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Are Bacteria-Plant Cell Interactioris
Specific?

YOAV BASHAN

I. INTRODUCTION

Certain bacterial species or pathovar can- attack only one species of plant
(compatible combination) with different virulences-frorn high virulence to
avirulence-while plant reactions go from highly resistant through various
degrees of tolerance, to complete susceptibility. Therefore,.the type of rela-
tionship between the host and the parasite, host-specificity, is difficult to
define. It can be a general relationship between bacterial species and plant
species, or a narrower one between a bacterial strain and a plant cultivap.
Nevertheless, even this last definition is stil.l too large as many bacterial strain-
plant cultivar systems will have several kinds of specific and some non-specific
combinations as well.

Several f'actors can determine specificity. The main ones are: recognition
or non-recognition between the pathogen and the plant, ability of the in-
vading bacteria to multiply in the plant tissue and response of the tissue to
the presence of bacteria.

The term 'recogpition' also has no absolute definition: Clarke and Knox
(1978) defined it as an 'initial event in ceH-cell communication that elicits
a defined biochemical, physiological or morphological response', in whicb
'initial event' and 'communication' are not defined in terms of plant
pathology; while Sequeira (1978) restricted the meaning of recognition to
'an early specific event that triggers a rapid overt response by the host, either
facilitating or impeding further growth of the pathogen'.

Plants are living in a hostile environment of bacterial pathogens and sup-
port a large population of microorganisms on each of their parts. Flowever,
as infections and diseases are not the most common phenomena, plants must
somehow get rid of the potential pathogens by several mechanisms, which
are supposed to depend on recognition between the plant and the pathogen.

Several theoretical models describe cell-cell recognition in plant pathology
as the sequence of events given lelow. A sensing system, prabably the
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bacterial cell wall, is activated by its surface macromolecules. The bacterium
then binds to the plant receptor(s) and a signal is transmittdil to the plant
inner cell parts. This signal will initiate some metabolic changes leading either
to the death of the incompatible bacteria or to the multiplication of the com-
patible pathogen.

The plant defence mechanisms include attachment to, and encapsulation
by the plant cell wall, or inhibition by plant metabolites. The virulence of
a phytopathogenic bacterium is defined as its ability to escape from the plant
cell attachment or its insensitivity to plant toxic materials. However, if the
pathogen is incompatible, the bacteria usually induce a hypersensitive reac-
tion in the plant.

This chapter has several purposes: to describe the interactions between
plants and bacterial pathogen at the cell level, to summarize the current
knowledge on cell surface recognition and multiplication of pathogenic and
non-pathogenic bacteria in plant tissue, to assess the consequences of these
interactions inside and outside the host cell and to evaluate the different and
time-changing concepts in this subject.

2. RECOCNITION PROCESSES BETWEEN BACTERIAAND PLANTS

2.I NoN-SpBCTTIC ADHERENCE OF BACTERIA TO SUNTECNS

A bacterium, either pathogenic or saprophytic, reaches, at random, its target
plant with the help of living vectors or by its own motility as a result of
chemotaxis (Chet e/ al., 1973; Raymundo and Ries, 1980; Venette, 1982).

One possible mechanism, by which the bacterium can adhere to plant sur-
faces, depends on the balance between mutual repulsion forces-as both
bacteria and plant cell walls are negatively charged (Fletcher et ql., 1980)-
and van der Waals' attraction forces (Pethica, 1980). Marshal (1980) defin-
ed this temporarily non-specific interaction as 'the phase of reversible sorp-
tion'. In these very loose adherence conditions bacterial cells, very close to
the plant cells, can move away with their flagellar action. Flagellar motility
of pathogenic bacteria seems to play an essential role in 'successful' infec-
tion (Panopoulos and Schroth, 1974). The different degrees of attachment
between bacteria and plant cell wall seem to be due to extracellular polymeric
materials bridging to and interacting with complementary structures (Mar-
shall, 1980). The specificity of the interaction, if there is any at this stage,
depends on the mutual affinities of the cell structures. These interactions can
be between local sites of opposite charges (ionic concentration), by mutual
exclusion of incompatible molecules to give an increased local concentration
of both polymers, or by energetically favorable association of structurally
compatible chain segments (Fletcher et al., 1980)

Although, adherehce studies of phytopathogenic bacteria as such are quite

rare, a good example can be found. Leben and whitmoyer (1979) showed
that seven pathogenic and non-pathogenic bacterial genera adhered to

approximately the same extent to young cucumber leaves. Even Escherichia
coli and Serrotia marcescens, which do not belong to the natural cucumber
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phyllosphere bacteria, have this capability. There is constant proportionality
of adherence versus non-adherence of different bacterial species to leaves.
Gentle washing suffices to remove the bacteria, indicating a non-specific
mechanism.

2.2 SpBctpIc RpcocNlrroN BETwEEN BACTERTA aNo PleNrs

Specific contact between bacteria and plants can occur at thp extracellular
level or later at the intercellular level, and is in general a prerequisite for cell-
cell recognition (Sequeira, 1978; Stall and Cook 1979; Vance, 1983). The
interaction can be either compatible or incompatible. A compatible interaction
results in successful penetration, establishment of the bacteria inside the host
tissue and multiplication of the bacteria to massive populations. An
incompatible interaction results in hypersensitive response, phytoalexin
accumulation, pathogen immobilization or reduction of bacterial
multiplication to a minimum. This happens 4s a reaction of host plants with
the most incompatible plant pathogenic bacteria.

One of the most specific interactions is between Rhizobium sp. and their
corresponding legume plants, where specific recognition mechanisms, which
promote host infection by bacteria, have developed (see Volume 2, Chapter 6).

In general, there is relatively little evidence indicating that such recognition
mechanisms also occur between susceptible plants and their compatible
pathogens; one known example is tumor induction in dicotyledonous plants
by Agrobacterium tumefaciens in which positive host recognition is associated
with compatibility. On the other hand, specific recognition of pathogenic
bacteria by plants eventually leads to incompatible interaction. Plant-bacteria
recognition processes occur within a few hours after inoculation. The cellular
events which actually restrict pathogen multiplication in incompatible
interaction occur much later, as it takes time for the tissue to change the
basic metabolism of the infected cells by manufacturing products which
should respond to the presence of the pathogen.

Compatibility between pathogenic bacteria and their hosts is indicated
mainly by production of extracellular polysaccharides, toxins, indoleacetic
acid and common antigenic relationships. Many other additional factors with
different degrees of importance contribute to the development of the disease.
Currently, all the mechanisms known are constitutive requirements for the
pathogenicity of a certain isolate on a plant species. However, they are not
directly related to cultivar specific pathogenicity (Keen and Holliday,1982).
Pathogenic bacteria lacking one or more factors required for this basic
compatibility are considered to be avirulent. These avirulent strains will induce
several disease-resistance mechanisms in the plant against the invading
bacteria.

Plant defence mechanisms which may control specific recognition
mechanisms are described as follows:

(a) Protective response which occurs only in solanaceous species prevents
multiplication of compatible or incompatible bacteria in the tissue after
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treatment with non-specific substances. These include: dead bacterial cells,
infiltrafion with bacterial lipopolysaccharides or inoculation with low

concentration of compatible bacteria (Ouchi, 1983; Sequeira, 1983).
(D) Hypersensitive reaction which is a widespread defence mechanism of

plants against incompatible bacterial pathogens (see Section 3,Chapter 3).
(c) Immobilization and encapsulation of bacteria are plant reactions against

saprophytic 4nd avirulent strains. It is assumed that the encapsulation of

bacteria inside host tissue prevents their multiplication. These mechanisms
will be discussed in details later.

(d) The phytoalexins are antibiotic compounds produced by the plant, as

a reaction to the presence of pathogens. Only slight evidence of phytoalexin
production in bacterial-plant systems exists. The role of these compounds is

discussed in Chapter 5 of Section 3.
The importance of cell-surface carbohydrates determining recognition has

increased constantly during the last decade. More structural variations can

be obtained from complex carbohydrates than from any other molecules,

such as proteins and nucleic acids which are available in the plant cell. Only

a small change in the structure of cell-wall carbohydrates may result in large

effects on recognition specificity. Phytopathogenic bacteria and plant cell-

wall interaction can be used as an extraordinary model, because their first

attachment or contact is at cell-wall level. Thus, it can be generally proposed

that surface carbohydrates on the cell surfaces of both plant and bacteria

may functionally participate in the recognition phenomenon.

