACId I [ 17 Slowly permeable seasonally wet acid loamy and clayey soils Grassiand and arable some woodland

. 18 Slowly permeable seasonally wet slightly acid but base-rich loamy and clayey soils
19 Slowly permeable wet very acid upland soils with a peaty surface Carbon:

. 20 Loamy and clayey floodplain soils with naturally high groundwater Low
. . 21 Loamy and clayey soils of coastal flats with naturally high groundwater Drains to:

N at | O n . 22 Loamy soils with naturally high groundwater Stream network
. 23 Loamy and sandy soils with naturally high groundwater and a peaty surface -
. 24 Restered soils mostly from quarry and opencast spoil Water protection:

[ ] P rOd Main risks are associated with overland flow from compacted or poached fields. Organic
[l 25 Bianket bog peat soils slurry, dirty water, feriliser, pathogens and fine sediment can all move in suspension or
. 26 Raised bog peat soils solution with overland flow or drain water

b 747 S .2‘?Ir Fen peat soils "
General cropping:
Mostly suited to grass production for dairying or beef, some cereal production often for
[ ] 306 S feed. Timeliness of stecking and fieldwork is important, and wet ground conditions should
be avoided at the beginning and end of the growing season to avoid damage to soil
structure. Land is file drained and periodic moling or subsoiling will assist drainage 202




canfield | \AWhat 1S soil health?

University

Soil quality and health are related to soil properties:

» Physical (texture, depth, structure, porosity, density,

water holding capacity, infiltration rate, stability: . WATER/
| ' AIR SPACE

aggregates and mass)

» Biological (flora and fauna e.g. seed bank and micro-
biota)

 Chemical (nutrients, carbon, pH)

..and interactions between them: soil as a complex

‘system’
Complex system: . . .
Transp. VE SRR Soil health: the pivotal 5
- Dynamic, constantly changing (after K Ritz, pers. comm)

Rhizosphere system
(order of mm‘ cl;n)

_____

\ -
\ Root uptake:).N

Soil mlnerals 1 T water and ions

: % </ Soil Solution '

Leachingto
ground water

Il Soil particles
- Water phase

B aers http://moradi.lawr.ucdavis.edu/Research.php 203




e 3. Soil management practices for sustainable
agriculture

University

Aim: “To maintain a fertile seedbed and root zone, whilst retaining
maximum resistance to soil degradation”

<

ORGANIC
MATTER
o U WATER/
E‘ Y {\ AR SPACE
_'/l"y‘ e ..
) ""w 'Id.

1. Enhance productivity (quantity, quality and reliability of
marketable yield)
* Improve uptake of water and nutrients by roots
* Reduce pests/ diseases / weeds

'STRUETURE |

2. Control soil degradation

* Erosion; diffuse_ polIutior_1;_ cor_npactiqn_; _Iosses of C, organic Soil health: the pivotal 5
matter and habitats; salinisation; acidification (afterK Ritz, pers. comm)

3. Concept of “sustainable intensification”

» Producing more (quantity/ quality/ reliability of marketable
yield) with less environmental impact / damage

1+2=30©

Soil erosion, Bedfordshire
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Cranfield

sy | 3. S0l management practices for sustainable agriculture

\ \’.‘ ,

Radish * Mustatd

Cultivations and tillage practices
Cover cropping
Soil (organic) amendments

Field engineering

Erosion control products

4&
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Soil management practices for sustainable agriculture:
Gran e Soil and Water Protectionin Northern Europe (SOWAP)

Conventional practice | | SOWAP (Minimum tillage) || Farmer’s Preference

igkonfueeather/cgi-binfloddingkon. cgi
7l &=searchweb - | PageRank o440k 9
mpepr s O Season 3
eplicat:
-~
E @ @ Season 2
F 75> O c 7
= g = 6 B Season 1
165.00 mm ¢ © 8 0
0w C 5
O o
7$> S aq
L= = 34
c O
135.00 mm < 3 2]
g o’
: -
~N 092 —
=1 (@]
135.00 mm { ¢ 1
0 .
) Conventional SOWAP Farmer's
=] Preference

206

=l
0}
u}
[m}
u}

i




il Soil management practices for sustainable agriculture:
unversity | Reduced tillage systems (Dr Mikhail Giannitsopoulos)

e

Claydon Hybrid Sumo DTS Mzuri Pro-Til

Results: How tillage affects soil quality
Different letters show statistically significant differences

