Identification and Management of Major Fungal Diseases on Vegetables
Tien-cheng Wang
Disease Diagnosis:
1. Observed in field
Identification based on 
Farmer’s samples
symptoms & signs 

2.
Infected parts
Leaf & petiole


Stem & stem bases



Fruits


Seeds

3.
Season (time) of occurrence
Cool or warm temperatures

Dry or wet climate

4.
Check applications before disease occurrence

5.
Causal organism
Stereo microscope


Compound microscope


Electronmicroscope


Serological test


Tissue isolation


Biotechnology

Disease Management:
1. Chemical control (fungicide control):
foliar spray & soil drench

2. Cultural control:


sanitation
mulching


rotation
rain shelter


grafting
proper fertilizer application


water management
solar sterilization soil


high bed
breakdown pathogen life cycle

3.
Biological control:


use antagonist microorganism


use resistant variety 
hybridization/mutation

use cross protection


use transgenic cultivar

4.
Integrated control
2

Major Vegetable Crops in the Lecture:
1. Peppers 

2. Tomatoes 

3. Crucifers 

4. Cucurbits 
1. IMPORTANT FUNGAL DISEASES OF PEPPERS
· Anthracnose

· Cercospora leaf spot

· Choanephora blight

· Damping-off and root rot

· Phytophthora blight

· Powdery mildew

· Southern blight
ANTHRACNOSE

Colletotrichum acutatum

C.            capsici

C.            coccodes

C.            gloeosporiodes

DISTRIBUTION  
· The disease has a wide geographic distribution, occurring wherever pepper is grown under overhead irrigation or rainfall conditions.
DISEASE SYMPTOMS AND SIGNS (PP-1,2,3&4)

· Symptoms occur on fruit in the field or during postharvest

· Fruit lesions begin as small sunken spots, expand into 3-4 cm dia. sunken lesions, in which buff to salmon colored spore masses are produced

· Typically occur only on mature fruit but green fruit also can get infection under high disease pressure

CONDITIONS FOR DISEASE DEVELOPMENT
· Seedborne and can persist on infected crop debris

· Overhead irrigation, rainfed conditions, dews of long duration, etc. favor disease development

· Warm temperatures also favor disease development

CONTROL MEASURES

· Use pathogen-free seed

· Practice crop rotation

· Apply fungicidal sprays, ie. Mancozeb + metalaxyl, Azoxystrobin

· Harvest and utilize in the green fruit stage

· Harvest mature fruit frequently and process it immediately after harvest

Cercospora Leaf Spot

Cercospora capsici

DISTRIBUTION  
· Worldwide

DISEASE SYMPTOMS AND SIGNS (PP-5&6)

· Leaf lesions are circular and about 1 cm dia. with brown borders and light gray centers (frog eye)

· Lesions on stem, petioles and fruit peduncles are elliptical with dark borders and gray centers

· Multiple leaf lesions can cause leaf abscission

· The fruits are not infected

CONDITIONS FOR DISEASE DEVELOPMENT

· Survive on seed and in infected crop debris

· Extended rainy periods, long periods of leaf wetness, and close plant spacing enhance disease development

CONTROL MEASURES

· Fungicidal sprays can control the disease, but they are not necessary in many production areas except during highly conducive periods

Choanephora Blight

Choanephora cucurbitarum
DISTRIBUTION  
· The disease cause greatest damage to pepper grown during the rainy season in tropical climates.

DISEASE SYMPTOMS AND SIGNS (PP-7&8)
· Initial symptoms are often associated with flowers, flower buds, or apical growing points of one plant

· Infected tissue turns brown to black, and the fungus grows rapidly downward, killing off portions of the upper plant

· A wet rot is associated with infected tissue which often appears somewhat silvery to gray because of the spore-producing stalks which are visible to the naked eye

CONDITIONS FOR DISEASE DEVELOPMENT

· Extended rainy periods and high temperatures

CONTROL MEASURES
· Very little information is available, but fungicidal sprays probably can reduce disease damage

Damping-off and Root Rot

Rhizoctonia solani

Pythium spp.

