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BINARY NOMENCLATURE (Latin name)

Genus – always capitalized, always Italicized

Species – never capitalized, always Italicized
“ssp.”(species) , “var.”(variety) and 
“cv.”  (cultivated variety)  are not Italicized

DISEASE PATHOGENS AND FACTORS
Plant Disease is an injurious disturbance in the form and/or function of a plant resulting from a continuous irritation.

DISEASE CLASSES:
A)  ABIOTIC (Not Transmissible) - 70%
B)  BIOTIC (Transmissible) - 30%
CAUSAL FACTORS OF PLANT DISEASE:
ABIOTIC FACTORS - (70%)

(non-living disease factors) - non-infectious and non-transmissible

(excesses or deficiencies in environmental/chemical factors)
- Environmental extremes

- Nutrient imbalances

- Toxic chemicals

- Mechanical injury

- Water imbalances

- Genetic variables 

BIOTIC AGENTS - (30%)
(living disease factors)  - Infectious and transmissible




- Bacteria




- Virus




- Nematodes




- Phytoplasma




- Parasitic higher plants


DISEASE COMPONENTS OF PLANT DISEASE:  (Disease Triangle)
Adequate time, Susceptible host, Virulent pathogen, Conducive environment
COMMON PLANT DISORDERS BASED ON SYMPTOMS:
- Damping off

- Shoot, foliage, fruit and flower blights/damage

- Cankers

- Wilts and vascular wilts

- Galls

- Postharvest diseases

- Root rots

- Wood decay

SYMPTOMS OF PLANT DISEASE:

Symptoms are visible manifestations of a disease or disorder of a plant in response to a pathogen or an abiotic factor

SIGNS OF PLANT DISEASE:
A sign is the indication of a disease from direct observation of the pathogen, its parts or its products.                               

DISEASE CYCLES:


MONOCYCLIC DISEASE:
Pathogen completes only one generation, or part of one, a season
example: Peach Leaf Curl Fungus (Taphrina deformans)
POLYCYCLIC DISEASE:
Pathogens capable of several infections a season

example: Apple Scab Fungus (Venturia inaequalis)
BIMODAL PLOYCYCLIC DISEASE:
Pathogen infects different parts of plant during same season 
example: Brown Rot of Stone Fruit (Monilinia fructicola)
DEMICYCLIC DISEASE CYCLE:
   
Requiring two separate host species (e.g. heteroecious fungi)
example: Cedar-apple Rust fungus (Gymnosporangium juniperi)
FUNGI:

Eukaryotic – membrane-bound nucleus.


Multi-celled, non-chlorophytic, non-vascular organisms.


10,000 + species of phytopathogenic fungi.


85% of biotic plant disease is caused by fungi.


Vegetative growth of fungal threads (Hyphae).


Heterotrophic – must obtain nourishment from outside source.


Reproduction via spores.  (Sexual and asexual)

Spread by wind, rain, insects, birds, machinery, animals & contaminated seed.


CHARACTERISTICS OF TRUE FUNGI:
HYPHA (pl. hyphae) - Threadlike structures that constitute the body (thallus) of a fungus.   Hyphae are  referred to collectively as MYCELIUM (pl. mycelia).

ASEXUAL REPRODUCTIVE STRUCTURES: 
Fungus –  spores are not as a result of gene recombination from more that one fungal “parent.”  Asexual spores are clones.
SEXUAL REPRODUCTIVE STRUCTURES:


Fungus - “recombination of genes from two fungal “parents.”
example: Cleistothecium (fruiting body) from Powdery Mildew     
(Microphaera sp).  Basidiocarp with gills and Basidiospores                                                                       

SEXUAL REPRODUCTIVE STAGE OF POWDERY MILDEW ON GRASS:  
(Phylum Ascomycota, Erysiphe spp.)



Mycelia on leaves



Cleistothecia (fruiting bodies containing Ascospores)
REPRODUCTIVE STRUCTURES OF FUNGAL-LIKE ORGANISMS:


(Phylum Oomycota)


( known as “water molds” or Oomycetes)



Phytophthora spp., Pythium spp., Peronospora spp.


