CONCEPTS IN PLANT DISEASE

SYMTOMOLOGY

A plant symptom can be defined as a visible or detectable abnormality on or in a plant arising from a disease or disorder.  Most of the symptoms of plant diseases are visible 

and are caused by biotic and/or abiotic factors.  Symptoms are usually the results of a morphological change, alteration or damage to plant tissue and/or cells due to an interference of the plant’s metabolism.  All basic structures of vascular plants are subject to attack by pathogens. Typically, the appearance of a biotic symptom will indicate the relatively late stage of an infection and/or colonization of a pathogen.  Disease symptoms can be caused by biotic and abiotic factors singly or in combination.  The presence of insects and the symptoms they cause are generally gradual and may be controlled in the early stages of infestation.  The disease symptoms that we can see with the unaided eye are most often morphological changes in a plants tissue or organs.  The initial origin of a plant’s disorder is usually cellular in nature.  The dysfunction of plants is not only caused by pathogens, insects, parasitic plants or toxins (produced by a large number of pathogens) but also by environmental factors, imbalance or immobility of nutrients, toxic chemicals, human activity and other causes. Many plants, through the process of allelopathy, limit or eliminate there competition by producing a chemical substance that will suppress the germination or growth of other plants.

Symptoms that are manifested by single or multiple factors can closely resemble one another and can easily lead to a faulty diagnosis. Quite often there will be many symptoms caused by multiple problems on the same host. Usually there is one causal factor that will be of primary concern. It is important to properly identify the foundational cause of the symptom or symptoms in order to associate them with a causative agent and a susceptible host.  Disease symptoms reflect the functions of the plant that are affected. There are several major functions of a plant that can be interrupted and affected by biotic and/or abiotic factors causing symptoms that will manifest on and/or in a plant. A foundational knowledge of these plant functions is extremely helpful in reaching an accurate diagnosis of plant disorders.  The following is referenced to Whetzel 1935 and updated in “The Guide to the use of Terms in Plant Pathology” by The Federation of British Plant Pathologist, 1973.

FACTORS THAT ADVERSELY INFLUENCE

PLANT GROWTH

Meristematic Activity:

Meristematic tissue is a distinct region of a plant that is actively, or potentially active, in the process of cell division. Numerous meristems occur in plants to include apical meristems which occur at the tips of the roots and stems, lateral meristems that produce secondary growth and intercalary meristems between mature tissue and axillary buds that occur in the axil of a leaf.
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 Hypertrophy is plant tissue overgrowth caused by abnormal cell enlargement typically caused by pathological enlargement of individual cells in a tissue or organ.  For example, some symptoms include puckering and/or curling of leaves (E.g. Peach Leaf Curl; Taphrina sp. and White Blister Rust; Cronartium ribicola) and swelling and deformation of tissue as seen in galls (E.g. Club Root of Crucifers; Plasmodiophora brassicae, Crown Gall; Agrobacterium tumefaciens). Hypertrophy can be caused by insects, mites, nematodes, pathogens and other factors.
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Hyperplasia is excessive cell division causing plant overgrowth resulting in such growths as galls, tumors, enation (an outgrowth from a leaf or stem often associated with viral infection) proliferation, fasciation and witches-broom.  These symptoms are usually caused by pathological multiplication of the cells of a tissue or an organ.  Hyperplastic tissue does not resemble any part of a normal healthy plant.  Some pathogens can cause both hyperplasia and hypertrophy in the same host tissue at the same time.

[image: image5.jpg]


Hypoplasia is the underdevelopment of plant tissue and organs due to the production of smaller than normal cells. (E.g. stunting).
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Savoying is leaf puckering as a result of different growth rates in adjoining tissue. (E.g. Savoy cabbage and spinach).
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Atrophy is a progressive decline in size of a given plant that results in the complete halt of plant cell multiplication. 
Sarcody is an abnormal outgrowth or deformation such as swelling above constricted or girdled areas of a branch or stem.  Sarcody is induced by growth Stimulatory substances induced by a pathogen or by physical stress.

