Bacterial Diseases and Their Causal Agents
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Introduction to Bacterial Pathogens

Morphology

Single cell

Almost all the plant pathogenic bacteria are rod-shaped. The only exception is Streptomyces spp. which is filamentous. Their size ranges from 0.6 to 3.5 µm in length and from 0.5 to 1.0 pm in diameter.
Single colony

When a single bacterium grows on the surface of a solid medium, it multiplies and produces a mass called a colony. Colonies of different species can vary in size, shape (circular, oval or irregular), form of edges (smooth, wavy, or angular), elevation (flat, raised, dome shape, or wrinkled) and color (whitish, grayish, or yellow) and can be used for identification.
Life cycle and dispersal

Survival

Plant-dependent Plant pathogenic bacteria can survive parasitically in lesions (e.g. Xanthomonas campestris pv. citri in lesions on citrus shoots), by latent infection (e.g. X. campestris pv. citri on citrus bark), or in seeds and planting materials (e.g. X. campestris pv. vesicatoria in tomato and pepper seeds or Ralstonia solanacearum in potato tubers). They can also survive as residents on the surface of plant (e.g. Erwinia carotovora subsp. Carotovora on Chinese cabbage leaves) or in the rhizosphere and rhizoplane of healthy host and nonhost plants (e.g. R. solanacearum in the rhizosphere of weeds).

Saprophytic Saprophytic survival means that the persistence of plant pathogenic bacteria in soil in the absence of growing plants or in dead plants or plant residues. The only true soil inhabitants are R. solanacearum and Agrobacterium spp. and consider as soil-borne pathogens among plant pathogenic bacteria. On the contrary, most plant pathogenic bacteria can survive in plant residues, particularly those vascular pathogen can survive inside stems of host plants for a long period and can serve as the major inoculum sources for next planting (X. campestris pv. campestris in cabbage stem in soil). Studies also showed that Clavibacter michiganensis subsp. michiganensis can survive on the surface of wooden stakes and boxes and E. carotovora subsp. carotovora can survive in water from drains and ditches etc.

Dispersal

For effective dispersal, plant pathogenic bacteria have to rely on rain splash, wind, surface water, insects, and humans. Depending on the inoculum sources, most of the times the distribution of lesions in an individual plant and disease incidence in a field is not random but highly aggregated.

Infection and disease development

Infection

Unlike fungal pathogens, plant pathogenic bacteria enter plants only via wounds and natural openings such as stomata, hydathodes, flower, and foliar trichome. All plant parts can be injured due to insects, wind, farming practices such as pruning, and mechanical damage due to agricultural machinery. Injures in the underground part due to insects, nematodes, and secondary root opening are the major entry points for soil-bome bacteria.

Symptom

Wilting Wilting is induced by blocking of water conductance resulting from plugging of xylem vessel with bacterial slim and bacterial cell aggregates. Wilting caused by R. solanacearum is very rapid when most leaves remain green. In contrast, wilting in bacterial canker of tomato and potato ring rot occurs slowly and usually accompanies yellowing.
Leaf spot Leaf spots caused by bacteria start as water-soaked lesions, turn yellow to dark brown and become necrotic. The shape of leaf spots (angular, round, striped, or streaked) is an important feature for disease diagnosis.
Blight Shoot blight or die-back symptoms characterize diseases such as bacterial canker of stone fruit (P. syringae pv. morsprunorum). Leaf spot inducing bacteria may also cause shoot blight when they severely attack young shoots.
Soft rot Bacterial soft rot is characterized by watery collapse of affected parenchyma tissues. Soft rot pathogen, such as E. carotovora subsp. Carotovora, invades xylem tissue of Chinese cabbage initially and spread rapidly. The invaded vessels are ruptured and the released bacteria cause soft rot of the adjacent parenchyma by pectolytic enzymes secreted from the bacteria.
Hypertrophy Host plant develops hypertrophied cells with various shape and size after infection of gall-inducing bacteria. Crown gall caused by Agrobacterium tumefaciens is usually formed at the crown and on roots but less frequently on aerial parts of the plants.