Fusarium spp.

DISTRIBUTION
· Common in pepper in temperate and tropical climate worldwide

DISEASE SYMPTOMS AND SIGNS (PP-9&10)

· Pre- and post-emergence damping-off

· Stunting of plants due to root rot or collar rot

· Usually occurs in patches in nursery beds or in scattered areas of the field with direct seeded crops

CONDITIONS FOR DISEASE DEVELOPMENT

· Planting in infested soils or growth medium

· Overwatering, poor drainage

CONTROL MEASURES

· Locate nursery beds on a well drained site; provide good drainage for fields

· Use a sterile growth medium; fumigate nursery beds

· Coat the seed with a fungicidal seed treatment

· Apply a fungicidal soil drench if disease appears

· Provide good ventilation for seed beds to promote drying

Phytophthora Blight

Phytophthora capsici

DISTRIBUTION  
· Worldwide

DISEASE SYMPTOMS AND SIGNS (PP-11&12)

· Plants may be attacked at any stage of growth; all parts of the plant are susceptible

· Collar rot and wilt with a blackend stem is the most common symptom

· Damping-off of young seedlings may occur

· The blight phase in which leaf spots, stem lesions, and fruit rot occur is associated with heavy rainfall periods or overhead watering
CONDITIONS FOR DISEASE DEVELOPMENT

· Warm to hot weather with wet soil conditions; worse in poorly drained areas of the field

· Extensive rainfall or overhead irrigation are favorable conditions for development of the blight phase

CONTROL MEASURES

· Planting on elevated beds to provide a well drained root zone

· Good field drainage to remove surface water

· Good water management

· Use of fungicides (Metalaxyl and copper)

· Resistant cultivars (limited availability now)

· Resistant lines are available at AVRDC

Powdery Mildew

Leveillula taurica

(Oidiopsis sicula)

DISTRIBUTION  
· Warm climates both dry and humid.
DISEASE SYMPTOMS AND SIGNS (PP-13&14)

· Leaf symptoms consist of chlorotic blotches or spots with scattered areas of necrosis

· On the underside a white powdery growth may be visible

· Heavily infected leaves abscise which can result in defoliation

CONDITIONS FOR DISEASE DEVELOPMENT

· The disease occurs in warm climates both dry and humid, but rarely in cool climates 

· Sweet pepper is more susceptible than hot pepper

CONTROL MEASURES
· Chemical control, e.g. Ethirimol

· Use tolerant cultivars
Southern Blight

(Stem Rot)

Sclerotium rolfsii

DISTRIBUTION  
Worldwide in warm to tropical climates
DISEASE SYMPTOMS AND SIGNS (PP-15&16)

· Sudden permanent wilt of scattered plants

· Mycelia growth in which sclerotia are produced occurs on the base of the stem and soil surface, causing a collar rot

· Fruit or branches that touch soil also may be infected

CONDITIONS FOR DISEASE DEVELOPMENT

· An extremely broad host range

· High temp. and high soil moisture favor disease development

· The fungus persists on plant residues, sclerotia can remain dormant in the soil for extended periods of time

CONTROL MEASURES
· Allow ample time for breakdown of green manure before planting one crop

· Deep plow to bury sclerotia

· Soil fungicides provide some protection, e.g. Etridiazole

SCLEROTINIA STEM ROT 
(WHITE MOLD)
Sclerotinia sclerotiorum

DISTRIBUTION  
· World, more prevalent in temperate areas and tropical highlands

DISEASE SYMPTOMS AND SIGNS (PP-17)
· It is usually first detected at the time of flowering
· Water-soaked lesions appear on the stem as the pathogen invades living tissue
· A soft decay of the stem follows, with zonate brown lesions, which turn whitish in younger tissue.
· White, cottony mats of mycelia formed on infected stems, and large, black sclerotia are produced within the mycelial mats selerotia also form inside pepper stems
CONDITIONS FOR DISEASE DEVELOPMENT

· The disease occurs in cool, damp weather

· The optimum temp. for disease development is 15-21oC. High humidity and free moisture are essential for outbreaks of the disease

· Sclerotia can survived for many years in soil

· A period of 16-72 hr of continuous shoot wetness is required for significant disease development

CONTROL MEASURES

· Application of broad-spectrum soil fumigants destroy many sclerotia in soil

· Crop growth should be managed to avoid a dense canopy

· Fields must be flooded continuously for four to five weeks in the summer to significantly reduce the number of viable sclerotia.

