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Bacteria are very small, microscopic plants. About 1600 bacterial species 
are known. The great majority of bacteria are strictly saprophytic and as 
such are beneficial to man because they help decompose the enormous 
quantities of organic matter produced yearly by man and his factories as 
waste products or as a result of the death of plants and animals. Several 
species cause diseases in man including tuberculosis, pneumonia, and 
typhoid fever, and a similar number cause diseases in animals, e.g., 
brucellosis and anthrax. About 200 species of bacteria have been found to 
cause diseases in plants. All pathogenic bacteria are facultative sap
rophytes and can be grown artificially on nutrient media. 

Bacteria are simple microorganisms usually consisting of single pro-
karyotic cells, i.e., cells containing a single circular chromosome but no 
nuclear membranes or internal organelles comparable to mitochrondria 
or chloroplasts. In fact, bacteria and cellular organelles have much in 
common and hence antibiotics that affect bacteria often inhibit mito
chondria or chloroplasts, but do not interfere with the other functions of 
the eukaryotic plant cells. Bacteria may be rod shaped, spherical, ellip
soidal, spiral, comma shaped, or filamentous (threadlike). Some bacteria 
can move through liquid media by means of flagella, while others have no 
flagella and cannot move themselves. Some can transform themselves 
into spores and certain filamentous forms can produce spores, called 
conidia, at the end of the filament. Other bacteria, however, do not 
produce any spores. The vegetative stages of most types of bacteria repro
duce by simple fission. Bacteria multiply with astonishing rapidity and 
their significance as pathogens stems primarily from the fact that they 435 
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can produce tremendous numbers of cells in a short period of time. 
Bacterial diseases of plants occur in every place that is reasonably moist 
or warm, they affect almost all kinds of plants, and, under favorable 
environmental conditions, they may be extremely destructive. 

characteristics of 
plant-pathogenic bacteria 

MORPHOLOGY 

Almost all plant-pathogenic bacteria are rod-shaped (Figs. 146 and 147), 
the only exceptions being two species of Streptomyces, which are 
filamentous. The rod-shaped bacteria are more or less short and cylindri
cal, and in young cultures they range from 0.6 to 3.5 ftm in length and 
from 0.5 to 1.0 μτη in diameter. In older cultures or at high temperatures, 

FIGURE 146. 
Electron micrographs of some of the most important genera of plant-pathogenic 
bacteria. (A) Agrobacterium. (B) Erwinia. (C) Pseudomonas. (D) Xanthomonas. 
(Photo A courtesy S. M. Alcorn, B - D courtesy R. N. Goodman and P. Y. Hu^ng.) 
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FIGURE 147. 
Electron micrographs of longitudinal (A) and cross sections (B) of bacteria 
[Pseudomonas tabaci) in the intercellular spaces of tobacco leaf mesophyll cells. 
(Photos courtesy D. J. Politis and R. N. Goodman.) 

the rods of some species are much longer and they may even appear 
filamentous. Sometimes deviations from the rod shape in the form of a 
club, a Y or V shape, and other branched forms occur, and some bacteria 
may occasionally occur in pairs or in short chains. 

The cell walls of bacteria of most species are enveloped by a viscous, 
gummy material which may be thin (when it is called a "slime layer") or 
may be thick, forming a relatively large mass around the cell (when it is 
called a "capsule"). Most plant-pathogenic bacteria are equipped with 
delicate, threadlike flagella which are usually considerably longer than 
the cells by which they are produced. In some bacterial species each 
bacterium has only one flagellum, others have a tuft of flagella at one end 
of the cell; some have a single flagellum or a tuft of flagella at each end, 
and still others have peritrichous flagella, i.e., distributed over the entire 
surface of the cell. 

In the filamentous Streptomyces species, the cells consist of nonsep-
tate branched threads, which usually have a spiral formation and produce 
conidia in chains on aerial hyphae (Fig. 148). 

Single bacteria appear hyaline or yellowish-white under the com
pound microscope, and are very difficult to observe in detail. When a 
single bacterium is allowed to grow (multiply) on the surface or within a 
solid medium, its progeny soon produces a visible mass called a colony. 
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FIGURE 148. 
Genera of bacteria and kinds of symptoms they cause. 

Colonies of different species m a y vary in size, shape, form of edges, 
elevation, color, e tc . , and are s o m e t i m e s c h a r a c t e r i s t i c of a given species . 
Colonies m a y be a fract ion of a m i l l i m e t e r to several c e n t i m e t e r s in 
diameter , and t h e y are circular , oval, or irregular. T h e i r edges m a y be 
s m o o t h , wavy , angular, e tc . , and their e levat ion m a y be flat, raised, d o m e 
shaped, wrinkled, e t c . Colonies of m o s t species are w h i t i s h or grayish, 
but s o m e are yel low, red, or o th e r colors . S o m e produce diffusible 
p i g m e n t s i n t o the agar. 

Bacter ial cells h a v e thin, relat ively tough, and s o m e w h a t rigid cell 
walls w h i c h s e e m to be quite dist inct f rom t h e inner c y t o p l a s m i c m e m 
brane but w h i c h s o m e t i m e s appear to intergrade and m e r g e w i t h t h e 
outer s l i m e layer or capsule . T h e cell wall c o n t a i n s t h e cell c o n t e n t s and 
al lows t h e inward passage of nut r ients and t h e o u t w a r d passage of w a s t e 
m a t t e r , digestive e n z y m e s , and o th e r products given off by t h e bacterial 
cell . 

Al l t h e m a t e r i a l inside t h e cell wall c o n s t i t u t e s t h e protoplast . T h e 
protoplast consis ts of t h e c y t o p l a s m i c or protoplast m e m b r a n e , w h i c h 
d e t e r m i n e s t h e degree of se lec t ive permeabi l i ty of t h e var ious substances 
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into and out of the cell; the cytoplasm, which is the complex mixture of 
proteins, lipids, carbohydrates, many other organic compounds, and min
erals and water; and the nuclear material, which appears as spherical, 
ellipsoidal, or dumbbell-shaped bodies within the cytoplasm. 

REPRODUCTION 

Rod-shaped phytopathogenic bacteria reproduce by the asexual process 
known as "binary fission" or "fission." This occurs by the inward growth 
of the cytoplasmic membrane toward the center of the cell forming a 
transverse membranous partition dividing the cytoplasm into two approx
imately equal parts. Two layers of cell wall material, continuous with the 
outer cell wall, are then secreted or synthesized between the two layers of 
membrane. When the formation of these cell walls is completed, the two 
layers separate, splitting the two cells apart. 

While the cell wall and the cytoplasm are undergoing fission, the 
nuclear material becomes organized in a circular chromosomelike struc
ture which duplicates itself and becomes distributed equally between the 
two cells formed from the dividing one. 

Bacteria reproduce at an astonishingly rapid rate. Under favorable 
conditions bacteria may divide every 20 minutes, one bacterium becom
ing two, two becoming four, four becoming eight, and so forth. At this 
rate one bacterium conceivably could produce one million bacteria in 10 
hours. But, because of the diminution of the food supply, the accumula
tion of metabolic wastes, and other limiting factors, reproduction slows 
down and may finally come to a stop. Bacteria do reach tremendous 
numbers in a short time, however, and cause great chemical changes in 
their environment. It is these changes caused by large populations of 
bacteria that make them of such a great significance in the world of life 
in general and in the development of bacterial diseases of plants in 
particular. 

ECOLOGY AND SPREAD 

Almost all plant-pathogenic bacteria develop mostly in the host plant as 
parasites and partly in the soil as saprophytes. There are great differences 
among species, however, in the degree of their development in the one or 
the other environment. 

Some bacterial pathogens, such as Erwinia amylovora, which causes 
fire blight, produce their populations in the plant host, while in the soil 
their numbers decline rapidly and usually do not contribute to the propa
gation of the disease from season to season. These pathogens have de
veloped sustained plant-to-plant infection cycles, often via insect vectors 
and, either because of the perennial nature of the host or the association 
of the bacteria with its vegetative propagating organs or seed, they have 
lost the requirements for survival in the soil. 

Some other bacterial pathogens, such as Agrobacterium tumefaciens, 
which causes crown gall, build up their populations within the host 



440 PLANT DISEASES CAUSED BY BACTERIA 

plants, but these populations only gradually decline when they are re
leased into the soil. If susceptible hosts are grown in such soil in succes
sive years, sufficiently high numbers of bacteria could be released to 
cause a net increase of bacterial populations in the soil from season to 
season. Finally, other bacterial pathogens, such as some of the Erwinia 
and Pseudomonas soft rotters, produce some of their populations in the 
soil. 

When in the soil, bacteria live mostly on plant material and less often 
freely or saprophytically or in their natural bacterial ooze, which protects 
them from various adverse factors. Bacteria may also survive in or on 
seeds, other plant parts, insects, etc., found in the soil. On the plants 
bacteria may survive epiphytically, in buds, on wounds, in their exudate, 
or inside the various tissues or organs which they infect (Fig. 10). 

The dissemination of plant pathogenic bacteria from one plant to 
another or to other parts of the same plant is carried out primarily by 
water, insects, other animals, and man (Fig. 9). Even bacteria possessing 
flagella can move only very short distances on their own power. Rain, by 
its washing or spattering effect, carries and distributes bacteria from one 
plant to another, from one plant part to another, and from the soil to the 
lower parts of plants. Water also separates and carries bacteria on or in the 
soil to other areas where host plants may be present. Insects not only 
carry bacteria to plants, but they inoculate the plants with the bacteria by 
introducing them into the particular sites in plants where they can 
almost surely develop. In some cases bacterial plant pathogens also per
sist in the insect and depend on them for their survival and spread. In 
other cases, insects are important but not essential in the dissemination 
of certain bacterial plant pathogens. Birds, rabbits, etc. visiting or moving 
among plants may also carry bacteria on their bodies. Man helps spread 
bacteria locally by his handling of plants and by his cultural practices, and 
over long distances by transportation of infected plants or plant parts to 
new areas or by introduction of such plants from other areas. In cases in 
which bacteria infect the seeds of their host plants, they can be carried in 
or on them for short or long distances by any of the agencies of seed 
dispersal. 

CLASSIFICATION 
AND IDENTIFICATION 

In earlier systems of classification of organisms, bacteria comprised the 
class Schizomycetes and all bacteria causing plant diseases belonged to 
the orders Pseudomonadales (family Pseudomonadaceae), Eubacteriales 
(families Rhizobiaceae, Enterobacteriaceae, and Corynebacteriaceae), and 
Actinomycetales (family Streptomycetaceae). 

In the most recent (eighth) edition oiBergey's Manual of Determinative 
Bacteriology (1974), all organisms lacking an organized and bounded nuc
leus comprise the new kingdom Prokaryotae which is then subdivided as 
follows: 
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Phototrophic prokaryotes ("Photobacteria") which includes the 
blue green, the red, and the green photobacteria. 

Prokaryotes indifferent to light ("Scotobacteria") which in
cludes: 

Class I: The Bacteria, subdivided in 16 parts 
Class II: The Rickettsias, obligate intracellular scotobacteria 

in eucaryotic cells 
Class III: Mollicutes, scotobacteria without cell walls 

In the new classification the above three orders (Pseudomonadales, 
Eubacteriales, and Actinomycetales) are eliminated and the plant 
pathogenic bacteria are classified under three of the sixteen parts. 

The families and genera of bacteria that can cause disease in plants are 
tabulated under each part. The correct total number of plant pathogenic 
species of bacteria is still not settled among the experts. Bergey's manual 
lists only a few recognized ("certain") species which are readily deter
mined by physiological tests with the rest being listed as "strains" of 
others or as "incompletely described." Plant bacteriologists, however, 
feel that many of the so-called "strains" and the "incompletely de
scribed" ones should be considered as separate species because of their 
unique host ranges, even though the biochemical nature of this adapta
tion is not yet known. 

Plant-
pathogenic 

species 

Part Family Genus Certain 
Possible 

total 
Gram 

reaction 

I. Gram-negative (1) Pseudomon- Pseudomonas 7 80 _ 
aerobic rods adaceae 
and cocci Xanthomonas 5 75 -

(2) Rhizobiaceae Agrobacterium 4 6 -
Rhizobium — — -

II. Gram-negative (1) Enterobacteri- Erwinia 12 16 -
facultatively aceae 
anaerobic rods 

III. Actinomycetes (1) Coryneform Cory neb acterium 12 15 + 
and related group of 
organisms bacteria 

(2) Strepto- Streptomyces 1 2 + 
mycetaceae 

The main characteristics of the plant-pathogenic genera of bacteria 
(Fig. 148) are: 

Agrobacterium. The bacteria are rod shaped, 0.8 by 1.5 to 3 μτη. They are motile 
by means of 1 to 4 peritrichous flagella; when only one flagellum is present 
it is more often lateral than polar. When growing on carbohydrate-
containing media the bacteria produce abundant polysaccharide slime. The 

Division I: 

Division II: 



442 PLANT DISEASES CAUSED BY BACTERIA 

colonies are nonpigmented and usually smooth. These bacteria are rhizo-
sphere and soil inhabitants. 

Corynebacterium. Straight to slightly curved rods, 0.5 to 0.9 by 1.5 to 4 μ,ιη. 
Sometimes they have irregularly stained segments or granules and club-
shaped swellings. The bacteria are generally nonmotile but some species are 
motile by means of one or two polar flagella. Gram-positive. Several species 
of Corynebacterium cause diseases in humans and animals. 

Erwinia. Straight rods, 0.5 to 1.0 by 1.0 to 3.0 μηι. Motile by means of several 
to many peritrichous flagella. Erwinias are the only plant pathogenic bac
teria that are facultative anaerobes. Some authors retain the name Erwinia 
for Erwinias that cause necrotic or wilt diseases (e.g., E. amylovora, E. 
tracheiphila), but include the soft-rotting Erwinias (E. carotovora) in a new 
genus, Pectobacterium. 

Pseudomonas. Straight to curved rods, 0.5 to 1 by 1.5 to 4 μιη. Motile by means 
of one or many polar flagella. Many species are common inhabitants of soil, 
or of fresh water and marine environments. Most pathogenic Pseudomonas 
species infect plants; few infect animals or humans. 

Xanthomonas. Straight rods, 0.4 to 1.0 by 1.2 to 3 μ,ιη. Motile by means of a polar 
flagellum. Growth on agar media usually yellow. Most are slow growing. All 
species are plant pathogens and are found only in association with plants or 
plant materials. 

Streptomyces. Slender, branched hyphae without cross walls, 0.5 to 2 μιη in 
diameter. At maturity the aerial mycelium forms chains of three to many 
spores. On nutrient media, colonies are small (1 to 10 m m in diameter) at 
first with a rather smooth surface but later with a weft of aerial mycelium 
that may appear granular, powdery, or velvety. The many species and 
strains of the organism produce a wide variety of pigments that color the 
mycelium and the substrate; they also produce one or more antibiotics 
active against bacteria, fungi, algae, viruses, protozoa, or tumor tissues. All 
species are soil inhabitants. Gram-positive. 

Differential media on which the above genera can be separated have 
been developed. 

The genus Streptomyces can be easily distinguished from the other 
bacterial genera because of its much-branched, well-developed mycelium 
and curled chains of conidia. Identification of bacteria belonging to the 
rod-shaped genera, however, is a much more complex and difficult pro
cess, and it can be made by taking into consideration not only visible 
characteristics such as size, shape, structure, and color, but also such 
obscure properties as chemical composition, antigenic reactivity, nutri
tional versatility, enzymatic action, pathogenicity to plants, susceptibil
ity to certain viruses (bacteriophages), and growth on selective media. 

The shape and size of bacteria of a given species in culture can vary 
with age of the culture, composition, and pH of the medium, temperature, 
and staining method. Under given conditions, however, the predominat
ing form, size, and arrangement of cells in a pure culture are quite 
apparent, and they are important and reliable characteristics. The pres
ence, number, and arrangement of flagella on the bacterial cell are also 
determined, usually after the flagella have been stained with specific 
stains. 

The chemical composition of certain substances in bacterial cells can 
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be detected with specific staining techniques. Information about the 
presence or absence of such substances is used for identification of bac
teria. Gram's staining reaction differentiates bacteria into gram positive 
and gram negative. In this reaction bacteria are treated with a crystal 
violet solution for 30 seconds, rinsed gently, treated with iodine solution, 
and rinsed again with water and then alcohol. Gram-positive bacteria 
retain the violet-iodine stain combination because it forms a complex 
with certain components of their cell wall and cytoplasm. Gram-negative 
bacteria have no affinity for the stain combination, which is therefore 
removed by the alcohol rinse and the bacteria remain as nearly invisible 
as before. Unfortunately, of the rod-shaped phytopathogenic bacteria, 
only the genus Corynebacterium is gram positive. Agrobacterium, Er-
winia, Pseudomonas, and Xanthomonas are gram-negative. 

