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WHAT IS IPM?
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What is IPM?

Integrated )Pest Management

e Definition - American Phytopathology Society

 “A sustainable approach to managding pests by combining
o@: @ ools in a way

that minimizes economic, health andenvironmental risks”.

 |[PM # organic

e Chemical control important component of IPM
« Emphasis on responsible, sustainable and minimal use of CPAs
 Integrated control program can reduce CPA use

“PEST” = pathogen, nematode, insect or weed
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IPM is Not New

 INTEGRATED management system

 US grower guides 1940’s recommended
» Rotation & hygiene for black shank control
* Hygiene for TMV control

 Zimbabwe, TRB handbook 1950’s recommended
« Rotation for nematode control e T—
* Hygiene for TMV control 1
* Avoiding over-fertilization to mitigate bacterial foliar disease §

 More recent IPM strategies
* Mostly built on well-established principles
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CPA Residues

*MAJOR issue for tobacco industry

|PM — lower CPA residues

 CPAs may be replaced or partly replaced by other
strategies

» Lower rates and/or fewer applications
e Scouting
* Proper application
» Lower disease/pest
pressure
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CPA Residues cont

 Lower disease/pest populations —

easier control, less CPAs

e Rotations, good hygiene etc.
* Prevent or slow build-up of diseases / pests

e Biocontrols
* No residues
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HOW IPM AFFECTS THE
MECHANICS OF DISEASE
EPIDEMICS
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Crops vs Natural Vegetation

If crops can be totally
destroyed by disease
and insects .......

....... why does this not happen in
natural undisturbed vegetation?
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Crops vs Natural Vegetation cont

Success of:
plant to produce crop ....

for disease to succeed
dependson .......
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Disease Triangle

Pathogen
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Disease A — Host

Reduce or eliminate infection

Resistance
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Disease /A — Environment

Reduce or eliminate infection

Soll Type pH Alternate Hosts

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac

; - R i www.coresta.org 13
Online 240326 Cooperation Centre for Scientific Research Relative to Tobacco COresta.o


http://www.coresta.org/

Disease A - Pest

Reduce or eliminate infection

Rotation Sanitation CPASs

T
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Crops vs Natural Vegetation

In undisturbed natural vegetation

. plant host
and
pathogen
in equilibrium
with environment ....

.... most of time
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Crops vs Natural Vegetation cont

In natural vegetation,
two factors favour success of host plant:

Spatial separation

between plants of same species
Interspersed with non-host species

Genetic variability

wide variation, between orders, families
less variation between species

>> pest may not find another host
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Crops vs Natural Vegetation cont

Commercial agriculture

large expanses

genetically identical plants
close proximity

——> constraints on success of pests
no longer applicable

Pests/diseases multiply unimpeded

opération r les Recherches Scientifiques Relatives au Tabac
r
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Containment of Pests

Protection of these man-made plant communities from pests requires

man’s intervention

» Containment methods used for centuries —
e burning
e rotation
e sjte selection

With time, experience & science

Understanding of interaction between
plant, pest, environment

» Improved containment methods
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Effect of IPM on Epidemics

IPM shifts balance of
plant-pest-environment

PEST

Interaction ....

.... In favour of plant

to detriment of pest

PEST
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* Three components, analogous to financial interest:

Epidemics
Epidemics modeled mathematically: pR = preP"

|

www.coresta.org 20

e Initial inoculum = principal value

* |Increase rate = interest j

e Time
- fungal & bacterial leaf diseases — days
- Insects — days/weeks

- soil-borne/root diseases — years |
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Pest Units

BaS|C EpldemIC Decline phase —

slowing down

Exponential phase —
rapid increase in disease

Lag phase —
disease getting established

Time Units




Managing Epidemics

To reduce crop losses from disease epidemics ....
.... employ reverse strategy to that of retirement savings ......
and do whatever is necessary to reduce “financial” gain by .....

