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Fungal disease management
Most of vegetables are grown from seeds

Significance  of seed-borne diseases
•Prolonged transmissibility
•Maximum infection
•Dissemination over long distance
•Introduction to new area
•Infected new soil
•Random infection foci in production field
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Host

Pathogen Environment
•diversity
•primary inoculum
•secondary inoculum
•modes of dispersal

•biological
•chemical
•physical

•susceptibility
•phenology
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Disease Triangle

In the field

Disease will occur

•Susceptible plant

•Pathogen that can cause disease

•Environmental conditions favourable for disease 
development

Plant Disease Epidemiology

• Components of an Epidemic:

(1) Susceptible Host

(2) Virulent Pathogen

(3) Conducive Environment

(4) Favorable Time

(5) Extensive Space

(6) Favorable Human Activity

A monocyclic pathogen completes just one 
disease cycle per season.  There are no 
secondary disease cycles 

Soilborne pathogens are usually monocyclic 
due to physical constraints--inoculum is not 

dispersed within the growing season.

Verticillium wilt of strawberry

TIME

DISEASE
SEVERITY

Disease progress curve for a typical 
monocyclic pathogen
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Polycyclic pathogens have several secondary 
disease cycles each season.

Oat stem rust

Halo blight

Soybean mosaic
Time

Disease LOGISTIC
GROWTH

Disease progress curve for a typical polycyclic 

pathogen is an S-shaped curve.

Natural vs “Cultivated” Systems
• “Natural” Systems

– Genetically Diverse

– Many plant species

– Factors of genetics, spatial separation

– Pathogens (usually) have evolved with their 
hosts

Cultivated Systems

• Economics of production

• Productivity

• Quality control
All require genetically homogenous crops that are:

• Prime targets for epidemics

Chain of Events in Disease 
Cycles

Survival
Inoculation

Colonisation

Host

Reproduction

Environment

Dispersal
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Epidemic

• Natural consequence of introducing a 
virulent pathogen into a relatively 
homogeneous susceptible host population

Disease Progress Curve
eg   Phytophthora infestans
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Verticillium wilt of strawberry
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Downy mildew of grape 
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Time

Disease

No control

Reduce X0

Reduce r
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Disease Control Measures 

• Quarantine and other exclusion 
mechanisms

• Cultural practices
• Crop protection chemicals

– fumigants, fungicides

• Resistant cultivars
• Biological control

•Sanitation - a matter of common sense
–machinery, boots etc should be cleaned 
between fields (soil-borne diseases)
–recycle run-off irrigation water within 
same field (Phytophthora, Pythium, 
Fusarium)

•in nurseries, use chlorinated water

Pathogen exclusion -Quarantine & 
Sanitation 

Strategies:
Prohibition

Quarantine & Embargo
Intercept

Inspection
Elimination

Treatment

• Avoid growing crops in fields near (downwind 
of) inoculum sources

• Avoid sequential cropping
• Destroy stubble. ( Foliar diseases)
• Disease-free, or “pathogen tested” planting 

materials

• Eliminate alternate and reservoir hosts

Sanitation
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Cultural Practices

• Removal or destruction of inoculum
– direct removal

– stubble destruction

– weed control

• Cultivation

• Heat

• Crop rotation

• Mulching

Soilborne pathogens, inoculum is not dispersed within 
the growing season but possible dispersed by 
irrigation, worker 

Verticillium wilt of strawberry
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Crop Rotation

• The most important cultural measure for 
disease control

• Breaks disease-cycle of pathogens
• Works best on pathogens with:

– limited host range
– low competitive saprophytic ability
– no survival structures produced during the 

“non-host” phase
– short period of viability of survival 

structures (1-2 years). 