The nutritional spectrum of bacterial cells is studied by recording the 
substances which the bacteria can or cannot use for food. Extracellular 
hydrolases, i.e., enzymes produced when the bacteria grow on certain 
media, are important determinative tools. 

Phytopathogenic bacteria are also tested on various species and var
ieties of host plants for their pathogenicity on them. This test sometimes, 
and for practical purposes, may be sufficient for tentative identification of 
the bacterium. 

Serological methods have been used for quick and fairly accurate 
identification of bacteria and have gained popularity in recent years. 
However, serological methods are not of widespread use in plant pathol
ogy because of limited availability of antisera. In a few cases bacterial 
species and strains can be identified by the bacteriophages (viruses) that 
infect them. 

Recently, a group of compounds called bacteriocins have been used to 
differentiate or "type" bacterial isolates by their sensitivity patterns to 
these compounds or by their production of bacteriocins. Bacteriocins are 
antibacterial substances produced by certain bacteriocinogenic strains of 
many bacterial species. They are present in cultures of such strains in 
small amounts, presumably as a result of spontaneous lysis of cells. 
Bacteriocins are highly specific proteinaceous substances that inhibit and 
lyse only certain indicator strains of bacteria. Bacteriocins resemble bac
teriophage in many respects but differ from them mainly in that they do 
not reproduce in bacterial host cells. Their production is genetically 
controlled by extrachromosomal DNA (plasmids) that replicate with 
the bacterial chromosome and are maintained as long as the bac
teriocinogenic strain exists. 

An excellent method for isolation and identification of bacteria ob
tained from plant tissues (Fig. 149) or soil would be through the use of 
selective nutrient media. Selective media contain nutrients that promote 
the growth of a particular type of bacterium while at the same time 
contain substances that inhibit the growth of other types of bacteria. 
Although some progress towards such selective media has been made, the 
available selective media for plant pathogenic bacteria are still quite 
unsatisfactory for routine use in bacterial identification. 
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FIGURE 149. 
Isolation of bacterial pathogens from infected plant tissue. 

SYMPTOMS 
CAUSED BY BACTERIA 

Plant-pathogenic bacteria cause the development of almost as many kinds 
of symptoms on the plants they infect as do fungi. They cause leaf spots 
and blights, soft rots of fruit, root, .and storage organs, wilts, overgrowths, 
scabs, cankers, etc. (Fig. 148). Any given type of symptom can be caused 
by bacterial pathogens in several genera, and each genus contains some 
pathogens capable of causing different types of diseases. Species of Ag
robacterium, however, can cause only overgrowths or proliferation of 
organs. On the other hand, overgrowths can also be caused by certain 
species of Cory neb act erium and Pseudomonas. Also, the two plant 
pathogenic species of Streptomyces cause only scabs or lesions of below-
ground crops. Rhizobium species induce formation of nodules on the 
roots of legume plants. 

CONTROL OF 
BACTERIAL DISEASES 
OF PLANTS 

Bacterial diseases of plants are usually very difficult to control. Fre
quently, a combination of control measures is required to combat a given 
bacterial disease. Infestation of fields or crops with bacterial pathogens 



CHARACTERISTICS OF PLANT-PATHOGENIC BACTERIA 445 

should be avoided by introducing and planting only healthy seeds or 
plants. Sanitation practices aiming at reducing the inoculum in a field by 
removing and burning infected plants or branches, and at reducing the 
spread of bacteria from plant to plant by decontaminating tools and hands 
after handling diseased plants, are very important. Adjusting certain cul
tural practices, such as fertilizing and watering, so that the plants will not 
be extremely succulent during the period of infection may also reduce the 
incidence of disease. Crop rotation can be very effective with disease-
producing bacteria that have a limited host range, but is impractical and 
ineffective with bacteria that can attack many types of crop plants. 

The use of crop varieties resistant to certain bacterial diseases is one of 
the best ways of avoiding heavy losses. Varying degrees of resistance may 
be available Within the varieties of a plant species, and great efforts are 
made at crop breeding stations to increase the resistance of, or introduce 
new types of resistance into, presently popular varieties of plants. Resis
tant varieties, supplemented with proper cultural practices and chemical 
applications, are the most effective means of controlling bacterial dis
eases, especially when environmental conditions favor the development 
of disease. 

The use of chemicals to control bacterial diseases has been, generally, 
much less successful than the chemical control of fungal diseases. 

Soil infested with phytopathogenic bacteria can be sterilized with 
steam or electric heat and with chemicals such as formaldehyde and 
chloropicrin, but this is practical only in greenhouses and in small beds or 
frames. 

Seed, when superficially infected, can be disinfected with sodium 
hypochlorite or HCl solutions or by soaking it for several days in a weak 
solution of acetic acid. When the pathogen is inside the seed coat and in 
the embryo, such treatments are ineffective. Treating seed with hot water 
does not usually control bacterial diseases because of the relatively high 
thermal death point of the bacteria. 

Of the chemicals used as foliar sprays, copper compounds have given 
the best results. However, even they seldom give satisfactory control of 
the disease when environmental conditions favor the development and 
spread of the pathogen. Bordeaux mixture and fixed coppers are most 
frequently used for the control of bacterial leaf spots and blights. Zineb is 
also used for the same purpose, especially on young plants which may be 
injured by the copper compounds. 

Antibiotics have been used in recent years against certain bacterial 
diseases, and the results are encouraging. Some antibiotics are absorbed 
by the plant and are distributed systemically. They can be applied as 
sprays or as dips for transplants. The most important antibacterial antibi
otics in agriculture are formulations of streptomycin or of streptomycin 
and oxytetracycline. Several others are presently available, but most of 
them are still used primarily for experimental purposes. 

Since bacteriophages kill their host bacteria and since phages specific 
against certain phytopathogenic bacteria were found, it was expected that 
phages would be very valuable in controlling bacterial plant diseases. In 
some cases, the incidence and severity of some bacterial plant diseases 



446 PLANT DISEASES CAUSED BY BACTERIA 

were reduced by spraying the plants with specific bacteriophages or bac
teriocins under experimental conditions. To date, however, this means of 
attack against bacterial diseases has not been developed sufficiently, and 
it cannot be used against any bacterial disease in the field, although work 
in this area may prove extremely valuable in the near future. 
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bacterial 
spots and blights 

The most common types of bacterial diseases of plants are those that 
appear as spots of various sizes on leaves, stems, blossoms, and fruits. 
Some bacterial diseases appear as continuous, rapidly advancing necroses 
of such organs and are then called blights. It is possible, although not 
common, that in blights of grown plants, one bacterial infection at one 
point may spread internally through most or all of the plant and may kill 
the whole plant. Generally, several infections are involved, even in typi-
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cal blights such as fire blight, and are responsible for the death of part or 
all of the plant. Most so-called blights, however, are usually the final 
expression of severe spot infections on leaves, stems, or blossoms. In 
severe infections the spots may be so numerous that they destroy most of 
the plant surface and the plant appears blighted, or the spots may enlarge 
and coalesce, thus producing large areas of dead plant tissue and blighted 
plants. The spots are necrotic, usually circular or roughly circular, and in 
some cases they are surrounded by a yellowish halo. In dicotyledonous 
plants the development of some bacterial spots is restricted by inter
mediate or large veins and the spots appear typically angular. For the 
same reason, bacterial spots on leaves and stems of monocotyledonous 
plants appear as streaks or stripes, the name depending on their length. In 
humid or wet weather, infected tissue often exudes masses of bacteria 
that spread to new tissues or plants and start new infections. In such 
weather, dead leaf tissue often tears up and falls out leaving holes that are 
round, shot-holelike, or irregular in shape with ragged edges. 

Almost all bacterial spots of leaves, stems, fruits, etc. are caused by 
bacteria of the closely related genera Pseudomonas and Xanthomonas, 
while the true blights are caused by species oiErwinia and Pseudomonas. 
The most common bacterial spots and blights caused by each of these 
pathogens are the following: 

Pseudomonas, causing wildfire of tobacco (P. tabaci), angular leaf spot or 
blackfire of tobacco [P. angulata), angular leaf spot of cucumber (P. lacry-
mans), halo blight of beans (P. phaseolicola), halo blight of oats [P. 
coronafaciens), bacterial blight of peas [P. pisi) black spot of delphinium [P. 
delphinii), bacterial leaf spot of carnation (P. woodsii) and of gardenia [P. 
gardeniae), bacterial blight of soybeans [P. glycinea), fruit spot of apple 
[Pseudomonas sp.), and citrus blast, pear blast, bean leaf spot, and lilac 
blight [P. syringae). 

Xanthomonas, causing common blight of beans [X. phaseoli), bacterial pustule 
of soybeans (X. phaseoli var. sojensis), angular leaf spot of cotton [X. mal-
vacearum), bacterial leaf blight of rice [X. oryzae), bacterial blight or stripe 
of cereals [X. translucens), bacterial leaf streak of rice [X. translucens f. sp. 
oryzicola), bacterial spot of stone fruits [X. pruni) and of tomato and pepper 
[X. vesicatoria), red stripe and top rot of sugarcane [X. rubrilineans), begonia 
leaf spot [X. begoniae), leaf blight of gladiolus [X. gummisudans), geranium 
leaf spot and stem rot [X. pelargonii), walnut blight [X. juglandis). 

Erwinia, causing fire blight of pome fruits (E. amylovora), bacterial blight of 
chrysanthemum [E. carotovora var. chrysanthemi). 

In the bacterial spots and blights routine diagnosis of the disease 
depends on the morphology of the symptoms, and the absence of 
pathogenic fungi and presence of bacteria in recently infected tissue. 
Microscopic distinction among these pathogens is impossible, as it is 
among all plant-pathogenic bacteria. The bacteria overwinter on infected 
or healthy parts of perennial plants, on or in seeds, on infected plant 
debris, on contaminated containers or tools, and on or in the soil. Their 
spread from the place of overwintering to their hosts and from plant to 
plant takes place by means of rain, rain splashes, windblown rain, direct 
contact with the host, insects such as flies, bees, and ants, handling of 
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plants, and with the tools, etc. Penetration takes place through natural 
openings and wounds and invasion is generally intercellular through 
parenchymatous tissues. Water soaking of tissues during heavy rains 
greatly favors penetration and invasion by bacteria. Cells become invaded 
after part of the cell wall is broken down, presumably by pectinases and 
cellulases. Control of bacterial spots and blights, in addition to the use of 
resistant varieties, crop rotation, and sanitation, can be obtained to some 
extent by spraying several times during the period of plant susceptibility 
with chemicals such as Bordeaux mixture, other copper compounds, 
zineb, antibiotics such as streptomycin and tetracyclines, and, in trees, by 
injecting antibiotics into the trunks. 

• Wildfire of Tobacco 

Wildfire of tobacco occurs in all parts of the world where tobacco is 
grown. In some regions it occurs year after year and is very destructive 
whereas in others it appears sporadically and its destructiveness varies. It 
has been reported to attack other plants; however, it seems to be eco
nomically important only on tobacco. 

Wildfire causes losses in both seedbed and field. Affected seedlings 
may be killed. In tobacco plants already in the field, wildfire causes large, 
irregular, dead areas on the leaves, which may fall off or become commer
cially worthless. 

Symptoms. The first symptoms appear usually on the leaves of 
young plants in seedbeds, although plants of any age can be attacked. The 
leaves of poorly growing seedlings show an advancing wet rot at the 
margins and tips, with a water-soaked zone separating the rotting and the 
healthy tissues. The whole leaf or only parts of it may rot and fall off. 
Some seedlings are killed in the seedbed while others may die after they 
are transplanted. 

The most common symptoms appear on leaves of plants in the field 
and consist of round, yellowish green spots about 0.5 to 1.0 cm in diame
ter. Within a day or so the centers of the spots turn brown and are 
surrounded by yellowish green haloes (Fig. 150A). As the disease ad
vances, the brown spots and the chlorotic haloes enlarge. In a few days 
the brown spots may be 2 to 3 cm in diameter, although they are not 
always circular. Adjacent spots usually coalesce and form large, irregular, 
dead areas which may involve a large portion of the leaf (Fig. 150B). In dry 
weather, these diseased areas dry up and remain intact. But in wet 
weather they fall off and give a distorted, ragged, and torn appearance to 
the leaves which thus become worthless. Spots appear less frequently on 
flowers, seed capsules, petioles, and stems. 

The pathogen: Pseudomonas tabaci. This bacterium produces a po
tent toxin, called tabtoxin or wildfire toxin, in the host plants and on 
many nutrient media. Only 0.05 μ% of this toxin can produce a yellow 
lesion on a tobacco leaf in the absence of bacteria. 

Development of disease. The wildfire bacterium overwinters in 
plant debris in the soil, in dried or cured diseased tobacco leaves, on seed 
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FIGURE 150. 
Wildfire lesions with chlorotic "haloes" on young tobacco leaf (A) and symptoms 
of wildfire on young tobacco plants (B). Healthy plant at right. (Photo Β courtesy 
G. C. Papavizas.) . 

from infected seed capsules, on seedbed covers, and in the roots of many 
weeds and crop plants. From these sources the bacteria are carried to the 
leaves by rain splashes or by wind during wet weather (Fig. 151). They 
may also be spread by contaminated tools and hands during handling of 
the plants. 

Very high humidity or a film of moisture on the plants must be present 
for infections to occur and hence for development of epidemics. Water-
soaked areas present in the leaves during long rainy periods or during 
rains accompanied by strong winds are excellent infection courts for the 
bacterium and result in extensive lesions within 2 to 3 days. The bacteria 
enter the leaf through the large stomata and hydathodes and through 
wounds caused by insects and other factors. Certain insects such as flea 
beetles, aphids, and white flies also act as vectors of this pathogen. 

Once inside the leaf tissues the bacteria multiply intercellularly (Fig. 
147) at a rapid rate. At the same time they secrete the wildfire toxin 
which spreads radially from the point of infection and results in the 
formation of the chlorotic halo. This consists of a rather broad zone of 
cells which is free of bacteria and surrounds the bacteria-containing spot. 

In wet weather the bacteria continue to spread intercellularly and 
through the toxin and enxymes they secrete cause the breakdown, col
lapse, and death of the parenchymatous cells in the leaf tissues they 
invade. Collapsed cells are invaded by the wildfire bacteria and also by 
saprophytic bacteria and fungi which further disintegrate the tissues. 
Dead, disintegrated areas of the leaf are loosely held together and, during 
humid weather, they are easily detached from the healthy tissues and fall 
to the ground, or are carried by air currents to other plants. 



FIGURE 151. 
Disease cycle of wildfire of tobacco caused by Pseudomonas tabaci. 
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Control Whenever possible, only resistant varieties should be 
planted. With susceptible varieties, it is important that control practices 
begin in the seedbed, since the disease often starts there. Only healthy 
seed should be used, and if it is suspected of being contaminated with 
bacteria it should be disinfested by soaking it in a formaldehyde solution 
for 10 minutes. The seedbed soil should be sterilized, preferably with 
steam, before planting or with a chemical, such as Vapam, Mylone, or 
methyl bromide, in the fall. After seedlings emerge, and if wildfire has 
been present in the area during the previous year, seedbeds should be 
sprayed with a neutral copper fungicide and streptomycin. The strep
tomycin sprays should be continued at weekly intervals until plants are 
transplanted. If isolated spots of wildfire appear, the infected plants plus 
all healthy plants in a 25-cm band around them should be destroyed by 
drenching with formaldehyde. Only healthy seedlings should be trans
planted into the field and they should be planted only in fields that did 
not have a diseased crop during the previous year. Overfertilization, 
especially with nitrogen, should be avoided, since rapidly growing, succu
lent plants are much more susceptible to the disease than those that have 
made a slow, normal growth. 

• Bacterial Blights of Bean 

Common blight, caused by Xanthomonas phaseoli, and halo blight, 
caused by Pseudomonas phaseolicola. Both diseases occur wherever 
beans are grown and cause very similar symptoms. The diseases are 
usually impossible to distinguish from one another in the field. Both 
affect the leaves, pods, stems, and seeds in a similar way. 