Blistering or Intumesence is hypertrophy of epidermal cells due to excessive water.
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                                                                 Stunting:
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Stunting is when a plant is reduced in size and vigor as a result of unfavorable environmental conditions or a wide range of pathogens or abiotic agents.  Stunting is the result of hypoplasia.  Stunting can be caused by nutrient deficiency, atrophy, dwarfing, rosetting, suppression of growth and differentiation. As well as abiotic factors, biotic agents such as fungi, virus, bacteria and others can also causing stunting and reduced growth.
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      Etiolation:
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Etiolation is the elongated, slender growth of a plant as a result of insufficient light or growth in complete darkness.  This growth pattern can also be caused by gibberellic acid secreted by some pathogens.

       Epinasty:
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Epinasty is the rigid downward bending of the upper surface of a leaf.  Epinasty is the reaction of a leaf to ethylene, which is produced by some fungi.  Typically, epinasty will result due to certain infections of Verticillium, Fusarium and is commonly seen in tomato plants infected with Didymella cankers. Also herbicides such as 2,4-D can cause these symptoms. Epinasty can easily be confused with wilt.
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 Abscission:

Abscission is the organized loss of a part of a plant, usually a leaf, fruit or unfertilized flower. An example of this would be when certain enzymes are produced in the abscission zone of a plant resulting in reduction of cell adhesion between the leaf petiole and the tissue it is attached to, thereby dropping the leaf. Abnormal abscission can occur when certain species of fungi produce abscissic acid which can initiate leaf drop in the host.
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            Storage Organs:
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A number of different pathogens can utilize the nutrients stored in specialized plant tissue. Fruits, flowers, tubers, bulbs, corms and other storage organs can be infected by certain pathogens while the organs are actively growing. Some pathogens can remain latent until well after the organ’s maturity. Post harvest decay may not show signs or symptoms of an infection until the storage organ is sufficiently ripe (e.g. Peach Brown Rot; Monilinia sp., Grape Gray Mold; Botrytis sp. Fire Blight; Erwinia amylovora sp., Potato scab; Streptomyces scabies etc.).

Yield Loss:
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It is possible to have yield loss without any distinguishable symptoms.  Viruses, characteristically, infect their hosts and show symptoms only after they invade the plant systematically.  The latent period between infection and symptoms may only be a few hours or can be up to two years. Most viruses have a latent period of one to several weeks.  Some fungal genera such as Ustilago sp., Verticillium sp., Botrytis sp. and others do not cause visible symptoms until the advanced stages of their infection. Environmental conditions and reduced vigor can also factor in on the loss of yield.

FACTORS THAT ADVERSLY INFLUENCE

ABSORPTION OF

NUTRIENTS AND WATER

Root Rots and Foot Rots:            
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Wilting of plants due to the lack of water can usually be reversed by rehydration if it is accomplished within a timely manner.  However, wilting caused by pathogenic infection is generally irreversible.  Rots of plant parts at or below ground level can result in softening, discoloration, dysfunction and disintegration of plant tissue due to pathogenically produced enzymes.  Root and Foot Rots can be caused by both fungal and bacterial agents. Conditions such as water-logging, adverse soil conditions and mechanical and environmental factors can initiate rots of below-ground parts of plants. Also, nematodes and insects can cause damage resulting in tissue necrosis that can lead to secondary infection by other pathogens.  Other symptoms may include stunted aerial growth and dieback.  Infected roots can turn brown to black and the epidermis can become soft and mushy and easily scraped off from the root cortex. Mechanical destruction of below-ground organs by insects or nematodes will often produce symptoms resembling those of pathogenic Root Rots.  Also, nutrient deficiencies and nutrient immobility in the soil and other factors can mimic some Root Rot symptoms.  

Two of the most important bacterial pathogens that are responsible for rots of subterranean parts of plants are in the genera Erwinia and Pseudomonas. Erwinia sp. and Pseudomonas fluorescens are the most common and destructive Soft Rot pathogens of vegetables.  Rotting tissue of the infected plant becomes soft and watery. Bacteria and cellular debris will often form a slimy ooze with a foul odor.
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There are many fungal Root Rot pathogens that attack hundreds of species of plants. Some of the most common genera are Cylindrocladium Sp. (e.g. Blight and Root Rot of azalea and rhododendron, White Pine Damping Off) and Rhizoctonia sp. (e.g. Violet Root Rot of carrot, Black Root Rot Complex of strawberry, and Damping Off of numerous plants).  Fusarium sp. are responsible for many Root and Crown Rots of vegetables, landscape plants, agricultural crops and more.  Pythium sp. cause extensive damage to turf, vegetables and many other species of plants.  Fungal Root Rot pathogens such as Armillaria sp. and Phytophthora sp. cause disease in many verities of woody plants, trees and many other plant species.  In many cases it is necessary to have laboratory isolation and microscopic examination for positive identification of these genera.