Zoospores (asexual), Oospores (sexual)
BACTERIA:
    
Prokaryotic – lacking a distinct nucleus.


Microscopic single cell organisms.


200 + out of 1600 species are phytopathogenic.


most are rod-shaped (bacilliform).


Facultative parasites – normally saprophytic but 
can be parasitic.


Spread by humans, infected seed, insects, 
contaminated rainwater, irrigation 

 water and equipment.


Reproduce by fission.

CHARACTERISTICS OF BACTERIA: 
 

Plant pathogenic bacilliform bacterium composed of the following:


Cell wall, cell membrane, flagellum, chromosome (not enclosed in a 


nuclear membrane), plasmid and cytoplasm.           

TRANSMISSION OF BACTERIA:
Bacteria require water for entry into the host and must be introduced into the host plant.

Transmitted by flowing and wind-blown water, insects, birds, mechanical factors, humans and animals; bacteria can enter a plant cell through a wounds, stomata and/or hydathodes.
SIGNS OF BACTERIA:


Bacterial ooze consists of bacterial cells and plant cell detritus.


example: bacterial ooze, water-soaking, inclusion bodies.

PHYTOPLASMAS AND SPIROPLASMAS:
Phytoplasmas: aerobes (require oxygen), Pleomorphic
  example: Aster yellows

            Spiroplasmas: aerobes, elical shape


  
  example: Corn Stunt
VIRUS:

Submicroscopic particles – 200,000+  X.


2000+ identified, 1000 plant pathogenic.


Can not complete their life cycle independently.


Obligate parasites – can grow only as parasite.


Transmitted by insects, infected plants, fungi, nematodes, seeds etc.


Must be physically introduced into plant cell.


No pesticides available for control of virus.


Control – disease free or resistant plants and cultural methods (e.g., crop 
 

rotation), vector suppression.
CHARACTERISTICS OF VIRUS:


Genome composed of nucleic acid


Capsids composed of protein


Ability to replicate within host cells


Ability to cause disease
NEMATODES:

Nonsegmented round worms


Most abundant multicellular animals on earth

About 10% are plant parasitic

 
Very small 


Have stylets


Reproduce by laying eggs
PLANT PATHOGENIC NEMATODES:

 
Root-Knot Nematodes (Meloidogyne spp.)
Cyst Nematodes (Hederodera spp. -  Globodera spp.)
Lesion Nematodes (Pratylenchus spp.)

Foliar Nematodes (Aphelenchoide spp)



and others
PRINCIPLES OF PLANT PATHOLOGY

DIAGNOSTICS

PLANT PROBLEM - PROPER DIAGNOSIS - EFFECTIVE MANAGEMENT
BASIC REQUIRMENTS FOR DIAGNOSIS:


- Background information



- Fresh and adequate sample material



- Reference material


- Tools: hand lens, knife



- Good attitude and teamwork


- Research 

ENCOURAGE ADEQUATE SAMPLES:



- Marginal tissue between living and dead areas



- Sample as fresh as possible



- Sample representative of plant problem
DEVELOP A SYSTEMETIC APPROACH TO DIAGNOSING PLANT                                      
PROBLEMS THAT WORKS FOR YOU!
REQUIRED INFORMATION NEEDED:



-  Plant ID



-  Age and size



-  Planting



-  Location



-  Weather



-  Soil and Drainage



-  Exposure and Location



-  Cultural Practices



-  Condition of Other Plants and Species



-  Distribution of Damage – Spatial & Temporal
ASK QUESTIONS:


- When, and what time of year, did you notice the problem?



- Are other plants having the same problem? 



- Have you used herbicides or other chemicals near the plant?



- Is the plant blocking someone’s view?



- Does the problem seem to be getting worse?  – and so on---
USE APPROVED RESOURCES:
Refer to legitimate sources such as: Canadian Food Inspection Agency, University Publications, Canadian Ministry of Agriculture, U.S. Department of Agriculture and E.P.A., etc..




Be cautious of internet sources…
CAUSAL AGENTS AND FACTORS OF PLANT PROBLEMS:
                  
 Biotic                         

Abiotic


Fungi



Mechanical


   
   


Bacteria


Physical


    



Virus



Chemical



    


Nematodes


Plant Physiology





Parasitic Plants




Larger Animals


Insects/Mites


    (piercing/sucking/chewing)
DEVELOP HYPOTHESIS:
 

- Identify the plant and its requirements.