The symptoms appear first on the lower sides of the leaves as small, 
water-soaked spots. The spots enlarge, coalesce, and form larger areas that 
later become necrotic. The bacteria may also enter the vascular tissues of 
the leaf and spread into the stem. In halo blight, a halolike zone of 
greenish yellow tissue 10 mm or more in width forms outside the water-
soaked area giving the leaves a yellowish appearance (Fig. 152A). In 
common blight the infected area, which is surrounded by a much nar
rower zone of bright, lemon-yellow tissue, turns brown, becomes rapidly 
necrotic, and, through coalescence of several small spots, may produce 
large dead areas of various shapes. Both diseases produce identical symp
toms on the stems, pods, and seeds but when a bacterial exudate is 
produced on them, it is yellow in common blight [Xanthomonas) and 
light cream or silver-colored in halo blight [Pseudomonas). 

The symptoms on the stem appear as water-soaked, sometimes sunken 
lesions that gradually enlarge longitudinally and turn brown, often split
ting at the surface and exuding a bacterial exudate. Such lesions are most 
common in the vicinity of the first node where they girdle the stem, 
usually at about the time the pods are half mature. The weighted plant 
thus breaks at the lesion and this symptom is called girdle stem or joint 
rot. On the pods, small water-soaked spots also develop that may enlarge, 
coalesce, and turn brownish or reddish with age (Fig. 152B). Often the 
vascular systems of the pod sutures become infected causing the adjoin-
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FIGURE 152. 
(A) Early foliar symptoms of halo blight of beans caused by Pseudomonas 
phaseolicola. (B) Bacterial blight symptoms on lima bean pods caused by 
Xanthomonas phaseoli. (C) Symptoms on pea pods caused by P. pisi. In (D) 
advanced foliar symptoms of bacterial blight of soybean caused by P. glycines. 
(Photos A - C courtesy U.S.D.A.) 

ing tissues to become water soaked and resulting in the infection of the 
seed through its connection (funiculus) with the pod. Seeds may rot or 
shrivel if infected quite young or they may show various degrees of 
shriveling and discoloration depending on the timing and degree of infec
tion. Similar symptoms are caused on pea and soybean by two different 
species of Pseudomonas (Fig. 152C,D). 

Both the common and halo blight bacteria overwinter in infected seed 
and infected bean stems. From the seed, the bacteria infect the cotyledons 
and from these they either spread to the leaves later on or they enter the 
vascular system and cause systemic infection producing stem and leaf 
lesions. Internally, the bacteria move between cells but the latter col
lapse, are invaded and digested, and cavities form. When in the xylem, the 
bacteria multiply rapidly and move up or down in the xylem and out into 
the parenchyma. They may ooze out through stomata or splits in the 
tissue and may reenter stems or leaves through stomata or wounds. 
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Control of the bacterial bean blights is through the use of disease-free 
seed, three year crop rotation, and sprays with copper fungicides. 

Bacterial blight of soybeans caused by Pseudomonas glycinea and 
bacterial pustule of soybeans caused by Xanthomonas phaseoli var. 
sojensis are similar in almost all aspects to the bacterial blights of bean. 

• Angular Leaf Spot of Cucumber 

It is caused by Pseudomonas lacrymans. It affects the leaves, stems and 
fruit of cucumber, cantaloupe, squash, and some other cucurbits in North 
America, Europe, and probably elsewhere. At first small and circular 
spots that soon become large, angular to irregular, water-soaked areas 
develop on the leaves. In wet weather, droplets of bacterial ooze exude 
from the spots on the lower leaf sides and later dry into a whitish crust. 
Later, the infected areas turn gray, die, and shrink, often tearing away 
from the healthy tissue, falling off, and leaving large, irregular holes in 
the leaves. Infected fruits show small, almost circular spots that are 
usually superficial but when the affected tissues die they turn white, 
crack open, and let soft-rot fungi and bacteria enter and rot the whole 
fruit. 

The bacteria overwinter primarily on contaminated seed and also in 
infected plant refuse. From the seed or debris the bacteria are splashed to 
cotyledons and leaves which they penetrate through stomata and 
wounds. Control is obtained through the use of clean or treated seed, 
resistant varieties, crop rotation, and somewhat by spraying with fixed 
copper-containing bactericides. 

• Angular Leaf Spot of Cotton 

It is caused by Xanthomonas malvacearum. The disease is present 
wherever cotton is grown. Small, round, water-soaked spots appear on the 
undersides of cotyledons and young leaves and on stems of seedlings soon 
after emergence. Most such leaves and plants are killed. In later stages, 
the spots on leaves appear as angular, brown to black lesions of varying 
sizes (Fig. 153A). Infected leaves of some varieties turn yellow, curl, and 

FIGURE 153. 
Angular leaf spot symptoms on leaves (A) and bolls (B) of cotton caused by 
Xanthomonas malvacearum. (Photo A courtesy G. C. Papavizas. Photo Β courtesy 
U.S.D.A.) 
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fall. On young stems the lesions become long and black and this has given 
the name black arm to the disease. Stem lesions sometimes girdle and kill 
the stems. Angular to irregular black spots also develop on young cotton 
bolls (Fig. 153B). On these, the spots become sunken and in hot, humid 
weather the bacteria may invade and rot the bolls, cause them to drop, or 
to become distorted. 

The bacteria overwinter in or on the seed, on the lint, and on unde-
composed plant debris. Control is through the use of disease-free or 
treated seed and of resistant varieties. 

• Bacterial Blight or 
Stripe of Cereals and Grasses 

It is caused by Xanthomonas translucens. It is probably worldwide in 
distribution and affects primarily barley but a similar disease affects the 
other cereals and many grasses. The diseases occasionally cause reduc
tion in yield, but they are generally of minor importance. The symptoms 
appear on leaf blades and sheaths as small, linear, water-soaked areas that 
soon elongate and coalesce into irregular, narrow, yellowish, or brownish 
glossy stripes having translucent centers (Fig. 154). Droplets of white 
exudate are common on the stripes. Severe infections cause leaves to turn 
yellow and die from the tip downward and, along with the lesions on the 

FIGURE 154. 
Bacterial blight or stripe of barley caused by Xanthomonas translucens. 
(Photo courtesy U.S.D.A.) 
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leaf sheath and floral bracts, retard spike elongation, and cause blighting. 
Small lesions also form on the kernels. The disease is favored by and 
develops mainly in rainy, damp weather. The bacteria overwinter on the 
seed and in crop residue and spread by rain, direct contact and insects. 
The main control measures are use of disease-free or treated seed and crop 
rotation. 

• Geranium Leaf Spot and Stem Rot 

It is caused by Xanthomonas pelargonii and is widespread. Symptoms 
appear as numerous small spots or a few large, angular, dead areas on the 
leaves, as dead black areas or cankers on the stems and as black rots 
spreading from the base upward in the cuttings. Infected leaves either 
die, wilt, and fall off, or hang on the plant for a while before they drop. 
Stem and cutting rot generally results in death of the plants. The bacteria 
penetrate leaves and stems through stomata and wounds and grow pri
marily in parenchyma tissues, but they also invade the xylem vessels and 
multiply in them. Many apparently healthy cuttings are often taken from 
symptomless infected plants and may carry the bacteria. Also, the bac
teria can survive in the soil, on containers, etc. for several months. The 
bacteria spread from diseased to adjacent healthy cuttings through the 
soil, and to the leaves and stems by water splashes, handling, etc. Control 
of the disease depends on the use of bacteria-free cuttings and sterilized 
soil. 

• Bacterial Spot of Tomato and Pepper 

It is caused by Xanthomonas vesicatoria and is widespread. It causes 
considerable injury to the leaves and stems, especially of seedlings, but 
the disease is most noticeable by its effect on the fruit. On the leaves, the 
symptoms appear as small (about 3 mm), irregular, purplish gray spots 
with a black center and a narrow yellow halo. Numerous spots may cause 
defoliation or make the leaves appear ragged. Infection of flower parts 
usually results in serious blossom drop. On green fruit, small, water-
soaked spots appear that are slightly raised, have greenish-white halos, 
and enlarge to about 3 to 6 mm in diameter (Fig. 155). Soon afterward, 
the halos disappear and the spots become brown to dark, slightly sunken, 
with a rough, scabby surface and the fruit epidermis rolled back. The 
bacteria overwinter on seed contaminated during extraction, in infected 
plant debris in the soil, and perhaps other hosts. It is spread by rain, wind, 
or contact and penetrates leaves through stomata and wounds, and fruits 
through wounds. Control of the disease depends on use of bacteria-free 
seed and seedlings, and sprays with fixed copper fungicides. The disease, 
however, after it appears in the field can be controlled with copper 
fungicides only under reasonably dry weather. 

• Bacterial Spot of Stone Fruits 

It is caused by Xanthomonas pruni. It is present in most areas where 
stone fruits are grown and may cause serious losses by directly reducing 
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FIGURE 155. 
Bacterial spot of tomato (A) and pepper (B) caused by Xanthomonas vesicatoria. 
(Photos courtesy U.S.D.A.) 

the marketability of the fruit and by devitalizing the trees by causing leaf 
spotting and defoliation, and lesions on twigs. The disease is most severe 
on peach, plum, and apricot, but it affects all stone fruits. 

Symptoms appear on the leaves as small, circular-to-irregular, 
water-soaked spots that soon enlarge somewhat to about 1 to 5 mm in 
diameter, become more angular, and turn purple or brown. Often cracks 
develop around the spots and the affected areas break away from the 
surrounding healthy tissue, drop out and give a "shot-hole" effect to the 
leaves (Fig. 156). Several spots may coalesce and may involve large areas 
of the leaf. Severely affected leaves turn yellow and drop. On the fruit, 
small, circular, brown, slightly depressed spots appear, usually on a 
localized area of the fruit. Pitting and cracking occurs in the vicinity of 
the fruit spots and, following rainy weather, gum may exude from the 
injured areas. On the twigs, dark purplish to black, slightly sunken, 
circular-to-elliptical lesions form usually around buds in the spring or on 
green shoots later in the summer. 

The bacteria overwinter in twig lesions and in the buds. In the spring 
they ooze out and are spread by rain splashes and insects to young leaves, 
fruits and twigs which they infect through natural openings, leaf scars, 
and wounds. The disease is more severe on weakened trees than on 
vigorous ones and, therefore, keeping trees in good vigor helps them resist 
the disease. Chemical sprays have not been effective so far, but recent 
application of antibiotics by injection into trees after the fruit has been 
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FIGURE 156. 
Bacterial leaf spot and shot-hole on stone fruits caused by Xanthomonas pruni. (A) 
On ornamental cherry [Prunus tomentosa) leaves where characteristic broad, 
light green haloes form around the infected area before all affected tissue falls off. 
(B) On peach. (C) On plum. The shot-hole effect is particularly obvious on the 
plum leaves. 

harvested has given promising control results during the following 
season. 

• Fire Blight of Pear and Apple 

Fire blight is the most destructive disease of pear in the eastern half of the 
U.S. and also causes damage to pear and apple orchards in other parts of 
the U.S., in Canada, New Zealand, Japan and, since 1957, England. It has 
been reported from many other parts of the world. 

Fire blight is most destructive on pear, making commercial pear grow
ing under certain conditions impossible. Certain apple and quince var
ieties are very susceptible to the disease and may be damaged as severely 
as pear trees. Many other plant species in the rose family (Rosaceae) and 
some nonrosaceous hosts are affected by fire blight, including several of 
the stone fruits and many cultivated and wild ornamental species. Al
though most of these other species can serve as hosts for overwintering of 
the pathogen and may be affected to varying degrees, only those in the 
pome-fruit group are affected seriously. 

Fire blight damages susceptible hosts by killing flowers and twigs (Fig. 
157), and by girdling of large branches and trunks resulting in the death of 
the trees. Young trees in the nursery or in the orchard may be killed to 
the ground by a single infection in one season (Fig. 158). 



458 PLANT DISEASES CAUSED BY BACTERIA 

FIGURE 157. 
Erwinia amylovora bacterium (A) and fire blight symptoms on pear blossoms (B), 
fruit (C), and young twig (D). Droplets of bacterial ooze running down the surface 
of infected pear twig (E). A fire blight canker is shown in (F). (Photo A courtesy 
R. N. Goodman and P. Y. Huang. Photos B - F courtesy Dept. Plant Path., Cornell 
Univ.) 

Symptoms. The first symptoms of fire blight appear usually on the 
flowers, which become water soaked, then shrivel rapidly, turn brownish 
to black in color and may fall or remain hanging in the tree (Fig. 157). 
Soon the symptoms spread to the leaves on the same spur or on nearby 
twigs, starting as brown-black blotches along the midrib and main veins 
or along the margins and between the veins. As the blackening pro
gresses, the leaves curl and shrivel, hang downward, and usually cling to 
the curled, blighted twigs. 
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FIGURE 158. 
Young pear tree almost killed by fire blight two months after first appearance of 
symptoms. 

T e r m i n a l twigs and w a t e r s p r o u t s ( " s u c k e r s " ) are usual ly infected di
rec t ly and wil t f r o m t h e tip d o w n w a r d . T h e i r bark turns brownish black 
and is soft at first but later shrinks and hardens . T h e tip of t h e twig is 
hooked, and t h e leaves t u r n black and cling to t h e twig. F r o m fruit spurs 
and t e r m i n a l s t h e s y m p t o m s progress d o w n to t h e supporting branches , 
w h e r e t h e y f o r m cankers . T h e bark of t h e b r a n c h around t h e infected twig 
appears w a t e r soaked at first, la ter b e c o m i n g darker, sunken, and dry. If 
t h e c a n k e r enlarges and enci rc les t h e branch, t h e part of t h e b r a n c h above 
t h e infec t ion dies. If t h e infec t ion stops short of girdling t h e branch, it 
b e c o m e s a d o r m a n t or i n a c t i v e canker , w i t h s u n k e n and s o m e t i m e s 
c r a c k e d m a r g i n s (Fig. 157) . 

Fruit infec t ion usual ly takes place t h r o u g h t h e pedicel , but direct 
infec t ion is not u n c o m m o n . Smal l i m m a t u r e fruit b e c o m e w a t e r soaked, 
t h e n t u r n brown, shrivel, m u m m i f y , and finally t u r n black. D e a d fruit 
m a y also cling to t h e t ree for several m o n t h s after infec t ion . 

U n d e r h u m i d condi t ions , droplets of a m i l k y colored, s t i c k y ooze m a y 



460 PLANT DISEASES CAUSED BY BACTERIA 

appear on the surface of any recently infected part (Fig. 157E). The ooze 
usually turns brown soon after exposure to the air. The droplets may 
coalesce to form large drops which may run off and form a layer on parts 
of the plant surface. 

The pathogen: Erwinia amylovora. It is a rod-shaped bacterium and 
has peritrichous flagella (Fig. 157A). Virulent strains of the pathogen 
growing in host tissue but not on nutrient media result in the production 
of a toxin called amylovorin which is toxic to susceptible but not to 
resistant plants. 

Development of disease. The bacteria overwinter at the margins of 
cankers formed during the previous season, on cankers on other hosts, 
and possibly in buds and apparently healthy wood tissue. They survive 
most often in large branches and seldom in twigs less than 1 cm in 
diameter. In the spring, the bacteria in these "holdover" cankers become 
active again, multiply, and spread into the adjoining healthy bark. During 
humid or wet weather, water is absorbed by these bacterial masses, which 
increase in volume beyond the capacity of the tissues, so that parts of 
them exude through lenticels and cracks to the surface of the tissue. This 
gummy exudation, called bacterial ooze or exudate, consists of plant sap, 
millions of bacteria, and bacterial by-products. The ooze usually appears 
first about the time when the pear blossoms are opening. Various insects, 
such as bees, flies, ants, etc., are attracted to the sweet, sticky exudate 
and become smeared with it. When they visit flowers afterward, they 
leave some of the bacteria-containing exudate in the nectar of the flower. 
In some cases bacteria may also be carried from oozing cankers to flowers 
by splashing rain (Fig. 159). When the ooze dries, it often forms aerial 
strands which can be spread by wind and serve as inoculum. 

The bacteria multiply rapidly in the nectar, reach the nectarthodes, 
and penetrate into the tissues of the flower. Bees visiting an infected 
flower carry bacteria from its nectar to all the succeeding blossoms that 
they visit. Once inside the flower, the bacteria multiply quickly. Through 
substances they secrete, they break down some of the components of the 
middle lamella and of the cell walls. The bacteria move quickly, primar
ily through the intercellular spaces but also through the macerated mid
dle lamella. Sometimes the delicate walls of the flower cells are dis
rupted, and invasion of the protoplasts follows. Disintegration of several 
layers of cells can take place in some cases. This results in fairly large-
sized cavities filled with bacteria. From the flower the bacteria move 
down the pedicel into the bark of the fruit spur. Infection of the spur 
results in the death of all flowers, leaves, and fruit on it (Fig. 159). 

