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•What is IPM?
• Some basic facts

•How IPM affects the mechanics of disease epidemics
• How IPM fits into the theory of epidemics

•Some case studies
• 4 case studies

•The CORESTA IPM subgroup
• Brief description of the subgroup and its work
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• Integrated Pest Management

• Definition - American Phytopathology Society 

• “A sustainable approach to managing pests by combining 
biological, cultural, physical and chemical tools in a way 
that minimizes economic, health and environmental risks”.
• IPM ≠ organic
• Chemical control important component of IPM

• Emphasis on responsible, sustainable and minimal use of CPAs
• Integrated control program can reduce CPA use

CEG
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• 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
• Hygiene for TMV control
• Avoiding over-fertilization to mitigate bacterial foliar disease

• More recent IPM strategies
• Mostly built on well-established  principles
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CPA Residues
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•MAJOR issue for tobacco industry
• IPM → lower CPA residues

• CPAs may be replaced or partly replaced by other 
strategies

• Lower rates and/or fewer applications 
• Scouting
• Proper application
• Lower disease/pest

pressure
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• Lower disease/pest populations → 

easier control, less CPAs
• Rotations, good hygiene etc.

• Prevent or slow build-up of diseases / pests

• Biocontrols
• No residues

CEG
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HOW IPM AFFECTS THE 
MECHANICS OF DISEASE 

EPIDEMICS
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Crops vs Natural Vegetation
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If crops can be totally 
destroyed by disease 
and insects ……. 

……. why does this not happen in 
natural undisturbed vegetation?
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Success of:

plant to produce crop ….

or …..

for disease to succeed 
 depends on …….
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Pathogen

Host

Environment

Disease Triangle
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Disease ∆ – Host

Reduce or eliminate infection

Resistance
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Disease ∆ – Environment

Reduce or eliminate infection

Soil Type pH Alternate Hosts
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Disease ∆ – Pest

Reduce or eliminate infection

Rotation Sanitation CPAs
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In undisturbed natural vegetation  ….

… plant host 

  and 

      pathogen

    in equilibrium

  with environment ….

      …. most of time

Crops vs Natural Vegetation
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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

Crops vs Natural Vegetation cont
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Commercial agriculture

 large expanses

 genetically identical plants

 close proximity 

 constraints on success of pests 
no longer applicable

Pests/diseases multiply unimpeded

Crops vs Natural Vegetation cont
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Protection of these man-made plant communities from pests requires 
man’s intervention
 Containment methods used for centuries – 

• burning
• rotation
• site selection

 Improved containment methods 

Containment of Pests

With time, experience & science
Understanding of interaction between

• plant, pest, environment

http://www.coresta.org/
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Effect of IPM on Epidemics
IPM shifts balance of

plant-pest-environment

interaction ….

PEST

CROP …. in favour of plant 
 
 to detriment of pest

PEST

CROP

http://www.coresta.org/
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Epidemics
Epidemics modeled mathematically:   pR = prleprl

• Three components, analogous to financial interest:

• Initial inoculum = principal value

• Increase rate = interest

• Time
• fungal & bacterial leaf diseases – days
• insects – days/weeks
• soil-borne/root diseases – years

http://www.coresta.org/
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Lag phase –
disease getting established

Exponential phase – 
rapid increase in disease

Decline phase – 
slowing down

Basic Epidemic
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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)

http://www.coresta.org/
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Achieved by
• Breaking / disrupting life cycle of pest

• Altering environment / host

>> Timing of crop, dead period

>> Reducing numerical value of 
•  initial inoculum 
•  increase rate

http://www.coresta.org/
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Initial Inoculum
Reduce initial inoculum 
 Hygiene & sanitation (eg TMV)

Rotation
  Well rotated field vs field with history of disease

Amount can vary by 10,000s
  Compare investing $1 vs. $10,000
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Initial inoculum:

0.5x

1x
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Reduce Initial Inoculum  

• Rotation
• Stalk destruction
• Crop residue breakdown
• Disease-free seed, seedlings
• Awareness of alternative hosts & adjacent crops 
• Hygiene, disinfectants
• Tobacco-free period
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Lower Increase Rate
• Affected by how favourable environment is

•  temperature 
•  rainfall
•  humidity
•  soil type 
•  crop maturity

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

http://www.coresta.org/
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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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weather cooling

crop 
maturing

e.g. frogeye

dry weather

cool wet weather
e.g. blue mould

young plants not susceptible

Increase rate changes through season ….
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Lower Increase Rate by  
• balanced fertility

• biological control

• pesticides

• resistance*

• tolerance*
Resistance = prevention/reduction of infection

• Not necessarily immunity

Tolerance = ability of plant  to develop normally and produce acceptable yield and quality …. 