- Determine if/where a problem exists.



- What do the symptoms/signs suggest about the origin of damage?

SYSTEMATICALLY DIAGNOSE THE PROBLEM:


1.    Identify and evaluate entire plant



2.    Formulate an idea of the causal factor:



- Is there a problem?




- What tissue is affected?




- Is it a biotic or abiotic problem?




- What specific cause is suggested?


3.    Determine what to look for to confirm suspicion



4.    Look for evidence and re-evaluate



5.    Don’t jump to a conclusion


6.    Try to prove your conclusions are wrong

Evaluate the entire plant and Individual Tissues:

(start form the top down or the bottom up!)



Roots (quantity, quality, color, texture)



Stems/trunk (cankers, discoloration, physical damage)



Leaves (spots, discoloration, signs)



Flowers, fruits, bulbs, corms etc
PLANT CHARACTERISTICS:


- Normal plant anatomy – genetics, flowers etc.


- Special characteristics – trichomes etc.


- Special features – flagging etc.

LOOK FOR SYMPTOMS AND SIGNS:
Investigate symptoms for signs - example: European Apple Canker (symptom) and fruiting bodies (signs) Nectreia galligeans 
SYMPTOM DISTRIBUTION:


SPATIAL:



- micro and macro




- regular or irregular




- associations



TEMPORAL:




- When did symptoms start?




- How rapidly did the disorder develop?




- Are the symptoms progressing or declining?
LOOK FOR CONDITIONS OF THE ENTIRE POPULATION AND OTHER NEARBY SPECIES
Look for random vs. uniform patterns
example: Cherry Brown Rot (Monilinia fructicola) – and drought damage
BIOTIC OR ABIOTIC?

SYMPTOM

   
 BIOTIC


ABIOTIC

ONSET


GRADUAL
            
QUICK

DISTRIBUTION

IRREGULAR/

REGULAR


            


RANDOM



SPECIES AFFECTED
ONE/FEW


ONE/MANY







INFECTIOUS/

   

SPREADING
   
 
YES


 
NO 

ABIOTIC PLANT PROBLEMS: 


- Mechanical:  (hail, wind, equipment)



- Physical/Environmental:  (temperature, light, moisture)



- Chemical:  (nutrients, toxicities, pesticides, pollutants, fertilizer)
MARGINAL OR TIP NECROSIS:
Marginal and tip leaf necrosis, among other factors, can be indicative of water obstruction from roots to leaves and/or salt damage

MECHANICAL DAMAGE – examples: lighting, Sarcody, extreme weather, pruning.

CHEMICAL DAMAGE – examples: boron, Dicamba and Glyphosate toxicity, fungicide damage on turf.
NUTRIENT DEFICIENCY -MOBILITY OF NUTRIENTS IN PLANTS:


Mobile elements – N, P, K, Mg and Cl




Transported in the phloem. Sap moves both up and down.




Nutrient removed from old leaves and put into new growth.

New growth looks healthy; old growth shows symptoms of                                                                                                              nutrient deficiency.



Immobile elements – Fe, Mn, Cu, Mo and Zn

Transported in the xylem. Water moves in one direction, up from the roots up to the shoots and foliage. 




Nutrients can not be removed from old growth.

Old growth looks healthy, new growth shows symptoms of nutrient deficiency.
NUTRIENT DEFICIENCY EXAMPLES:

IRON Deficiency in azalea and rose (immobile nutrient) older leaves healthy.
NITROGEN deficiency in corn and tobacco (mobile nutrient) young 
leaves healthy. 
BIOTIC PLANT PROBLEMS:
FUNGAL LEAF SPOTS:
Circular or irregular foliar lesions not limited by veins

Spots can have zones of different colors and textures (bull’s eye  effect)

Lesions can be dryish and/or papery

examples:  Rhizoctonia ssp. on tobacco, Phoma spp.  
FUNGAL CANKERS:
examples: rose canker (Coniothyrium spp.), European Apple Canker (Nectria galligena) and Apple Black Rot (Botryosphaeria spp.).
FUNGAL VASCULAR WILTS:
 


Tomato Wilt (Fusarium spp.)                                     

 


Tomato Wilt (Verticillium spp.)
FUNGAL BLIGHTS:

examples: Maple Verticillium Wilt, Pine Lophodermium Blight and Tulip Fire Blight (Botrytis spp.)