· Greenhouse should be well ventilated to reduce disease incidence.
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2. IMPORTANT FUNGAL DISEASES OF TOMATO
· Late blight

· Buckeye rot

· Fusarium wilt

· Black leaf mold

· Early blight

· Gray leaf spot

· Anthracnose

· Southern blight

· Powdery mildew
Late blight
Phytophthora infestans
DISEASE SYMPTOMS AND SIGNS (TO-1,2&3)

· leaf lesions: irregular water-soaked patches, may expand to encompass large areas of the leaf, white fungal sporulation may be observed on underneath side; later the lesions dry and turn brown; blighting of the entire foliage may occur.

· stem lesions: at first irregular water-soaked areas that may progress and kill sections of stems and petioles or they may remain superficial and dry out to form dark brown lesions.

· stem lesions: at first irregular water-soaked areas that may progress and kill sections of stems and petioles or they may remain superficial and dry out to form dark brown lesions.

· fruit lesions: firm, olive to brown irregular shaped areas that cause the fruit to have a rough leathery surface; lesions may enlarge to encompass the entire fruit.

CONDITIONS FOR DISEASE DEVELOPMENT
· Extended periods of leaf wetness from frequent rain or dew formation and cold to moderate temp. are favorable for disease development

· The fungus persists on tomato and potato plants and in potato tubers

· Many strains attack both tomato and potato

· Sporangia are produced on infected tissues and are dispersed by wind and splashing rain; free water on plant surfaces is required for germination and penetration

CONTROL MEASURES

· Use disease-free seedlings

· Fungicide sprays, e.g. Mancozeb + Metalaxyl; Dimethomorph & Azoxystrobin

· Avoid planting tomatoes near potatoes

· A few cultivars W.Va.63, New yorker, Nova have resistance to race 0, but race 1 overcomes this resistance

· Use AVRDC inbred line CLN 2037E

· Rain shelter can reduce disease severity

Buckeye rot

Phytophthora capsici

 Phytophthora parasitica
DISEASE SYMPTOMS AND SIGNS (TO-4)
· Most common on green fruit

· Generally foliage is not affected, but P. capsici can cause a foliage blight and defoliate the plant

· Near circular spots with bands of dark and light brown concentric rings that may enlarge to cover half of a fruit or more.  Lesions remain smooth

CONDITIONS FOR DISEASE DEVELOPMENT

· Periods of extended rainfall and high temp. favor disease development

· Water splash carries zoospores to fruit; those touching the ground or near the soil are most prone to infection

CONTROL MEASURES
· Grow plants on elevated beds to drain surface water away, e.g. plastic mulching

· Use plastic or straw mulch to reduce soil splash

· Stake plants to get fruits off the soil

· Fungicide sprays as control of late blight are helpful

Black leaf mold

Pseudocercospora fuligena
DISEASE SYMPTOMS AND SIGNS (TO-5)

· Yellow spots on the upper leaf surface; gray to black sporulation occurs on the lower leaf surface

· Numerous lesions may coalesce to cover most of leaf surface

· Leaves roll, then dry, many of them remain on the plants which appear soot covered

· Most of the plant foliage can be killed

· Fruits are not infected

CONDITIONS FOR DISEASE DEVELOPMENT

· Disease is favored by long period of leaf wetness from dew, high humidity, or rainfall and by moderate to warm temp.