™
iV ks
AT 117 i
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3. Soil management practices for sustainable agriculture:
Cranfield Can strip tillage improve soil health? (Dr. lain Dummett)

University

wo0t

T T

Field trials, Lincolnshire Plot trials, Cranfield 20cm

Disturbed v undisturbed areas at field and row width scale f /i

» Does tillage reduce soil biology (fungi, bacteria,

earthworms)?
* Does the rate of soil biology recovery increase nearer the
untilled plot?
« Can soil microbes recolonise from untilled plots to tilled
plots? Specialist strip tillage

implement



3. Soil management practices for sustainable agriculture:
University Can strip tillage improve soil health? (Dr. lain Dummett)

Cranfield

Simulated Tillage No Tillage Simulated Strip Tillage

(o8] B e
o o )
o o o
L ]
L ]

[T
o
o

Microbial Biomass Carbon (ug/g dry soil)
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3. Soil management practices for sustainable agriculture:
Cranfield Optimising soil disturbance and use of mulches for soil erosion and runoff
control (Dr. Joanne Niziolomski)

University




i Field trial tillage /implement treatments

University

Winged_soil_binmp4

Shallow soil disturbance (175 mm), both with and without straw mulch (6 t ha).

Narrow with two shallow

Winged tine leading tines

Modified para-plough
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canstd | 1€StiNgG tillage implements in the soil bin

(lain Dummett, PhD student, Frontier Agriculture, Douglas Bomford Trust)

University




Cranfield Soil disturbance field trial results:
Total runoff volume (I)

University

« Straw mulch always reduced runoff

« MPP with straw reduced total runoff significantly (p<0.05) compared
with all other treatments.

700 -
Py ¢No Mulch B Straw
600 -
6500 . * + % -
= i n
© 400
>
I 300 - 0
o
=200 -
100 - , '
0 T T T - ]
No shallow Narrow tine shallow Modified  Wingedtine
soil disturbance leading tine para-plough (Niziolomski, 2015)
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Craversty 3. Soil management practices for sustainable agriculture:
Use of grassed waterways for erosion and runoff control

Proposed grass waterway centreline [:l Field Boundary
1m Contour [ | Grass waterway

\ Option 1: Bed orientation 10m Dngh; 5% :] Cultivated areas
\ . - Grassed areas (Asparagus planting not recommended due to slope)

Option 2: Bed orientation (extension across field) Low : 59 I overflow bund R

2; ;§3 Slope angle (degrees) R - Track A
Siope Length (m) o 20 9 80 Motres A - Geotextile runoff apron 0 20 40 80
Italic labels show the slope angle in degrees = IMe:(esl 1
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3. Soil management practices for sustainable agriculture:
Cranfield ) | Jse of grass waterways to control runoffand soil loss

University

215



3. Soil management practices for sustainable agriculture:
Cranfield

University

Application of organic wastes to restore soil health and productivity of a
degraded soil (Dr. Benedict Unagwu)

Improve Soil Quality
Indicators (SQIs)?

Increase crop
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3. Soil management practices for sustainable agriculture:
Waiversicy Effect of organic amendments on soil health indicators

Cranfield

7
Soil Organic Matter %
6
5 4
% i
T 4 =
2 1
@ g =] i =
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2 |
Soil microbial
“ % % biomass carbon
) <400
o 02 e e 2 e e 2 e =
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o o ? 2 a8 e ? 2 e e 5
X \Y
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5 200
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N.B. Error bars denote one standard error of the mean




il Amendment effects on maize height and biomass
University

control

10t hat
Poultry
Manure

10t hat
Mushroom
Compost

m AR o 10t hat 10t halPAS

At tasseling (9 weeks after planting)

At 3 weeks after planting
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3. Soil management practices for sustainable agriculture:
Cranfield

University

Development of a Soil Management Information
System (SMIS)

* Innovative database, able to hold and manage linkages between diverse
sources of information on soil management practices and outcomes.

« An interactive toolkit — designed to give growers, agronomists and land
managers access to guidance on optimal soil management practices.