FUNGAL DISEASE SIGNS:
examples: mycelia of powdery mildew, melanized pseudothecia of Black Leg of brassica crops (Leptosphaeria spp.), aecia of May Apple Rust (Puccinia spp), mycelia with sclerotia (Sclerotium spp.), spores of Peach Brown Rot (Monilinia spp.) and Armillaria mellea that affects hardwoods in the east and conifers in Western North America  
BACTERIA:


SIGNS AND SYMPTOMS:



- Angular Leaf Lesions Limited by Veins



- Water-soaked, transparent spots



- Soft rot, odor




- Signs: ooze




- Blights





- Galls
examples: Bacterial Soft Rot (Erwinia carotovora), Bacterial Leaf Spot (Xylella fastidiosa) and Walnut Blight (Xanthomonas spp.)
BACTERIAL BLIGHTS/CANKER:
examples: Apricot canker (Pseudomonas syringae), Bacterial Wetwood (Slim Flux) and Pear Canker (Pseudomonas spp.)

BACTERIAL CROWN GALL:



Agrobacterium tumefaciens , Ti (tumor inducing) plasmid
SIGNS AND SYMPTOMS OF BACTERIA:
Streaming, soft rot, ooze, angular leaf spot, hairy root and 
vascular wilt.

VIRUS:

COMMOM SYMPTOMS - Usually no necrotic (dead) tissue, stunting or dwarfing, yellows, mosaic, ringspot, flower break, leaf roll and fruit deformation.

VIRAL SYMPTOMS - Color breaking, yellows, inclusion bodies, mosaic, stunting/dwarfing, leaf roll, vein clearing, ringspot and fruit deformation.

NEMATODES DISEASES:
examples: Foliar Nematode (Aphelenchoides spp.), Lesion Nematodes (Pratylenchus spp.), Root-knot Nematode on carrot (Meloidogyne spp.), Soybean Cyst Nematode (Heterodera spp.) and Yellow Potato Cyst Nematode (Globodura rostochiensis).  
NEMATODE CYSTS V. NITROGEN NODULES:
Generally, nematode cysts can be rubbed off the root.

Nitrogen nodules are firmly attached to root and pink inside.

PARASITIC HIGHER PLANTS:
Hemiparicites – produce their own food
Holoparicites – totally dependent on host

Examples:  Dwarf Mistletoe (He) (Arceuthobium spp.), Squawroot (Ho) (Orobanche spp.), Witchweed He) (Striga spp.), Broomrape (Ho) (Orobanche spp.) and Dodder(Ho) (Cuscuta spp.).
The End 
of 
Section Two
PRINCIPLES OF PLANT PATHOLOGY

DISEASE MANAGEMENT
Plant Health Care:
Right Plant




Right Place




Condition of Plant




Proper Cultural Care
INTIGRATED PEST MANAGEMENT:
IPM is the practice of using a range of measures to prevent and manage disease in crops and gardens…
 

- Start with disease-free plants  
- Cultural hygiene  
- Control growing environment. 
- Inspect plants regularly  
- Waste management   
- Control insects and weeds. 
- Chemical control, if necessary
PATHOGEN AVOIDANCE:


Reduce the exposure of plant to pathogen/inoculum

Planting site: open areas, light, soil drainage, pH and nutrients Exposure (slope rather than humid valleys)



Planting date: recommended planting times for seeds and transplants 


     (damping-off pathogens, frost injury)

example: “lettuce free” two week period to break cycle of aphid vectors and infection of Lettuce mosaic virus 

PATHOGEN EXCLUSION (preventing introduction of pathogens):
QUARANTINES: legislative control of the transport of plants, parts and products of plants to prevent spread of pests or pathogens.

PATHOGEN-FREE SEED: produced in areas with less disease. 


