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What IPM is not...

* A method for reducing pesticide use
 (reduction is more than likely when implemented correctly) — it is not the goal

* An acronym for integrated pesticide management

* Which is still today probably the primary system used in pome and stone fruit
production.

* Excluding other control strategies (cultural + biological)

* IPM is not one specific practice...
* Exclusion of various control methods to only focus on one



What is IPM? E] PREVENT

Integrated Pest Management is a science-based approach that SOHIEPRSE DROMSAITs cal D presesied by Lsing
resistant plants, planting early, rotating crops,

combines a var!ety of technuques. By studying their life cyc;les using barriers against climbing pests, sanitation,
and how pests interact with the environment, IPM professionals
can manage pests with the most current methods to improve

management, lower costs, and reduce risks to people and the
environment.

IPM tools include:
¢ Alter surroundings e Prevention of pest

* Add beneficial insects/ problem developing
organisms * Disrupt insect

* Grow plants that resist pests behaviors

* Disrupt development of pest  ® Use pesticides

ACTION

IPM uses multiple tools to
reduce pests below an
economically damaging level.

A careful selection of preventive
and curative treatments will
reduce reliance on any one
tactic and increase likelihood

of success.

IDENTIFY/
MONITOR

Determine the causal agent and its
abundance

MONITOR

Continue to monitor the pest
population. If it remains low or
decreases, further treatments
may not be necessary, but if it
increases and exceeds the
action threshold, another IPM
tool should be used.

E EVALUATE

The results from monitoring will help
to answer the questions: Is the pest
causing damage? Do we need to
act? As pest numbers increase
toward the economic threshold
further treatments may be necessary.

https://www.ipmcenters.org/about/what-is-ipm/



IPM is essential in monoculture Perennial crop
agroecosystems

Hops
Livestock
Lucerne
Ostriches
Pome fruit
Potatoes
Rooibos Tea
Small grain
Small stock
Stone fruit
Table grapes
Vegetables
Wine grapes
Mountains and Built-up

Map Center: Lon: 18°38'31.4"E
Lat: 33°26'54.3"S

Scale: 1:2311 162
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Monoculture agroecosystems
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Monoculture agroecosystems
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Environment not conducive
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Annu. Rev. Entomol. 1998. 43:243-70
Copyright ¢ 1998 by Annual Reviews Inc. All rights reserved

INTEGRATED PEST MANAGEMENT:
Historical Perspectives and Contemporary
Developments

Marcos Kogan
Integrated Plant Protection Center, Oregon State University, Corvallis, Oregon 97331;

e-mail: koganm(@bcc.orst.edu

KEY WORDS: IPM, integrated pest control, agroecosystems, history, applied ecology



“IPM 1s a decision support system
for the selection and use of pest
control tactics, singly or
harmoniously coordinated into a
management strategy, based on
cost/benefit analyses that take into
account the interests of and impacts
on producers, soclety, and the
environment.”



What it should be...

Maintain
environmental
quality

Maintain/improve
profitability

Minimise
selection pressure

“ Strategy without tactics is the
slowest route to victory. Tactics
without strategy is the noise before
defeat”.

Sun Tzu




Best strategy of IPM is DSS: Integrate multiple
complementary, compatible population
management tactics

Preparation and Decision making tools Management tactics

Prevent Monitor Control

0 @ Biaet—0—

ID Pests Decide Evaluate




Integrating techniques will sustain
management: Why is it necessary

Pests can adjust quickly to a single management
tactic

e Short term successful
* Not viable long term

Difficult for pests to adapt to multiple tactics
* Mortality/reproductive adverse effects

IPM Core tactic use of pesticides
» Selecting more tactics (integration)
* Help reduce use/reliance needed for
adequate control

Help conserve environmental quality

Naranjo SE (2011) Impacts of B.t. transgenic cotton on Integrated Pest Management. J Agric
Food Chem 59:5842-5851
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Pest dllemma...
.. Favourable physical condltlons
. Abundant food sources

_g9 Low bi;qtic mortality factors L e 4
* Generates establishes pest population over time