Diagnosis

Field diagnosis

The first step in diagnosis of plant bacterial diseases is to examine the perspective of the disease and farming practices in the field. Information such as distribution of the disease, past problems, cultural management and crop rotation etc. can be very valuable.
Plant diagnosis

Symptoms and signs Symptoms caused by plant pathogenic bacteria can be similar as those caused by fungi and viruses. However, those in bacterial diseases can be determined by water-soaking in the affected tissues and formation of bacterial ooze or exudate on the surface of lesions or cuts.
Microscope Fresh lesions or diseased tissues can be examined under microscope for the presence of a mass of bacteria streaming out of the cut margin.
Isolation Suspensions prepared from lesions or diseased tissues can be streaked on surface of rich media. To avoid contamination, particularly root or soil samples, selective media developed from particular bacteria can be used. Plant pathogenic bacteria can be determined by their characteristic growth on the plates.
Inoculation Host plant is the best selective medium for separation of plant pathogenic bacteria from saprophytic microorganisms. Depending on the type of symptoms, various inoculation methods can be applied for diagnosis, such as spraying, and infiltration etc.

Other methods for diagnosis are application of bacteriophage, serological methods, and specific nucleic acid probes or primers.

Disease control

Plant quarantine

The first step in disease control is to prevent movement of the pathogenic bacterium from infested to noninfested area by restricting the transfer of seeds, vegetative propagules, plants, plant products, soil, or packing materials. For example, importation of citrus fruits from areas where citrus canker is endemic is restricted in Florida and California of the United States.

Farming practices

Several practices can be effectively controlled plant bacterial diseases. These include eradication program, field sanitation, disinfection of seeds and planting materials, disease escape by selecting pathogen-free fields and changing planting time, rotation with nonhost crop, or grafting on disease resistant root stock.

Breeding of disease resistant cultivars

Planting disease resistant cultivars is the most practical control methods economically and technically. Breeding for resistance starts by searching useful resistance genes thus a reliable screening method is essential for such as program. The same method can be used for selecting resistant accessions including commercial cultivars for direct use. In general, monocropping of a resistant cultivar for a long period results in the development of new races of the pathogen that can affect the cultivars, particularly planting vertical resistant cultivars. Therefore, recent breeding programs place more emphasis on developing durable resistance by combining several major genes or incorporating polygenes.

Biological control

Biological control means that application of other microorganism to suppress pathogens and control diseases. Biological control of fungal diseases with the use of bacteria has been documented in many diseases. However, application for controlling bacterial diseases is much less and still in the experimental stage. The best example of biological control in bacterial diseases is the use of A. radiobacter to control grown gall of fruit tree caused by A. tumefaciens. The mechanisms are the production of bacteriocin and occupation of receptor sites for infection.

Chemical control

Chemical spray The two most common chemicals used for spray are copper compounds and antibiotics. Wettable copper compounds are widely used for the leaf spot type of bacterial plant diseases. Effective ingredients include either copper chloride basic, copper sulfate basic, copper hydroxide, etc. The common used antibiotics, such as streptomycin sulfate and kasugamycin etc., are all produced by Streptomyces spp. which can inhibit protein synthesis of bacteria.
Soil disinfectants This type of chemicals are used as broad spectrum fumigants for the control of soil-borne diseases such as bacterial wilt of solanaceous crops. The common soil disinfectants are chloropicrin and thiram etc.
Seed disinfectants The most common one is sodium hypochlorite. It can be used for disinfecting seeds, tubers, and agricultural equipment.
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Fig. 1: Means of dissemination of fungi and bacteria (From Agrios 1988)
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Fig. 2: Genera of bacteria and the kinds of symptoms they cause (From Agrios 1988)

Common Bacterial Diseases in Off-season Pepper and Tomato Production

Pepper Soft Rot

Pathogen

Like soft rot diseases on many other crops, this disease is caused by Erwinia carotovora susp. carotovora. The bacterium can grow under anaerobic or aerobic condition, and it is gram negative and motile with peritrichous flagella. Isolation of the pathogen from diseased tissues may be difficult due to the presence of many saprophytes in the rotted tissues. Colonies on rich media are translucent, round, smooth, and slimy and that on media containing pectin can form pits.

Symptom

Symptoms on fruits can start with water-soaked spots and extend rapidly to generate a watery decay. Collapsed fruits hang like water-filled bags in the fields. During post harvest, symptoms usually start on peduncle and calyx and extend to fruits.

Disease cycle and epidemiology

The pathogen has a wide host range and can survive in plant debris, insects, and soil (low number). It can only infect through fresh wounds created by insect, mechanical, or other lesions etc. High rainfall and temperature favor disease development.

Control measures

A. Rotate with nonhost crops, such as cereals.

B. Provide good field drainage to enhance drying and to reduce splashing water from soil.

C. Harvest fruits when dry and handle carefully to avoid injury.

D. Avoid washing fruits after harvest. Use clorinated water if necessary.

Pepper and Tomato Bacterial Spot

Pathogen

Bacterial spot is caused by Xanthomonas campestris pv. vesicatoria, a motile, strictly aerobic, and gram (-) rod with a single polar flagellum. On nutrient agar, single colonies which are circular, wet, shinning, and yellow can be observed 2 days after incubation at 30 C. There are several races reported. Some races are can cause diseases both on pepper or tomato and some are specific to tomato or pepper.