Penetration and invasion of leaves, when it happens, is similar to that 
of flowers. Although stomata and hydathodes may serve as ports of entry 
for the bacteria, it seems that most leaf infections take place through 
wounds made by insects, hail storms, etc. The bacteria seem to develop 
better and faster in the spongy mesophyll than in the palisade paren
chyma. From the vein parenchyma the bacteria pass into the petiole and 
may reach the stem through the petiole. 
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Disease cycle of the fire blight of pear and apple caused by Erwinia amylovora. 
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Young, tender twigs may be infected by bacteria through their len-
ticels, through wounds made by various agents, and through insects. 
They may also be infected through flower and leaf infections. In the twig 
the bacteria travel intercellularly. They soon cause collapse and break
down of cortical cells, forming large cavities. In young twigs the bacteria 
may reach the phloem, in which they then are carried upward to the tip of 
the twig and to the leaves. Invasion of large twigs and branches is re
stricted primarily to the cortex. Progress of the infection depends on the 
succulence of the tissues and on the prevailing temperature and humid
ity. Under conditions adverse for the development of the pathogen, the 
host may form cork layers around the infected area and may limit the 
expansion of the canker. In susceptible varieties and during warm, humid 
weather the bacteria may progress from spurs or shoots into the second-
year, third-year, and older growth, killing the bark all along the way. 

Control. Several measures need be taken for a successful fire blight 
control program. 

During the winter all blighted twigs, branches, cankers, and even 
whole trees, if necessary, should be cut out about 10 cm below the last 
point of visible infection and burned. Cutting of blighted twigs, suckers, 
and root sprouts in the summer can reduce the inoculum and prevent the 
production of large cankers on the branches supporting them. But bac
teria are in a very active state in the summer and precautions should be 
taken not to spread them to new branches or trees. Cutting should be 
done about 30 cm below the point of visible infection. The tools should 
be disinfested after each cut by being wiped with a sponge soaked in 10 
percent commercial sodium hypochlorite solution. The latter mixture 
can also be used to disinfect large cuts made by the removal of branches 
and cankers. 

Since fire blight development is greatly favored by the presence of 
young, succulent tissues, certain cultural practices that favor moderate 
growth of trees are recommended. These include growing trees in sod, 
balanced fertilization, especially avoiding the overstimulation of growth 
by heavy nitrogen applications, and limited pruning. Also a good insect 
control program should be followed in the post blossom period to reduce 
or eliminate spread of bacteria by insects to succulent twigs. 

No pear or apple varieties are immune to fire blight when conditions 
are favorable and the pathogen is abundant, but there is a marked differ
ence between the susceptibility of the varieties available. In areas where 
fire blight is destructive, varieties for new plantings should be chosen 
from those most resistant to fire blight. 

Satisfactory control of fire blight with chemicals can be obtained only 
in combination with the above-mentioned measures. Dormant sprays 
with copper sulfate (4 pounds to 100 gallons of water) before bud break, or 
with Bordeaux mixture (12:12:100) containing 2 percent miscible-type oil 
in the delayed dormant period offer some, but not much, protection from 
fire blight to apple trees. Bordeaux (2:6:100) or streptomycin at 100 parts 
per million (ppm) are the only blossom sprays effective. Bordeaux should 
be applied during quick drying conditions to avoid possible russeting of 
fruit. Streptomycin acts systemically to a limited extent and should be 
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applied either when maximum temperatures are above 18°C or during the 
night, both conditions favoring absorption of streptomycin by the tissues. 
One to four streptomycin applications may be necessary for satisfactory 
control of blossom blight. Bordeaux or streptomycin are sometimes used 
to control twig blight on bearing and nonbearing trees, but none of them 
gives good control of this phase of the disease. However, in many areas 
streptomycin-resistant strains of the fire blight bacterium are encoun
tered and that antibiotic is no longer effective in controlling the disease in 
these areas. 
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bacterial vascular wilts 

Vascular wilts caused by bacteria affect only herbaceous plants such as 
several vegetables, field crops, ornamentals and tropical plants. 

The bacterial pathogens that cause vascular wilts and the most impor
tant diseases they cause are listed below: 

Corynebacterium, causing bacterial wilt of alfalfa (C. insidiosum) and bean (C. 
flacumfaciens), ring rot of potato [C. sepedonicum), and bacterial can
ker and wilt of tomato (C. michiganense). 

Erwinia, causing bacterial wilt of cucurbits [E. tracheiphila) and Stewart's wilt 
of corn (E. stewartii). 

Pseudomonas, causing the southern bacterial wilt of solanaceous crops and the 
Moko disease of banana (P. solanacearum), and bacterial wilt of carnation 
[P. caryophylli). 

Xanthomonas, causing black rot or black vein of crucifers (X campestris), and 
gumming disease of sugarcane (X. vascularum). 

In vascular wilts, the bacteria enter, multiply in and move through 
the xylem vessels of the host plants (Fig. 160). In the process, they 
interfere with the translocation of water and nutrients and this results in 
the drooping, wilting and death of the aboveground parts of the plants. In 
these respects bacterial vascular wilts are similar to the fungal vascular 
wilts caused by Ceratocystis, Fusarium, and Verticillium. However, 
while in the fungal wilts the fungi remain almost exclusively in the 
vascular tissues until the death of the plant, in the bacterial wilts the 
bacteria often destroy (dissolve) parts of cell walls of xylem vessels or 
cause them to rupture quite early in disease development. Subsequently, 
they spread and multiply in adjacent parenchyma tissues, at various 
points along the vessels, kill and dissolve the cells, and cause the forma
tion of pockets or cavities full of bacteria, gums, and cellular debris. In 
some bacterial vascular wilts, e.g., those of corn and sugarcane, the 
bacteria, once they reach the leaves, move out of the vascular bundles, 
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FIGURE 160. 
Histopatholoy of cabbage leaf veins infected with black rot caused by 
Xanthomonas campestris. (A) Uneven distribution of bacteria in xylem vessels 
and passage of bacteria between adjacent vessels. (B) Bacteria in xylem vessel and 
in bulges in interspiral regions toward xylem parenchyma cell. (C) Vascular 
bundle showing bacteria-containing and apparently bacteria-free vessels 
completely or partially occluded with plugging material. (D) A few bacteria and a 
mass of plugging material in invaded vessel. (Photos courtesy F. M. Wallis, Univ. 
of Natal, S. Africa, from Wallis et al, Physiol. Plant Pathol. 3 : 3 7 1 - 3 7 8 . ) 

spread throughout the intercellular spaces of the leaf and may ooze out 
through the stomata or cracks onto the leaf surface. Similarly, in some 
cases, as in the bacterial wilt of carnation, the bacteria ooze to the surface 
of stems through cracks formed over the bacterial pockets or cavities. 
More commonly, however, the wilt bacteria, although they may not be 
confined entirely to the vascular elements, do not spread extensively 
through the rest of the plant tissues and do not reach the plant surface 
until the plant is overcome and killed by the disease. 



466 PLANT DISEASES CAUSED BY BACTERIA 

Bacterial vascular wilts can sometimes be determined by cutting an 
infected stem with a sharp razor blade and then pulling the two parts 
apart slowly, in which case a thin bridge of a sticky substance can be seen 
between the cut surfaces while they are being separated, or better still, by 
placing small pieces of infected stem, petiole, or leaf in a drop of water and 
observing it under the microscope, in which case masses of bacteria will 
be seen flowing out from the cut ends of the vascular bundles. 

The mechanisms by which bacteria induce vascular wilt in plants seem 
to be the same as those operating in the fungal vascular wilts. Thus, the 
bacterial cells themselves along with their polysaccharides seem to cause 
occlusion of some vessels. The bacteria also secrete enzymes such as 
pectinases and cellulases that break down cell wall substances which, 
when carried in the transpiration stream, collect at vessel ends, form gels 
and gums that help clog the vessel pores, and thus block movement of 
water. These enzymes also cause softening and weakening of the cell 
walls which then collapse and the tissues droop and wilt. Phenoloxidases 
secreted by the bacteria or released by the disrupted plant cells cause 
oxidation of phenolics to quinones which then polymerize to form 
melanoid substances. The latter impart a brown coloration to any cell 
wall or substance to which they become adsorbed. Growth regulators 
secreted by bacterial pathogens may cause hyperplasia of xylem paren
chyma cells with subsequent crushing of xylem vessels, formation of 
tyloses, etc. Whether wilt bacteria produce toxins is not known, but 
many of their secretions certainly have a detrimental effect on plant 
growth and development. 

The wilt bacteria overwinter either in plant debris in the soil, in the 
seed, in vegetative propagative material or, in some cases, in their insect 
vectors. They enter the plants through wounds that expose open vascular 
elements and multiply and spread in the latter. They spread from plant to 
plant through the soil, through handling and tools, through direct contact 
of plants, or through insect vectors. Nematode infections, by injuring 
roots, seem to facilitate infection by wilt bacteria in at least some of the 
vascular wilts. Control of bacterial vascular wilts is difficult and depends 
primarily on the use of crop rotation, resistant varieties, the use of 
bacteria-free seed, or other propagative material, control of the insect 
vectors of the bacteria when such vectors exist, and through removal of 
infected plant debris and proper sanitation. 

• Bacterial Wilt of Cucurbits 

Bacterial wilt of cucurbits is found in all the United States, although it is 
most severe in the eastern half of the country. It also occurs in central and 
northern Europe, South Africa, and Japan. It affects many cultivated and 
wild species of plants of the family Cucurbitaceae. Cucumber seems to be 
the most susceptible host to the disease, followed in susceptibility by 
muskmelon, squash, and pumpkin. Watermelon is extremely resistant or 
immune to bacterial wilt. 

Bacterial wilt affects plants by causing sudden wilting of foliage and 
vines and finally death of the plants. It also causes a slime rot of squash 



BACTERIAL VASCULAR WILTS 467 

fruit in storage. The severity of the disease varies widely in different 
seasons and localities from an occasional wilted plant up to a destruction 
of 75 to 95 percent of the crop. 

Symptoms. The first symptoms of bacterial wilt appear as drooping 
of one or more leaves of a vine,- this is soon followed by drooping and 
wilting of all the leaves of that vine and quickly afterward by wilting of 
all leaves and collapse of all vines of the infected plant (Fig. 161). Wilted 
leaves shrivel and dry up; affected stems first become soft and pale but 
later they, too, shrivel and become hard and dry. Symptoms in less 
susceptible plants or under unfavorable conditions develop slowly and 
may be accompanied by reduced growth and, occasionally by excessive 
blossoming and branching of the infected plants. When infected stems are 
cut and pressed between the fingers, droplets of white bacterial ooze 
appear on the cut surface. The viscid sap sticks to the finger or to the cut 
sections and if they are gently pulled apart the ooze forms delicate threads 
that may be extended for several centimeters. The stickiness and some
what milky appearance of the sap of infected plants are frequently used as 
diagnostic characteristics of the disease, although they are not entirely 
dependable. 

The slime of stored squash progresses internally and may cause the 

FIGURE 161. 
Bacterial wilt of cucumber caused by Erwinia tracheiphila. (Photo courtesy Dept. 
Plant Pathol., Cornell Univ.) 
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spoilage of every portion of the fruit while the exterior surface of the fruit 
may appear perfectly sound. Usually, however, as the internal rot pro
gresses there appear on the surface dark spots or blotches which coalesce 
and enlarge. The disease develops over several months in storage. Infected 
squash fruits are further invaded by soft-rot microorganisms and are 
completely destroyed. 

The pathogen: Erwinia tracheiphila. Erwinia tracheiphila is very sen
sitive to drying and does not survive in infected, dried, plant tissue for 
more than a few weeks. It survives, instead, in the intestines of striped 
cucumber beetles (Acalymma vittata) and spotted cucumber beetles 
(Diabrotica undecimpunctata) on which the cucurbit wilt bacteria are 
completely dependent for dissemination, inoculation, and overwintering 
(Fig. 162). 

Development of disease. The cucurbit wilt bacteria hibernate in the 
digestive tracts of a relatively small number of overwintering striped 
cucumber beetles and spotted cucumber beetles. In the spring these 
insects feed on the leaves of cucurbit plants, on which they cause deep 
wounds. The bacteria are deposited in these wounds with the feces of the 
insects. Swimming through the droplets of sap present in the wounds, the 
bacteria enter the xylem vessels where they multiply rapidly and spread 
to all parts of the plant (Fig. 162). Penetration through stomata does not 
take place. 

As the bacteria multiply in the xylem they cause a mechanical 
obstruction of the vessels and so reduce the efficiency of the water-
conducting system of diseased plants. Furthermore, gum deposits are 
commonly found in the xylem elements of infected plants and in some 
wilting plants tyloses are also present. In some instances the presence of 
gums and/or tyloses appears to be as important in plugging the transpira
tion stream as the polysaccharides and the bacteria. When wilt symptoms 
begin to appear, the transpiration rate of infected plants is lower than that 
of healthy ones and steadily decreases as wilting proceeds. Stems of 
wilted plants allow less than one-fifth the normal water flow, indicating 
that an extensive plugging of the vessels is the primary cause of wilting. 

Spread of the bacteria from one plant to another is achieved primarily 
through the striped and the spotted cucumber beetles and to a smaller 
extent through other insects, such as grasshoppers. When these feed on 
infected plants, their mouthparts become contaminated with the wilt 
bacteria. Later the beetles move on to healthy plants and carry with them 
bacteria which they place in the new wounds they make. Each contami
nated beetle can infect at least three or four healthy plants after one 
feeding on a wilted plant, although some beetles are capable of spreading 
infection for more than three weeks after one wilt feeding. Only a rather 
small percentage of beetles, however, become carriers of bacteria. Infec
tions take place only when a film of water is present on the tissues and 
allows the pathogen to reach the wound and move into the xylem vessels. 
The first wilt symptoms appear 6 or 7 days after infection and the plant is 
usually completely wilted by the fifteenth day. The bacteria present in 
the vessels of infected plants die within one or two months after the dead 



FIGURE 162. 
Disease cycle of bacterial wilt of cucurbits caused by Erwinia tracheiphila. 
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plants dry up. The bacteria are also incapable of surviving the winter in 
the soil and in or on seeds from infected plants. 

Fruit infection of squash plants usually takes place through infected 
vines, but it is also possible through the blossoms and the rind of the 
squash by beetles which feed on the blossoms and the fruits during the 
growing season. 

The disease is strongly influenced by certain environmental factors. 
Thus, the greater the number of cucumber beetles in an area, the younger 
and more succulent the plants, and the more humid the weather, the 
greater the number of plants that will become diseased and the more 
severe the symptoms. 

Control. Bacterial wilt of cucurbits can be controlled best by control
ling the cucumber beetles with insecticides, such as carbaryl (Sevin), 
methoxychlor, and rotenone. Control of the early beetles is most impor
tant in limiting or eliminating the primary infections of plants and the 
multiplication and secondary spread of the pathogen. 

To avoid squash rot in storage only fruit from healthy plants should be 
picked and it should be stored in a clean, fumigated warehouse. 

Several varieties within each cucurbit species are resistant to bacterial 
wilt. These should be preferred to more susceptible ones. 

• Bacterial Wilt 
or Stewart's Wilt of Corn 

It is caused by Erwinia stewartii. It is widespread in eastern North 
America and is present in Central America, Europe and Asia. The disease 
is much more severe on sweet corn than on field corn. 

The symptoms on sweet corn appear as a rapid wilting of the plant and 
the plants are either killed or remain stunted and produce no ears. Leaves 
of diseased plants usually show long streaks that have irregular or wavy 
margins (Fig. 163A) and are pale green to yellowish at first but soon 
become dry and brown. The length of the streaks varies from small to 
that of the length of the leaf. The vascular bundles of stalks or leaves of 
infected plants are filled with bacteria which ooze out on the cut surface 
as yellowish masses. In severe infections the bacteria invade all vascular 
tissues, including those of the cob, through which they pass into the 
kernels, and also spread into parenchyma tissues and produce cavities, 
particularly in the stalk near the soil line. 

In field corn, the disease seldom spreads through the entire plant. 
Instead, the most common symptoms are the streaks on the leaves which 
are short or long with irregular, wavy margins but are usually yellow 
until they die and then they become straw colored. These streaks, which 
always originate at the points of feeding of the insect vectors, occur rather 
late, usually after tasseling, and are known as the leaf blight or late-stage 
phase of the disease. Often large parts of, or entire leaves are killed 
prematurely thus reducing yields and predisposing the plants to stalk 
rots. 