Incorporating and maintaining elements of natural
ecosystems

Where p055|ble create an environment conducwe for IPM

Pollinator habitat promotion

Increase_ dlver5|ty rlchness

/




Durable long term sustainable

EPM

THE PILLARS OF ECOLOGICAL PEST MANAGEMENT

AGROECOSYSTEM HEALTH

SOIL HEALTH

SELOW GROUND P ~
BELOW GROUND S

HABITAT MANAGEMENT,
BIOTA ACTIVATION AND
ERSIFICATION
(SOIL ORGANIC MATTER,
MNUTRIENT MANAGEMEMNT)
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MANAGE INSECTS
On Your Farm

A Guide to Ecological Strategies

ABOVE GROUND
HABITAT MANAGEMENT,
PLANT CAVERSIFICATION
AND ENHANCEMENT OF

BEMEFICIAL FALINA
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Miguel A. Altieri and Clara |. Nicholls
with Marlene A. Fritz
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Available online at www.sciencedirect.com
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Agriculture, Ecosystems and Environment 103 (2004) 465472

www.elseviercom/locate/agee

Pest management benefits of compost mulch in apple orchards
M.W. Brown™, Thomas Tworkoski

USDA, Agricultural Research Service, Appalachian Fruit Research Station, 2217 Wiltshire Road, Kearneysville, WV 25430, USA

.

Received 10 March 2003 ; received in revised form 18 November 2003 ; accepted 27 November 2003
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Prevent

Preventative tactics - Have a plan

Hindsight 1s an

L




Prevent

Have a plan

B | £ [ D [ E F G H I ] K 7 y N o _

BOORDINLIGTING 0,1of2 0,10f2 0,1of2 Confidor Closer 0,1of2 0,1o0f2 0,10f2 0,1,2 OF >2
] KULTIVARIE‘ VOLRDOIE HAIE‘ BRVE BRV GROEIB KODLING MEI SMNUIT KE‘#E WITROESIE‘ BLOEDLUISE| BLDEDLUISIE‘ WITLUISE DOPLUISE BRYOBIAIE‘ Fusi PAD%E ME;ETSPN;—‘::I?SELI;:E
aee * Review pest pressure through a yearly Pest and Disease Assessment —:
e (PDA) =
e e Area, farm, orchard resolution e
* Classify orchards into management groups o
oL * Reduces pesticide use by not applying an blanket approach -

s [ ldentify why it is a problem — does it persist? o
<=8 * Strategy how to (1) prevent and (2) manage pest in agroecosystem

e P




Have a management strategy for each pest

SEP  OCT NOV

DEC  JAN FEB MAR APR  MAY JUN

JUL AUG

ACTIVITY
IN ROOTS

Imidacloprid

event

UPWARD
MOVEMENT:
CRAWLERS

COLONIES
IN TREES

Sulfoxaflor/ Sulfoxaflor/

Pirimicarb

APHELINUS
MALI

Suggested strategy

Wka4
WK45
WK46 Cyantraniliprole Cyantraniliprole Cyantraniliprole
WKa47 EPNs?
WK48 EPNs? Spinetoram
Wk49 EPNs?
WKS0 Cyantraniliprole Cyantraniliprale Cyantraniliprole
WK51 EPNs?
WK52 Spinetoram
WK1
WK2

Suggested strategy:

Deltamethrin

Deltamethrin

Deltamethrin Deltamethrin + Emamectin benzoate

Deltamethrin + Emamectin benzoate Deltamethrin + Emamectin benzoate

Emamectin benzoate

cl 1 benzoate « benzoate

NOTES: It is very difficult to accurately predict a bollworm infestation. Take the development of “Days for bollworm into
consideration and rather act conservatively if in doubt. Several products that are employed in the program for codling
moth control will also control bollworm. In orchards with a high codling moth pressure these products must be
preserved for the control of codling moth and not be used for the control of bollworm. In such a case it will be advisable
to replace Emamectin benzoate with a registered Nucleopalyhedrovirus product




Prevent

Have a management strategy for each pest
- sugestedstaegy __§

PDA Pest pressure
WK44

Lower pest dens

: WK48
W Wias

WK45
WK46 Cyantraniliprole Cyantraniliprole Cyantraniliprole
WK47 EPNs?
EPNs? Spinetoram
EPNs?