       …. despite infection

http://www.coresta.org/
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Some points about

Pest Groups

http://www.coresta.org/
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Insects
• Caution: Threshold levels vary by region depending on

• cost of pesticide
• application cost
• crop value
• pest population vs. damage

• To establish thresholds requires extensive monitoring of:
• pest levels vs. economic damage

• at multiple locations, for several years

• Threshold much lower for insects that are disease vectors

http://www.coresta.org/
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Nematodes & Weeds

Nematodes

Soil sample analysis

Weeds
Late season weed control effect
- reduce “initial inoculum” seed

http://www.coresta.org/


P
es

t 
U

n
it

s

Time Units

resistance
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fertility

tolerance

hygiene

soil analysis

biological control

pesticides

rotation

crop-free period

variety

certified seed

SAR

environment

life cycle

threshold

Summary
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Epidemics Conclusion

With some careful planning,
crop protection could be 
upgraded …
... from where we are now …

… to a whole new level

CEG
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SOME CASE STUDIES
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Tobacco Free “Dead” Period

•Tobacco Bushy Top Virus 
•Devastating virus disease

• Can cause 100% loss

• Occurs mainly in southern & central Africa
•Aphid borne

• Mainly affects late-planted crops, only affects new growth
• Like all virus diseases, no chemical control 
• Only control of vector

CEG
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http://www.coresta.org/


Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
Cooperation Centre for Scientific Research Relative to Tobacco

www.coresta.org

Dead Period Legislation

•Legislation
•Seedbeds 

• Earliest sowing date
• Latest seedbed destruction date

•Fields 
• Earliest transplanting date
• Latest stalk/residue destruction date

•6 weeks with no tobacco growing – fields or seedbeds
CEG
Online 240326 40
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Reason for Dead Period

•Based on knowledge of aphid populations
•Small aphid populations overwinter 

• Winters cold & dry, very little green vegetation (~4 months w/o rain)

• Most aphids come with rains, on ITCZ in November 
• Then multiply rapidly

•Dead period in winter
• Tobacco would be the only green vegetation
• Aphids would multiply early → high numbers at start of season

CEG
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transplanting
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topping
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Success of Dead Period

•Zimbabwe – very successful to end of 1990s
•Strictly enforced
•Growers were mainly large commercial growers

•Currently ineffective
•Not enforced
•Growers now mainly smallholders

• They have many challenges

CEG
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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

• Smallholders
• Wait for rain to prepare fields, ox-drawn tillage
• Rain-plant in December

• Crop in early stages when aphid populations peak
• Crop only topped after aphid populations peak

CEG
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Dead Period Then & Now 
•For about 50 years
•Success story in Zimbabwe
• Bushy top rarely seen, occasionally on very late crops

•Now bushytop rampant 
•Double impact for smallholders

• No dead period → high aphid populations
• Plant late → crop infected early 

• → high losses – sometimes total losses
CEG
Online 240326 47
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Hygiene & Sanitation 
•TMV tobacco mosaic virus

• Spread mechanically (hands, tools)
• VERY easily spread

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

• Virus dissociated by soap
• Washing facilities, footbaths at seedbed sites
• Disinfect tools
• No smoking

CEG
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Success of Sanitation 

•Highly successful
• If done effectively, prevents TMV occurring on farm
•Once present, very difficult to eradicate

• Survives long periods in debris
• Alternate hosts

• Wide host range

•One of the oldest IPM strategies
• Employed long before resistant varieties available

CEG
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Biological Control – Bt  

•Bacillus thuringiensis – budworm/hornworm
•Soil bacterium, many products, kills most caterpillars
•Safe
•Cheap
•Eco-friendly

• Naturally occurring
• Affects very specific insects
• Safe for humans, animals, beneficial insects

CEG
Online 240326 50

http://www.coresta.org/


Centre de Coopération pour les Recherches Scientifiques Relatives au Tabac
Cooperation Centre for Scientific Research Relative to Tobacco

www.coresta.org

Success of Bt 

•Successful for 100 years
•No residue issues
•Effective 

• Must be applied early

•Used globally
• Europe since 1920s
• US since 1950s
• GAP, ESG

CEG
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Rotation 

•Rootknot nematode Meloidogyne javanica
•Major pest in southern & central Africa
•Can cause heavy losses

• Especially for smallholders 

•Susceptible tobacco variety
• Fumigation + rotation 

•Resistant tobacco variety
• Fumigation or rotation

CEG
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Grass Rotation 
•Katambora Rhodes grass
•Non-host
•4 years grass rotation 

• Nematode populations drop drastically

•Most tobacco growers use the grazing for cattle 

•No other rotation as effective
•Cash crops slow nematode increase

• But do not decrease population
CEG
Online 240326 53
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Success of Grass Rotation 

•Up to 1990s, very successful for commercial 
growers
•Large farms, enough land to rotate 

•Last 20 years, government has taken farms
•Smaller farms, limited rotation – much less effective

•Smallholders 
•Have never had enough land to rotate

CEG
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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

• Sanitation 
• Good management, water

• Bt
• Good management, timeliness

• Rotation
• Enough land

CEG
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CORESTA IPM SUBGROUP
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Objectives
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•Objectives
• To summarize available IPM strategies for each pest & 

disease 
• Must be proven on field scale

• Then produce a document for agronomists & farmers
• Structured by disease or pest
• With a common outline framework based on relevant IPM methods
• NB – not a pathology textbook
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• 80 chapters over 5 groups
• diseases
• nematodes
• insects
• weeds
• IPM strategies

• Each with a group leader
• organizes group
• collects chapters
• arranges reviews & editing

Subgroup Structure

CEG
Online 240326
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Same approach for 3 groups

    Diseases       Nematodes              Insects

Subgroup Approach

fungal
bacterial
viral
seedling
post-harv

Groups divided into sections
Chapter for each disease or pest

CEG
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Weeds group

 Field Weeds         Parasitic Weeds  

Subgroup Approach cont

Principles of weed control
Specific weed problemsDifferent approach

CEG
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IPM Strategies

Subgroup Approach cont

Sections deal with general IPM principles 

Biological Control Rotation Correct CPA Usage
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Document
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Document – Chapter 
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Links
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Thank You
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QUESTIONS?
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