Management of Soil Environment

• Lime, nitrate - increase soil pH

• Sulphur, ammonium - decrease pH

• Sometimes act through direct toxicity
– eg ammonia vs Sclerotium, Fusarium, 

Phytophthora, nematodes

• Ca in lime can increase Ca pectate formation 
in roots, which are then less susceptible to 
attack by Rhizoctonia solani

Manipulation of Environment to 
Modify Inoculum Potential

• Potato scab

• Streptomyces scabies

• Modify soil pH (<6.0) to reduce incidence 
of scabby potato tubers

• General concept that bacteria favor a 
“basic” environment and fungi an “acidic”” 
environment

P. gregata detection decreases as 
soil pH increases in 2000 Clubroot of Crucifers



13

Clubroot of Crucifers
Plasmodiophora brassicae

Infected
Healthy

Clubroot of Crucifers
Plasmodiophora brassicae

Resting spores

Plasmodium

Organic Amendments

• Straw, Lucerne hay, chitinous by-products

• Green manure crops

• Change in nutritional status of soil for micro-
organisms

• Complex actions
– stimulation of antagonists

– toxic action of breakdown products eg ammonia, 
saponins

Organic Amendments:  Generally 
incorporated into soil

Green manure – Grow green manure 
crop and incorporate living plant material 
into soil immediately prior to planting.

• Sudan grass – dhurrin (cyanoglucoside) 
=> Hydrogen cyanide

• Species within mustard family – glucosinolates 
=> isothiocynates

Organic matter – many sources

 Soybean meal
Meat and bone meal
 Sphagnum peat moss
 Black peat
 Compost-Amended Potting Mixes –

Successful in control of root rot 
pathogens in container systems. (Hoitink 
et al. 1991.  Plant Disease 75:869-873)

Early Blight of Potato
Pathogen survival in host residue

Distance inoculum is 
disseminated?

Conidia
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Asparagus plant 
debris left in the field

Manipulation of Environment to 
Modify Inoculum Potential

• Application of urea (nitrogen) to orchard 
litter to enhance microbial decomposition 
of apple leaves

• Goal to reduce survival of Venturia 
inaequalis in apple leaves

• Reduce primary inoculum

Dense Crop Canopy on Orchard Floor – prevent 
ascospores from reaching apple buds Management of Atmospheric 

Environment/Climate

• Effect of temperatures on disease

• Management of Microclimate -
– Irrigation

– Canopy Management

– Avoid Water stress

• Avoid Heat stress

• Develop forecasting system

Protected greenhouse
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FUNGICIDES
• Sterilants and Fumigants

• Protectants

• Therapeutics (“systemics”, 
“eradicants”)

Protectants
• remain on plant surface
• have no effect on established 

infections
• vary in properties of persistence, 

redistribution
• broad spectrum
• relatively inexpensive

Therapeutants (systemic)

• compound or a metabolite penetrates host 
tissue

• may inhibit development of established 
infections

• often highly specific to certain fungal groups

• vary in “systemicity”, translocation, persistence

• often relatively expensive

Fungicide Application

• Seed treatment

• Soil treatment / “in-furrow”

• Foliar sprays

List of chemicals and commercial products registered

Kinds Active ingredient

Fungicides Benomyl,bitertanol, captan,carbendazim, carboxin, 
difenoconazole,
Diniconazole, fenpiconil, iprodione, mancozeb, 
metalaxyl, metconazole, oxine-copper, pencycuron, 
quintozene, tebuconazole, thiabendazole, thiram, 
triadmenol, triazoxide

Bacteriocides Bronopol, copper hydroxide, kasugamycin, oxolinic 
acid, streptomyces

Nematicides Fenitrothion, fenthion, cartap, benomyl

Microorganisms Trichoderma, Bacillus subtilis, Pseudomonas 
cepacia, Rhizobium, Streptomyces griseoviridis

Major benefits of seed treatment methods

Treatment Major catagory Major purpose  or 
application

Horticultural crops

Physical Irradiation Sterilization seed-borne 
diseases

Some crops, if 
need  

Heat Treatment Sterilization seed-borne 
diseases

Many vegetables

Dry heat treatment Sterilization seed-borne 
diseases including 
tobamovirus and others