 reducing “principal investment” (initial inoculum)
 lowering “interest” rate (slowing increase of disease)
 reducing the time of the “investment” (timing of crop, dead period)
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Achieved by

» Breaking / disrupting life cycle of pest
e Altering environment / host A

>> Timing of crop, dead period
>> Reducing numerical value of

e initial inoculum
* INnCrease rate £
D
g
o
Time Units
CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tab WWW t
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Pest Units

Time Units




Initial Inoculum

Reduce initial inoculum
Hygiene & sanitation (eg TMV)

Rotation
Well rotated field vs field with history of disease

Amount can vy by 10,000s N -
Compare investing $1 vs. $10,000 ¢ ) oS

CEG Centre de Coopération r les Recherches Scientifiques Relatives au Tabac
p n

d r pou
i : o - wWww.coresta.org 25
Online 240326 Cooperation Centre for Scientific Research Relative to Tobacco coresta.o



http://www.coresta.org/

Lower initial iInoculum

Initial inoculum:;

B x

Pest Units

Time Units




Reduce Initial Inoculum

e Rotation
 Stalk destruction I
- Crop residue breakdown =2
 Disease-free seed, seedllngs »
* Awareness of alternative hosts & adjacent Cro o
e Hygiene, disinfectants "
 Tobacco-free period
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Lower Increase Rate

 Affected by how favourable environment is
e temperature

rainfall

humidity

soll type

crop maturity 7o

Rate can vary by 1000x
Compare investing at 1% vs. 5%
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Pest Units

Lower Increase rate

Time uUnits




Increase Rate cont

The Increase rate ....

.... declines as environment deteriorates
competition for space
nutrient supply dwindles
unfavourable weather at end of season
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Increase rate changes through season .
weather coollng

/]

dry Weathe/ .......... -é'rop

Pest Units

cool wet weather & ema;[::)ngg
e.g. blue mould .g. frogeye

young plants not susceptlblef;"'

e &

Time Units




Lower Increase Rate by

e balanced fertility
 biological control
e pesticides
e resistance*
. tolerance* g

Resistance = prevention/reduction of infection
Not necessarily immunity

Lot i
gt

B

Tolerance = ability of plant to develop normally and produce acceptable yield and quality ....
... despite infection
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Some points about

Pest Groups
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Insects

e Caution: Threshold levels vary by region depending on

» cost of pesticide
* crop value s

e pest population VS. damage

e To establish thresholds requires extensive monitoring of:

. : )
pest levels vs. economic damage NV
e at multiple locations, for several years

- Threshold much lower for insects that are disease vectors
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Nematodes & Weeds

Nematodes

Soil sample analysis

Weeds

Late season weed control effect
- reduce “Initial iInoculum” seed

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
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Pest Units

Summar

hygiene
resistance

Inoculum
fertility

biological control

pesticides

environment B rotation

threshold
certified seed resho

life cycle SAR

-
”~

7
variety

tolerance

soil analysis /
7
- crop-free period

Time Units




Epidemics Conclusion

With some careful planning,

crop protection could be
upgraded ...

... from where we are now ...

... to a whole new level

CEG Centre de Coopéral our le
Online 240326 Cooperation Centre for Scientific



http://www.coresta.org/

OME CASE STUDIES
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Tobacco Free “Dead” Period

Tobacco Bushy Top Vlrus
» Devastating virus disease e
e Can cause 100% loss

» Occurs mainly 3insouthern & cen

Africa

« Aphid borne _.
» Mainly affects late- planted crops, only affects new growth
e Like all virus diseases, no chemical control
» Only control of vector
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Dead Period Legislation

eLegislation
e Seedbeds

 Earliest sowing date
e | atest seedbed destruction date

e Fields

 Earliest transplanting date
e Latest stalk/residue destruction date

6 weeks with no tobacco growing — flelds or seedbeds

CEG Centre de Coopération pour les Recherches Scientifiques Relativ: u Tabac
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Reason for Dead Period