Certification of seed that meet certified thresholds.
PATHOGEN-FREE PROPAGATIVE PARTS: a combination of meristem-culture, heat treatment and indexing for certain pathogens.  Certification that propagative parts meet establish thresholds.
CULTURAL PRACTICES:
CROP ROTATION:  forces pathogens to persist as survival structures and/or as saprophytes.  The key element of crop rotation is starvation of the pathogen.

FLOODING: creates anaerobic conditions that reduce pathogen populations.

FALLOWING:  leaving a field free of crops - not effective for pathogens that can survive on weed hosts or for long periods of time in soil.



HOST ERADICATION:
 


Following failed quarantines




Rouging of infected plants




Destroying alternate or alternative hosts



PLOWING (tillage):




Speeds the decay of plant debris and forces soil invaders into 


      

competition with soil inhabitants more quickly.



SANITATION:



Basic sanitation practices can eradicate most pathogens



Prune out diseased and damaged tissue




Clean up leaves and debris




Clean infested machinery, tools and boots before moving 




 
to other areas.
            Remove or plow-in cull piles



examples: Black Knot (Apiosporina morbosa),  P. ramorum

HEAT:
BURNING OF STUBBLE AND DEBRIS - To reduce pest and pathogens without killing perennial crops


STEAM HEAT - For disinfecting pots, soil and media
SOLARIZATION - Process of trapping solar radiation under clear plastic sheets
COMPOSTING - Composting provides a favorable environment for the growth of thermophilic (high-temperature loving) organisms that compete with pathogens.  Compost is a good source of nutrients.  Generally, do not compost debris that is highly infected. 

RESISTANT PLANTS:


NATURAL GENETIC RESISTANCE - Usually derived by standard



selection and/or hybridization

GENENTICLY ENGINEERED RESISTANCE (GMOs) – 

Inserting genes from other organisms into plants to impart some characteristic(example: inserting a gene of Bt to protect a plant from insect attack)

CHEMICAL MANAGEMENT:
Generic terms for pesticides: Antibiotics (bacteria), Biocides (broadly toxic), 
Fungicides (fungi), Herbicides (plants), Insecticides (Insects), Nematicides (Nematodes), Rodenticides (Rodents).


Protectants (on surface of plant)



Eradicants (systemic in plant)
APPROVED PESTICIDES FOR ORGANIC AGRICULTURE:
(Canadian General Standards Board)



Copper, fixed and CuSO4




Bordeaux mixture (R)




Lime sulfur mixtures




Paint, latex




Silica mineral suspensions




Soap, cryptocidal (mosskilling)




Soap, fungicidal




Sulfur (not exceeding 2% solution)




Vinegar (acetic acid, dilute)
CHEMICAL TREATMENTS:


BACTERIACIDES: 



oxytetracycline, streptomycin and




copper-based fungicides.



FUNGICIDES: 



Inorganic compounds (copper, sulfur, lime-sulfur)

 

Organic Compounds (carbon-based)

Bacteria eventually degrade nearly all fungicides used today
BIOLOGICAL CONTROL:

Natural biological control is at always at work in agro/ecosystems
ANTIBIOSIS:
An association between two or more organisms that is detrimental to at least one of them.  examples: Allelopathy (alleochemicals – secondary metabolite) Antibiotics – produced by some antagonistic pathogens
COMPETITION:
Microorganisms compete for nutrients and space on the surfaces (first come, 
first served).  Such as: fungal saprophytes vs. fungal parasites
BIOANTAGONISTIC BACTERIA:



Agrobacterium radiobacter (strain 1026)
BACTERIAL SUPPRESSION OF FUSARIUM HEAD BLIGHT OF WHEAT:



Pseudomonas fluorescens vs. Fusarium graminearum
BIOANTAGONISTIC FUNGUS:
Trichoderma spp. Attacking   Botrytis spp., Fusarium spp., Alternaria solani, Pythium ultimum, Sclerotium spp. Etc.

NEMATOPHAGOUS FUNGI:
Fungus Dactylaria brochopaga constricting nematode Meloidogyne spp.
THE END

THIS OUTLINE IS MEANT TO ACCOMPANY THE POWERPOINT LECTURE ON
 PRINCIPLES OF PATHOLOGY
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