CONTROL MEASURES
· Chemical control, e.g. Benomyl + Mancozeb or score

· Destroy and plow all crop residue following the lost harvest

· Staking and pruning increase air movement

· Use tolerant cultivars

Fusarium wilt

Fusarium oxysporum f. sp. lycopersici
DISEASE SYMPTOMS AND SIGNS (TO-6,7&8)
· Yellowing of the lower foliage; yellowing progresses up the plant and the lower leaves dry and turn brown

· Plants begin to wilt in the top during the day and recover at night, but wilting becomes progressively worse until plants are permanently wilted

· Vascular browning extends far up the stem and into large petioles

CONDITIONS FOR DISEASE DEVELOPMENT
· Warm weather favors disease development

· Disease is most prevalent on acidic, sandy soils

· Pathogen is soilborne and persists many yrs in the soil without a host

· Three races are known to exist

· Race 2 predominant in Taiwan
CONTROL MEASURES

· Use resistant cultivar; race 1 and race 1, 2 resistant cultivars are available

· Raise soil pH to 6.5-7.0

· Use nitrate N rather than ammoniacal nitrogen

· Clean equipment to avoid infesting new fields

· 5-7 yrs rotation reduces losses

· Use of flooded rice in rotation with tomato reduces disease losses

Early blight
Alternaria solani
DISEASE SYMPTOMS AND SIGNS (TO-9,10,11 &12)

· Small dark circular spots, then enlarge into circular lesions composed of concentric rings

· Elliptical lesions occur on stems and petioles

· Cause fruit rot (green or ripe), large dark lesions develop in the calyx area or on the upper shoulder

CONDITIONS FOR DISEASE DEVELOPMENT

· Pathogen can be seedborne; it also may persist in crop debris or on volunteer tomatoes and wild solanaceous plants

· Extended periods of leaf wetness from frequent rain, irrigation, or dews favor disease development

· Stress plants are more susceptible

CONTROL MEASURES
· Seed treatment

· Disease-free seedlings

· Crop rotation

· Avoid planting adjacent overlapping crops

· Chemical control, e.g. copper hydroxide

Gray leaf spot

Stemphylium solani

   Stemphylium lycopersici
DISEASE SYMPTOMS AND SIGNS (TO-13, 14 &15)

· Brown to black specks initially appear on both the younger and older foliage; they expand into 1-2 mm dia. round spots that may remain brown or develop a gray center.  Numerous lesions caused leaves to turn yellow, brown and drop.  Defoliation can be severe

· Similar lesions may occur on the younger stems and petioles; fruits are not affected

Conditions for disease development:
· Disease is favored by extended periods of leaf wetness from rains or dew

· Disease is also favored by moderate to warm temp.

· Pathogen can persist as a saprophyte or on alternate hosts, i.e. other solanaceous crops and weeds.

CONTROL MEASURES
· Resistant cultivars (many available)

· Application of fungicide sprays

Anthracnose

Colletotrichum coccodes

Colletotrichum spp.
DISEASE SYMPTOMS AND SIGNS (TO-16 &17)
· Only symptomatic on ripe fruit

· Small circular depressions appear and enlarge up to 12 mm dia.  The center becomes tan color

· Accervuli form and produce salmon colored masses of conidia on the surface of the lesion

· C. coccodes also attacks roots and causes black dot root rot

CONDITIONS FOR DISEASE DEVELOPMENT
· Rainfall are required for dissemination and infection

· Pathogens persist on a alternate hosts, crop debris, and are seedborne

CONTROL MEASURES
· Use pathogen-free seed

· Crop rotation

· Staking to allow air circulation and drying

· Minimize overhead irrigation

· Use of fungicide sprays

· Plastic mulching

Southern blight

Sclerotium rolfsii

DISEASE SYMPTOMS AND SIGNS (TO-18 &19)

· Sudden permanent wilt of scattered plants

· White mycelia growth in which sclerotia are produced develops on the stem at the soil line causing a cortical rot and then sudden permanent wilt of scattered plants

· Tomato fruit or branches that touch the soil may also become infected
CONDITIONS FOR DISEASE DEVELOPMENT
· Extremely broad host range