WK50 Cyantraniliprole Cyantraniliprole Cyantraniliprole
WK51 EPNs?
WK52 Spinetoram
WK1

WK2




Prevent
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G Have a management strategy

2009-2010 Banded fruit weevil evaluation

d
d
d
b b
b b
b b
0 ] — I

Untreated control Stem barriers/skirting Indoxacarb Wk47 + 51 Stem barriers + ) % q ; g '
Indoxacarb Wk47+51 & . '~a : L AR SN
Cultural + chemical Treatment * Incorporate different strategies
® Royal Gala w Braeburn Pink Lady o Plan Where tO Imp|ement
* Cost factor

= = ] [
o un o un

% Fruit damage
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ID Pests

Monitori

* Correct pest ID
* Enough well trained personnel

* Classifying pests as direct or
indirect pests

* Discern between pests and
presence of predators

Koue Bokkeveld Opleidingsentrum

Landbou opleiding en menslike ontwikkeling

ade s Leer
o N 3wg] Presteer
N '3

RSM on Apples:

Possible Spray at average of 2
mites per leaf or 40% leaf
infestation in absence of biological
control agents.

RSM on Apples:

Possible pray at average of 4 mites
per leaf or 80% leaf infestation in
presence of biological control
agents.
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ID Pests

Monitoring: Know your pests

\ Y
09

. . -\ U4
* Biology and population ecology
Ly
a

* Influence of environmen

factors %& & repeats
- L . " up to 3
* Abiotic and biotic mortality generations

per season

factors - agroecosystem

cocooned
| HERE Iarva

1st generation (spring)

Ooecca CictFer
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Monitor®

J i 3\
1/ /
& 54
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y

N %

4 ;
:Ieﬁhgogt}e /N:JY[serx

; ' Detection of species presence
_~ '« Pests and biocontrol agents (natural predators)

<TNK Determining of population density, dispersion
N Area, farm and orchard level
// * Determining and modelling, predicting population dynamics



Monitor

| A2 Monitoring for decision making

[—

* Use of efficient monitoring
strategies

We are
too busy
,\. 3
-~ o~ - j ,'.l
.A’.,’ -
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Monitor

\ Monitoring for decision making

FCM 10

X PN S ' N
“» Reliability of decision made = precision sampling error

of sample

'« Too few samples = high sampling error

~* Too many samples = not increasing
reliability

=
o
=
=
Q
2
=1
£
]
wn

* Optimal = logistically sound

Sample size
e . / / NS |
le of Contents 1/1 L 6N .
Ve | , } \. - + v

00% Imagery date: 1/15/21-newer  Maxar Technologies AfriGIS (Pty) Ltd I 300m ; Camera: 1,629 m 33°47'34°S 19




Monitor

' \ Monitoring for decision making

FCM 10
> . ECM 11 —
Week Tntal Avg|23A|8A|35(37|8B|23B(51B |36 51A 33A|7A|50]7A[33C|33A(11A|11B(22B | 32A(32B|22C |48 |32C | 10B|26A | 26B [ 10A|9|42A|42B | 41408 408|408 (408 |40A | 44A 44B [lUl
-B A - -A -B -A|-B|-C|-D|-A -A
B

" ° Area farm to orchard Ievel
7 » Presence vs Absence

* Is intervention required?

00% gery g Pty) i : 34°S 19




Monitor

Monitoering for decision making

<

S wpERM adults
w=o-=ERM ~—o—Predators -—+—T urticaeaduits

—a— Predators
—a T urticae adults

High environmental stress Low environmental stress

Intervention

Mitesleaf
Mitesleaf

2011114 04n214 181214 0101115 150115

201114 041214 181214 010115 150115

Date

e of Contents 1/1 : R
| \ = Y

<7

00% Imagery date: 1/15/21-newer  Maxar Technologies AfriGIS (Pty) Ltd 1 300m ; Camera: 1,629 m 33°47'34°S19