2.3 AGGLUTINATION OF BACTETA BY PLANT PRODUCTS

The first step of the plant reaction against the invading bacteria is

agglutination of the bacteria usually to the plant cell wall. Latet, structural

.h*g.r, not clearly defined and perhaps associated with plant activities,

immobilize and encapsulate the bacteria (Goodman et al., 1976 a, b; Sequeira

et al.,1977). The first agglutination factor, discovered by Berridge (1929)'

was later characterized as potato lectin which agglutinates only avirulent

Pseudomonas solanaceorum cells (Graham and Sequeira, 1976; Sequeira and

Graham, lg77).ltis now suggested to be an hydroxyproline-rich protein with

high,agglutination activity ([.each et al.,1982 a, b; Duvick and Sequeira,

1984 a, b).
Since then, various other agglutinins, of different chemical and physical

c'haracteristics have been discovered. Agglutination of pathogenic bacteria

in apple tissue was first reported by Fluang et ol. (1975). Inoculation of

virulJnt and avirulent strains of Erwinia amylovora resulted in localization

of the avirulent strain by small granules of plant'origin, in the xylem

parenchyma cells.. The granules stuck the avirulent bacteria in clusters which

iysed rn situ, anditopped further multiplication of the bacteria. At the same

time, the virulent strain multiplied freely and eventually caused symptoms

of disease to appear in the apple tissue. Agglutinatlon in vivo was also

observed Uy Hoiino (19?6) in rice leaf xylem vessels, inoculated with

l
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Xanthomonas campestris pv. oryzoe. Apple tissue agglutinins (Romeirci et
al., l98l) agglutinated strongly avirulent non-capsular cells of E amylovora,
and only slightly virulent strains. The apple agglutinins are not considered
to be typically lectinJike, as no specific hapten sugar was found, and they
also bind non-specifically to polyanions such as carboxymethylcellulose. This
may suggest that polyanions of avirulent cell wall surfaces are acting as
receptors for the apple agglutinin.

2.3. I Extracellular polysaccharide
In addition, Hsu and Goodman (1978 b) have discovered extracellular

polysaccharide agglutinins of bacterial origin. Apple-cell-suspension cultures
inoculated with virulent p. amylovoraproduced a factor(s) which agglutinated
cells of avirulent E. smyloyora. Goodman aia his associates (1979), suggested
that the apple agglutinin and amylovorin, a toxin produced by the pathogen,
were similar, because the toxin also has an agglutinating capability. Details
of this extracellular polysaccharide system will be provided later in this
chapter.

2.3.2 Lectin and hydroxyproline-rich glycoprotein bacterial agglutinin
Convincing evidence for the presence of the agglutination phenomenon

was shown by Sequeira and Graham (1977) investigating potato lectin
agglutination of many virulent and avirulent strains which represent the
variability and sources of the pathogen P. solanacearum. Good correlation
between avirulence and agglutination was achieved. Thirty-four avirulent
strains were agglutinated by. the lectin while 55 virulent strains were only
slightly agglutinated or not at all. The virulent strains of E. amylovora and
P. solanacearum are not agglutinated, probably because they have different
amounts of extracellular polysaccharides in their capsule. Virulent strains
have thicker capsules, which prevent agglutination, whereas the absence of
extracellular polysaccharides in the avirulent strains triggers the agglutinating
activity of the plants. Immunofluorescent staining revealed the presence of
lectin in the mesophyll cell walls in potato and tobacco. It seems, therefore,
that a lectin-binding attachment occurs in the P. solanaceorurn disease of
potato. A further purification of the potato lectin (Leach et al., 1982 a,b)
lead to the discovery of hydroxyproline-rich glycoprotein bacterial agglutinin
(HRGP), which, however, did not have the haernagglutinin activity
characterizing lectins. Mellon and Helgeson (1982) isolated the same HRCP
from a suspension of tobacco cells, which also agglutinate the avirulent P.
solanocearum isolate but not the virulent one. These results suggest that bind-
ing is not hapten mediated as in lectins, and since HRGP is widely present
in higher plants it cannot be expected to play a major role in determining
high specificity.

2.3.3 Pectic-polysaccharide agglutinin
Another type of agglutinin, which definitely does not determine specific

recognition, was found by Slusarenko and Wood (1981). They isolated an
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agglutinin, later identified as a pectic polysaccharide, from resistant bean
cotyledons (Slusarenko and Wood, 1983). The substance agglutinated cells
of avirulent strains of P. syringae pv. phaseoliaola more actively than cells
of the virulent strains. Extraction of susceptible bean cotyledons did not yield
the same fraction of agglutinating material. Pectic polysaccharides, which
are widely distributed in plant cell walls, may indicate the possibility of non-
specific attachment in vivo of incompatible pathogens to the plant. This
material could be the substance observed by Hildebrand et al. (1980), which
dissolved from cell walls and trapped the bacteria. Anyway, it is likely that
the pectic polysaccharide agglutinin is not responsible for the specific
resistance of the resistant bean cultivar to the pathogen.

2.3.4 Other agglutinin-like compounds
The agglutinin-like compounds from bean leaves (Anderson and Jasalavich,

1979), can be of three kinds:
(a) Water homogenates of leaves which cause agglutination of saprophytic

pseudomonads but not of pathogenic P. syringae pv. phaseolicola.
(D) NaCl-wall released agglutinin which caused variable agglutination of

either pathogenic or saprophytic pseudomonads.
(c) Plant compounds such as pectin, galacturonic acid and several lectins,

which agglutinated pseudomonads cells non-specifieally.
The data presented above, are hardly connected to the specificity of the

agglutinins to the bacterial cells, as it is not numerical, and the agglutinins
were only partially purified. Thus, some of the results mentioned above could
be related to residues of other substances which were shown in other plant-
bacteria interactions. Anderson and Jasalavich's (1929; interpretation is un-
conventional and states that preliminary binding of bactetial cells to plant
cell walls would be initiated non-specifically by the pectin compounds. In
a secondary phase, tictin UinAng would determine whether or not the bacteria
remained bound. The failure of virulent strains to bind to cell walls is due
to production of materials that cancel the attachment effect of the lectiir.

2.3.5 Conclusion
No definitive conclusions can be drawn from the limited data available

so far. The mode of action of leaf agglutinins remains highly speculative.
They may possibly recognize specific surface polysaccharides, but no simple
sugar has been shown to prevent the activity of the agglutinins. It could be
that more complex carbohydrates may be needed for recognition to occur.
Furthermore, none of the specificity-determining agglutinins were highly
purified and most of the conclusions were based on crude preparations at
different degrees of purification. On the other hand, some agglutinins seem
to be abundant and, logically, these common materials cannot determine high
degrees of specificity. Nevertheless, the possibility that some agglutinins do
determine some degree of specificity should not be discarded.
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2.4 LncrrNs

The most studied agglutinins in plant-bacteria interactions are the lectins.
Lectins are found in plants, animals, and bacteria" They are proteins or
glycoproteins which bind to the bacterial cell surface through recognition
of specific sugar structures. Some recognition systems have been attributed
to lectin recognition; the best example is the rhizobia-legume symbiosis.

2.4.1 Legume-rhizobium interaction
Selective infection of certain legume species by certain Rhizobium species

can lead to the formation of nodules in the plant root system. The transform-
ed bacterial cells (bacteroids), are fixing atmospheric nitrogen for the benefit
of the two participants of this symbiosis. Various degrees of positive host
specificity are known in these plant-bacteria combinations.

After the establishment of rhizobia cell in the legume rhizosphere, infec-
tive rhizobia adhere to the root-hair surface. Several selective attachments
of infective rhizobial strains (compatible), but not of non-infective strains,
have been proposed to explain infection specificity in the symbiotic interac;-
tion. The attachment was first attributed to specific binding of bacteria to
the root lectins.

Bohlool and Schmidt (1974) were the first to show a strong correlation
between binding in vitro of soybean seed lectin to R. japonicuz cells and
the infectivity of these cells. Lectin-mediated attachment was similarly shown
in R. trifulii-clover interaction in which there was perfect correlation bet-
ween lectin binding in vitro and infectivity. Some of the symbiosis has a high
degree of host specificity, so that restricted groups of legumes are infected
only by a single species of Rhizobium, e.g. R. melilotiinfects and nodulates
alfalfa roots but not clover, soybean or chickpea roots. Host specificity in
this case is the earliest event occurring in this symbiosis.

Lectin recognition model. A significant contribution to the understanding
of the symbiosis was made by Dazzo and his associates working with R.
trifolii-clover symbiosis. They showed that surface root lectins bind rhizobia
by complementary surface molecules as an essential and specific primary step
of the associatioi (Dazzo and Hubbel, 1975;Dazzo et al., 1916). The lectin
recognition model they suggest, survived very intensive investigations, but
as yet is still unproven. They simply proposed that specific legume lectin is
binding to a unique carbohydrate structure found exclusively on the surface
of the compatible rhizobial symbiont. Their later results are consistent with
this hypothesis. They discovered trifoliin-A, a unique clover root-hair lec-
tin, which seems to be a cell recognition molecule. This glycoprotein specifical-
ly binds to, and agglutinates, the clover symbiont R. trifolii. The lectin
accumulates on the surface of the root-hair region of clover, being in greater
quantity at tlie growing root-hair tips (Dazzo et at., 1978). The bacterium,
R. trifulii, produces a capsular polysaccharide which can interact specifical-
ly with the host lectin. Adsorption of cells of non-infective strains of the
compatible R. trifulii or infective incompatible R. melilotito clover root hairs
was four or five times less than adsorption of compatible infective Rhizobium
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(Dazzo et al., 1976). The attachment was by the polar end of the bacteria
(as also shown in R. japonican by Bohlool and Schmidt, 1976). They pro-
posed that host specificity in this model is expressed through a 2-deoryglucose
receptor site. The biological expression of host specificity affects the frequency
of root-hair infections (Dazzo et al., 1984).