· Pathogen persists on crop residues and as dormant sclerotia

· High temp. and high soil moisture favor disease development

CONTROL MEASURES
· Deep plow to bury sclerotia

· Allow ample time for breakdown of green manure before planting crop

· Soil fungicides offer some protection, e.g. Etridiazole

· Efforts are being made to use solarization and biological control

· Use plastic mulch or stake the plant to reduce soil splash

Powdery mildew
Leveillula taurica

(Oidiopsis sicula)

Erysiphe cichoracearum
DISEASE SYMPTOMS AND SIGNS (TO-20 & 21)

· Light green to blight yellow lesions on upper leaf surface

· A light powdery covering of these lesions may occur on the lower leaf surface

· Under conditions favorable for disease development, a luxuriant growth of conidia and conidiophores may develop on the upper and lower leaf surface

· Heavily infected leaves will die

CONDITIONS FOR DISEASE DEVELOPMENT
· Wide host range, overwinters on weed hosts

· The conidia are windborne

· Under greenhouse conditions, infection is favored by temp. below 30°C

· In areas with high daytime temp., cool nights are apparently sufficient to permit infection by the fungus

CONTROL MEASURES
· Use resistant or tolerant cultivars

· Use of fungicidal sprays
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3. Important Fungal Diseases of Cucurbit 
    - Fusarium wilt

    - Gummy stem blight

    - Downy mildew

    - Anthracnose

    - Powdery mildew

    - Alternaria leaf spot

    - Fruit rot

Cucurbit crops: (Cucurbit-1 & 2)
( Cucumber

( Pumpkin

( Watermelon
( Luffa

( Canteloupe

( Bottle guard

( Honey dew
 
( Wax guard

( Melon
        ( Bitter guard

( Squash

Downy Mildew
Pseudoperonospora cubensis
DISEASE SYMPTOMS AND SIGNS (Cucurbit-3, 4 & 5)

· Most severe on cucumber and cantaloupe

· Symptoms occur mainly on the leaves, begin as yellow angular spots becoming tan to brown with age

· Sporulation may be evident to the naked eye on the lower surface of leaf lesions under high moisture condition
CONDITIONS FOR DISEASE DEVELOPMENT
· The pathogen is an obligate parasite, exist on crop plants, volunteers, or wild cucurbits

· Sporangia carried by air currents or rain splash are the main means of disease dissimination

· Disease development can occur over a wide temp. range under conditions of high humidity resulting from dew, fogs, or rainfall

CONTROL MEASURES

· Use resistant cultivars

· Fungicidal sprays e.g. Metalaxyl + Mancozeb; Azoxystrobin
Anthracnose

Colletotrichum lagenarium

(Glomerella cingulata var. orbiculare)

DISEASE SYMPTOMS AND SIGNS (Cucurbit-6, 7, 8 & 9)

· Particularly damaging to watermelon, cucumber, and cantaloupe

· On cucumber and cantaloupe, leaf lesions are circular and brown up to 1 cm dia., while on watermelon the leaf lesions are black and smaller

· Petiole and stem lesions are elliptical and sunken

· Fruit lesions appear at or near maturity as watersoaked spot that develop into sunken, circular lesions lined with dark fungal stroma bearing masses of pink spores

CONDITIONS FOR DISEASE DEVELOPMENT
· Favor by extended periods of rain and warm temp.

· The pathogen persists in crop debris, is seedborne and may survive on volunteer crop or cucurbit weeds

· Conidia are dispersed by watersplash and wind blown rain and are the main means in-field spread
CONTROL MEASURES
· Use resistant cultivars when available

· Use of fungicidal sprays, e.g. chlorothalonil + Thiophenate methyl, Prochloraz, Mancozeb

Powdery mildew

Erysiphe cichoracearum

Sphaerotheca fuligena
DISEASE SYMPTOMS AND SIGNS (Cucurbit-10 & 11)

· All cucurbits are susceptible to powdery mildew

· Symptoms appear first as pale yellow spots on leaves and stems

· Sporulation becomes evident as white powdery masses of conidia are produced over the lesion surface