Symptom

The pathogen can affect all upper-ground parts of tomato and pepper including stem, leaf, and fruit etc. Lesions on leaves are small (< 3 mm in diameter), brown and circular with watersoaked margin. Lesions on tomato leaves can be confused with early blight, gray leaf spot, and target spot. Bacterial spot lesions do not have concentric ring and they are generally darker in color and less uniformly distributed than gray leaf spot. On pepper, large and slightly sunken lesions on the upper leaves can be observed, while lesions on the lower leaves are usually smaller and raised. Under optimal condition, lesions can coalesce to form dark streaks or blighting. Defoliation caused by bacterial spot is common on pepper and rare on tomato. Fruit lesions begin as raised blisters. Older lesions are brown, scablike and sunken in the middle.

Disease cycle and epidemiology

The pathogen is able to survive on volunteer plants and diseased plant debris. Seeds may serve as a medium for the survival and dissemination of the bacterium. Wind-blow rain, clipping of transplants and aerosols are other means of dissemination. The optimal condition for disease development is at 24 - 30 C and heavy rainfall or long dew period.

Control measures

A. Rotation to avoid carryover on volunteers and plant debris.

B. Use pathogen-free seeds and transplants.

C. Use seed treatment, such as soaking in Chlorox (1% active ingredient) for 5 minutes.

D. Use copper or copper + maneb sprays.

E. Resistant cultivars are available for pepper, but they may not be resistant to all strains.

Pepper and Tomato Bacterial Wilt

Pathogen

Ralstonia solanacearum (= Burkholderia solanacearum = Pseudomonas solanacearum) is gram (-) rod, motile with one or more polar flagella, and aerobic. On plates oftetrazolium chloride medium (TTC), a selective medium for R. solanacearum, large fluidal colonies with pink or red center are distinguishable and most of them are virulent. This is quite a complex species with variation in host range (used for race grouping), utilization of carbohydrates (used for biovar grouping), aggressiveness, genetic fingerprints etc.

Symptom
Typical symptoms of the disease are first appearing as flaccid in few young leaves. A sudden complete wilt soon follows. Most of the time, leaves are still green when the plant wilts. Adventitious roots and leaf epinasty are more obvious on tomato when the disease develops slowly under unfavorable climate or on resistant varieties. Vascular system in the stem appears brown and turns darker as the disease progress. Wilting symptom on tomato or pepper can be caused by fungal pathogens, rootknote nematode, or excess soil moisture. To distinguish from other vascular diseases, a clean stem section can be suspended in water. White, milky stream of bacterial cells and slimes flow from xylem elements 3 to 5 minutes later.

Disease cycle and epidemiology

R. solanacearum has a wide host range (> 200 cultivated species and weeds). Except banana, the most economically important hosts are in the Solanaceous family, such as tomato, pepper, eggplant, potato and tobacco. The pathogen can colonize many weed species without showing symptoms. This may enhance the long-term survival of the pathogen in the soil. R. solanacearum can survive in the soil for a long period depending on the environment. Well-drained soil with good water retention property, moderate to high soil temperature, and a low to moderate pH are conducive for its survival. The bacterium enter the host through natural wound in the roots or wounds made by transplanting, insects, or nematodes etc. Infection and disease development are favored by high temperature (30-35 C) and high moisture. The bacterium returns to soil from decaying diseased plant parts and disseminated by running water, soil movement, or the movement of infected transplants.

Control measures

A. Use pathogen-free seedbeds to produce clean transplants. This can be assisted by fumigating seedbeds and pasteurize the potting mixture.

B. Rotate with nonhost crops, particularly with paddy rice.

C. Resistant varieties for hot pepper and tomato are available, but their reaction may be different from location to location.

D. Use resistant tomato or eggplant varieties as rootstocks can increase the resistance level of scion varieties.
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Fig. 3: Disease cycle of bacterial soft rot of vegetables caused by soft-rotting Erwinia sp. (From Agrios 1988)
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Fig. 4: Disease cycle of bacterial wilt caused by Pseudomonas solanacearum. A, Dissemination by soil; b, dissemination by knife; c, dissemination by insects; d, dissemination by surface water; e, dissemination by rain splash; f, dissemination by infected tubers; g, spread of the pathogen; h, lesions developed by rain-splash dispersal; i, multiplication in xylem; j, virulent strain; k. avirulent strain (From Goto 1992)
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