Receptor sites. The very important discovery of the receptor sites on the
legume root, which specifically recognize the compatible rhizobia, was found
by testing the binding site of bacterial polysaccharides. These receptor sites
are situated only on the root-hair, where the host lectin is accumulating. They
are saturable, specific for lectin-binding polysaccharides and specifigally
blocked by the appropriate hapten of the host lectin (Dazzo and Brill, 1977,
1979; Kamberyu,1979; Gatehouse and Boulter, 1980; Kato et al., 1980,l98l;
Dazzo and Truchet, 1983).

Bocterial polysaccharide structure. The exact molecular structure of
bacterial polysaccharides should be established to understand their specific
interaction with the host lectin. These compounds are extremely non-uniform
and contain many different subcompounds (Dudman, 1984). For example
the complete structure of any of the Rhizobium-hpopolysaccharides is as yet
unknown, perhaps due to their exceedingly complex sugar composition. Ex-
tracellular polysaccharide of R. trifoliiis built from carbohydrate and non-
carbohydrate components such as acetate, pyruvate, succinate and
3-hydroxybutanoic acid (Hollingsworth et al., 1984). The pyruvate consti-
tuents are strong immunodeterminants of rhizobial polysaccharides (Dud-
man and Heidelberger, 1969). It seems that the direct interaction between
lectin-binding surface polysaccharides of rhizobia and root hairs of their host
legume is a characteristic cellular recognition on the molecular level.

Evidences ogairct the lectin-polysaccharide model, Although the lectin-
polysaccharide recognition theory seems widely supported, some results do
not fit the proposed model, due to the following difficulties mentioned by
Bauer (1982) and Vance (1983): (a) lack of a perfect correlation between bind-
ing to host lectin, and nodulatign (Schmidt, 1979); (D) availability of lectin
in legume roots is well documented (Dazzo et al., 1978 Gade et al., l98l),
although some studies were performed with lectins from seeds which were
not present in roots, but, some soybean varieties which were found to lack
lectin, nevertheless nodulated very efficiently; (c) binding of incompatible
rhizobia to roots is a not infrequent and rare phenomenon (Bauer, l98l).
The strongest evidence against the role of lectin in determining specific
recognition (Pull ef a/., 1978) is that infective R. japonicun nodulated roots
of soybean lines lack leqtin. Pueppke and Hymowitz (1982) screened 56 lines
of the subgenus Glycine to detect soybean seed lectin, and showed that
although the roots nodulated, none of the lines contained the specific lectin
which was supposed to determine recognition. Thus, it seems that lectins are
not essential in the recognition of rhizobia. This non-acceptance was ruled
out by Tsien et a/. (i983) who showed small quantities of lectin in seed and
in developing seedling roots of the same soybean lines. Furthermore, soy-
bean roots contained additional lectin which can bind R. japonicun strains



Bacteria-Plont Cell Interactions l9l

that lack receptors to the regular soybean haemagglutinin (Dombrink-
Kurtzman et aI., 1983\.

Sbecificity signals. Bauer (1982) claims that binding of bacteria to plant
cells by lectin may be only one of the specificity signals transmitted from
the bacterium to its plant symbiont. In his opinion, Dily signals of differing
natures may be required for the development of the complex legume nodule.
Bauer (1981) proposed the idea that plant receptors other than lectins
recognize a specific component on the bacterial cell surface.

Conclusions. Dazzo et al. (1984) explain these contradictory results as
follows: (a) some rhizobia strains produce more than one polysaccharide
which bind the lectin (Hrabak et ol., l98l) and sorne of these polysaccharides
change their composition with the age of the culture (Mort and Bauer, 1980;
Cadmus et al., 1982); (D) the ability of the rhizobia to bind to the lectin is
a transient event (Mort and Bauer, 1980; Hrabak et al., l98l); (c) the lectin
is available on the root surface for a transient period of development of the
attachment (Paau el a/., l98l); (d) the environmental conditions, prevailing
during recognition, affect the expression of the lectin receptor on the
bacterium (Bhuvaneswari and Bauer, 1978). In summary, failure of one of
the several legume-produced lectins to interact specifically with the homo-
logous rhizobia does not automatically reject the lectin recognition hypothesis
which remains a reasonable explanation for the specific recognition between
rhizobia and legumes. Despite the undetermined role of cell-wall
carbohydrates in specificity, the basic bacterial cell surface architecture of
Rhizobium is'now better known.

2.4.2 Lectin-phytopathogenic bacteria interaction
In contrast to the relatively vast amount of knowledge concerning the role

of lectins in the legume-rhizobia interaction, very little has been published
on the interactions of lectins in plant-pathogenic bacteria interactions. Sing
and Schroth (1977) showed agglutination of saprophytic bacteria by a possible
lectin. Sequeira and Graham (1977) suggested the involvement of lectins in
agglutination of P. solanacearum by potato. Sequeira (1979) showed that
tobacco and potato lectins precipitated bacterial lipopolysaccharide.
Precipitation was inhibited by chitin oligomers. This phenomenon indicates
that lectins may recognize N-acetylglucosamine inside the LPS. This
recognition activity of lectin was refuted after the discovery of
hydroxyproline-rich agglutinin within the lectin fraction which has a
remarkably strong agglutinating activity (Leach et al., 1982 a, b).
Additionally, Anderson and Jasalavich (1979) showed that bean lectins
agglutinate both pathogenic and saprophytic pseudomonads to roughly the
same extent

Ghanekar and Perombelon (1980) disagree with the hypothesis of lectin
participation in recognition. They reported that about 25 different Erwinia
spp. isolates were agglutinated with purified potato lectin irrespective of their
origin and of their pathogenicity to potato. Similarly, no clear patterns were
found when other pathogenic or non-pathogenic bacteria of several genera
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were treated with the lectin. These results can be considered as indirect
evidence against the involvement of lectin in specific recognition of bacteria
by plant lectins.

Plant lectins do not seem, at the moment, to play a role in recognition in
plartt diseases. However, several other pathogenic systems which are highly
specific such as P. syringae pv. tomato on tomato, and X. campestris pv.
vesicatoria on pepper should be tested for the possibility that lectin would
play a role in determining their specificity.

2. 5 ExTnacELLULAR Por-vsnccnARrDE AND LrpopoLysAccHARIDE
INtpnncrroNs

Although, extracellular polysaccharides (EPSs) and lipopolysaccharides
(LPS$ were suggested, in the seventies, as playing a role in cell-cell recognition
processes, their importance has become significant only recently. They are
now assumed to play a major role in recognition mechanisms. Nevertheless,
the mode of action of some interactions is not understood, most of the
proposed systems have not been firmly established and most of the basic
questions are still open. The possible nature of the cell-cell activities of these
complex compounds will be despribed below.

2.5.1 Definition and characteristics of EPS and LPS
EPS is generally defined as a bacterial capsule polysaccharide. It can adhere

firmly or loosely to the bacterial cell, and present a great variety both in
composition and in structure at the bacterial cell surface. The exact function
of EPSs in Gram-negative bacteria is clearer in animal tissue-where it helps
bacterial survival and adherence-than in plant tissue. LPS, although also
complex but easier to isolate, is a more solid structure which is contained
in the bacterial cell wall.

One of the best examples of the complexity of definition of the role of
EPS in the recognition process and in virulence, is the.E amylovora-apple
system described mainly by Goodman and his associates. They discovered
amylovorin, a todc low-molecular-weight, host-specific galactose-rich EPS,
affecting cellular membranes (Huang and Goodman,1976; Hsu and Good-
man, 1978a). Amylovorin was proposed as being responsible for the initial
ultrastructural changes observed in infected rosaceous tissue. But Sjulin and
Beer (1978) did not confirm these results: they detected no increase in elec-
trolyte leakage from amylovorin-wilted tissue, indicating that no significant
changes in membrane permeability had occurred. They concluded that
amylovorin induced wilt by restricting the movement of water in the xylem,
and it did not act by toxicity. Nevertheless, amylovorin appears to be an essen-
tial pathogenic feature, since non-pathogenic isolates are nof able to pro-
duce it. Other polysaccharides also produced by the bacterium were isolated;
they were distinguished by immunoelectrophoresis but were antigenically iden-
tical to lipopolysaccharides (Sijam et al., 1983)

The isolation of EPSs opened a new approach to research: the possibility
that polysaccharides, which are capsular materials, are involved in virulence
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and specificity. The ability to produce EPS has.been related to virulence of

several phytopathogenic bacteria (Smith, 1977; Bennett and Billing, 1980).
Ayers el at. (1979) showed a direct relationship between the amount of free

EPS and virulenpe. Sijam el al. (1983\ showed doubts on the validity of the

correlation; nevertheless, they showed the production of several polysac-

charides by E. amylovora,both in culture and in plemt tissue, which had

the same properties, but were not identical

2.5.2 The EPS theory
By using very detricate electron microscopic preparations, following freeze-

drying of E. amylovora cells, Politis and Goodman (1980) detected the fine

structure of the pathogen EPS. They proposed a model consisting of two

tlpes of polysaccharides: one loosely tied and water soluble, the other tight-

ly bound and insoluble in water. They explained the failure to agglutinate

the virulent strains of E. amylovora (which was mentioned earlier) as follows:

the EPS blocks the binding of bacteria by the agglutinin, and thus prevents

the activation of the induced defence mechanism of the plant. A similar ex-
planation was provided for the escape ofvirulent strains of P. solanacearum

from agglutination. All wild{ype virulent strains produced a great amount

of EPS both in culture and in the plant which seems to determine pathogenesis

in this pathogen. Spontaneous change from smooth (with EPS) to rough

(without EPS) bacterial colonies resulted in loss of virulence. Addition of

EPS to avirulent strains prevents their agglutination' and removal of EPS

from virulent bacteria results in their agglutination. Sequeira and Graham
(1977) and sequeira et al. (19'17) tried to explain the lack of attachment to
production of EPS by the pathogen, by saying that EPS 'prevents binding

of the bacteria to a specific receptor site on the host cell wall'. This EPS

should have specific qualitative and quantitative characteristics, because there

are slime-producing strains which are incompatible.
The EPS theory is strongly supported by Smith and Mansfield (1982) who

studied the interaction between oat leaves and P. syringae pv. coronafaciens
(compatible), P. syringae pv' coronafaciens var. atropurpurea and P' syr'

ingae pv. tabaci (incompatible) and P. fluorescerc, the saprophytic bacterium.