The bacteria overwinter within the bodies of the corn flea beetle 
[Chaetocnema pulicularia). The bacteria are spread mainly by the corn 
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FIGURE 163. 
(A) Corn leaves showing long yellowish streaks with wavy margins due to 
infection with the wilt bacterium Erwinia stewartii. (B) and (C) Potato tubers 
showing external and internal symptoms of potato ring rot caused by 
Cory neb acterium sepedonicum. 

flea beetle but several other beetles and maggots may sometimes play a 
role in the spread of the disease. The severity of the disease in a given year 
depends on how mild or severe the previous winter was, severe winters 
reducing the number of corn flea beetles that survive and are able to cause 
the first infections of corn seedlings in the spring. Subsequently, the flea 
beetles spread the disease to more plants by feeding on diseased and then 
on infected plants. Control of bacterial wilt of corn is obtained through 
the use of resistant varieties or hybrids, spraying the plants early with 
insecticides to kill the corn flea beetles, and by providing the plants with 
high levels of calcium and potassium, the latter somehow helping the 
plants resist the infection. 
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• Ring Rot of Potato 

It is caused by Corynebacterium sepedonicum. The disease occurs and 
causes severe losses in North America and continental Europe. Infected 
plants usually do not show aboveground symptoms until they are fully 
grown or the symptoms may occur so late in the season that they are 
often overlooked or masked by senescence, late blight or other diseases. 
In years with cool springs and warm summers, however, one or more of 
the stems in a hill may appear more or less stunted while the rest of the 
plant appears normal. The interveinal areas of leaflets of affected stems 
turn yellowish and their margins roll upward and become necrotic. The 
yellowing of the leaves is accompanied by a progressive wilting which 
continues until all the leaves of the stem wilt and the stem then dies. 
Wilted stems do not usually show much internal discoloration but if the 
stem is cut at the base and is squeezed, a creamy exudate oozes out of the 
vascular bundles. 

The characteristic symptoms of the disease appear in tubers either 
before or after harvest and may be present in only some of the tubers of a 
plant. Infection and the symptoms begin to develop at the stem end of the 
tuber and progress through the vascular tissue. When cut through, in
fected tubers show at first a ring of light yellow vascular discoloration and 
some bacterial ooze that may be increased by squeezing the tuber (Fig. 
163B, C). As the disease advances, a creamy yellow or light brown crum
bly or cheezy rot develops in the region of the vascular ring and, if the 
tuber is squeezed, a soft, pulpy exudate oozes out from the diseased areas 
while a more or less continuous ring of cavities is formed by the rotting of 
tissues in the vascular area. Secondary, soft-rotting bacteria often invade 
infected tubers and these may cause complete rot of the tuber. 

The characteristic morphology of Corynebacterium cells and its 
gram-positive reaction, taken together with the host and the symptoms, 
are the primary diagnostic tools for this disease. 

The ring rot bacteria overwinter mostly in infected tubers and as dried 
slime on machinery, crates, sacks, etc. They do not overwinter in the soil. 
The bacteria, however, are easily spread by knives used to cut potato seed 
pieces and a knife used to cut an infected tuber may infect the next 20 
healthy seed pieces cut with it. The bacteria enter plants only through 
wounds and invade the xylem vessels in which they multiply profusely 
and may cause plugging. The bacteria also move out of the vessels into 
the surrounding parenchyma tissues, where they cause cavities, and then 
again into new vessels. The bacteria also invade the roots and cause the 
deterioration of the young feeder roots, which contributes to the above-
ground symptoms of the plants late in the season. 

Control of potato ring rot is through the use of healthy seed tubers 
wherever available. The bacterium has not been reported to overwinter in 
soil. If a grower had ring rot in his potato crop the previous year, however, 
since the bacteria can also overwinter as dried slime on containers or 
tools, thorough disinfestation of warehouses, crates, equipment, etc. 
with ethylene oxide, copper sulfate, or formaldehyde must be carried out. 
Knives used to cut seed tubers should be constantly disinfested by 
sodium hypochlorite or by boiling water. 
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• Southern Bacterial Wilt of 
Solanaceous Plants 
and Moko Disease of Banana 

It is caused by Pseudomonas solanacearum. It is present in the tropics 
and in the warmer climates throughout the world. It causes its most 
severe losses on banana in the tropics and it is frequently severe on 
tobacco, tomato, potato, and eggplant in some warm areas outside the 
tropics. Many other hosts, however, are attacked by the disease, iclud-
ing peanuts, soybeans, plantains, and other cultivated and wild herba
ceous plants. In the U.S. the disease is most severe in the southeastern 
states where it is favored by the warm, humid climate and it is known as 
Granville wilt of tobacco, or as brown rot of potato. At least three races of 
the pathogen are involved in causing the diseases on the various hosts, 
one of them attacking all the solanaceous and many nonsolanaceous 
crops as well as some bananas, another attacking only plants in the 
banana family, and a third attacking potato and sometimes tobacco. 

Symptoms of bacterial wilt on solanaceous crops appear as a rather 
sudden wilt. Infected young plants die rapidly. Older plants may first 
show leaf drooping and discoloration, leaf drop, or one-sided wilting and 
stunting before the plants wilt permanently and die (Fig. 164). In some 
plants, e.g., tomato, excessive development of adventitious roots may 
take place. The vascular tissues of stems, roots, tubers, etc. turn brown 
and in cross sections they ooze a whitish bacterial exudate. Bacterial 
pockets are commonly present around the vascular bundles in the pith 
and in the cortex, and roots often rot and disintegrate by the time the 
plant wilts permanently. 

In the Moko disease of banana, young plants wilt rapidly and die, their 

FIGURE 164. 
Symptoms of southern bacterial wilt on tomato (A) and tobacco (B) caused by 
Pseudomonas solanacearum. (Photo A courtesy U.S.D.A. Photo Β courtesy G. C. 
Papavizas.) 



474 PLANT DISEASES CAUSED BY BACTERIA 

central leaves breaking at a sharp angle without turning yellow. In older 
plants, first the inner leaf turns a dirty yellow near the petiole, the petiole 
breaks down and the leaf wilts and dies. In the meantime, more and more 
of the surrounding leaves droop and die from the center outward until all 
the leaves bend down and dry out. Fruit growth in infected plants, if it had 
started, stops. Banana fingers are deformed, turn black, and shrivel. If the 
fruit was near maturity when infected, it may show no outward symp
toms but the pulp of some fingers may be discolored and decaying. In 
cross section, an infected banana pseudostem shows many discolored, 
greenish-yellow to reddish-brown or almost black vascular bundles, par
ticularly in the inner leaf sheaths and in the fruit stalk. Pockets of 
bacteria and decay may be present in the pseudostem, in the rhizome, and 
most strikingly in individual bananas that become filled with a dark, 
gummy substance. The pulp of such bananas finally dries out into a gray, 
crumbly, starchy residue that pours out when the peel splits open. 

The P. solanacearum bacteria overwinter in diseased plants or plant 
debris, vegetative propagative organs, e.g., potato tubers, and banana 
rhizomes, on the seeds of some crops, e.g., soybean and peanut, in 
wild host plants, and probably in the soil. Injured or decaying infected 
tissues release bacteria in the soil. The bacteria are spread through the 
soil water, infected or contaminated seeds, rhizomes, transplants, etc. by 
contaminated knives used for cutting tubers and rhizomes of for pruning 
suckers and, in some instances, by insects. The bacteria enter plants 
through wounds made in roots by cultivating equipment, nematodes, 
insects, etc., and at cracks where secondary roots emerge. The bacteria 
reach the large xylem vessels and through them spread into the plant. 
Along the vessels they escape into the intercellular spaces of the paren
chyma cells in the cortex and pith, dissolve the cell walls, and create 
cavities filled with slimy masses of bacteria and cellular debris. 

Control of bacterial wilt of solanaceous plants and banana depends 
mostly on the use of resistant varieties, when available, and proper crop 
rotation or fallow. Only bacteria-free rhizomes, transplants, tubers, etc. 
should be used and tools, such as knives, should be disinfected by dipping 
for 10 seconds or more in a 10 percent formaldehyde solution when 
moving from one banana plant to another. Diseased banana plants and 
rhizomes should be cut up and burned as should plants around them that 
may be infected but do not yet show symptoms. Infested banana soils can 
be reclaimed by keeping them fallow for about a year and by frequent 
disking during the dry season to accelerate desiccation of plant material 
and apparently the death of the wilt bacteria. 

• Black Rot or Black Vein of Crucifers 

It is caused by Xanthomonas campestris. The disease is present through
out the world. It affects all members of the cabbage family and sometimes 
causes severe losses on these crops. The disease affects plants of any age 
and primarily the aboveground parts of plants, but in hosts like turnip 
and radish that have fleshy roots, these organs may also be affected and 
may develop a dry rot. Infection of young seedlings causes dwarfing, 
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one-sided growth, and drop of the lower leaves. The first symptoms, 
however, usually appear in the field as large, often V-shaped, chlorotic 
blotches at the margins of the leaves (Fig. 165A) that progress toward the 
midrib of the leaf while some of the veins and veinlets within the 
chlorotic area turn black. The affected area later turns brown and dry. In 
the meantime, the discoloration of the veins advances to the stem and 
from there upward and downward to other leaves and roots. When leaves 
become invaded systemically from bacteria moving upward through the 
midvein, chlorotic areas may appear anywhere on the leaves. Infected 
leaves may fall off prematurely one after the other (Fig. 165B). The stem 
and the stalks of infected leaves appear healthy from the outside but in 
cross section they show browning or blackening of the vascular tissues 
and often small yellow slime droplets of bacteria. Sometimes, cavities 
full of bacteria form in the pith and cortex. Cabbage and cauliflower heads 
are also invaded and discolored, as are the fleshy roots of turnip, radish, 
etc. Infected areas are subsequently invaded by soft-rotting bacteria 
which destroy the tissue and a repulsive odor is given off. 

The black rot bacteria overwinter in infected plant debris and on or in 
the seed. If the bacteria come in contact with or are splashed to cotyle
dons or young leaves, they infect them through stomata, hydathodes, or 
wounds and spread through them intercellularly until they reach the 
open ends of outer vessels which they invade. The bacteria then multiply 
in the vessels and spread in them throughout the plant (Fig. 160), reaching 
even the seeds. At the same time, however, disintegration of the xylem 
occurs in places and the bacteria spread into the intercellular spaces of 
the surrounding parenchyma. These cells sooner or later are killed and 
disintegrated, and cavities are formed. In leaf infections, the bacteria 
reach the surface of the leaves through hydathodes or wounds and are 

FIGURE 165. 
Cabbage black rot caused by Xanthomonas campestris. (A) Early stages of 
infection on margins of leaves. (B) Advanced stages of black rot with many leaves 
wilting or already fallen off. 
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subsequently spread by rain splashes and wind, or are carried by equip
ment to other leaves which they invade through hydathodes, wounds, or 
insect injuries. In wet, warm weather infection develops rapidly and 
visible symptoms may appear within hours. 

Control of black rot is difficult and depends on the use of bacteria-free 
seed and transplants planted in soil in which no black rot was present the 
previous two or three years. So, crop rotation is necessary. Seed treatment 
with hot water (50°C for 30 minutes) helps insure bacteria-free seed. 
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bacterial soft rots 

Bacteria are invariably present whenever fleshy plant tissues are rotting 
in the field or in storage, and the foul smell given off by such rotting 
tissues is due, usually, to volatile substances released during the disinte
gration of plant tissues by such bacteria. Rotting tissues become soft and 
watery, and slimy masses of bacteria and cellular debris frequently ooze 
out from cracks in the tissues. In many such soft rots, however, the 
bacteria involved are not plant pathogenic, i.e., they do not attack living 
cells, but rather they are saprophytic or secondary parasites, i.e., they 
grow in tissues already killed by other pathogens and environmental 
causes, or in tissues so weakened or old that they are near their physiolog
ical breakdown and are unable to resist attack by any organism. 

In addition to these secondary soft rotters, however, there are some 
bacteria that attack living plant tissues in the field or in storage: 

Erwinia, causing soft rot of numerous fleshy fruits, vegetables and ornamen
tals [E. carotovora) and blackleg of potato (E. carotovora var. atroseptica). 

Pseudomonas, associated with the pink eye disease of potato and soft rots of 
other fleshy vegetables (P. marginalis and P. fluorescens), the slippery skin 
disease of onion (P. alliicola) and the sour skin of onion (P. cepacia). 

The soft rot bacteria may overwinter in infected tissues, in the soil, 
and in contaminated equipment and containers. Some of them also over
winter in insects. They are spread by direct contact, hands, tools, soil 
water, insects, etc. They enter plants or plant tissues primarily through 
wounds, but in storage uninjured tissues also become infected. Within 
the tissues they multiply profusely in the intercellular spaces where they 
produce several kinds of enzymes which, by dissolving the middle 
lamella and separating the cells from each other, cause maceration and 
softening of affected tissues. The cells, surrounded as they are by the 
bacteria and their enzymes, at first lose water and their contents shrivel, 
but finally parts of their walls are dissolved and the cells are invaded by 
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bacteria. Control of bacterial soft rots is difficult and depends on proper 
sanitation, avoiding injuries, keeping storage tissues dry and cool, and on 
crop rotation. 

• Bacterial Soft Rots of Vegetables 

Bacterial soft rots occur most commonly on vegetables (and some annual 
ornamentals) that have fleshy storage tissues, such as potatoes, carrots, 
radishes, onions, hyacinths, iris, or fleshy fruit, such as cucumber, 
squash, eggplant, tomato, or succulent stem, stalk or leaves, such as 
cabbage, celery, lettuce, or spinach. They are found all over the world and 
cause serious diseases of crops in the field, in transit, and especially in 
storage, resulting in greater total loss of produce than any other bacterial 
disease. Nearly all fresh vegetables are subject to bacterial soft rots and 
may develop a serious decay within a few hours in storage or during 
marketing. Bacterial soft rots cause severe economic losses by reducing 
quantities of produce available for sale, by reducing the quality and thus 
the market value of the crops, and by greatly increasing expenses for 
preventive measures against soft rots and for preparation of partially 
affected produce for use 

Symptoms. The soft-rot symptoms produced on vegetable fruits and 
other fleshy organs in the field or in storage are very similar on all the 
hosts. At first there appears on the tissue a small water-soaked lesion 
which enlarges rapidly in diameter and in depth. The affected area be
comes soft and mushy (Fig. 166). Its surface may become discolored and 
somewhat depressed or it may appear wrinkled or blistered. The margins 
of the lesions usually are well defined at first but later become obscure. 
The tissues within the affected region become opaque in a short time or 
appear cream colored and slimy, disintegrating into a mushy mass of 
disorganized cells. In certain fruits, tubers, etc., the outer surface may 
remain intact while the entire contents have changed to a turbid liquid. 
Frequently, however, cracks develop and the slimy mass exudes to the 
surface where, upon exposure to the air, it turns tan, gray, or dark brown. 
A whole fruit or tuber may be converted into a soft, watery, colorless, 
decayed mass within a period of 3 to 5 days. Infected fruits and tubers of 
many plants are almost odorless until the infected tissues collapse 
whereupon secondary bacteria, living off the decomposing tissues, pro
duce a foul odor. Cruciferous plants and onions, however, when infected 
by soft-rot bacteria, almost always give off an offensive sulfurous odor. 

When root crops are affected in the field, symptoms may also develop 
on the lower parts of the stem, which become watery, turn black, and 
shrivel. This also results in stunting, wilting, and death of the above-
ground parts of the plant. 

Infections of succulent leaves and stems are seldom important in the 
field. However, when these parts are infected in storage or in packages, 
especially in plastic containers, rapid softening and disintegration of the 
diseased tissues follows and may yield a wet, green, slimy mass within 1 
or 2 days. 
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FIGURE 166. 
Soft rots caused by Erwinia carotovora. (A) Potato tuber with numerous 
infections. (B) Entire potato tuber rotting. (C) Bacterial soft rot on cabbage. (D, E) 
Bacterial soft rot on cyclamen. (D) Leaves and stems wilting or rotting. (E) Parts of 
the corm are rotting and many roots and leaves have rotted and disintegrated. 
(Photos A and Β courtesy Dept. Plant Pathol., Cornell Univ.) 

The pathogen: Erwinia carotovora and other species. Although bac
teria belonging to other genera (e.g., Pseudomonas) can cause soft rots, 
the most common and the most destructive soft rots are caused by 
bacteria in the genus Erwinia. Of these, Erwinia carotovora seems to be 
the most prevalent. Indeed, it is difficult to differentiate all other 
specialized soft-rotting Erwinias from Erwinia carotovora, e.g., Erwinia 
carotovora var. atroseptica, the cause of black leg of potato (Fig. 167). 

The soft-rot bacteria can grow and are active over a wide range of 
temperatures. The minumum, optimum, and maximum temperatures for 
disease development are 5, 22, and 37°C. The bacteria are killed at about 
50°C. 