Monitor

Aantal spuite RSM 2020

18 5 80 ~=—ERM adults
16 r —a— Predators
i d E 60 ~a— T urticae adults
8 39 39 . |
12 5 . . * Older established orchards
| 1 & 20
2 08 0 * “Hare op tande” or do
£ 08 e R W  \Othing approach
‘ Aantal sp teF;SM 2_021 ® Stable
100

201114 041214

e Less stress

60 51

Hektare %

40 ,
18 17 14 ‘
e of Contents - -
] 1. -+

Geen spuite Een spuit Twee spuite Meer as twee spuite

00% Imagery date: 1/15/21—-newe Camera: 1,629 m 33°47'34°S 19



Monitor

R \, Monitoring for decision making

Aantal spuite RSM 2020

wpERM adults
—a— Predators
—a T urticae adults

tal stress

* Young orchards

11 11

* Better monitoring —— —

Twee spuite Meer as twee spuite

®
@
L
@
@
=
=

Aantal spuite
Aantal spuite RSM 20

2011114 04n214
MM5 150115

Hektare %

18 17 14

e of Contents - - -

Geen spuite Een spuit Twee spuite Meer as twee spuite
00% Imagery date: 1/15/21—-newe

Camera: 1,629 m 33°47°34°S 19



Monitor

7]

Egg deposition L1 larvae

Female flight activity

Modelling for decision making

6000

5000+

4000+

= = Egg hatch total
Il Egg hatch per day
Bl L1 larvae

30004
20004

10004

3000

—————— R

25004

[ Egg deposition per dz

20004

15004

10004

5004

What, when, where and how

2500

20004

15004

H Polyvoltine = 90%
E Old females

B Mated females

O Virgin females

10004

5004

Sep

Oct

cocooned
larva

START
HERE

a  1st generation (spring)

Jan Feb Mar

Dec

repeats
up to 3
generations
per season




Monitor

A2

250.00
200.00
150.00
100.00
50.00

0.00

Modelling for decision making

BOLWURM DAGGRADE WBV

Less applications, longer

intervals

More applications, shorter
intervals

1 Sep
3Sep |

5 Sep

7 Sep

9 Sep
11 Sep
13 Sep

15 Sep
17 Sep
19 Sep
21 Sep
23 Sep
25 Sep

) (0]] e—2018

27 Sep
29 Sep

1 Oct

2019

3 Oct

50ct

7 Oct
9 Oct
11 Oct
13 Oct
15 Oct
17 Oct
19 Oct
21 Oct
23 Oct
25 Oct
27 Oct

2020 =m——32021

29 Oct

31 Oct

It is very difficult to
accurately predict a
bollworm infestation. Take
the development of °Days
for bollworm into
consideration and rather act
conservatively if in doubt.



Information to decision of management tactics

What? When? Where?
The pathogen/pest that Conditions necessary for What plant organs are
needs to be controlled infection/pest damage susceptible and when
(disease/pest life cycle (disease/pest life cycle
and/or epidemiology) and/or epidemiology)