Quantitative analysis indicated accumulation of EPS around the compatible
pathogen but not around the incompatible pathogen, suggesting that the

bacterial production of EPS prevents the bacterial attachment to plant cell

walls. These results suggest that EPS plays a significant role in preventing

bacterial cell attachment.

2.5.3 Roles of EPS and LPS
The role of bacterial LPS seems complementary to the role of EPS. A

lipomucopolysaccharide isolated from cell-free cultures of P. syringae pv.

lachrymans induced water soaking of cucumber leaves (Keen and Williams,

l97l). Working with Agrobocterium, Whatley et al. (1976) showed the im-

portance of bacterial lipopolysaccharides in specific recognition between the

pathogen and the plant.
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Sequeira (1984) proposed that bacterial attachment is a direct result of in-
teractions of EPS and LPS of bacterial origin with proteins or pectic com-
pounds of plant cell walls. Sequeira et al. (1977) showed that avirulent strains
of P. solanocearum attached rapidly to the walls of tobacco mesophyll cells,
while the virulent strains continued to multiply in the intercellular spaces.
The avirulent strain was also capable of rapid aftachment to suspension-
cultured tobacco cells. Bacteria were strongly attached end-on and only ex-
haustive washings were able to significantly reduce their attaChment.to thd
plant cells. The maximum number of bacteria attached to a single tobacco
cell was as high as 8700. Attachment was inhibited by high ionic strength,
favoured by low ionic strength and supposed to be ion mediated. Thus, the
ionic condition of the intercellular fluids seems to be crucial in determining
the attachment of bacteria to the cell wall. The attachmeht mechanisms were
affected by high temperature, azide, EDTA and some antibiotics, suggesting
an active metabolism playrng a role in the attachment process (Duvick and
Sequeira, 1984a, b). The strong attachment between P. solanacearum and
tobacco cells may be due to pili binding!, since thq avirulent strain is high
piliated. The low piliated avirulent strain of the pathogen attached loosely
(Stemmer and Sequeira, l98l). Additional information on bacterial attach-
ment to plant cells is given by hydroxyproline-rich glycoprotein ob-
tained from several plants cell-walls. This agglutinin strongly agglutinates
the avirulent strain of P. solanacearum and therefore its highly basic nature
has the capability of ionic interaction with the negatively charged EPSs and
LPSs, and maybe other negatively charged molecules of the bacterial cell,
which can result in agglutination inhibition of virulent strains (Leach et al.,
1982 a, b; Baker et al., 1984).

The agglutinin precipitates LPS from rough strains and EPS from smooth
strains. Therefore, it seems that EPS produced by virulent strains binding
the.agglutinin, prevents the recognition response of the plant, characteriz-
ed as LPS-agglutinin binding, allowing virulent bacteria to escape.

Hendrick and Sequeira (1984) selected mutants of virulent strain which
have defects in LPS and EPS structures. Even if the LPS composition of
parts of the mutants was similar to that of the avirulent strain, they failed
to induce hypersensitive reaction. They were agglutinated in the same man-
ner as the avirulent strain. According to these data they concluded that the
'hypersensitive reaction-inducing properties of the avirulint strain must repre-
sent alterations in factors other than or in addition to those involved in EPS
and LPS synthesis.'

In summary, Sequeira (1984) presented the following points:
(a) Bacterial attachment may be mediated by the interaction of bacterial

LPS with hydroxyproline-rich glycoproteins on plant cell walls. Fromstudies
in vitro of the binding, attachment appears to be a result of charge-charge
interaction.

(b) EPSs which inhibit the interaction in vitro probably do not have this
effect in the plant tissue, as inhibition occurs only at low ionic strengths which
are not found in the intercellular fluid.
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(c) The avirulent strains which bind to the cell wall have defective LPS
molecules which respond to the hydroxyproline-rich glycoprotein of the plant

cell wall. Strains which do not bind, have a complete LPS molecule and most
of them produce EPS.

(d) Pili seem to play a role in strong irreversible attachments'
Different information about the role of LPS was given by Romeiro et a/'

(1981). E. amylovora-LPS-core-carbohydrate structure, but not the O-chains
were specifically agglutinated by plant products. The core region of LPS in
Gram-negative bacteria is highly polyanionic, giving further confirmation
to the theory of charge-charge agglutination of avirulent strains. However,
they explain the non-agglutination of virulent strains by masking their core-
LPS With EPS.

The theory that LPS participates in race-specific recognition of compati-
ble bacteria in certain plant species and in non-specific recognition of in-
compatible bacteria in other plants is not yet clear. The examples given in
this review indicate that plants may possess at least two different.tinds of
receptors fon bacterial surface carbohydrates, and bacteria possess LPSs With
different types of appearance and structures. Therefore, due to the multiform
appearance of all surface macromolecules, both recognition or non-
recognition processes can be achieved.

2.5.4 llrater soaking and EPS
Another possible interpretation of the role of EPS was suggested by

Rudolph and his associates (1979-81). They related pathogenicit!'of some
phytopathogenic pseudomonads and xanthomonads to their production of
EPS, which specifically causes water soaking only in susceptible plants (El-

Banoby and Rudolph,1979b). The EPS was initially extracted from liquid
cultures of P. syringae pv. phaseolicola or from halo-blight-infected bean
stems or leaves (El-Banoby and Rudolph, 1979a). The EPS was partially
purified (El-Banoby and Rudolph, 1980) and some of its biological and
physical properties were determined but it did not help understanding its mode
of action (El-Barroby et al., 1980). They suggested that the specific effect
of EPS may explain the different virulences shown by bacterial isolates. There
was also a difference in plant reaction towards EPS from different sources
of the same pathogen. Therefore, they concluded that the induction of water
soaking by purified EPS explains the specificity ofthe bacteria at the species
and cultivar levels, although the mode of action is still a mystery.

Bacteriil EPS and the visible specific water soaking disappeared from the
intercellular spaces of resistant cultivar 12 hours after inoculation, while EPS
remained for three days in the intercellular spaces of susceptible bean leaves
(El-Banoby et al., l98l). A probable explanation is that EPS was degraded
enzymatically in the lesistant plants and not in the susceptible ones, and thus

lost its primary capability to induce water soaking.
These events indicate the activation of the plant defence mechanisms at

molecular levels (El-Banoby el o/.,1981). Ultrastructural studies of the effect
of EPS within plant tissue showed a close relationship between water-soaked
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leaf area and the presence of polysaccharide within the interceliul:r spaces
of susceptible beans. The EPS never penetrated the plant cells, nor did it
cause any visible damage or alterations to the plasma membranes, or to any
cell prganelle. However, in this case, the possibility that EPS may prevent
the attachment of pseudomonads to plant cell walls was not estimated.

The understanding of the exact mode of action of EPS is prevented mainly
by the difficult task of determining the molecqlar and the spherical structures
of these molecules. This leads to all kinds of assumptions which cannot
satisfactorily settle whether or not EPSs have any relation to virulence or
specificity.

2.5.5 Minor ddferent evidences of bacteria-plunt interaction
Minor points of difference in the interaction between bacterial fractions

and plants are presented below. They are few, and their mode of action is
not known. A necrosis-inducing-factor of non-host plant leaves, possibly
glycoprotein, was extracted from cells of P. syringae pv. tomato.It did not
show pectolytic or cellulolytic activity and was destroyed by pronase or by
hydrolysis with HCl. Ilalso caused great loss of electrolytes within 48 hours
of infiltration which is too short time for compatible combinations and too
long for hypersensitivity reactions. Its role and significance remain obscure
(Bashan et al.,1982b).

An 'endotoxin' from P. syringae pv. phaseolicola was also isolated. It
induced cell collapse on non-host tissue (Crosthwaite and Patil, 1978). Some
protein-lipopolysaccharide complexes (Mazzuchi et al., 1979), inhibit the
hypersensitive reaction and cause slight chlorosis. Hypersensitive reaction-
inducing substances from the bacterial cells were also isolated (Sequeira and
Ainslie, 1969; Gardner and Kado, 1972; Sequeira, 1976).