· Lesions often numerous coalesce to cover the entire leaf surface

· Leaves become chlorotic, then turn brown and dry prematurely

CONDITIONS FOR DISEASE DEVELOPMENT

· Oblight parasite, persists on wild cucurbits or crop plants throughout the year

· Disease development can occur over a wide range of temp. as long as there sufficient moisture for spore germination and infection

· These conditions can be provided by high relative humidity or dew formation in the absence of rainfall

CONTROL MEASURES
· Use resistant cultivars

· Application of fungicides, e.g. Ethirimol, Triadimefon
Alternaria leaf spot
Alternaria cucumerina

DISEASE SYMPTOMS AND SIGNS (Cucurbit-12 & 13)

· More common on cantaloupe

· Leaf lesions begin as small tan spots with light colored centers, then enlarge up to several cm dia. with concentric rings

· Numerous lesions may coalesce and result in defoliation

· Also infects the fruit causing circular, brown, and sunken spots which can develop into a fruit rot in the field or postharvest
CONDITIONS FOR DISEASE DEVELOPMENT
· Survive in crop debris or on weeds and other cucurbit crops

· Spores are moved by wind and rain splash

· Disease development is favored by warm temp. and periods of high moisture brought about by rain, overhead irrigation, or dew formation

CONTROL MEASURES

· One yr crop rotation with non-cucurbit crop

· Use partial resistant cultivars if available

· Use of fungicidal sprays
Gummy stem blight
Didymella bryoniae
DISEASE SYMPTOMS AND SIGNS (Cucurbit-14, 15, 16 & 17)

· Particularly damage to stems and foliage of cucumber, cantaloupe, and watermelon

· Cause fruit rot as black rot on many cucurbit crops

· Seedlings may be killed following infection of hypocotyls or cotyledons

· Leaf lesions on older plants appear as circular, tan to dark brown lesions on which numerous black fruiting bodies may occur

· Stem lesions begin as elongated watersoaked spots that frequently exude an amber colored gummy substance, later dry and crack open

· Dark stroma develop near the fruit surface in which numerous pycnidia/or perithecia are produced

CONDITIONS FOR DISEASE DEVELOPMENT
· Cause serious losses in the field or in glasshouses

· Survive on crop debris, other cucurbit crops or weeds, and can be seedborne

· Disseminated quickly by rain splash and wind blown rain

· Wounds from pruning, harvesting, or insect injury are important entry sites into stems
CONTROL MEASURES
· Use partial resistant cultivars if available

· Chemical control, e.g. Imazalil, Carbendazim + Triforine, Azosystrobin

· good ventilation to reduce the humidity

· Use soil sterilization, sanitation, and rotation for glasshouse production

Fusarium wilt

Fusarium oxysporium f. sp.

cucumerium on cucumber

Fusarium oxysporium f. sp.

melonis on cantaloupe

Fusarium oxysporium f. sp.

niveum on watermelon
DISEASE SYMPTOMS AND SIGNS (Cucurbit-18, 19 & 20)

· Each pathogen is highly specialized attacking only a single crop species

· Plants may be affected at any growth stage

· Young seedlings are killed or severely stunted

· Older plants begin to wilt at midday for a few days, then permanently wilt and die

· Vascular bundles are discolored becoming yellow or brown

CONDITIONS FOR DISEASE DEVELOPMENT
· Persist in soil for many yrs

· Propagules can be moved from field to field in soil on farm machinery, infected crop debris, and irrigation water

· High soil temp. favors the disease development
CONTROL MEASURES
· Use resistant varieties

· Avoid known infested field for production of a susceptible crop

· Minize field to field movement by washing equipment

· Flooding fields for rice production reduces pathogen survival in the soil

· Grafting onto resistant rootstocks with bottle gourd

Fruit rots

Choanephora rot - Choanephora cucurbitarum
Cottony leak - Pythium spp.