Disease management toolbox
How?
Available control methods




Information to decision of management tactics

Preparation angl Decision making tools Managemenjtactics

What, when, where and how

Preven Monitor

0 @ Batet—0—

Control

ID Pests Decide Evaluate




‘Information to decision of management tactics
Decide

D B F G H | J K L 1\l N 0 P
BOORDINLIGTING 1 of2 0,10f2 Confidor Closer 0,10f2 010f2 0,10f2 0,1,2 OF =2
KULTIVAR VOLROOI HA BRV BRV GROEF=l KODLING M~ JSNUIT KEW=" WITROES BLOEDLUIS BLOEDLUIS WITLUIS DOPLUIS BRYOBIA Fusi PAD % WIVTE: AANTAL SPUITE
v - - - - v v v = = = = = = AFGELOPE SEISOEN |
RYB 3.11 550 1250 1 1.00 0.00
RYB ja 3.01 550 1250 1 1.00 0.00
AFR ja 366 550 1250 2 1.00 0.04 0.00
GDR 0.97 550 1250 1 1.00 0.00
AFR ja 2.2 250 1250 0.00
CIR 5.84 550 1250 0.16 0.00
GDR 4.66 1250 DRele - J dl U Cc 0.00
ENY 3.27 0 0.00
AFR ja 57 55 1 1.00
OPA 6.89 800 1250 1 > 0 [J 0.00
PNG 12.51 1200 1250 = 0.40 0.00
RYB 962 1200 1250 1 0.40 0.00
GDR 317 0 1250 2 1.00 2.00 2.00 0.00
PNG 1.22 120 0 2 1.00 2.00 0.40 0.00
RYB 6.68 1250 1 2 2.00 2.00 0.00
PNG 1.89 1200 2 1.00 0.00
RYB 499 1406 1250 1 1 1.00 2.00 1.00 0.00
RYB 264 1543 1750 1 2.00 1.00 0.00
RGL 518 1546 1750 1 1.00 2.00 1.00 0.00
GDR 212 1750 1 1.00 2.00 1.00 0.00
ERO ja 4.43 1644 1 1.00 1.00 1.00 1.00
GNR a0z 1647 1750 1 1 1.00 2.00 1.00 .00
APPELS | PERE | Kersies NEKTARIENS PRUIME + | 4 |




Control

* 00

Low risk example — codling moth

100

4000+

= = Egg hatch total
Il Egg hatch per day
B L1 larvae

30004

L1 larvae

20004

10004

0
3000

Chemical/bio control 14
day intervals

No spray for the rest of the
season

2500+

[ Egg deposition per day

2000+

15004

10004

Egg deposition

5004

0

2500

2000+

15004

H Polyvoltine = 90%
@ Old females

M Mated females

O Virgin females

10004

5004

emale flight activity

Mating disruption

Mating disruption

Oct Nov Dec

Jan Feb Mar

Apr



Control

& Low risk example — codling moth

= = Egg hatch total

50004 . .
© oo el Chemical/bio control 14 No spray/control for the rest of
[1+] 7 .
> day intervals the season
© 30001 I
- p—

' Evaluate

: valuat
S 25004 3 1 |00
% 20004 38 | 4 [005
o 39 | 28 032 1 3 .
o 15007 0 7 089 ! 2 4 4 2 -2
o 1000 4 | 225 304 143 3 z
2 5004 £ 64 090 - 2
o 43 106 | 116 12 11223

500 ; 4 60 066 3|2 6
£ B Polyvoltine = 90% 45 47 1052 -
2 20004 @ Old females 46 1 1020 1 1
< 1500, IMatgd females 17 6 008
% O Virgin females 18 6 007
= 10004 : - - 49 | 1 00 -
F 1000 Mating dlsruptloh | S H : : DEC'de
5001 1 il ‘ ' 50§ (009 | 2

o 'Illll I | - . T 52 OPU T T T T T 1

Mating disruption “oct Nov Dec Jan Feb Mar Apr



Control

& Low risk example — codling moth

1= Egg hatch total

o jzzz el Chemical/bio control 14 No spray/control for the rest of
2 day intervals the season
© 30007 : I
=1 20001 ' Week |Total [Avg|23A 8A 35|37(8B|23B|51B[36

1000 B

, == L Evaluate

3000
T i ag depostion pra OW pest aensity to start wi nnnnn“nnl
9 :
5 20001 * Prevented build up 1 :
o 19907 . 4 ] 2 2
S 000 * Less chemical control needed 513 3
5 5004 i R

iy * Low/no impact on natural control agents B&
£ M Polyvoltine = 90% . .
B © Low environmental impact
; 15009 3 Virgin females
g 10004 Maung ulsruptlon o 1 oo —_ } : : Decide
500 1 .In Mm 5 8 009 | 2 ;