2.5.6 Conclwion
Despite the new charge-charge hypothesis explaining the role of EPS and

LPS in bacterial recognition, sugar-specific binding should not be ignored,
as ionized groups can influence lectin affinity for a receptor.

3. MULTIPLICATION OF PATHOGENIC AND NON-PATHOGENIC
BACTERIA ON THE SURFACE AND WITHIN LEAF TISSUE

Nearly every important bacterial pathogen has been monitored for changes
in bacterial multiplication, before, during and after disease development
(Henis and Bashan, 1986). To clarify the phenomenon of multiplication only
representative data on several bacterial diseases will be presented here. Some
interpretations of events are commonly accepted by most investigators; those
which are not, will also be described.

In general, bacterial multiplication in plant tissue has the following
characteristics:

(a) Most bacteria, either pathogenic or saprophytic, can multiply on the
surface of plant leaves, if available nutrients are supplied externally or by
the host plant.
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(D) In nature, leaf surfaces are colonized by bacterial population of various
species, most of which are saprophytes.

(c) Under normal plant growth conditions, compatible pathogenic bacteria
can multiply freely both outside and inside the leaf, whereas saprophytic
bacteria are usually restricted to the external side only.

(d) The population of pathogenic bacteria usually increases massively
during disease development. After partial degradation of host tissue, or its
death, saprophytic bacteria can colonize the infected area.

(e) Both compatible and incompatible strains of pathogen have, to a vary-
ing extent, the ability of endophytic multiplication. In most cases, the in-
compatible strains form smaller populations. The endophytic population can
develop in the air-filled intercellular spaces only if these are filled up with
water.

(fl Resistant tissue cannot totally prevent pathogen multiplication, but can
lower it by several deglees of magnitude.

(g) Saprophytic or non-compatible pathogens applied before the pathogenic
strain, can inhibit its multiplication and prevent disease development.

3.I EpIpgyTIc Gnowrrr PHASE oF BACTERIA

Although leaf surface colonization by phytopathogenic bacteria has been
known from the beginnings of phytobacteriology, Crosse (1959) was the first
to show that the massive epiphytic population of P. syringae pv.
morsprunorum (the causal agent of bacterial canker of stone fruit trees) was
present on the surfaces of apparently healthycherry leaves, and supposedly
supplied an inoculum for'initiation of the disease. English and Davis (1960)
also isolated unidentified pathogenic fluorescent Pseudomonas from healthy
peach and almond leaves, fruit twigs and weeds in the field.

3.1.1 Concept of resident population
Basing his concept on these results and on his studies of thg 'basic' role

of epiphyiic populations of pathogerric bacteria in plant disease, Leben (1965)
suggested that the pathogen lives and multiplies on the upper parts of the
apparently symptomless plant. These populations are referred to as 'resident'.

Under optimal conditions, such as appropriate temperatures, presence of free
water, high relative humidity and plant physiological conditions, the inoculum
developing on apparently healthy plants may start a bacterial disease, without
any further external supply of inoculum.

Some of the many studies supporting this concept are the following.
X. campestris pv. vesicatoria was found resident on tomato seedlings (Leben,
1963) and pepper plants (Bashan et al., 1985i Bashan and Okon, 1986a, b).
Analyzing P. syringae pv. syringae in bean leaves revealed resident phase
in nature (Leben et al.,1970). A highly virulent strain of P. solanacearum
had a residbnt phase on hairy vetch which is a common weed in bean cultiva-
tion in Wisconsin. The pathogen was found to be the main component of
the Gram-negative epiphytic microflora throughout the year (Ercolani ef a/:,
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1974). Additionally, Hirano and Upper (1983), although they partially listed
epiphytic growth of pathogenic bacteria, could affirm that epiphytism is a
general phenomenon.and not an exception.

3.L2 Non-resident pathogens
It seems, however, that not all foliar pathogens have a resident popula-

tion on their host. Thomson et al. (1975) indicated that E. omylovora, the
causal agent of fire-blight in apples and pears, was not detectbd in healthy
buds from healthy or diseased trees. It was detected on leaves only after fire-
blight had spread all over the orchard. Independently and at about the same
time, Sutton and Jones (1975), basing their results on very extensive data,
suggested that the disease broke out from only temporary epiphytic popula-
tion and not from a resident population. These data and their conclusions have
a major drawback, as they could not monitor small enough populations.

3.1.3 Exchanges of epiphytic and endophytic bocteria
Epiphytic bacteria can be either pathogenic or saprophytic, whereas en-

dophytic bacteria (defined as bacterial population present in the intercellular
spaces or in substorhatal cavities) are usually only pathogenic. These
characteristics are, however, only indicative since dynamic exchanges often
occur between internal and external leaf tissue (Henis and Bashan, 1986).
For example: epiphytic populations of P, syringae pv, alboprecipitans
penetrate into sweet corn leaves through close stomata and multiply inside
(Gitaitis et al.,l98l); epiphytic P. syringaepv. tomato prefers to penetrate
through open stomata and leaf trichomes (Bashan et al., l98lb; Schneider
and Grogan, 1977), whereas epiphytic X. campstrtspv. vesicatoria penetrate
through leaf veins (Sharon et al., 1982a; Bashan et al., 1985b). These ex-
changes are highly dependent on the microclimatic conditions inside and out-
side the leaf.

Once the exchange has taken place, the total bacterial population is com-
posed of epiphytic and endophytic populations, making it difficult technically
to distinguish between the two populations. Two of the techniques are
ultraviolet irradiation (Barnes, 1965) and.chemical surface disinfections
(Sharon et al,, 1982b). Hirano and Upper (1983) prefer to adopt a looser
functional definition of epiphytic bacteria as 'those bacteria that can be
removed from above ground plant parts by washing'. But, as they explain
'This definition does not distinguish between residents and causals' (as was
distinguished by Leben, 1965) 'nor does it count all of the bacteria. However,
it provides relatively rapid, quantitative results that can be used as an estimate
of total populdtion size.'

3.tr.4 Disease development due to epiphytic or endophytic bicteria
There is almost no doubt that the presence of an epiphytic pathogenic

population can result in initiation of disease. But is it an essential prerequisite
for disease development? To answer this question three criteria were sug-
gested by Hirano and Upper (1983):
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(a) Epiphytic populations should be directly measured during the ex-
periment.

(b) The experiments should differ with respect to the epiphytic population
size.

(c) Quantitative disease assessments should be done.
In general, during disease development, particularly after artificial inocula-

tion, the pathogenic population tends to increase. This growth is dependent
on plant and pathogen types and varies from lff to l0 colony forming
units (CFU) per leaf or gram of tissue.

Some examples of foliar diseases caused by bacteria are: the incidence of
fire-blight disease of stone fruits which is correlated to E. amylovora epiphytic
destructive population (Thomson et al., 1975); likewise the world's most
destructive abiotic disease caused by ice nucleation bacteria (Lindow, 1983),
brown spot on snap beans to P. syringae pv. syringae (Lindemann e/
al ., l98l) and halo-blight on oats to P. syringae pv . coronafociens (Hirano
et al., 1982).

These results showed an important factor: the bacterial number threshold.
With a population number of pathogens below the threshold, there are no
visible symptoms of disease, above this number, symptoms appear.

weller and saettler (1980) showed that, under field conditions, visible
disease symptoms were detected when the population level of either x.
campestrk pv, phaseoli or X. tampeslns pv. phoseoli var. fuscans reached
5 x ls cFU per leaflet. They also found a good correlation between disease
severity and number of bacteria per leaflet. Smitley and McCarter (1982)
presented data showing a relationship between the population number of p.
syringae pv . tomato and bacterial speck development in tomato plants. Their
data were valid only when the environmental conditions were favorable for
disease development. The major importance of the climatic conditions on
bacterial speck development is well known and was demonstrated in se'reral
studies (Bashan et al., 1978; Schneider and Grogan, 1978; yunis et al.,1980).