Based on knowledge of aphid populatlons
e Small aphid populations overwinter [
« Winters cold & dry, very little green VegetatlonV(~4'Nmfonths wio rain)

* Most aphids come Wlth ralns on ITCZ In November
« Then multiply rapidly |, o A

e Dead period Iin winter

» Tobacco would be the onIy green vegetatlon
e Aphids would multiply early - high numbers at start of season

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
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Winged Aphid Numbers & Legislated Tobacco-Free
Periods

No tobacco in Ilo tobacco in

200 No tobacco
in seedbed & seedbeds fields
Last seedbed
destruction
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Winged Aphid Numbers & Legislated Tobacco-Free

Periods
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Success of Dead Period

«ZImbabwe — very successfulto end of 1990s
e Strictly enforced Seges
e Growers were mainly large commerual growers

*Currently ineffective
* Not enforced

e Growers now mainly smallholders
* They have many challenges

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac WWW.coresta.or
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Smallholder Challenges

« Commercial growers

* Prepare fields early, mechanical tillage

« Water-plant mid October
 Early start, crop well-established when aphid populations peak
» Crop topped while aphid numbers still low

e Smallholders

 \Wait for rain to prepare fields, ox-drawn tillage

e Rain-plant in December
» Crop in early stages when aphid populations peak
« Crop only topped after aphid populations peak

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
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Dead Period Then & Now

For about 50 years

*Success story in Zimbabwe % 5
* Bushy top rarely seen, occaS|onaIIy on very late crops
*Now bushytop rampant "
« Double impact for smallholders i
* No dead period - high aphid populations .
 Plant late - crop infected early i

* - high losses — sometimes total losses

CEG Centre de Coopération pour les Recherches S entifiques Relativ Iabac
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Hygiene & Sanitation

e TMV tobacco mosaic virus

« Spread mechanically (hands, tools)
* VERY easily spread

* Affects new growth
 Early infection VERY serious
e Particular care with seedlings & transplants

* VVirus dissociated by soap
e Washing facilities, footbaths at seedbed sites
e Disinfect tools
* No smoking

CEG Centre de Coopération pour les Recherches S entifiques Relativ Tabac
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Success of Sanitation

Highly successful
-|If done eﬁectively,]prevents TMV occurring on farm

e Once present, very difficult to eradicate
e Survives long perlods In debris
e Alternate hosts  |EeEe%

* Wide host range f‘-\":‘f' 4

* One of the oldest IPM strategles

 Employed long before resistant varieties available
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Biological Control - Bt

eBacillus thuringiensis — budworm/nornworm

* Soll bacterium, many products, kills most caterpillars
«Cheap

e Eco-friendly
 Naturally occurring
» Affects very specific insects ~——
» Safe for humans, animals, beneficial insects «

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac WWW.coresta.or
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Success of Bt

eSuccessful for 100 years

 NO residue Issues

o Effective

e Must be applied early
* Used globally

* Europe since 1920s

e US since 1950s

 GAP, ESG

CEG Centre de operation pour les Recherches Sci 1q
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Rotation

-Rootknot nematode I\/IeImdogyne Javanlca

e Can cause heavy losses
» Especially for smallholders

e Susceptible tobacco variety
e Fumigation + rotation

e Resistant tobacco variety
* Fumigation or rotation
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Grass Rotation

Katambora Rhodes grass

* Non-host
years]grass rotation
ematode populations drop drastically
* Most tobacco growers use the grazing for cattle

*NO other rotation as effective

» Cash crops slow nematode increase
e But do not decrease population

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
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Success of Grass Rotation

*Up to 1990s, very successful for commercial
growers
eLarge farms, enough land to rotate

eLast 20 years, government has taken farms
e Smaller farms, limited rotation — much less effective

Smallholders
 Have never had enough land to rotate

Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
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Overall Success of IPM