Belly rot - Rhizoctonia solani
DISEASE SYMPTOMS AND SIGNS (Cucurbit- 21, 22, 23 & 24)

· Choanephora rot first attacks the blossoms and progresses into developing fruit causing a wet rot at the blossom end

· Sporulation by the fungus appears as spines with dark heads on the surface of infected tissues

· Cottony leak causes a wet mushy rot that develops rapidly and the fruit is frequently covered with a white fluffy mycelia growth during wet weather

· Belly rot causes deep necrotic lesions on the surface of fruit where it makes contact with the soil

CONDITIONS FOR DISEASE DEVELOPMENT
· Choanephore rot occurs on squash, develops during periods of high rainfall and humidity.  The spores are spread by insect, wind, and water splash

· Cottony leak occurs on most cucurbit crops.  It occurs on fruit that are in contact with the soil and is most likely to develop during periods of high soil moisture

· Belly rot occurs most commonly on cucumber, and develops on fruit in contact with the soil.  High soil moisture is conducive but not essential for disease development

CONTROL MEASURES

· Crop management practices that reduce soil moisture, fruit injury, or prevent fruit contact with the soil

· Fungicidal sprays
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4. Important Fungal Diseases of Crucifer 

- Alternaria leaf spot
      - Rhizoctonia diseases

- Club root

                Damping-off

- Downy mildew

            Bottom rot

- Fusarium yellows

            Head rot

- White spot 

                Web blight

 

                        Wirestem

Cruciferous Crops
( Brussels sprouts
 ( Kolrabi

( Common cabbage
 ( Mustard

( Chinese cabbage
 ( Pai-tasi

( Cauliflower
     ( Radish

( Brocolli
         ( Turnip
Clubroot
Plasmodiophora brassicae

DISEASE SYMPTOMS AND SIGNS (Crucifer-1 & 2)

· Most crucifer crops are susceptible

· Enlargement of fine roots, secondary roots, and the tap root results in the formation of spindle-shaped clubs

· Severely clubed root systems are impaired and cannot efficiently absorb water and nutrients, therefore the plants are stunted and may wilt

· Lower leaves frequently turn yellow
CONDITIONS FOR DISEASE DEVELOPMENT
· Rest spores can survive in the soil for at least 10 yrs

· Disseminated by soil contaminated equipment, in soil water, and by way of infected transplants

· The disease is favored by acidic soils

· Optimum soil temp. for infection is between 20-25°C

CONTROL MEASURES
· Use of disease-free transplants

· Liming soil to raise the pH to 7.2

· Employ eradication of weeds and sanitation

· Use of fungicides in transplant water

· Resistant cultivars must be tested in each location because of the many pathotypes of the pathogen
Fusarium Yellows
Fusarium oxysporum s. sp. conglutinans
DISEASE SYMPTOMS AND SIGNS (Crucifer-3)

· Cabbage is especially susceptible

· First develop a dull yellowing green color in the foliage

· Lower leaves and the stem twist to one side and yellowing becomes more intense on one side of the midrib

· Yellowing progresses from the lower leaves up to the plant, then turn brown and drop prematurely

· The vascular system develops a brown discoloration

CONDITIONS FOR DISEASE DEVELOPMENT
· The pathogen persists in the soil for many yrs

· Warm weather is conducive for disease development, optimum temp. is about 27°C

· Soil pH and soil moisture do not appear to greatly influence disease development
CONTROL MEASURES
· Use of resistant cultivars is very effective

· Most current cabbage cultivars possess resistance and should be used in areas where the disease occurs

Alternaria Leaf Spot

Alternaria brassicae

Alternaria brassicicola

DISEASE SYMPTOMS AND SIGNS (Crucifer-4&5)

· Most crucifer plants are susceptible and plants at all growth stages may be affected

· Infection of seedling stems may result in damping-off or stunted plants

· Leaf spots vary in size from pinepoints up to 5 cm dia.