3. 1.5 Statistical model
A statistical model was developed to explain the quantitative relationship

between epiphytic populations of pathogenic bacteria and disease incidence
(Rouse et al., l98l). The model is affected by many environmental factors,
susceptibility of the host, bacterial numbers and different rates of bacterial
multiplication factors in a given field. As such a model requires a large amount
of data (not yet available in the literature), it should be treated in the mean-
time with some caution. Another drawback of this model is thar some
bacterial systems do not follow the description for bacterial multiplication
in plants given in this subsection. under field conditions, no positive cor-
relation was found between the number of bacteria in pear flowers infected
with E'. amylovora and disease incidence (Miller and schroth , r972);no rela-
tionship was found between x. campestris pv. vesicatoria numbers in pep-
per plants and symptom expression (Bashan et al., l915a\.
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3.1.6 Conclusion
Epiphytic growth' and resident bacterial population on leaves without any
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3.2.2 Endophytic multiplicotion in resistant and susceptibte host

Allington and chamberlain (1949), working with P. syringae pv. glycinea

and x. 
-campestris 

pv. phaseoli, found that multiplication, presumably in

the intercellular spaces, was nearly equal in both resistant f,nd susceptible

host. After a certain time, the inhibiting effect of the incOmpatible host

became apparent, when the bacterial population increased less rapidly or

decreasedmarkedly. Bacterial population within the compatible host con-

tinued to increase until destruction of the tissue occurred. lheir last obser-

vation was on the seventh day after inoculation. Leben et al. (1968 a, b)

prolonged their observation of population dynamics of P' syringoe pv'

glycinea. They showed that the population reached its maximum between

ihe seventh and thg fifteenth day after inoculation. Later; the population

declined as lesions became necrotic and leaves dried. Substantial numbers

ofthe pathogen were present before symptom appearance' and low inoculum

concentration resulted in lower population maxima and delayed symptom

expression. These results were confirmed for P. syringae pv. tomato and x.

compestris pv.'vesicatoric (Bashan et al,, 1978 Diab et al.' 1982\,

t iUen and his associates speculated that in older drying leaves and necrotic

lesions, baCteria are 'glued dgwn' and serve as a slow release reservoir for

future bacterial outbreak. This was tested in bacterid speck and scab of

tomato and pepper.using a scanning electron microscopy technique. After

development of microscopical necrosis, bacteria were not found in the many

necrotic sites examined very carefully. Bacteria in both diseases were detected

only in apparently healthy infectpd tissue surrounding the necrotic atea. Thus,

presumabiy bacteria simply diedwith the plant cells in the lesion itself (Bashan

et sl., l98lb; Sharon et al,,1982a).

3.2:3 Leqf tissue as o protective environment
Evidence that the leaf tissue serves as a protective environment for the en-

dophyte bacterial population can be drawn from the following examples.

Endophytic population of X. campesfnb pv. phaseolivar. soiensis in soy-

bean ieaves showed that the ultraviolet irradiation destructive to bacterial

cells either in water or on the leaf surfaces have no effect on the intercellular
population (Barnes, 1965). Surface disinfestation of pepper with the bleaching

compound, Naocl, which usually kills most of x. campesfnls pv. vesicatoria

in water suspension did not reduce the number of endophytic bacteria (Sharon

et al., 1982b). Only lyophilization of diseased pepper leaves, which eliminates

nearly all the epiphytic microflora including the bacterial pathogen, caused

reduction in the internal population (Bashan et al.' 1982a).

3.2.4 Conclwion
The endophytic multiplication of phytopathogenic bacteriashows that near-

ly all compatible pathogens tested can multiply inside plant tissue. En-

vironmental factors have little influence, but water soaking of leaves or at

least non-wilting conditions axe necessary for proper multiplication in the

tissue. Plant tissue seems to protect the endophytic population from the hostile
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outside environment. The endophytic pathogens are assciciated with a living
tissue and do not exist in substantive numbers in dead tissues. Despite thi
fact that the pathogens are responsible for most events related to disease syn-
dromes, i.e. enzyme degradation, influence on plant metabolism, induction
of the defence mechanisms of the plants, they do not seem to be associated
with visible symptoms.

3.3 Mur.Ttpr.rcanroN oF BAcTERTA IN RELATToN ro Corr{p,lrrBrl-rry

Plants are not always diseased, and diseases come from different bacterial
species: there must, therefore, be some kind of specificity between the plant
and the bacteria at the tissue level which determines whether or not disease
processes will develop. Most studies on bacterial multiplication in plants do
not distinguish between the epiphytic and endophytic bacterial populations,
but concentrate on the effects of compatibility and non-compatibility:
measurements which are easily carried out with a precise sampling program,
homogenization device, selective media (if available) and very simple
techniques.

The main drawback of these studies, especially in field conditions, is that
multiplication is affected not only by the cornpatibility of the host, but also
by many environmental, agrotechnical and methodological factors, leading
to contradictory results even on the same bacteria-plant combination. Despite
all the problems, these.studies show, with not too many exceptions, that eorn-
patible interaction favours multiplication of the pathogen in the tissue, while
incompatibility restricts or slows the rate of multiplication of the bacteria
in the plant.

The following examples picked from.the bulk of literature, illustrate the
above remarks: multiplication studies of X. campestris pv . vesicatoria in pep-
per by stall and cook (1966) showed that after several days the pathogenic
population was always lower in the resistant cultivar. similarly, p. syringae
pv. tomato showed the same trends in bacterial population (Bashan et al.,
I 98 lb). P. syringae pv . p haseol icola gr ew faster and to hilher total numbers
in the susceptible thanin the tolerant bean cultivar leaves (Stadt and saet-
tler, l98l); intensive multiplication occurred also in the resistant cultivar
(omer and wood, 1969). In both studies bacterial population reached its
apex three to four days after inoculation, and no difference could be found
between the cultivars. working with p. 'syringae pv, glycinea in soybean
leaves, Mew and Kennedy (l9zl) found a normal pattern of bacterial
multiplication in three pathogenic isolates in susceptible and resistant
cultivars. They reported that great numbers of isolates could be washed from
symptomless soybean leaves.

3.3,1 Plant resis,tance influence on pathogenic poputation
The degree of resistance of the infected plant has an effect on the level

of bacterial population in the plant. Testing p. syringae pv. tabacimultiplica-
tion on susceptible, resistant and hybrids with various degrees ofresistance,

I
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Diachun and Troutman (1954) demonstrated that the pathogen can multiply
in leaves of all cultivars. Multiplication gradually decreased from the suscep-
tible to the resistant cultivars. High bacterial populations of X. campestris

. pv. phaseoli were detected in leaves of susceptible and moderately resistant

hosts, but not in those of the resistant genotypes. Systemic colonization of
plants throughout the growing season decreased with the increase of the
resistance of the genotype, to zero in highly resistant cultivars (Cafati and
Saettler, 1980).

3.3.2 Multiplication of incompatible bacterid'
When incompatible bacterial pathogen is inoculated to the corresponding

plant tissue, its ability to multiply is usually not affected, but slowed down
significantly. Comparative studies on the multiplication of bacteria in bean
plants have shown that both compatible (P. syringoe pv. phasealicola) and
incompatibl e (P. syringae pY. morsprunorum) pathogens can multiply, but

at different rates and to different final populations. The growth of the in-
compatible bacteria stopped one to three days after inoculation, whereas the

compatible pathogen continued to multiply until five days after inoculation,
when disease symptoms appeared. Bacterial population was always smaller
in the incompatible than in the compatible interaction (Ercolani and Crosse,
1966).

Incompatibility seems to be due to a reaction of every individual cell.
Studies of multiplication on tobacco uniform callus tissue showed that the
compatible bacterium, P. syringae pv . tabaci, multiplied rapidly and colonized
the callus within two days of inoculation, while the incompatible P. syringae
pv. pisi multiplied relatively slowly and remained in the inoculation site
(Huang and Van Dyke, 1978).

3.3.3 Saprophytic multiplication
Inoculation of a saprophytic isolate in to a plant tissueusually results in

nearly tot;l inhibition of bacterial multiplication, if tlie plant tissue remain-
ing under more or less normal. growth conditions. X. campestns pv.

vesicatoria and P. fluorescens inoculated onto pepper plants revealed that
the saprophyte multiplied on the leaf surface more than the pathogenic isolate,
but, within the leaf, it was totally inhibited. Using this phenomenon, Sharon

et al. (1982b) developed a highly sensitive method for detecting very small
numbers of bacteria in seeds and symptomless leaves, by artificially increas-
ing the pathogen population inside the respective susceptible host and detec-

ting it, when its number is high enough, in semiselective media. The method

was found to be very precise and efficient and was adopted by the seed in-

dustry quality control units (Bashan and Assouline, 1983).

Another approach to the problem of saprophytic multiplication in plant

tissue was suggedted by Young and Paton (1972) who mixed P. syringae pv.
phaseolicola with saprophytes and showed that the saprophytic population

was stimulated by the presence of the pathogen and multiplied to the Same
extent. In the absence of the pathogen the initial saprophytic population

decreased slowly.
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Naturai proliferation of saprophytic bacteria seems concomitant with the
appearance of visible symptoms of disease. In the cavity spot of carrots
disorder, after disorder induction, a massive sapropirytic population
developed in the forming lesion, reaching its maximum when severe symp-
toms of the disorder were observed. All bacteria (40 different isolates) ob-
tained from this lesion failed to induce the disorder in carrot after various
natural methods of inoeulation, indicating secondary muitiplication of
saprophytes (Soroker et al., 1984)

3.3.4 Other factors affecting multiplication
Even in experiments especially designed to define the effect of compatibility

on multiplication, factors such as inoculum levels, tissqe conditioning and
others which control the growth of the bacterium itself, had an important
effect. By studying detailed multiplication of p. syringae pv. phaseolicolo,
P. syringae pv. morsprunorum and a pear strain of p. syringae pv. syringae,
Ercolani and brosse (1966) came to the conclusion that host specificity in
the field was associated with factors contrd[ing growth of the organism itself
in vivo. They found that in compatible combinations pathogen popuration
increased logarithmically during at least four days following inoculation,
whereas, in incompatible combinations, logarithmic growth ended abruptly
after two or three days due to an unknown reaction of the plant's defence
mechanisms.