FACTORS THAT ADVERSLY 

INFLUENCE TRANSLOCATION 

Plants require an adequate amount of inorganic nutrients and water to support their physiological functions. Vascular plants contain differentiated cells forming complex conducting tissue (vascular tissue) which is comprised of the xylem and phloem. Xylem translocates mineral nutrients along with water upward from the roots to support the plants tissue and organs. Phloem moves sugars and other nutrients downward from the leaves into the plant. The sap within the phloem can move both up and down in the plant. When a pathogen interferes with the translocation of nutrients and water in the vascular system it deprives the plant of these essential elements resulting in disease. 

All vascular wilts have certain characteristics in common. The leaves on the infected parts of the plant can lose turgidity, become flaccid and become lighter in color (green to greenish yellow). Fungal wilt pathogens such as Verticillium sp. and Fusarium sp. remain in the xylem and can discolor the vascular tissue. Other symptoms can be slight vein clearing on younger leaves, leaf epinasty, interveinal necrosis, browning and death. One of the most prominent symptoms in fungal wilts is vascular (xylem) discoloration. In bacterial infections some of the primary symptoms are the presence of bacterial ooze, vascular discoloration and rot. Phloem can also be disrupted by viruses, viroids and phytoplasmas.

FACTORS THAT ADVERSLEY

INFLUENCE THE SECONDARY

METABOLISM

Pigmentation change:

Most plants produce secondary metabolites which are chemicals that occur irregularly among plants and have no known general metabolic role in cells. Some examples of secondary metabolites are caffeine, nicotine, menthol and pigments. Secondary metabolites such as pigments can add color to flowers to attract insects in order to facilitate pollination. Other metabolites can serve a defensive role such as nicotine in tobacco which is toxic to many insect predators. Most of the secondary metabolites belong to one of three groups; terpenoids (e.g. menthol, lycopene, rubber etc.), phenolics (e.g. salicin, compounds in nutmeg, grapefruit etc.), and alkaloids (e.g. morphine, codeine, quinine etc.).

Variegation (breaking) of petal or leaf color can occur when virus interfere with the normal production of anthocyanin such as with the Tulip Breaking Virus. Phytoplasmas in the phloem of a plant can interfere with the secondary metabolism which can result in Yellow-Disease and in some cases lead to phyllody. Phyllody is the transformation of floral organs into structures like leaves due to phytoplasma induced nutrient abnormalities. Changes in pigmentation can be caused by many pathogens such as Peach Leaf Curl (Taphrina deformans) and can change normally green tissue to a variety of different colors. 

FACTORS THAT ADVERSLY AFFECT

NORMAL PLANT FUNCTIONS

Necrosis:

Necrosis is the death of a clearly delimited part of a plant or part of a tissue. Holonecrotic refers to plant cells or tissues that are completely dead, while plesionecrotic is used to describe nearly dead tissues such as the surrounding zone between necrotic and the healthy tissue of a fungal leaf spot.

                                                               Hydorsis:

Hydrosis, or water-soaking, occurs when there is an excessive amount of intercellular water within a plants tissue. Hydrosis is a common prenecrotic symptom that is seen in many rots. Initial symptoms of most soft-rots, such as Erwinia (of the corotovora group); begin as small water-soaked lesions. 

Yellowing:

Yellowing is a general term for plant disease in which the characteristic symptom is the breakdown or interruption of production of chlorophyll resulting in the yellowing of a plants leaves. Unlike chlorosis, “yellows” diseases will become more uniformly yellow on the affected leaves rather than pale green as in chlorosis. Yellows disease is commonly associated with phytoplasma infections such as Aster Yellows disease. Some viruses, bacteria and fungi can also cause Yellows in a wide variety of hosts and is worldwide.

Plant exudation:

Gums (gummosis), sap (bleeding) and resins (resinosis) are secondary metabolites produced by plants for a number of reasons. Their most common and important functions are to seal wounds, retard and/or kill insects and pathogens, and to eliminate excess metabolites. Exudates from plants ooze from wounds or cankers in reaction to external stimuli such as pathogen infection, insect attack, weather conditions or other mechanical damage. Exudates are associated with many plant diseases such as Cherry Canker (Pseudomonas syringae), Douglas Fir Root Rot (Armillaria mellea) and Sequoia Pitch Moth (Synanthedon sequoiae).