Solanaceous & 
cucurbitaneous 
vegetables

Chemical Pesticide treatment Control of  seed-borne 
diseases and insects in 
seeds and seedling

Selected 
vegetables

Biological Useful 
microorganism

Trichoderma,Bacillus, 
Rhizobia, Pseudomonas, 
and others

Legume and most 
crops
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Seed borne vegetable diseases that can be activatede by heat treatment
dry heat treatment, hot water, or other heat-related treatment

Crop Disease Seed treatment
Radish Alternaria brassicae 50 C HWT for 10-40 min after 6 hr cold water 

soaking; 75 C DHT for 72 hr.
Brassica Black spot (Alternaria) 50 C HWT for 30 min after 6 hr cold water soaking; 

75 C DHT for 72 hr
Rhizoctonia root rot 50 C HWT for 30 min after 6 hr cold water soaking

Xanthomonas campestris 50 C HWT for 15-25 min after 6 hr cold water 
soaking

Bacterial leaf spot 50 C HWT for 30 min after 6 hr cold water soaking
Tomato Stem canker 45-50 C HWT for 30 min

Bacterial canker 50 C HWT for 1-2 min followed by 55 C for 25 min 
and washing

Tobacco Mosaic Virus 70 C DHT for 48 hr.
Cucurbits Anthracnose 50 C HWT for 15 min.

Cucumber Green Mottle 
Mosaic Virus

70 C DHT for 48 hr or a long term storage

Fusarium root rot 55 C HWT for 15 min.
Scab (Cladosporium sp.) 70 C DHT for 48 hr.
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TIMING of Control Measures

GOVERNED BY:-

• STAGE OF CROP GROWTH
– bud -swell, flowering, ripening

• SPEED OF CROP GROWTH
– emergence of leaves, flowers etc after spraying

• WEATHER CONDITIONS
– rainfall and temperatures following disease

BIOLOGICAL CONTROL

• Biological Control = applied ecology
• management of a microbial community to 

favour the biocontrol agent and disfavour 
the pathogen

• Biocontrol of soil-borne pathogens

• Biocontrol of foliar pathogens.

Classical Biological controlClassical Biological control

• "Classical biological control" of insect pests or 
diseases is the one-time introduction of exotic 
natural enemies into a region for long-term 
suppression and regulation of populations of 
naturalized pests

• Biocontrol agent usually found near centre of 
origin of pest/disease

Biological ControlBiological Control

• Inundative - “swamping” the system with 
large numbers of propagules of biocontrol 
agent

• Augmentative - Repeated introduction of 
biocontrol agent at critical times

Apply Trichoderma
in the field
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Recommendation for controlling of Phytophthora blight in USA

1. Select fields with no history of Phytophthora blight.
2. Select fields that did not have cucurbit, eggplant, pepper, or

tomato for at least 3 years. No rotation period has been
established for effective management of Phytophthora blight of
cucurbits.

3. Select fields that are well isolated from fields infested with P.
capsici.

4. Select well-drained fields, or do not plant the crop in the areas of
the field which do not drain well.

5. Clean farm equipment of soil between fields.
6. Plant non-vining crops (i.e., summer squash) on dome-shaped

raised beds (approximately 25 cm high).
7. Plant resistant varieties, if available.
8. Avoid excessive irrigation.

9. Do not irrigate from a pond that contains water drained from an        
infested field.

10. Do not work in wet fields.
11. Scout the field for the Phytophthora symptoms, especially after 

major rainfall, and particularly in low areas.
12. When symptoms are localized in a small area of the field, disk 

the area.
13. Discard infected fruit, but not in the field.
14. Do not save seed from a field where Phytophthora blight

occurred.
15. Remove healthy fruit from the infested area as soon as 

possible and check them routinely.

Postharvest handling

– Harvesting

– Transportation

– Precooling and Packing

– Hygiene

– Storage