Growth kinetics studies of compatible p. syringae pv. syringae and incom-
patible P. syringae pv. coronafaciensby Doub and Hagedorn (1980) in susceP
tible and resistant beans showed no difference in bacterial growth rates and
final bacterial populations in both types of host when a large dose of in-
oculum was used. But, for a low dose of inoculum, growth rates in resistant
plants was much slower. surprisingly, growth rate and bacterial population
of the incompatible pathogen were only a little lower than for the compati-
ble pathogen; but, nevertheless, higher than expected in plants which respond-
ed to the incompatible pathogen by a typical hypersensitive reaction. Thus,
at least in this case, plant resistance to the incompatible bacteria does not
see4 due to an abrupt death of the bacteria as was suggested by Ercolani
and Crosse (1966) but to a slower rate of bacterial growth.

Nearly all the data on this subject are of a numerical nature and very little
descriptive information can be found. usually multiplication of a compati.
ble pathogen reaches l0p-10? CFLJ/g tissue (orlcmz leaf area); multiplica-
tion of an incompatible pathogen in non-host reaches lOr-ICI cFU/g, and
in saprophytes 0-10 without any appaxent multiplication.

The maximum multiplication level of pathogenic bacteria inside a plant
whether susceptible or resistant belongs to x. campesfnis pv. malvacearum,
Brown (1980) showed the close relationship between the amount of pathogen
and the severeness of disease symptoms. The growth pattern of the pathogenic
bacteria in the plant resembled the typical growth curve of bacteria in broth
culture, in which, at the end of the growth period, the bacterial number reach-
ed a maximum of l0.per plant. Essenberg et al, (Wg a,b) found even

,
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higher bacterial numbers (10 CFU/cmz) in susceptible cotton plants. Their

isolate also developed, after four days, to high numbers (lS CFU/cmz) in

the resistant plant, but then multiplication stopped.

3.3.5 Conclusion
Except for several cases, which can be related to abnormal or unusual con-

ditions of the plant tissue, general conclgsions on the relationship between
compatibility and bacterial multiplication can be drawn. Cgmpatibility is a
key factor for controlling multiplication in the tissue. It induces high
multiplication while incompatibility limits to different extents the develop-
ment of the bacterial population. Of secondary importance is the degree of
plant resistance which shows that, the more resistant the genotype' the more

limited the pathogen population is. The incompatible pathogen multiplies

until stopped or slowed down by the plant's defence mechanisms; the com-
patible pathogen multiplies until disease symptoms aPPetr, and then it reaches

a stationary phase. Finally, saprophytes, under normal conditions of plant

gfowth do not multiply in the plant tissue. They can follow a pathogenic

interaction or be encouraged by the presence of the pathogen in the tissue.

Environmental factors, inoculum dose and no competition from other
pathogens have little effect. The inhibition effect is probably at cell or cell-

cluster level.

4. ULTRASTRUCTURE OF PLANT-BACTERIA INTERACTIONS

Ortce a bacterium penetrates into the intercellular spaces' either by its own

motility or by artificial infiltration, the plant reacts mainly in two ways.
(a) Incompatible response: the plant forms various structural barriers which

irnmobilize and encapsulate the invaders. This usually eliminates or strongly

reduces the multiplying ability of the pathogen. The visible effect is a

hypersensitive reaction in some cells or regions. This response is triggered

only by incompatible pathogens or saprophytes.
(b) Compatible response: no effe6t is observed in a normal infection pat-

tern, until several hours after inoculation. Later, cell organelles are gradual-

ly destroyed, and eventualty the whole tissue collapses and becomes visibly

necrotic.

4,I UITNASTRUCTURE OF THE INCOMPATIBLE RESPONSE

Ultrastructural evidence gives support to the hypothesis that immobilization

or attachment of incompatible pathoge9ic and saprophytic bacteria, but not

of compatible pathogens, by fibrillaf and granular substances at the plant

cell wall, is a specific active defence mechanism of the plant. The process

is highly localiied and happens as bacterial cells come in contact with the

host cell wall during the first hours after inoculation.

4.1.1 Immobilization or encapsulation hypothesis
The following examples support this hypothesis. Goodman et al. (1976a,

b) and Politis and Goodman (1978) showed that the incompatible bacteriumi
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P. syringae pv. pisi, in tobacco leaf, was immobilized in six hours. The first
event-separation of the wall cuticle-occurred 20 min after inoculation. The
filamentous wall cuticle became thicker by imbedding large numbers of
vesicles, originating from the plasmalemma, microfibrils and membrane
fragments. This plant-created envelope then immobilized the bacterial cells
which migrated to the plant cell wall surface. However, this did not affect
all the bacterial cells inside the tissue, and the saprophyte P. fluorescensin-
duced the phenomenon only slightly. Except for a few.unimportant changes
in plant cell ultrastructure, it seems that the plant 'ignores'the injection of
compatible P. syringae pv. tabaciinto the tissue, suggestihg that an 'active'

immobilization occurs in response to bacterial invasion. Sequeira and
coworkers (1977) reported almost the same phenomenon (with a slightly dif-
ferent terminology), using incompatible and avirulent strains of P.
solonoceorun on tdbacco tissues. A slightly different observation was made
by Sing and Schroth (1977) who showed that fibrillar structures originating
from the plant cell wall of beans immobilized 'actively' the saprophyte P.
putida, but not the compatible pathogen, P. syringae pv. phaseolicold or the
incompatible pathogen P. syringae pv; tomoto.

The sequence of events which can be observed is described by Goodman
(1978). 'Initially, the plant cell wall that is in close proximity to the bacteria
appears to ''blister" and the cuticular layer on the outer surface of the plant
cell wall rupjures. This loosened cuticular layer initiates the bacteria-
enveloping process. With time the cuticular layer becomes thicker with the
integration of fibrils and small vesicles, and firmly ensheaths and localizes
the bacteria' Roebuck et at. (1978) detailed these cellular changes during in-
compatible interaction of P. syringae pv. phaseolicola in resistant bean plants:
four hours after inoculation most bacteria were attached to the cell wall which
was partially eroded at the site of attachment. Aggregation of host cytoplasm
adjacent to the invading bacteria caused a localized cytoplasmic invasion of
the vacuole, accumulation of osmophilic droplets of unknown nature in the
cytoplasm, vesiculation, degeneration of organelles and finally collapse of
the cell, The adjacent cells showed similar ultrastructural changes, indicating
'transmission' of an unknown factor between the cells. Cason et al. (1978)
studied the infection of immune ,cotton cotyle{ons with X. campestris pv.
malvacearum. Twenty-four hours after inoculation, the outer cuticle of the
surfaces of host mesophyll cell loosened and detached, and enveloped the
adjacent bacteria. The envelope contained one or two bacteria and a mass
of fibrillar material. The plasmalemma frequently broke and host cytoplasm
clustered. These phenomena were not observed in inoculated susceptible
plants.

Using scanning electron microscopy, Huang and Van Dyke (19?8) show-
ed quick immobilization of incompatible P. syringae pv. pisi on the surface
of incompatible tobacco callus by a network of fibrillar material, whereas
the compatible pathogen P. syringae pv. tabocimultiplied freely without in-
teraction with the plant cells. P. fluorescens cells formed spherical bodies
apparently as a result of damage to the bacterial cell wall, which eventually
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lysed. These observations suggest that entrapment or damage to bacteria is

limiting their rate of growth on the callus.

4.1.2 Evidence against the immobilization hypothesis

some contradictory information on the immobilization phenomenon is

given by Sigee and Epton (1975, 1976) who showed the formation of a .sur-

face membrane' over bacierial cells of both compatible and incompatible

strains of P. syringae pv. phaseolicola in the intercellular spaces'of bean'

However, all other stuiiesieported only attachment of saprophytic and in-

co-putiut" strains of the pathogen to the bean cell wall. Doubts on the im-

portance of the fibrillar material encapsulating bacteria within the leaf and

p o d t i s s u e w e r e f o r m u l a t e d b y D o u b a n d H a g e d o r n ( 1 9 8 0 ) , w h o d i d n o t
bir.on.. strong evidence of an immobilization defence mechanism after in-

oculation. Bacteria multiplied and filled the intercellular spaces in pods, and

encapsulation of bacteria in leaf tissue was observed only rarely and could

be found unspecifically in the.interactions of either compatible or incom-

patible pathogens'' 
The ultrastructur'al study of Fett and Jones (1982) working with P' syr-

ingaepv. gtycinea in soybean also resists the immobilization theory. They

founO ttraiUacterial cells were occasionally enveloped by an 'electron-dense

material' of uncertain origin. They could not prove that it was an active or
'"specific reaction of the host, since similar cell structures were found cross-

Ltiaging adjacent leaf mesophyll celis at cell junctions. Furthermore, there

was neither evidence of immobilized bacteria in incompatible combinations

of other strains of P. syringde pv. glycinea, even if a typical hypersensitive

reaction was induced, itbr aisruptim of the host plasmalemma and accumula-

tion of vesicles at the site of bacterial encapsulation' events which were

described by Politis and Goodman (1978)'

Results completely contradictory to the immobilization theory were found

byMazzt lchietat.(1982),whoinducedprotect ionagainstP.syr ingaepv.
t ibaciinfection in tobacco leaves by proteinJipopolysaccharide complexes'

ih. .o,npurible pathogen in this case was encapsulated both in susceptible

unA in piotectedtobacco tibsue by a network of fibrillar material in the in-

tercelluiar spaces. This encapsulation is suggested to be a critical positive phase

which enables the bacterii to survive until active growth is established'

Hildebrand et al. (1980) take the strongest stand against the encapsula-

tion theory, claiming that there is no connection between 'active'. or passive

immobilization of bacteria in the plant cell wall and resistance, as this fibrillar

material is a result of a physical phenomenon in the plant. They suggest that

the immobilization theory basid on electron micrographs is possibly an

artefact or at least an incoirect interpretation. Water infiltration into the in-

tercellular spaces of bean leaves dissolve materials from the cell wall sur-

faces. planf transpiration causes evaporation of the water, forming films

consisting of amoiphous and fibrillar material at air-water intelfaces' Com-

patible (P. syrinsae pv. syringae), incompatible (P' syringae pv ' marginalis'

P. syringae pr. pii and P. syringae pv' tomato) and saprophyte (P'
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fluorescens) were all trapped by the plant. pathogenic or saprophytic cells
were not attached to the cell wall whenever the leaves were kept water soak-
ed and they both multiplied freely. The films formed were aisociated with
gas pockets found in crevices between plant cells and not with bacterial cells.

