(&4 UNIVERSITY OF

&7 LIVERPOOL

Can artificial intelligence be
Integrated into pest monitoring
schemes?

Dr Daniel Leybourne
1851 Research Fellow

November 2024

.
Nl
=

s

o




T
&R

/

PESTS & AGRICULTURE U prvessios o

The size of each species is
proportional to harvested acea.
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e |% * Wheat provides ~25% of daily calories in the UK

« Annual barley production adds ~£1.8bn to the
UK economy
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Pests can reduce yields by 5-80%

LH.

Fabacea: |1 || . . .
e q O * Reducing yield loss to pests is important for

crop protection

Benjamin Nowak
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Damaging life-stage present: _—
Potentially present (but unlikely damaging): =======---

Main period of insect activity
Aphids * O CEEEARCCRBIOE

Slugs 0 e

Wheat bulb fy e« Different pests are active at

Yellow cereal fly e . .
Lgatherjackets ------------------------------------------- d|ﬁerent penOdS '[hl’OUQhOUt SeaSOn
Wireworms APPSR

Orange wWheat bloSSOM MiIdge * === == e —
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Saddle gall midge * SCO5OBCEC0DEEEOEEEEoTE059 0059005 59EEEENEEEENEEoEE ————nCooooCoo00:

s ook Ay EConomic damage only occurs
when pests reach certain density

Period of high risk: _—
Period of low-moderate risk: =========--

Main period of crop risk

Winter wheat Spring wheat

_ _ « Crops can tolerate some pests
Aphids (BYDV) * ————— oo —ooo Aphids (BYDV) * S ——
Aphids (direct feeding) * ----------- ———,— Aphids (direct feeding) * SO0 .
Slugs — SELE Slugs — th h r ' I t I t t
Gout fly (larvae)*  ---mommm---e o mmmmmos Gout fly (larvae) * — rou a u re an reSIS an Ce
Wheat bulb fly (larvae) E— Wheat bulb fly (larvae) ——
Yellow cereal fly (larvae) — Yellow cereal fly (larvag) -----------
Leatherjackets (larvae) I — Leatherjackets (larvae) e
Wireworms (larvaeg) = —— ----o---. Wireworms (larvae)
Orange wheat blossom midge (larvae) * D Orange wheat blossom midge (larvae) * -
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el e e L e e  All these interact to create a “risk
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Leybourne et al., 2024. Agronomy for Sustainable Development.
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Is/will the Is the crop

—  wemescoeqies | o Various factors influence a farmers
beprecancaug e | - decision-making process

the high-risk herbivorous p .
growth stage of insect? Is insect emergence predicted to
the crop? | coincide with the high-risk crop growth
phase period?

"o Can we use Al to support these
i } decision-making processes?

MNa immed:ale action
[ r:—t:quirﬁd[rﬁ;—;ﬁ;ﬁf;&;if }47 — .
— * Probably ... But first, what
! | T processes do growers follow to

manage pests?
Have
herbivorous
) Mo further
nsect ) ) )
%threslhulds haan action required
reached?

Leybourne et al., 2024. Agronomy for Sustainable Development.
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INTEGRATED PEST MANAGEMENT

Prevention and
suppression
FPrinciple 1

Maonitoring
Frinciple 2

v

Decision
making

Barzman et al.,,

FPrinciple 3

¥

oW

* Combinations of tactics
into preventive strategies

* Dbservation
* Forecast
* Diagnostic

* use of threshold

+ use of multiple criteria

Mo need for intervention

MNeed for intervention

Intervention
Principles 4-7

Evaluation

Frinciple &

IVI
£

2015. Agronomy for Sustainable Development

= Won-chemical methods

- Least side-effects

- Reduced pesticide use
- Anti-resistance strategies

+ Assessment of entire process
- Adoption of new standards

Innovate UNIVERSITY OF
UK LIVERPOOL

* Integrated pest management aims
to increase sustainability

* Reduce reliance on chemicals
through implementation of multiple
techniques

 Eight core principles underpin this
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* Integrated pest management aims
to increase sustainability

Control

Biological
control

* Reduce reliance on chemicals
through implementation of multiple

techniques

 Eight core principles underpin this

Detection /
Prevention /

Collier, 2023. Frontiers in Horticulture
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IPM often only considered for