Development of disease. The soft-rot bacteria overwinter in in
fected fleshy organs in storage and in the field, in debris that contains parts 
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FIGURE 167. 
Bacterial soft rot and black leg caused by Erwinia carotovora f. atroseptica. (A) 
Cross section of potato tuber. (B) Bacterial soft rot of potatoes in the field. Note 
initiation of infection through the stem end. (Photos courtesy Dept. Plant Pathol., 
Cornell Univ.) 

of infected plants, in the soil, in the pupae of the seed-corn maggot 
(Hylemyia cilicrura), and in the pupae of several other insects (Fig. 168). 
The disease may first appear in the field on plants grown from previously 
infected seed pieces, as is frequently the case with potato. Some tubers, 
rhizomes, bulbs, etc., become infected by the bacterium, which may be 
present in the soil, after they are set or formed in the soil. These infec
tions usually take place through wounds. However, under certain condi
tions the bacteria can invade tubers through lenticels. The inoculation of 
bacteria into fleshy organs and their further dissemination are greatly 
facilitated by insects which very effectively spread infection both in 
storage and in the field. The soft-rot bacteria can live in all stages of the 
insect. Moreover, the bodies of the insect larvae (maggots) become con
taminated with bacteria when they crawl about in infested soil or on 
rotting seed pieces. Therefore, when such insects attack healthy plants 
or storage organs by boring holes into them, not only do they carry the 
bacteria to the plants, but they put the bacteria into wounds where they 
can cause the disease. Even when the plants or storage organs are resis
tant to soft rot and can stop its advance by formation of wound-cork 
layers, if borers are present they destroy the wound cork as fast as it is 
formed, so that the wounds never heal and the soft rot continues to 
spread. 

When the soft-rot bacteria enter wounds, they feed and multiply at first 
on the liquids released by the broken cells on the wound surface. Inocula-
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tion is followed by rapid multiplication of the bacteria, which produce 
increasing amounts of pectolytic and cellulolytic enzymes. The pectoly-
tic enzymes break down the pectic substances of the middle lamella and 
of the cell wall and cause maceration of the tissues. The cellulolytic 
enzymes cause partial breakdown and softening of the cellulose of the 
cell walls. As a result of the action of these and other enzymes water from 
the protoplasts diffuses into the intercellular spaces; the cells plas-
molyze, collapse, and die. The bacteria continue to move into and to 
multiply in the intercellular spaces, while their enzymes advance ahead 
of them and prepare the tissues for invasion. 

The liquefaction of pectic substances, and the exosmosis of water from 
the protoplasts into the intercellular spaces result in the softening of the 
invaded tissues and their transformation into a slimy mass. This mass 
consists of innumerable bacteria swimming about in the liquefied sub
stances and among the unbroken walls of collapsed cells or of unaffected 
lignified tissues. Although the epidermis of most tissues is not attacked 
by the bacteria, cracks of various sizes are usually present and the slimy 
mass extrudes through them into the soil or, in storage, it comes into 
contact with other fleshy organs, which are subsequently infected. 

Control. The control of bacterial soft rots of vegetables is based 
almost exclusively on sanitary and cultural practices. All debris should be 
removed from warehouses and the walls should be disinfested with so
lutions containing formaldehyde, or copper sulfate. Wounding of plants 
and their storage organs should be avoided as much as possible. Only 
healthy plants, tubers, fruit, etc. should be stored. When new infections 
appear in storage, infected organs should be removed quickly and burned. 
Products to be stored should be dry and the humidity of warehouses 
should be kept low if infections are to be avoided. Temperatures around 
4°C in storage houses inhibit development of new soft-rot infections. 
Leafy vegetables should be cooled to 4 to 6°C immediately on arrival. 

In the field, plants subject to soft rot infection should be kept free of 
surface moisture by planting in well-drained areas, by allowing sufficient 
spaces among plants for adequate ventilation, and by avoiding overhead 
irrigation. Plants very susceptible to soft rot should be rotated with 
cereals, corn, or other nonsusceptible crops. Although some varieties are 
less susceptible than others, few are noted for their resistance to soft rot 
and none is immune. 

Chemical sprays are generally not recommended for the control of soft 
rots, except for soft rot of tomato fruit which can be reduced by repeated 
applications of Bordeaux mixture. Spraying or dusting with insecticides, 
however, to control the insects which spread the disease has been effec
tive in reducing infections both in the field and in storage. 
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bacterial galls 

Galls are produced on the stems and roots of plants infected primarily by 
bacteria of the genus Agrobacterium and by certain species of Corynebac
terium and Pseudomonas. The galls may be amorphous, consisting of 
overgrowths of more or less anorganized or disorganized plant tissues, as 
are most Agrobacterium and Pseudomonas galls, or they may be prolifer
ations of tissues that develop into more or less organized, teratomorphic 
organs, as are some Agrobacterium and Corynebacterium galls. The 
bacterial species that cause galls and the main diseases they cause are the 
following: 

Agrobacterium, causing crown gall of many woody plants primarily stone 
fruits, pome fruits, willows, brambles, and grapes [A. tumefaciens), cane gall 
of raspberries and blackberries (A. rubi), and hairy root of apple [A. 
rhizogenes). 

Corynebacterium, causing fasciation or leafy gall on many annual or perennial 
herbaceous ornamentals ( C. fascians). 

Pseudomonas, causing the olive knot disease (P. savastanoi) and the almost 
identical bacterial gall or canker of oleander [P. tonelliana). 

The gall-inducing bacteria enter plants through wounds and stimulate 
cells to divide and enlarge. The Agrobacterium and Corynebacterium 
bacteria remain always in the intercellular spaces and never break down 
cells or result in formation of cavities, while gall-inducing Pseudomonas 
bacteria cause disintegration of cells and formation of cavities in the 
galls. Crown gall, caused by A. tumefaciens, is unique among all other plant 
galls in that it is malignant, i.e., once the plant cells have been stimulated by 
the bacteria to divide and enlarge, they continue to divide as long as they can 
obtain nutrients and do not obey the hormonal controls of the parent plant 
that regulate growth and differentiation. 
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Gall bacteria overwinter in galls and in the soil. They are spread by 
contaminated tools such as budding or pruning knives, by soil water, and 
rain splashes. Gall bacteria are controlled by avoiding wounding suscepti
ble plants, using only disease-free rootstocks and scions, soil sterilization 
in greenhouses, crop rotation when possible, and, in olive knot, sprays 
with Bordeaux mixture. 

• Crown Gall 
Crown gall is worldwide in distribution. It affects many woody and 
herbaceous plants belonging to 140 genera of more than 60 families. In 
nature it is found mostly on pome and stone fruit trees, brambles, and 
grapes. 

Crown gall is characterized by the formation of tumors or galls of 
varying size and form. It is common on the roots and shoots of various 
nursery plants which are thus unsalable because crown gall is likely to 
continue on the plants when they are removed to orchards and gardens. 
Plants with tumors at their crowns or on their main roots grow poorly 
and produce reduced yields. Severely infected plants or vines may die. 

Crown gall tumors have certain similarities to human and animal 
cancers and, therefore, the cause and mechanism of their formation have 
been extensively studied. In spite of the apparent similarities to cancer, 
however, there are many and basic differences between crown gall of 
plants and malignant tumors of man and animals. 

Symptoms. The disease first appears as small overgrowths on the 
stem and roots, particularly near the soil line. In early stages of their 
development the tumors are more or less spherical, white or flesh-
colored, and quite soft. Since they originate in a wound, at first they 
cannot be distinguished from callus. However, they usually develop more 
rapidly than callus. As the tumors enlarge, their surfaces become more or 
less convoluted. Later on, the outer tissues become dark brown or black, 
due to the death and decay of the peripheral cells (Fig. 169). Sometimes 
there is no distinct line of demarcation between the tumor and the plant 
proper, the tumor appearing as an irregular swelling of the tissues and 
surrounding the stem or root. Almost as often, however, the tumor lies 
outside but close to the outer surface of the host, being connected only by 
a narrow neck of tissue. Some tumors are spongy throughout and may 
crumble or become detached from the plant. Others become much more 
woody and harder, looking knobby or knotty, and reaching sizes up to 30 
cm in diameter. Some tumors rot partially or completely from the surface 
toward the center in the fall and develop again in the same places during 
the next growing season, or part of the tumor may rot while new tumor 
centers appear in other parts of the same overgrowth. 

Tumors are most common on the roots and stem near the soil line but 
they can also appear on vines up to 150 cm from the ground, on branches 
of trees, on petioles, and on leaf veins. Several galls may occur on the 
same root or stem, continuous or in bunches. 

In addition to forming galls, affected plants may become stunted, they 
produce small, chlorotic leaves and in general are more susceptible to 
adverse environmental conditions, especially to winter injury. 
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FIGURE 169. 
Agrobacterium tumefaciens bacterium (A), and crown gall tumors on rose stems 
(B), peach root (C) and willow branch (D). Ε shows cane gall on raspberry caused by 
A. rubi. (Photo A courtesy S. M. Alcorn. Photo Β courtesy Dept. Plant Pathol., 
Cornell Univ.) 

The pathogen: Agrobacterium tumefaciens (Fig. 169A). The most 
characteristic property of this bacterium is its ability to transform normal 
plant cells to tumor cells in short periods of time. Once the transforma
tion to tumor cells has been completed, these cells become independent 
of the bacterium and continue to grow and divide abnormally even in the 
absence of the bacteria. 

Development of disease. The bacterium overwinters in infested 
soils, where it can live as a saprophyte for several years. When host plants 
are growing in such infested soils, the bacterium enters the roots or stems 
near the ground through fairly recent wounds made by cultural practices, 
grafting, insects, etc. Once inside the tissue the bacteria occur primarily 
intercellularly and stimulate the surrounding cells to divide (Fig. 170). 
One or more groups or whorls of hyperplastic cells appear in the cortex or 
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in the cambial layer depending on the depth of the wound. These cells 
may contain one to several nuclei. They divide at a very fast rate, produc
ing cells that show no differentiation or orientation, and 10 to 14 days 
after inoculation a small swelling can be seen with the naked eye. As the 
irregular division and enlargement of the cells continue unchecked, the 
swelling enlarges, developing into a young tumor. Bacteria are absent 
from the center of the tumors but can be found intercellularly in their 
periphery. By this time certain cells have differentiated into vessels or 
tracheids which, however, are unorganized and with little or no connec
tion with the vascular system of the host plant. As the tumor cells 
increase in number and size, they exert pressure on the surrounding and 
underlying normal tissues which may become distorted or crushed. 
Crushing of xylem vessels by tumors sometimes reduces the amount of 
water reaching the upper parts of a plant to as little as 20 percent of the 
normal. 

The smooth and soft young tumors are not protected by epidermis and, 
therefore, are easily injured and attacked by insects and saprophytic 
microorganisms. These secondary invaders cause decay and discoloration 
of the peripheral cell layers of the tumors, which turn brown to black. 
Breakdown of the peripheral tumor tissues releases crown gall bacteria 
into the soil, where they can be carried in the water and infect new plants. 

As the tumors enlarge, they sometimes become woody and hard. The 
incomplete and disarranged vascular bundles that may be present in the 
tumor itself are ineffective. When tumors are unable to obtain as much 
water and nourishment as is required to carry them beyond a certain 
point in growth, their enlargement stops, decay sets in, and the necrotic 
tissues are sloughed off. In some cases the tumor regresses and no new 
one appears. More often, however, some portion of the tumor remains 
alive and forms additional tumor tissue during the same or the following 
season. 

When very young and expanding tissues are infected, in addition to the 
primary tumor which develops at the point of infection, secondary 
tumors appear. These usually form below, but often above, the primary 
tumor and at varying distances from it. Sometimes the secondary tumors 
develop at the scars of fallen leaves or at wounds made by various agents. 
At other times secondary tumors develop on apparently unwounded parts 
of the stem, on the petiole, and even on leaf midribs or larger veins several 
internodes above the primary tumor. Their starting point seems to be in 
the xylem of the vascular bundles. They are free from bacteria, since no 
bacteria can be isolated when these tumors are plated on nutrient media. 
When fragments of such bacteria-free tumors are grafted on healthy 
plants, they develop into large tumors similar in appearance and structure 
to the primary tumors but remain completely devoid of bacteria. This 
indicates that the bacteria are important only at the beginning of the 
disease, presumably by having an irritant effect on the plant cells. Once 
the cells have been triggered to malignancy, they produce their own 
irritants and their uncontrolled growth becomes autonomous. 

Although the nature of the irritant and the mechanism of transforma
tion of normal plant cells to tumor cells have been the objects of inten
sive studies, our knowledge on these topics is still rather incomplete. A 
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more detailed discussion of the cause and the physiology of crown gall 
tumors will be found in the chapter on "growth regulators in plant 
disease." 

Control. Crown gall control is based primarily on certain cultural 
and sanitary practices. Susceptible nursery stock should not be planted in 
fields known to be infested with the pathogen. Instead, infested fields 
should be planted with corn or other grain crops for several years before 
they are planted with nursery stock. Since the bacterium enters only 
through relatively fresh wounds, wounding of the crowns and roots dur
ing cultivation should be avoided and root-chewing insects in the nursery 
should be controlled to reduce crown gall incidence. Nursery stock 
should be budded rather than grafted because of the much greater inci
dence of galls on graft than on bud unions. Growers should purchase and 
plant only crown gall-free trees. 

A biological control procedure first developed in Australia offers the 
most promising control of crown gall so far. Thus, excellent control of 
crown gall is obtained by soaking germinated seeds or dipping nursery 
seedlings or rootstocks in a suspension of a particular strain (No. 84) of 
Agrobacterium radiobacter that is antagonistic to most strains of A. 
tumefaciens. Some control is also obtained by treating nongerminated 
seeds with the antagonist or by drenching the soil with a suspension of 
the antagonistic bacterium. It is postulated that the antagonist controls 
crown gall initiation by establishing itself on the surface of the plant 
tissues where it produces substances, possibly bacteriocins, inhibitory to 
the virulent A. tumefaciens strains. 
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bacterial cankers 

Relatively few canker diseases of plants are caused by bacteria, but some 
of them are widespread and devastating so that great losses are caused by 
them or great efforts are required to protect the plants from them. The 
bacteria and the most important cankers they cause are the following: 

Corynebacterium, causing the bacterial canker and wilt of tomato (C. 
michiganense). 

Pseudomonas, causing the bacterial canker of stone fruit and pome fruit trees 
[P. morsprunorum and P. syringae). 

Xanthomonas, causing the bacterial canker of citrus (X. citri). 

In all bacterial cankers, the canker symptoms on stems, branches, or 
twigs are only part of the disease syndrome, and direct symptoms on 
fruits, leaves, buds, or blossoms may be at least as important in the 
overall effect of the disease on the plant as are cankers. Also, bacterial 
cankers are not always sunken and soft, as is the case with fungal cankers, 
but they may also appear as splits in the stem, as necrotic areas within 
the woody cylinder, or as scabby excrescences on the surface of the tissue. 
In some bacterial cankers, soft decayed tissue and bacterial cavities that 
ooze either a slimy exudate or a dark gummy substance may be present in 
the stem, but during much of the year populations of bacteria in woody 
cankers are low and their isolation from them is erratic. 

The canker bacteria overwinter in perennial cankers, in buds, in plant 
refuse and, in tomatoes, in or on the seed. They are spread by rain 
splashes or runoff water, wind-blown rain, handling of plants, on con
taminated tools, and on infected plant material. The bacteria enter tis
sues primarily through wounds, but in young plants they may also 
enter through natural openings. Control of bacterial cankers is through 
proper sanitation and eradication practices, through use of bacteria-free 
seeds or budwood, and somewhat through several sprays with Bordeaux 
mixture, other copper formulations, or antibiotics. 

• Bacterial Canker and 
Gummosis of Stone Fruit Trees 

This disease apparently occurs in all major fruit growing areas of the 
world. It affects primarily stone fruit and citrus trees. The same pathogen 
also affects pear, lilac, rose, and many other annuals and perennial orna
mentals, some vegetables, and some small grains. The pathogen causing 
bacterial canker and gummosis occurs in numerous strains, each of 
which attack some but not all the hosts that develop the disease, al
though the host range of an isolate usually overlaps somewhat with the 
host ranges of other isolates. The disease is also known as bud blast, 
blossom blast, dieback, spur blight, and twig blight. 