· Begin as small yellow areas that enlarge to 1.5 cm dia. and are dark colored spots with concentric rings

· Cause elliptical necrotic spots on seed stalks and seed pods

· Pod lesions may extend into the pod interior and attack the seed causing them to shrivel

CONDITIONS FOR DISEASE DEVELOPMENT
· The pathogens are seedborne

· Survive on debris of infected plants and susceptible weeds

· Conidia are disseminated by wind

· The disease is enhanced by warm, wet weather with an optimum temp. between 25-30°C

CONTROL MEASURES
· Use of pathogen-free seed

· Hot water and chemical seed treatments are effect against the pathogens

· Completely plow down cruciferous residue and practice crop rotation

· Use of fungicidal sprays

· Avoid overhead irrigation

Downy Mildew

Peronospora parasitica
DISEASE SYMPTOMS AND SIGNS (Crucifer-6,7,8 &9)

· Most crucifers are susceptible and plants can be affected at any stage of growth

· Production of a fluffy white growth found mostly on the underside of leaves

· Yellow irregular shaped area appears on the upper side of the leaf opposite where sporulation occurs

· Cause numerous sunken black spots on cabbage heads, ranging in size from necrotic flecks to 2 cm dia.

· Cauliflower and broccoli floral heads develop dark brown internal streaks

CONDITIONS FOR DISEASE DEVELOPMENT

· Oospores survive on cruciferous crop and weed plants

· Abundance sporangia can be disseminated by wind and rain splash

· Extended periods of leaf wetness caused by fog, rain, or dew are ideal for disease development

· Develops most rapidly when night temp. are between 10 and 15°C

CONTROL MEASURES

· Few broccoli cultivars are resistant

· Cultivars of other crucifers may vary in their reactions to downy mildew, but no high levels of resistance are available

· Fungicidal treatment of crops is generally required if the disease is present and conditions are favorable for severe disease development

· Employ eradication of cruciferous weeds

· No overhead irrigation and good aeration in plant beds to reduce humidity

White Spot

Pseudocercosporella capsellae
DISEASE SYMPTOMS AND SIGNS (Crucifer-10)

· Severe on turnip, Chinese cabbage, and mustard

· Causes lesions on cotyledons, leaves, petioles, and seed pods

· Leaf lesions are round to irregularly shaped, white to tan spots about 5-10 mm dia.

· Lesions can be numerous and cause leaf death
CONDITIONS FOR DISEASE DEVELOPMENT

· Survive on crop debris, overlapping susceptible crops, and cruciferous weeds

· Cool moist conditions favor the disease development

CONTROL MEASURES
· Avoid planting overlapping crops of susceptible species in the same location

· Allow sufficient time between crops for breakdown of crop debris in the soil 

· Eradicate cruciferous weeds
Rhizoctonia Diseases
Damping-off
- Rhizoctonia solani
Wirestem
- Rhizoctonia solani

Bottom Rot
- Rhizoctonia solani

Head Rot
- Rhizoctonia solani

Web Blight
- Rhizoctonia solani

DISEASE SYMPTOMS AND SIGNS (Crucifer-11 & 12)
· Can attack most crucifer plants at any stage of growth

· When young seedlings are attacked and killed before or soon after emergence the disease is called damping-off
· When stems of older seedlings are attacked the plants usually survive, but the cortical tissues are damaged causing the disease as wirestem

· During warm wet conditions, the fungal mycelium grows over the leaf surfaces matting them together and causing large irregular shaped lesions that later dry and fall out is called web blight
· Lower leaves in contact with soil develop large water soaked lesions is known as bottom rot
· Infection from the lower leaves progresses into the head of cabbage causing it to decay is known as head rot

CONDITIONS FOR DISEASE DEVELOPMENT
· It is a good saprotic competitor and can survive in crop debris indefinitely

· Produce sclerotia which can survive in the soil during unfavorable conditions

· Disease may develop over a wide range of conditions when susceptible hosts and the fungus come into contact

CONTROL MEASURES

· A sterilized soil medium is recommended for growing transplants

· If seedbeds are use, they should be fumigated when feasible

· If disease develops, the beds should be drenched with a recommended fungicide

· Avoid excessive soil moisture

· The use of fungicides in transplant water may minimize the wirestem phase of the disease
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