 Most IPM strategies
* Need a certain level of resources & sophistication
» Dead period
« Ability to plant early — tillage equipment, access to water
e Sanitation
 Good management, water
Bt
 Good management, timeliness

e Rotation
* Enough land

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
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CORESTA IPM SUBGROUP
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Objectives

*Objectives

e To summarize available IPM strategies for each pest &
disease
e Must be proven on field scale

e Then produce a document for agronomists & farmers
o Structured by disease or pest
« With a common outline framework based on relevant IPM methods
 NB — not a pathology textbook
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Subgroup Structure

« 80 chapters over 5 groups
diseases

nematodes

Insects

e weeds

* IPM strategies

« Each with a group leader
e Organizes group
* collects chapters
e arranges reviews & editing

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
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Subgroup Approach

Same approach for 3 groups

Diseases Nematodes Insects

fungal
bacterial
viral
seedling
post-harv

Groups divided into sections
Chapter for each disease or pest

CEG Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
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Subgroup Approach cont

Weeds group

Field Weeds Parasitic Weeds

T

Principles of weed control

Different approach Specific weed problems
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Subgroup Approach cont

IPM Strategies

Biological Control Rotation Correct CPA Usage

Sections deal with general IPM principles
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INTEGRATED
NEMATODE
MANAGEMENT

B. Nemaioass

FOREWORD

Integrated Nematode Management

fant paraslic nematodss can be 3 major chalienge to tobacco crop production. First, It
15 IMportant 1o UNGETStaNd that NEMatode aM3ge OMEN QDSE LATECOJNIZEd 38 SUCh and
may be afirwuted o olnes factors such s problems with nulrient avalabilty or oih
diseases. In addiion fo the direet effacts of plant parasibc nemaloges on tobacoo al
result In root damage, stuting, delayed maturly and reduced feat quallly as 3 resull of
Infection, nematodes can aiso Nave secondary eTects Mat result In Increased disease
caused by other paihogens. These effects ean Invove nemalod feading and wounding
Increasing Ingress of atner pathogens, systemic eflects of nematode infection an piant
Enyscogy cianging o plants may Espons o ecin By pamogens clch g ot
EM300ES VECNNg DINET PAINOENS SUCN 35 WILSES 10 rEsUA In disea:
Seconn, erpy resagnizng inat nenloges are B arec o Rt ause o e &
ot suigient. One needs 1o know
rumpers. T .0 sl eat. Nemaioges can be Ml and expensve o sample Io(
Igentry ana qua
£ame e ana e pr!unne o3 :pwei o race & nct he &nd or tne sy Eronomic
amage Inresnoids have been delsmined for many problematic nemaiodes and thess

COMPpIESING e 1oy s e 3ct Ml Merent namatoes Rave cMmerent e cyoes and

stages and may need to be sampied by from roots o salls and al

diferent tmes during the glmmgazaslm F\nil" o of ove b o o o

£NaNges M MAXEUp of Me NEMIDTE COMMUNEY FOr ME NUIUTE 3N 01 NEE0S 10 100K

ahead o anlieipate fuiure probiems before they become economically significant.

Managing nemalodec san b gue fcul 3 hey oo In <ol 3 much are dffcal
than ai or on follage,

s tungl, Many of

T Fatiionalty VEma mam oo aave. o Wit o iaa Goa 18 oty of
e factors there

& not mush promise for nematade management, ihat Is definiizly not the case. Nemalode

een smectve
o rect ane i ecess. P,
T neMSes nder RysogMeN! N Soms romise ot
ent wilh reduced ioxicity and
Eitoamenta Impacs. - The Infomatan provded here It
designed 10 aki In understanding nemalode pathogens and
‘opfions for nemalige managen i Improve tabacoo yi
‘ana qually In 3 SuStaNADE Manner.