Bacterial canker and gummosis is one of the most important diseases 
of stone fruit trees in many fruit-growing areas. Exact losses are difficult 
to assess because of serious damage to trees as well as reduction of yields. 
The disease causes cankers on branches and main trunks, kills young 
trees, and reduces the yield of or kills older ones. Tree losses from 10 to 
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75 percent have been observed in young orchards. Bacterial canker and 
gummosis also kills buds and flowers of trees, usually resulting in yield 
losses of 10 to 20 percent but sometimes up to 80 percent. Leaves and 
fruits are also attacked, resulting in weaker plants and in low quality or 
unsalable fruit. 

Symptoms. The most characteristic symptom of the disease, al
though not always the most common or the most destructive on all hosts, 
is the formation of cankers accompanied by gum exudation (Figs. 171 and 
172). Cankers usually develop at the base of an infected spur. They then 
spread mostly upward and to a lesser extent down and to the sides. 
Infected areas are slightly sunken and darker brown in color than the 
surrounding healthy bark. The color of the cortical tissues of the can
kered area varies from bright orange to brown. Narrow brown streaks 
extend into the healthy tissue above and below the canker. Cankers are 
first noticed in late winter or early spring. As the trees break dormancy in 
the spring, gum is produced by the tissues surrounding most cankers, 
breaks through the bark, and runs down on the surface of the limbs. 
Cankers in which gum is not produced are similar, but usually are softer, 

FIGURE 171. 
Pseudomonas syringae bacteria (A) and cankers on cherry trunk (B), branch (C) 
and twigs (D, Ε). Ε shows the same twigs as in D but with the bark removed. 
(Photo A courtesy H. R. Cameron.) 
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FIGURE 172. 
Young cherry tree killed by girlding of the trunk by a Pseudomonas syringae 
canker (A), side view of exposed canker (B), and brown streaks of bacteria 
extending into healthy tissue above rapidly advancing canker (C). (D) Leaf 
symptoms of P. syringae on cherry. From left to right: Small water-soaked spots, 
large angular necrotic spots, and shot-hole or tattered appearance. (Photos 
courtesy H. R. Cameron.) 

more moist, sunken, and may have a sour smell. When the trunk or 
branch of a tree is girdled by a canker, the leaves above the girdle show an 
inward curling and drooping, then a light green color, and then yellow. 
Within a few weeks the branch or entire tree above the canker is dead 
(Figs. 171 and 172). 

Dormant bud blast is especially serious on cherry, apricot, and pear. In 
some areas great numbers of buds are killed. Isolated buds are often killed 
or fail to develop on year-old twigs. When sectioned, infected buds show 
brown areas at the bud scales extending across the base of the bud. The 
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entire bud eventually dies (Fig. 173). Both flower and leaf buds are equally 
affected. The damage to buds becomes most obvious in the orchard 
during full bloom when the light bloom of infected trees is most con
spicuous (Fig. 173E). 

Infection of flowers occurs under favorable weather conditions and it 
can be very severe. Infected flowers appear water soaked, turn brown, 
wilt, and hang on the twig. From the flower, infections may spread into 
the twig and cause twig blight or they may spread into the spur and cause 
canker formation. 

FIGURE 173. 
Healthy bud (A), base and scales of bud infected (B), and entire bud killed by 
Pseudomonas syringae (C). (D) Healthy cherry tree. (E) Cherry tree in same orchard 
with most of the lower buds killed by P. syringae. (Photos courtesy H. R. 
Cameron.) 
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Leaf infections appear as water-soaked spots about 1 to 3 mm in 
diameter. As the leaves mature the spots become brown, dry, and brittle. 
Eventually infected areas fall out and the leaves have a shot-hole or 
tattered appearance (Fig. 172D). 

When the fruit is infected, flat, superficial, dark brown spots develop. 
The spots are 2 to 3 mm deep, depressed, and may have underlying gum 
pockets on cherry, while on peach they may be 2 to 10 mm in both 
diameter and depth. The underlying tissue is dark brown to black and 
sometimes spongy. 

The pathogen: Pseudomonas syringae (Fig. 171 A). Many strains of 
Pseudomonas syringae are known. A related species, Pseudomonas 
morsprunorum, causes canker and gummosis symptoms on stone fruits 
identical to those caused by P. syringae and is considered by some to be 
the main causal agent of the disease. These two species, and the diseases 
they cause, however, are so similar that P. morsprunorum can be consid
ered for all practical purposes to be a variant of P. syringae. 

Development of disease. The bacteria overwinter in active cankers, 
in infected buds and leaves, on limbs of infected or healthy trees, and 
possibly on weeds and on nonsusceptible hosts (Fig. 174). 

Infection of limbs usually takes place during the fall and winter 
months. Bacteria enter the limbs through the bases of infected buds or 
spurs and also through pruning cuts, leaf scars, and injuries caused by 
various agents. The bacteria move intercellularly and advance into the 
bark and into the medullary rays of the phloem and xylem. In advanced 
stages of infection, the bacteria invade and break down parenchyma cells. 
Lysogenic cavities full of bacteria develop. Xylem vessels are sometimes 
invaded by bacteria but the bacteria do not seem to move far through the 
vessels. 

Cankers develop rather rapidly in the fall after the trees have gone into 
dormancy but before the onset of low winter temperatures. During the 
cold winter periods canker development is slow. Cankers develop most 
rapidly in the period between the end of the cold weather and the begin
ning of rapid tree growth in the spring. Cankers on the south side of trees 
are usually larger, due to warming by the sun during the dormant season. 
Cankers appear either brown, with well defined margins, or watery and 
gum soaked, with brownish strands. The advance of the canker is 
checked by the advent of higher temperatures and the beginning of active 
growth in the spring, when the host usually forms callus tissue around 
the canker and the canker becomes inactive. Some cankers are perma
nently inactivated but others, in which the encirclement of the canker by 
the callus tissue is incomplete, become active again the following year 
and continue to spread in succeeding years. Infections during the active 
growing season are seldom of any consequence and apparently are iso
lated very quickly by callus tissue. The ability to wall infection seems to 
be correlated with varietal resistance, but is also affected by the age and 
succulence of the plant, the temperature and rainfall during a season, and 
the type of rootstock on which the tree is growing. Infections of buds 
seem to originate at the base of the outside bud scales and then spread 
throughout the base of the bud, killing the tissues across the base and 



FIGURE 174. 
Disease cycle of bacterial canker and gummosis of stone fruits caused by 
Pseudomonas synnzae. 
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separating the growing point from the rest of the plant. Most bud infec
tions are initiated between November and February but symptoms are 
first observed in mid-February and continue to develop at least through 
March. The bacteria sometimes spread downward and kill stem tissues 
around the base of the bud. 

Flower infection is rare, but whenever it occurs it seems to take place 
through natural openings and through wounds made by insects or wind
blown rain. Under very humid conditions the bacteria spread through the 
floral parts quickly and may advance into the spur and twig, where they 
initiate canker formation. 

Leaf infections appear on young, succulent leaves. They occur most 
frequently in areas with cool, wet springs and during periods of high 
winds and continued moisture. Infection takes place through stomata. 
The bacteria spread intercellularly and cause collapse and death of the 
cells, resulting in small angular leaf spots. During wet weather bacteria 
ooze out of the spots and are spread to other leaves by direct contact, by 
visiting insects, by rain, etc. As leaves mature, however, they become less 
susceptible and leaf infections late in the season are rare. While most of 
the bacteria inside or on the surface of infected leaves are dead in the fall, 
sufficient numbers survive to initiate new bud and stem infections. 

Control. Although no complete control of bacterial canker and 
gummosis of fruit trees can be obtained as yet by any single method, 
certain cultural practices and control measures help keep down the 
number and severity of infections. 

Only healthy budwood should be used for propagation. Susceptible 
varieties should be propagated on rootstocks resistant to the disease and 
should be grafted as high as possible. Only healthy nursery trees should be 
planted in the orchard. 

Chemical control of the canker phase of the disease both in the nursery 
and in the orchard is based on sprays with fixed copper or Bordeaux 
mixture (10:15:100) in the fall and in the spring (at 6:9:100 strength) before 
blossoming. Streptomycin applied in the spring is more effective in reduc
ing leafspot than is Bordeaux mixture, but it does not seem to control 
canker initiation and development. 

Cankers on trunks and large branches can be controlled by cauteriza
tion with a hand-held propane burner. The flame is aimed at the canker 
and especially its margins for 5 to 20 seconds until the underlying tissue 
begins to crackle and char. The treatment is carried out in early to 
midspring and, if necessary, should be repeated 2 to 3 weeks later. 

• Bacterial Canker and Wilt of Tomato 

It is caused by Corynebacterium michiganense. It has been reported from 
many parts of the world and causes considerable losses particularly in 
field-grown tomatoes. The disease appears as spotting of leaves, stem, and 
fruit and as wilting of the leaves and shoots. Cankers are usually very 
small and indiscernible but may occur on stems and leaf veins. 

The first noticeable symptoms are spotting or wilting of leaflets at the 
outer and lower parts of the plant. Leaf spotting occurs during wet 
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weather and appears initially as white blisterlike spots which become 
brown with age and may coalesce. Wilting leaves curl upward and inward 
and later turn brown and wither but do not fall off. Often only the leaflets 
on one side of the leaf are affected or only on one side of the plant. The 
wilt may develop gradually from one leaflet to the next or it may become 
general and destroy much of the foliage. In the meantime, light-colored 
streaks appear on the stems, shoots, and leaf stalks, usually at the joints 
of petioles and stems. Later, cracks may appear in the streaks and these 
form the cankers (Fig. 175A). Through them, in humid or wet weather, 
slimy masses of bacteria ooze to the surface of the stem from which they 
are spread to leaves and fruits and cause secondary infections. The symp
toms on the fruit appear as small, shallow, water-soaked, white spots 

FIGURE 175. 
Tomato stems, fruit and seedlings infected with bacterial canker caused by 
Corynebacterium michiganense. (A) Stems showing open canker (left) and split 
lengthwise to show discoloration and decay of vascular tissues and pith. (B) 
Tomatoes showing bird's-eye-like spots with dark rough centers and white haloes 
at the margins. (C) Three healthy and several diseased tomato seedlings infected 
through the seed. (Photos A and Β courtesy U.S.D.A.) 
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whose centers later become slightly raised, tan colored, and rough. The 
final, bird's-eye-like appearance of the spots, which have brownish cen
ters about 3 mm in diameter and white halos around them, is quite 
characteristic of the disease (Fig. 175B). 

In longitudinal sections of infected stems a creamy white, yellow, or 
reddish-brown line can be seen just inside the woody tissue and along the 
phloem. The vascular tissues show a brown discoloration and large 
cavities are present in the pith and in the cortex and extend to the outer 
surface of the stem where they form the cankers. The discoloration of the 
vascular tissues extends all the way to the fruits both outward toward the 
surface and inward toward the seeds, and small dark cavities may develop 
in the centers of such fruits. 

The bacteria overwinter in or on seeds and, in some areas, in plant 
refuse in the soil. Primary infections may result from spread of the 
bacteria from the seed to cotyledons or leaves (Fig. 175C), but most 
infections result from penetration of bacteria through wounds of roots, 
stems, leaves, and fruits. The bacteria are spread to them through han
dling during transplanting, by soil water, or by wind-blown rain. Once 
inside the plant, these bacteria enter the vascular system and move and 
multiply primarily in the phloem tissues. The bacteria also invade the 
spiral xylem vessels and move through them and out of them into the 
phloem, pith, and cortex where they form the large cavities that result in 
the cankers. 

Control of the disease is through use of bacteria-free seed, protective 
application of copper or streptomycin in the seed bed, and soil steriliza
tion of the seedbeds. 
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bacterial scabs 
This group of diseases includes mainly diseases that affect below-ground 
parts of plants and whose symptoms consist of more or less localized 
scabby lesions affecting primarily the outer tissues of these parts. The 
scab bacteria and the diseases they cause are: 

Streptomyces, causing the common scab of potato and of other below-ground 
crops (5. scabies), and the soil rot or pox of sweet potato [S. ipomoeae). 

Pseudomonas, causing scab of gladiolus [P. marginata). 

The scab bacteria survive in infected plant debris and in the soil and 
penetrate tissues through natural openings or wounds. In the tissues, the 
bacteria grow mostly in the intercellular spaces of parenchyma cells but 
these cells are sooner or later invaded by the bacteria and break down. In 
typical scabs, healthy cells below and around the lesion divide and form 
layers of corky cells. These push the infected tissues outward and give 
them the scabby appearance. Scab lesions often serve as points of entry 
for secondary parasitic or saprophytic organisms that may cause the 
tissues to rot. 

• Common Scab of Potato 

It is caused by Streptomyces scabies and occurs throughout the world. It 
is most prevalent and important in neutral or slightly alkaline and light 
sandy soils, especially during relatively dry years. The same pathogen 
also affects garden beets, sugar beets, radish, and other crops. The disease, 
by its usually superficial blemishes on tubers, roots, etc., reduces the 
value rather than the yield of the crop, although severe root infection 
may reduce yields, and deep scabs increase the waste in peeling. 

The symptoms of common scab of potato are observed mostly on 
tubers and at first they consist of small, brownish, and slightly raised 
spots, but later they may enlarge, coalesce, and become very corky. 
Frequently, the lesions extend below the tuber surface and, when the 
corky tissue is removed, 3 to 4 mm deep pits are present in the tuber. 
Sometimes the lesions appear as small russeted areas and are so numer
ous that they almost cover the tuber surface, or they may appear as slight 
protuberances with depressed centers covered with a small amount of 
corky tissue (Fig. 176). 
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FIGURE 176. 
Early (A) and advanced (B) symptoms of common scab of potato caused by 
Streptomyces scabies. (Photos courtesy U.S.D.A.) 

The pathogen, S scabies, is a hardy saprophyte that can survive in
definitely either in its vegetative mycelioid form or as spores in most soils 
except the most acidic ones. The vegetative form consists of slender 
(about 1 μ,πι thick), branched mycelium with few or no cross walls. The 
spores are cylindrical or ellipsoid, about 0.6 by 1.5 μηι, and are produced 
on specialized spiral hyphae that develop cross walls from the tip towards 
their base and, as the cross walls constrict, spores are pinched off at the 
tip and eventually break away from the hypha. The spores germinate by 
means of one or two germ tubes which develop into the mycelioid form 
(Fig. 177). 
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FIGURE 177. 
Disease cycle of the common scab of potato caused by Streptomyces scabies. 
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The pathogen is spread through soil water, wind-blown soil, and on 
infected potato seed tubers. It penetrates tissues through lenticels, 
wounds, stomata and, in young tubers, directly. Young tubers are more 
susceptible to infection than older ones. Following penetration the 
pathogen apparently grows between or through a few layers of cells, the 
cells die and the pathogen then lives off them as a saprophyte. In the 
meantime, however, the pathogen apparently secretes a substance that 
stimulates the living cells surrounding the lesion to divide rapidly and to 
produce several layers of cork cells that isolate the pathogen and several 
plant cells. As the cells that are cut off by the cork layer die, the pathogen 
subsists on them. Usually, several such groups of cork cell layers are 
produced, and as they are pushed outward and sloughed off, the pathogen 
grows and multiplies in the additional dead cells and thereby large scab 
lesions develop. The depth of the lesion seems to depend on the variety, 
soil conditions, and on the invasion of scab lesions by other organisms, 
including insects. The latter apparently break down the cork layers and 
allow the pathogen to invade the tuber in greater depth. 

The severity of common scab of potato increases as the pH of the soil 
increases from 5.2 to 8.0 and decreases beyond these limits. The disease 
develops most rapidly at soil temperatures of about 20 to 22°C but it can 
occur between 11 and 30°C. Potato scab incidence is greatly reduced by 
high soil moisture during the period of tuber initiation and for several 
weeks afterwards. Potato scab is also lower in fields following certain 
crop rotations and the plowing under of certain green manure crops, 
probably as a result of inhibition of the pathogen by antagonistic micro
organisms. 

Control of the common scab of potato is through the use of certified 
scab-free seed potatoes or through seed treatment with pentachloronit-
robenzene (PCNB) or with maneb-zinc dust. If the field is already in
fested with the pathogen, a fair degree of disease control may be obtained 
by using certain crop rotations, bringing and holding the soil pH to about 
5.3 with sulfur, irrigating for about 6 weeks during the early stages of 
tuber development, and using resistant or tolerant potato varieties. 
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root nodules of legumes 

Root nodules are well-organized structures produced on the roots of most 
legume plants following inoculation with certain species of bacteria of 
the genus Rhizobium. Root nodules, although they are the result of 
infection of legumes by bacteria, are considered a condition of symbiosis 
rather than of disease. The infecting bacteria fix (trap) atmospheric nitro
gen and make it available to the plant in a utilizable organic form and the 
plant profits from this nitrogen more than it loses as sugars and other 
nutrients to the bacteria. Unfortunately, not all root nodule bacteria are 
beneficial to the legume host. Some nodule bacteria are apparently 
strictly parasites since they form nodules on the roots but fail to fix 
nitrogen. Therefore, the.number of root nodules does not always indicate 
their value to the plant unless the strain of bacteria is known to be 
effective in fixing nitrogen. As a result legume seeds are routinely inocu
lated commercially with appropriate strains of root nodule bacteria to 
improve plant growth and yields. 