FACTORS THAT ADVERSLY INFLUENCE

WATER TRASNSPORT  AND TRANSLOCATION
Vascular wilts:

Fungal and bacterial vascular wilts are worldwide and very destructive. They can appear rapidly with wilting, browning and death of the entire plant. Primary symptoms can be difficult to diagnose in that the pathogens are generally found in the xylem. Most of the major symptoms of both fungal and bacterial wilts are similar. Leaves can lose turgidity, become flaccid and lighter in color, then droop and wilt. Finally leaves can turn yellow and die. In fungal wilts vascular discoloration can occur. In bacteria wilts vascular discoloration can also occur along with the presence of bacterial ooze, and in some cases rot.

                                          FACTORS THAT ADVERSLEY
                                       INFLUENCE STORAGE ORGANS
Plant nutrients that are stored in seeds, tubers, rhizomes and other storage organs can be denied to a plant by pathogens that disrupt the mobilization of water and essential nutrients. Damping Off and seedling Blights caused by fungus such as Phythium, Phytophthora, and Fusarium occur worldwide, under many different conditions and are present in most greenhouses. The greatest damage to seeds and seedlings occur before or just after emergence. Seedlings rot at the soil line, fall over and die. Cold wet soils favor Damping-Off diseases.

Bacterial soft rot disease affects almost all vegetables. Bacteria such as Erwinia sp. and Pseudomonas sp. cause rots of many fleshy fruits, vegetables and ornamentals. General symptoms begin as small water-soaked lesions that enlarge rapidly and become soft and mushy. Fruits and tubers may degrade and become a rotted mass of cells and bacteria within a few days. Infected tissue on plants is almost odorless until they collapse and host secondary bacteria which produces a foul odor. However, cruciferous plants and onions when infected always give off a foul odor. 

FACTORS THAT ADVERSLY

INFLUENCE REPRODUCTION

Disruption to flower and seed production can be caused by both biotic and abiotic factors.  Environmental conditions such as a late frost or high winds can reduce or eliminate flower production resulting in the interruption or prevention of seed development. Pollination can be affected by fungal diseases such as Powdery Mildew (Erysiphaceae) and Brown Rot (Monilinia sp.); also Phytoplasmas can induce phyllody preventing flower production. Smuts and Bunts of cereal grains can reduce or eliminate the production of fruit.

                                      SIGNS OF PATHOGENS WITHOUT
CONSPICUOUS SYMPTOMS ON THE HOST

Some signs of disease appear in the early stages of an infection without any obvious symptoms of damage to the host plant. Some of these signs include superficial fungal mycelium, fruiting bodies and bacterial ooze. 

In summary:

Disruption of plant functions resulting in disease symptoms:

The disruption of:

1) Plant Growth:

· Meristematic Activity

· Stunting

· Itiolation

· Epinasty

· Abscission

· Storage Organs

· Yield Loss

2) Absorption of Nutrients and Water:

· Root Rots

· Foot Rots

3) Translocation

4) Secondary Metabolism:

· Pigmentation Change

5) Normal Plant Functions:

· Necrosis

· Hydrosis

· Yellowing

· Plant Exudation

6) Water Transport:

· Vascular Wilts

7) Storage Organs
      8)  Reproduction
8) Signs of Disease
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Thistlehill

White Pine Blister Rust - Cronartium sp.





Almond Leaf Curl – Taphrina sp.





Savoying (cabbage)





Sarcody caused by girdling











Zink deficiency in apple





Etiolation





Epinasty caused by Beet Curly Top Virus





Root Knot Nematode on carrot





Botrytis cinerea on raspberry





Root damage caused by lesion nematode





Pythium Root Rot





Section of xylem vessel with tyloses blockage.





Color breaking caused by virus








Phyllody





Marginal leaf necrosis





Grapevine yellows





Gummosis due to a wound





Gummosis - P. syringae





Verticillium Wilt - maple





Fusarium Dry Rot of potato





Bacterial Soft Rot of melon





Cherry Brown Rot – Monilinia sp.





Melanized pseudothecia-Leptosphaeria sp.
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