: ! Individual pests — the best approach?
. @ \'\ Promotes crop protection via

Agroecological

agroecological processes

______________ i

Inteliigent

Plant biomass production

« A more holistic approach that

considers the entire agricultural
system
* Interventions and strategies at each
level will impact other levels (including
Biodiversity conserva tion BIEM.  BACP pest management)

Deguine et al., 2021. Agronomy for Sustainable Development
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Control
Biological
control
Prevention and + Combinations of tactics
suppression into preventive strategies
Principle 1
( U * Dbz il \ .
Monitoring s Foreot Detection .
Prm(‘iph'z » Dmgﬂmﬂc qe\

Decision i i
. of threshold
making e

Prevention
+ use of multiple criteria
\ Principle 3 3
o\
N
e NOTEETTOT TV B3
Meed for intervention
X
« Non-chermnical methods
Intervention - Least side-effects
Principles 4-7 - Reduced pesticide use v
- Anii-msistanusiratq’i&s Gllessman, 2016 Agroeoo
- Tittonell, 2014 ©
Evaluation + Assessment of entire process
Principle & - Adoption of new standards Hill and Mac Rae, 1 / T\ _practices
Prokopy, 1534 4 Multiple Agroecological
One S Crop Protection
pest
P e e s s e S e

Intolligen

pesticide IPM in practice Theoretical IPM -

Management
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Image & data transfer to Data transfer to the end- . . . .
computational servers user Imaging and Al for real-time on-farm pest monitoring:
Image and data capture  Image and data processing: Identification Result o SU pports “d etection” pr| ncip|e Of IPM
of pests, incorporation of contextual communication
information (e.g., thresholds) and advice

@ * Quantification can support use of thresholds

Detection!
Pt [isessternon

* Integrating decision models can provide advisory element

« Additional contextual information can support management

(b) ()

Pest
Detection!

Pest
Detection!

v,

F
|

Leybourne et al., 2024. Agricultural and Forest Entomology
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( Image & data transfer to Data transfer to the end- \
computational servers user Kev O bStaC I es .
Image and data capture  Image and data processing: Identification Result

f ts, i ti f textual icati =
" infonetion (g, thesholdsl~ andiadiios: 1. Model effectiveness
(a) ,

2. Functionality under field conditions

3. Level of computational expertise and power needed

(b)

4.  System mobility

Four criteria for system development:

(c)
1. Based on accurate and precise models

2. Adaptable and useable under real-world scenarios

3. User-friendly, device-driven, low-cost

4. Mobile, deployable

Leybourne et al., 2024. Agricultural and Forest Entomology
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(a)

1P102 AgriPest Our dataset

Num. of samples 19,167 1000 4270
« ~73% model accuracy
Num. of objects 22,284 6325 8303 I
] ] Num. of classifications 97 2 11 (YO O V8 B M)

Four criteria for system development:
Max. Num. of a category 2975 4755 5575

1. Based on accurate and precise Min. Num. of a category 2 1570 3

models Avg. object pixels pct. 37.27 0.08 0.13

2. Adaptable and useable under real-
world scenarios

3. User-friendly, device-driven, low-
cost

4. Mobile, deployable

Li et al. (2024). Journal of Industrial Information Integration;
Yuan et al., (2024). IEEE Internet of Things Magazine
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USING COMPUTER VISION TO SUPPORT %

PEST MANAGEMENT

Four criteria for system development:

1.

Based on accurate and precise
models

Adaptable and useable under real-
world scenarios

User-friendly, device-driven, low-
cost

Mobile, deployable
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Testers sedect farm and field - @
' |
| The app displays the pest detection The Detection Modal detects |
(results and guides the testers to take an the pests in the images :

% _ Image at the next sampling point

Advice
!
| Context Info
! Location Test Field 1

‘ : ot Pest Density 100/m2
:“" app ge ¥ \ Crop Name Winter Wheat
. sampling points on the selected fleld ! Crop Growth Stage 9s61
; using ERCS ‘ | Advice Available Yes
1
After assessing the pest density of the grain aphids in your cereal crop and ¢ g the | in the UK
= : (temperate climate), management are y to prevent further damage to your crop.

Considering the moderate density of 100 grain aphids per square meter, Integrated pest management (IPM) practices are
recommended for sustainable control. Here are so

me control suggestions:

Li et al. (2024). Journal of Industrial Information Integration;
Yuan et al., (2024). IEEE Internet of Things Magazine
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Can artificial intelligence be integrated into pest
monitoring schemes?
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