Nodules are produced on taproots as well as lateral roots of legumes 
and may vary in size from 1 mm to 2 to 3 cm (Fig. 178A). Nodules may be 
round or cylindrical and as large or larger than the root diameter on which 
they form. Their number and size varies with the plant, bacterial strain, 
age of infection, etc. On herbaceous plants nodules are fragile and short
lived while on woody plants they may persist for several years. Each 
nodule consists of an epidermal layer, a cortical layer and the bacteria-
containing central tissue, each of them consisting of several layers of cells 
(Fig. 178B). Vascular bundles are present in the cortical layer just outside 
the central tissue. In elongated nodules, the tip of the nodule farthest 
away from the root consists of a zone of meristematic cells through 
which the nodule grows. In rounded nodules, the meristematic region is 
laid around the nodule except at the neck. 

The organism. The root nodule bacteria, Rhizobium sp., vary in size 
and shape with age, the typical bacteria being rod-shaped (1.2 to 3.0 by 0.5 
to 0.9 μ,πι) or irregular, club-shaped forms. They have no flagella, and they 
are gram-negative. The bacteria survive in roots of susceptible legumes 
and, for varying periods of time, in the soil. Continued growth of the same 
legume in the soil tends to build up the population of nodule bacteria 
affecting that legume. Not all nodule bacteria affect all legumes. For 
example, the bacteria that grow on alfalfa and sweet clover do not grow 
on clovers, beans, peas, soybeans, etc., and vice versa. Strains of nodule 
bacteria often show definite varietal preferences, e.g., some soybean bac
teria work better on one or two soybean varieties than on others. 

Development of nodules. The bacteria penetrate root hairs or 
young epidermal cells directly. Within the cell the bacteria become em
bedded in a double-walled, tubular, mucoid sheath called an infection 
thread. The infection thread, which contains the bacteria, penetrates into 
the cortical parenchyma cells and branches along the way, with terminal 
and lateral vesicles forming on the strands. These vesicles soon break and 



FIGURE 178. 
(A) "Healthy" soybean roots bearing numerous bacterial nodules. (B) Cross 
section of a developing soybean nodule, 12 days after inoculation. There are at 
least three central areas containing bacteroids apparently as a result of several 
closely adjacent infections. (C, D) Electron micrographs of sections of a soybean 
root nodule. (C) Area of an infection thread where bacteria are apparently being 
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release the bacteria mostly within the cells (Fig. 178C). The released 
bacteria then enlarge and become enclosed in a membrane envelope (Fig. 
178D). These membrane-enclosed bacteria are called bacteroids. In the 
meantime, the cortical parenchyma cells along the path of bacterial 
invasion begin to divide and the invaded cells increase in size as the 
bacteroids appear. The increased meristematic activity and cell enlarge
ment of cortical cells result in the formation of the nodule which grows 
outward from the root cortex. At the same time differentiation of vascu
lar tissues, both xylem and phloem, takes place in the nodule. The 
vascular tissues of the nodule are not connected directly with those of the 
root. 

While the outermost tip or layer of the nodule remains meristematic 
and continues to grow and thus to increase the size of the nodule up to a 
certain point, many of the cortical cells behind the meristematic zone 
and in all the central tissue of the nodule are uniformly enlarged and 
infected with several bacteroids. In the most recently infected cells, each 
bacteroid is enclosed in a membrane envelope, while in earlier infected 
cells several bacteroids may be enclosed in a membrane envelope. In cells 
that have been infected even longer than the latter, the bacteroids lack a 
membrane envelope and the host cellular membrane system also has 
deteriorated. It appears that the membraneless bacteroids which occur in 
the advanced stages of infection, and which increase in numbers while 
the nodule is still growing, lack the ability to fix nitrogen. Therefore, the 
efficiency of root nodules in nitrogen fixation is proportional to the 
number of enveloped bacteroids they contain and not necessarily to the 
size of the nodules. As the nodules age, first cortical cells in the earliest-
infected areas and then in the entire central area of the nodule disinte
grate and collapse. The bacteroids, which have by now lost their mem
brane envelope, either disintegrate or become intercellular bacteria and 
are finally released into the soil as the nodule cortex and epidermis 
disintegrate. 
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released. (D) Infected and uninfected cells in a young nitrogen-fixing nodule. 
Membrane envelopes are visible around some bacteria. The electron-lucent 
granules in the bacteria consist of poly-beta-hydroxybutyrate. (Photo A courtesy 
U.S.D.A. Photos B - D courtesy Β. K. Bassett and R. N. Goodman.) 
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plant diseases caused 
by rickettsialike bacteria 

INTRODUCTION 

The rickettsialike organisms (RLO) that cause plant diseases are still of 
uncertain identity. Most researchers studing these organisms in plants 
consider them to belong to some group of cultivable bacteria, while 
others believe them to be "obligate parasites" more closely related to 
rickettsiae and therefore call them rickettsiae or rickettsialike organisms. 
Even the recognized rickettsiae of arthropods, however, are considered by 
many researchers studying them to be parasitic bacteria which simply 
have not yet been grown on culture media in the absence of host cells. 

Organisms formally classified as Rickettsiae are one of the groups of 
prokaryotic organisms, i.e., organisms without an organized and bounded 
nucleus. The other such prokaryotic groups are the bacteria and the 
mycoplasmas. Rickettsiae differ from bacteria in that rickettsiae are 
obligate intracellular prokaryotic parasites in cells of higher organisms 
containing typical nuclei, and differ from mycoplasmas in their posses
sion of a cell wall, a structure absent in mycoplasmas. 

Rickettsiae make up the class of Rickettsias which has two orders: 
Rickettsiales and Chlamydiales. The Rickettsiales are mostly rod shaped, 
coccoid, or pleomorphic microorganisms that have cell walls but no 
flagella, are gram-negative and multiply only inside host cells. They 
multiply by binary fission. The Chlamydiales are intracellular coccoid 
microorganisms, gram-negative, and nonmotile. They multiply only 
within the cytoplasm of host cells through a unique growth cycle that 
includes a small (0.2 to 0.4 μιη) "elementary body" that is infectious and 
develops intracellularly into the "initial body." The latter may be 0.8 to 
1.5 μ-m in diameter, has a thin reticulated wall, and divides intracellularly 
by fission and produces an "intermediate body" which finally produces 
"elementary bodies" again. The Chlamydiales are sensitive to tetracy
clines, penicillin, and 5-fluorouracil. 

The Rickettsiales are similar to bacteria in most respects: the majority 
of them are rod shaped, spheroidal, or pleomorphic microorganisms that 
have typical bacterial cell walls, have no flagella, divide by binary fission, 
and are gram-negative. Rickettsiae generally multiply only inside living 
host cells. However, several exceptions are known and some microorgan
isms are considered as rickettsiae although they have a ring shape, or 
possess a flagellum, or are gram-positive, or multiply on bacteriological 
media of varying complexity. Rickettsiae are parasitic or symbiotic. The 
parasitic ones affect reticuloendothelial and vascular endothelial cells or 
erythrocytes of vertebrates and various organs of arthropods; many cause 
disease in man and other vertebrate and invertebrate animals. The sym
biotic forms affect insects and may be essential for development and 
reproduction of certain insect hosts. Most rickettsiae are transmitted by 
arthropods such as lice, fleas, ticks, and mites. Some rickettsiae grow 
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only in the cytoplasm, some in nuclei, and others in the vacuoles of host 
cells, while a minority may grow in an extracellular environment within 
the host. Although most rickettsiae parasitize arthropods, some also 
attack man in whom they cause diseases such as the epidemic typhus, 
scrub typhus, rocky mountain spotted fever, trench fever, and Q fever. 

The Rickettsiales are 0.2 to 0.8 by 0.8 to 2.0 μτη in size, with some of 
them up to 4 μ,ιη long prior to fission. They seem to have a cytoplasmic 
membrane and a well-defined cell wall, which is often, but not always, 
rippled. Internally they consist of electron dense polar or peripheral zones 
corresponding to ribosome-filled cytoplasm, and a light central zone 
corresponding to DNA strands. Rickettsiae grow best at 32 to 35°C. 
Their growth is inhibited by p-aminobenzoic acid and several antibiotics 
but not by sulfonamides. The antibiotics most effective in inhibiting 
growth of rickettsiae are oxytetracycline, chlortetracycline, erythro
mycin, and chloramphenicol. Penicillin and streptomycin also inhibit 
growth of rickettsiae but to a lesser extent than the other antibiotics. 

THE PLANT-PATHOGENIC 
RICKETTSIALIKE ORGANISMS 

Rickettsialike organisms were first observed in plants in 1972, in the 
phloem of clover and periwinkle plants infected with the clover club leaf 
disease. The following year rickettsialike organisms were observed in 
plants affected by Pierce's disease of grape and alfalfa dwarf, ratoon 
stunting of sugarcane, phony disease of peach, and in a disease of cereals 
(Fig. 179). Subsequently, similar organisms were observed in plum leaf 
scald, in almond leaf scorch, and in certain other diseases. 

The rickettsialike organisms of plants resemble the typical rickettsias 
in shape, size, possession of generally rippled cell wall, lack of flagella, 
intracellular growth, and inability to grow on artificial nutrient media 
(Fig. 180). In the cases in which the vector of the plant pathogen is known, 
it is a leafhopper. The pathogens are obtained by the insect vector follow
ing feeding of the latter on diseased plants for 12 hours or more. Vectors 
require an incubation period of several days to several weeks before they 
can transmit the pathogen to healthy plants. The rickettsialike organisms 
infect and multiply inside the various organs of the vector which can 
transmit the pathogen throughout its life. In at least one disease, the club 
leaf of clover, the pathogen is even passed from the mother to the progeny 
insects through the eggs (transovarial transmission). 

In some of the diseases, the rickettsialike organisms are confined to 
the xylem vessels (e.g., in Pierce's disease of grape, almond leaf scorch, 
plum leaf scald, phony peach, and ratoon stunting), while in clover club 
leaf and most of the others the rickettsialike organisms seem to be 
confined to the phloem sieve elements. In some diseases, e.g., club leaf of 
clover, the symptoms receded during treatment of the plants with 
penicillin or tetracycline hydrochloride, but reappeared when treatments 
were halted. In others, e.g., Pierce's disease, the appearance of symptoms 
was delayed for more than two years when the inoculated plants were 
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Ratoon Stuntin g 

FIGURE 179. 
Symptoms caused by rickettsialike bacteria. 

receiving weekly and biweekly drenches of oxytetracycline or tetracy
cline hydrochloride solutions around their roots. Plants infected with 
rickettsialike diseases can be freed of these organisms by immersion of the 
entire plant in water at 45 to 49°C for 2 to 3 hours, or treating the plants 
with hot air at 50 to 55°C for several hours. In some hosts infected with 
rickettsialike organisms, purplish red streaks develop in the woody cyl
inder of sections immersed for 10 to 30 minutes in acidified methyl 
alcohol. 

To date, there are many uncertainties as to the nature of the pathogens 
described here as rickettsialike and as to their taxonomic position in 
regard to the bacteria or within the bacteria. Also, with the exception of 
the ratoon stunting organism, no distinction can be made among such 
organisms from their various hosts and, therefore, it is not known 
whether some of the pathogens already detected on different hosts belong 
to the same or different species. 

Among the most important plant diseases caused by rickettsialike 
organisms are Pierce's disease of grape (= alfalfa dwarf), phony peach 
disease, sugarcane ratoon stunting, citrus greening, and almond leaf 
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FIGURE 180. 
Morphology, multiplication, and distribution of plant pathogenic rickettsialike 
bacteria, the causal agent of Pierce's disease of grapes. (A) Typical cell showing 
rippled cell wall. (B) Rickettsialike bacteria in xylem vessel, one of them 
undergoing binary fission. (C) Rickettsialike bacteria in a tracheary element of a 
leaf vein. (Photos courtesy Η. H. Mollenhauer, from Mollenhauer and Hopkins, /. 
Bacteriol. 1 1 9 : 6 1 2 - 6 1 8 . ) 

scorch. Some of these, e.g., Pierce's disease of grape, almond leaf scorch 
and phony peach, may be caused by the same or closely related pathogens 
since they have a common leafhopper vector and react identically to the 
phony peach chemical test. On the other hand, in ratoon stunting of 
sugarcane, gram-positive, smooth-walled coryneform bacteria have been 
found in the xylem of affected paints. It is expected that many more plant 
diseases will be shown to be caused by rickettsialike organisms or by 
other walled microorganisms with heretofore unknown properties and 
taxonomic relationships. 

• Pierce's Disease of Grape 
and Alfalfa Dwarf 

The disease is present in the southern U.S. from California to Florida 
where it kills grapevines and makes large areas unfit for grape culture. In 
some areas the disease is endemic and no grapes can be grown while in 
others it breaks out as infrequent epidemics. Alfalfa plants remain 
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dwarfed and die 6 to 8 months after infection. Many other annual and 
perennial kinds of plants of some 28 families, including grasses, herbs, 
shrubs, and trees are affected by the disease. 

Infected grapevines may die within a few months or may live for 
several years after the onset of infection. Some varieties survive infec
tions longer than others, older plants survive infections longer than 
young vigorous ones, and vines in colder regions survive infections longer 
than vines in hot areas. 

In grapes the symptoms appear first as a sudden drying, i.e., scalding, of 
part or most of the margin area of the leaf while the leaf is still green (Fig. 
181). Scalded areas advance toward the central area of the leaf and later 
turn brown. In late season affected leaves usually drop, leaving the 
petioles attached to the canes. Grape clusters on vines with leaf symp
toms stop growth, wilt, and dry up. Infected canes mature irregularly, 
forming patches of brown bark among areas of cortex that remain imma
ture and green. During the following season(s), infected plants show 
delayed spring growth, dwarfed vines, and greenish vein banding in the 
first few leaves, but later in the season leaves and fruit show the same 
symptoms as during the first season. Decline of the top is followed by 
dieback of the root system. Internally, the current-season wood of all 
parts of infected vines shows yellow to brown streaks that are readily 
seen in longitudinal and cross sections. In the same wood, gum forms in 
vessels and other types of cells and tyloses develop in vessels of all sizes. 
Both gum and tyloses cause plugging of vessels sufficient to account for 
many of the external symptoms of diseased plants. 

FIGURE 181. 
Leaf scorch symptom of Pierce's disease in grape. (Photo courtesy 
A. C. Goheen.) 
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In alfalfa, infected plants decline in vigor gradually. After each cutting 
they show very slow recovery, produce excessive numbers of small 
spindly stems and small dark green leaves. Six to eight months after 
infection the plants die. Internally, the woody portion of the crown and 
roots shows a brown to yellow discoloration due to deposits of gumlike 
materials in the vessels. 

The pathogen has been described as a ricketssialike organism measur
ing 0.4 to 0.5 by 1.0 to 3.2 μ,ιη and having a typically rickettsialike rippled 
cell wall (Fig. 180). This pathogen is found in xylem vessels of grapevines in 
large numbers, and was recently cultured on nutrient media. 

The pathogen is transmitted by grafting and by many species of 
leafhoppers, most commonly by species of Carneocephala and 
Draeculacephala. The leafhopper vectors acquire the pathogen after feed
ing on infected hosts for about 12 hours and may continue to transmit it 
to healthy hosts for the rest of their lives. The presence of the pathogen in 
a plant is determined by the symptoms of the disease, if present, or by 
transmission to indicator plants either by grafting or by insect vectors. 
The grape varieties most commonly used as indicators are Carignane, 
Emperor, and Palomino. 

There is no practical control of Pierce's disease of grape and alfalfa 
dwarf in the field. Control of the insect vector and roguing of infected 
plants have not been effective. All commercial grape varieties are 
susceptible to the disease but some grape and alfalfa varieties carry some 
resistance. Drench treatments with 4 liters of 50 and 100 ppm tetracy
cline solutions applied around the base of infected plants twice weekly, 
weekly, or biweekly, inhibited symptom development on most plants for 
one or two years but such treatments are not commercially feasible. 
Individual plants can be freed of the pathogen by immersing the entire 
plant in water at 45°C for 3 hours, 50°C for 20 minutes, or 55°C for 10 
minutes. Such treatments are also of little help to the grower. Best is to 
plant in areas remote from natural reservoirs of the pathogen. 
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