Mating disruption il & 0

oct Nov " Jan " Feb " Mar " Apr



Control

6000

High risk example — codling moth

5000+

4000+

= = Egg hatch total
Il Egg hatch per day
B L1 larvae

Chemical control
14 day intervals

Chemical control 7 day
intervals

30004

L1 larvae

20004

10004

Fruit thinning in

0
3000

2500+

[ Egg deposition per day

2000+

15004

Egg deposition

0

Regular sanitation

2500

2000+

15004

H Polyvoltine = 90%
@ Old females

M Mated females

O Virgin females

10004

5004

emale flight activity

Mating disruption

Mating disruption

Corrugated

Nov

cardboard

Oct Dec Jan




Control
High risk example — codling moth

1
F }

_ 6000
1 = = Egg hatch total
50004 . 3
Bl Egg hatch per day Chemical control 7 day Chemical control

g 40004 -L1 Iar\l"ae . o
> intervals 14 day intervals
© 30001 I
- _
— 20009 | Week | Total| Avg| 23A| 8A| 35(37|8B |23B| 51B| 36 51A | 33A]

10004 - - - .

) Fruit thinning in Iuate

3000
o
% 20004 38 4 0_05
o 39 28 |03 1 3
o 15001 0 7 089 1 2 4 4 2
= 4 225 304 - 43 3 20
o 4 | 84 090 - |- - S 2 - 2

3106 | 116 12 11 202 3|7

500 4 60 066 3|2 6 16
£ B Polyvoltine = 90% 4 | 4 1052 - 2
2 200049 @ Old females 46 7 020 1
o 1500 E\I\ﬂatgdffemalles - 17 6 008 B q
h— 7 Irgin remailes D d
= eciae jg ? gg: Can we top
& 1000- i i i - : .
o Mating dlsrup'Tlo|n 1/ 1 ool spraying? Decide
500+ 1 il ‘ ' 50 8 009 I

| 1R 52 0.00 | -

Mating disruption

Oct Nov Dec Jz'an ' Féb



| == Egg hatch total
*%%7 W Egg hatch per day Chemical control 7 day Chemical control
O 40004 EH LA larvae X .
2 intervals - 14 day intervals
© 3000+ -
1 20004 . e . . I
oo * High pest density to start with

aluate

3000 | * Prevented build up — any population overflow
to next season?

* More chemical control was needed

Egg deposition

M Polyvoltindi ] Pest reperCUSSionS

1 @ Old female
H Mated fe

1 O Virgin femgl ngh environmental impaCt

]
=]
o
=]

ale flight activity
> o
= [
l? =

* Next season possibly better? = less sprays

m
&)
)
=)

Mating disruption



Control

_*____

* Integral part of IPM
* Not a silver bullet

* Stop programs! Use
strategies!

* We should appoint ourselves
stewards of what we have left

* Product positioning NB
* Protect beneficials
e Market access

Full bloom — 100% PD

Chemical application

Notes on product choice and positioning

Post flower — End first
generation

Second generation till
harvest

Pyrethroids Acetamiprid Chlorantraniliprole
Novaluron Chlorantraniliprole Cyantraniliprole
Methoxyfenocide Cyantraniliprole Spinetoram
Thiacloprid Emamectin benzoate Emamectin benzoate
Methoxyfenocide
Thiacloprid
Virus
Notes.

High pressure:

* Spray weekly during first generation and spray ovicide early.

Medium pressure:

* Spray fortnightly during first generation.
*  Only spray egg hatch peaks in second and third generations.

Low pressure:

* Spray fortnightly during first generation.
* No sprays in second and third generations.

Product choice/positioning:

* Combined control of weevil and mealy bug.

* PHI

* Use restrictions and special market considerations.




Control

& Chemical application

Minimal
losses

* Only as effective as applied

Optimal
disease
control

Correct
Product

e Control failures can regularly
be attributed to poor
application

Optimal
application

Climatic
conditions

Correct
Applicator

Uniform
distribution

Canopy
management

Calibration

and Setup
Tractor
speed
Spray
pressure




Chemical application

* Kind of defeats the purpose...




Conclusion

* Best practice IPM should be an DSS system based on your agroecosystem

* Should focus on
* Maintain/improve profitability
* Minimise selection pressure
* Maintain environmental quality

* Improve agroecosystem biodiversity — To improve IPM implementation

* Prevent — have a plan and strategy tailored to orchard level for each pest
* Monitor and model efficiently

* Only spray where and when necessary

e Control through implementing multiple techniques
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