« The key ‘Data Sources’ in SMIS are:

Industry / /Ai%

grower HORTICULTURE
data

Industry

Literature expertise

review
AHDB

Academic & Funded research

Practitioner roiects
Knowledge 2l

Base

User friendly toolkit to identify Best

Soil Management Practices
“SMIS”
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Cratifisld http://www.smis.ahdb.org.uk/growers e —

University HORTICULTURE

> 325,000 grower records (anonymised)

s
e s Ll Table £ Hectarage overview & Yield overview
— Date $ Crop & Variety & Field Operations % Product Name $ Quantity $
4 Experimental data - AllCrops ~ All Varieties All Field Operations v _ Min Max

& literature data

14/03/2011 Winter Wheat Cordiale Adjuvants LI700 5433 Ligt
» R Rule Bases 21/10/2010 Winter Wheat Cordiale Application Spray i Ligh
» B Established Queries 21/01/2011 Winter Wheat Cordiale Application Spray 7 Ligt

03/10/2011 Potatoes Lady Rosetta Application Frontier Spreading 4 Ligt

14/03/2011 Winter Wheat Cordiale Application Spray i Ligh

25/03/2011 Winter Wheat Cordiale Application Spray i Ligt

05/03/2011 Winter Wheat Cordiale Application Spray s Ligt

14/06/2011 Winter Wheat Cordiale Application Spray 7 Ligt

20/10/2011 Winter Wheat Cordiale Application Spray 7 Ligt

29/05/2012 Potatoes Lady Rosetta Application Spray-Med Vol 200l/ha 6 Ligt

06/05/2012 Potatoes Lady Rosetta Application Spray-Med Vol 2001/ha 1 Ligt

06/06/2012 Potatoes Lady Rosetta Application Spray-Med Vol 200l/ha 7 Ligt

14/06/2012 Potatoes Lady Rosetta Application Spray-Med Vol 200I/ha 7 Ligh

20/06/2012 Potatoes Lady Rosetta Application Spray-Med Vol 2001/ha 7 Ligt

07/03/2012 Potatoes Lady Rosetta Application Spray-Med Vol 200I/ha 7 Ligh

07/04/2012 Potatoes Lady Rosetta Application Spray-Med Vol 200l/ha 7.7, Ligt

07/11/2012 Potatoes Lady Rosetta Application Spray-Med Vol 200l/ha 7 Ligt

17/07/2012 Potatoes Lady Rosetta Application Spray-Med Vol 200l/ha 7 Ligh

24/07/2012 Potatoes Lady Rosetta Application Spray-Med Vol 2001/ha 7 Ligt

30/07/2012 Potatoes Lady Rosetta Application Spray -Med Vol 200-399I/ha 7l Ligh

08/06/2012 Potatoes Lady Rosetta Application Spray-Med Vol 200l/ha 7 Ligh

08/12/2012 Potatoes Ladv Rosetta Application Sorav-Med Vol 200l/ha i Liak
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http://www.smis.ahdb.org.uk/growers

http://www.smis.ahdb.org.uk/growers

> 325,000 grower records (anonymised)

-
»  Browse Database Factors influencing yield

» M Rule Bases

« = Established Queries

12 Compaction risk [Deep clay (Eng) '[Soil Texture i
1= Foot rot index

[Winter OSR

1= PCN level

2 Cavit t
1= Cavityspo Yield model

Variable importance in Winter Wheat yield model
(hover to view variable distribution, click blue bars to view details)

Variable importance [0 - 100]
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http://www.smis.ahdb.org.uk/growers

http://www.smis.ahdb.org.uk/growers

> 325,000 grower records (anonymised)

» £ Browse Database Factors influencing yield

» M Rule Bases

stablished Queries
; Execute #
crop (Wi Variety =rx

Deep clay

1= Compaction risk

Santiago (5)

Cordiale (3)

B Target (33)
1= Foot rot index : " k..:’.., 27
Winter OS : A
1= PCN level : Viscount (23
C Liti (19)
L= Cavity spot B Revelation (10)
2.60% B Oskley (9)
B Conqueror (6) |eld model
B Humber (6) ars to view details)
0]
34
m

Solo (3)

Evolution (2

Variable importance [0 - 100]
-]
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http://www.smis.ahdb.org.uk/growers

Cranfield

University 4. Take home messages

« Soils are under pressure to increase food, fodder, fibre and
(bio)fuel production without damaging the environment

« Soil management can improve soil health and crop
productivity

« Cost effectiveness of practices will be site specific and must
fit into current farming practices

* SOCio-economic context
* infrastructure / machinery available
« farmer perception/ psychology / planning horizon

« Ultimate goal is economically, socially and environmentally
acceptable food production

= “sustainable intensification”

SOCIAL

Equitable

Bearable

Sustainable

ECONOMICAL
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Thank you for your attention.

Any questions?