JIM LaMondia, Connecticut AQricuRural EXpenment Stalion, USA
Nematooe Group Cooninatar
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A.2. Bacterlal Diseases

15, Wildfirs, Angular Leal Spot
Pseudomonas syringae pv. tabacl toxs, tox-

formerty known az . t3tac, P. angulats: alsc P. syringas pv. tabact, P. Sringae . anguiats)
Anne Flsher, Universty of Kentucky, USA
Genaral

Wiigfire and angular leaf 5pot can afect 0bacea In both the seedneds | Noat rays and the
fiald, although wiidfire tends to be more of a problem In the seedbed and angular kaf spot
In the fizid. Wikifire and anguiar leaf spot are not major proolems In many tobacoo
producing areas, such as the USA, Brazll, and Ewope. In Africa, they are miseases of
major IMponance which can cause devastaing Insses, sspecially In wet ssasons. The
bacteria that cause widfire and angular leaf spot are identical In all respacis except that
the wildfire bacteria produce 3 toxin and the anguiar bacteria do not. Wikdfire |s therefors
caused by the “tox+ straln and angular leaf spat by the “tox-" strain.

Symptoms
The sympioms of the tox+ (oxin producing) and tox- (non-toxin producing) foms of tis
diseage are quite offerent
Wiigfire {mxﬂlscnamtenzed by a small brown o black watersoaked lesion, surrounded
by & broad chloeotic haio (Figs. 15.1A, 15.2). The leskns ncrease In diameter and may
coalesce untl the diseased fissus eventualy fails out leaving ragged holes. Wiidfire can
seadings, "] (Fig. 15.4) of the aplcal bud, veins and leaves.
The angular (tox-) leslon Is brown, dark brown o Diack, much 1ager than the wildnre
lesion, has Iftle of no chiorotic hald, and has angular marging becauss the lesion Is
confined by the lateral veins (Figs.15.15, 15.3, 15.8). In Africa, both diseases tend 1o be
more severe at ihe top of the plant {Figs. 15.2, 15.3).

Source and Transmigalon

The bactena are spread In wing-driven water droplets, from leaf o leaf and piant to plant
within the fleld, from fleld to field and from Infected weed hosls or tobacco

Driving rains and sand biastng winds exacerbate the prodlem conskleragly. These
diseases can also be seed transmitted. Tobacco regrowth and debnis from infected plants
snowd always be destroyed at the end of the season, 35 ey are sowcss of Inoculum to
Infect oweraintering weed hosts. In the semi-roplcal areas where these diseases are 3
proslem, winters are ssidom cold enough to kil overintering weeds and tobaceo
regrowtn. Wikdfire and anguiar leaf spot are favoursd by cloudy wet weather.

Rotation and Sits Sslsction

Disaase spread Is reduced by planting earller flekds downwind of later planted flelds; the
eariler planted fields ofien ssrve 3 an Moculum source. These diseases ars generaly
worse In intensively usad fleids, and can be minimised by sultable rotations (Ch. 77).

Alternate Hosts

Many solanaceous weeds are hosts of tis pathogen (Cn61). Examplies are Appis of
Penu (Micandra physakoides) and Jimson weed / stnkbiaar (Daturs stramankum), shown
In Fig.15.6. Such weeds should be removed from the proximity of the flekls and especially
seedoeds | greennouses. This is paricusarty Important In areas which do not have Killing
winter frosts, whers weess ovenaintar,

Chagter 15 Wildfre, Anguiar Leaf Spat
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Links

Alternate Hosts

——'
Many solanaceous weeds are hosts of this pathogenf(Ch. 61) iles are Apple of
Peru (Nicandra physaloides) and Jimson weed / stinkiveres==el /ra stramonium)| shown

in Fig.15.6. Such weeds should be remaoved from the proximity of the fields and especially
seedbeds / greenhouses. This is particularly important in areas which do not havg killing
winter frosts, where weeds overwinter.
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Thank You

QUESTIONS?
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