4.1.3 Adsorption of bacteria to plant suffices
Attachment of non-compatible pathogens and saprophytes did not always

occur, but adsorption of bacteria to plant surfaces or the intercrllular spaces
of plant tissue did. Evidence that the adsorption in the intercellular spaces
of tobacco leaf tissue of saprophytic bacterium p. fluoresceizs is stronger
than for the pathogenic bacteriaP. syringae pv. plsl and p. syringae pv. tabaci
was shown by Atkinson et al. (1981). The adsorption was fast and two hours
after inoculation bacterial recovery from the tissue was inefficient. Im-
rnob_ilization of P. syringae pv. pisi cells by tobacco cell walls, as reported
by Goodman et al. (1976a) was not.observed and a very small amount of
fibrillar material was found.

The numbers of the pathogen P. syringae pv. tolaasii, attached to the sur-
face of the cultivated mushroom Agaricus bisporus was twice the nurnber
of its common saprophytes P. reactans and of p. putida, which induces the
sporophore formation in the mushroom. Firm attachment of bacteria oc-
curred when either pathogenic or saprophytic bacteria were applied to the.
hyphae of A. bispora,s (Preece and Wong, 1982).

4.1.4 Influence of the inoculum concentration
The influence of the inoculum concentration on the ultrastructural changes

was clearly demonstrated in the case of cotton infection by x. campestris
pv. malvacearum. cason et ol. (1978) inoculated immune cotton plant with
a high concentration'of inoculum, which resulted in the total encapsulation
of bacteria by fibrillar material connected to the mesophyll cell walls.

Relatively low inoculum levels of this pathogen used by Al-Mousawi et
al. (1982b) showed that bacteria were found in the intercellular spaces near
collapqed mesophyll cells but, although fibrillar material was present, it did
not completely envelop the bacteria. This looseness of the fibrillar material
could not direcfly restrict bacterial multiplication as suggested by Goodman
et al. (1976 a). Nevertheless, this evidence was not sufficient to decide whether
the attachment observed plays a role in the cotton resistance.

A drastic example of ultrastructural changes related to inoculum concen-
tration of P. syringaepv. phaseolicola was carried out by Sigee and Epton
(1975,1976)in resistant and susceptible bean plants. Marked differences were
observed in the pathogen. Surface protuberances appeared, and later disap-
peared. In resistant plants, the bacterial 'nuclear region' broke down and
ribosomal aggregation developed, whereas in the susceptible piant no such
changes occurred. Later, during disease development, some bacteria in the
susceptible plants produced large surface vesicles not found in any other
phytopathogenic bacteria. some vesicles ruptured liberating their content into
the intercellular space. Major changes also occurred in the plants. However,
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all the electron micrographs were taken at very high inoculum levels (lQro
CFU/ml) which could cause technical artefacts. A confirmatory fact for possi-
ble artefact is that most of the plant cells died immediately after infiltration
which definitely is not typical of this disease.

4.L5 Problems in interpretation of ultrastructural evidence
Many unclear and contradictory events make the interpretation of the

ultrastructural evidence of immobilization of bacteria in planttissue and the
evaluation of its validity, importance or contribution to the plant defence
mechanisms a very problematic theory. Data given in thebacterial multiplica-
tion section seem to rule out this theory. Hildebrand et al. (1980) wondered
if bacterial multiplication is possible because some or all bacteria escape en-
capsulation, or becausethey are'strong' enough to break out ofthe relatively
fragile binding structure.

Furthermore, both resistant and susceptible plants were shown to im-
mobilize both compatible and incompatible bacteria. Additiqnally, maintain-
ing the leaves water soaked totally prevented the attachment, suggesting that
if attachment was an activg process it could not be preventEd by the presence
of only water (Sigee and Epton, 1976; Stall and Cook, 1979:' Mazntchi et
al., 1982).

Additionally, some structures are formed in the tissue, not only in response
to bacterial inoculation, but as a consequence of water evaporation from
plant tissue even in the absence of bacteria, and act as non-specific traps
for bacteria. All this evidence tends to prove that encapsulation alone could
not be a general defence mechanism.

4.1.6 Conclusion
Bacterial attachment to plant cells by ultrastructural studies is so unclear

that interpretation is subjective and highly speculative, and can be only
qualitative. The micrographs are subjected to possible artefacts and depend
on plant tissue conditions, inoculation method and the quality of the
micrographs.

4.2 UlrnnsrnucruRE oF THE CorapettsI-E RESPoNSE

Little information is available on compatible interactions. Contrary to in-
compatible interaction, most of these studies agree with each other and dif-
fer only in details about the diseases.

Attack of susceptible cotton plants by X. compestris pv. molvacearum
showed pathogen multiplication resulting in severe damage to the membranes
of all organelles and to the wall structure of mesophyll cells. Early changes
included formation of vesicles between the plasmalemma andceil walls, disap-
pearance of the granal and stromal membranes of the chloroplasts, follow-
ed by degeneration of mitochondria. The last cellular organelles to undergo
structural degeneration were the cell nucleus and the plasmalemma. Fibrillar
material was found at the external cell surfaces, near to bacteria, 120 hours
after inoculation. The pathogenic cells then entered the mesophyll cells, and
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specific organelles could no longer be distinguished. Envelopment of com-
patible-bacteria did not occur but the plant cell wall broke down, first losing
its fibrillar material in the outer layer of the cell wall. Then the fibrillar
material of the rentaining cell wall dissolved through the cell. The ultrastruc-
tural changes of the host membrane resembled changes occurring during leaf
senescence (Butler and Simon, l97l); they may, therefore, be due to autolysis
of the host in response to pathogen (Al-Mousawi et al., 1982a; Cason el
at.,1977).

4.2.1 Effect of inoculum concentration
The effect of inoculum concentrations on the ultrastructure was shown

by Goodman and Burkowicz (1970) who infiltrated high concentrations of
virulent and avirulent E. amylovora into apple leaves tissue. Twelve hours
later, spreading of grana of the chloroplast, degradation of mitochondria
and microbodies and aggregation of stroma in chloroplasts and cytoplasms
were observed. Later most of the cellular organelles had lost their normal
structure. The interesting fact is that these changes occurred both in virulent
and avirulent strains and were probably related to the high bacterial concer-
tration, and produced a hypersensitive reaction in susceptible plants instead
of a susceptible reaction.

However, when relatively smaller numbers (iS CFU/cm2 leaf) of E.

amylovora and P. syringae pv. pisi were infiltrated into tobacco tissue, a
moderate effect on cell constituents was observed. Nevertheless, widespread
damage was caused within the cells: plasmalemma, tonoplast, bounding and
internal membranes of chloroplasts and mitochondria, the external mem-
branes of microbodies, cytoplasm, and free ribsosomes were all highly af-
fected and/or destroyed. All these effects were a consequence of bacterial
actions resulting finally in hypersensitive reaction (Goodman and Plurad,
l97l) .

4.2.2 Ultrastructural changes due to wilting bacterial diseases
Detailed histopathology of tomato plants infected with P. solanqceorum

by Wallis and Truter (1978) showed that some of the invading bacteria migrate
into the tyloses which bulge and later rupture, Iiberating the pathogens and
non-cellular materials into the plant vessels. Bacterial multiplication then
rapidly produced large amounts of bacterial EPS. Later, a thick layer of
electron-dense material was deposited on the primary walls of many invad-

ed roots and stem vessels. Host degradation products were apparently minor
in amount and importance in diseas.e development.

In another vascular system disease, caused by Corynebacterium
michiganense, Wallis (1977) detected bacteria disrupting the vessels, degrading
the middle lamellas, and causing the plant cells to separate and collapse.

In cabbage leaves, infected by X. campestris pv. campestris, the pathogen

degraded the primary wall. After complete dissolution pf the wall, the bacteria
were able to pass in adjacent vessels. Shredding of the primary wall resulted
in swelling of wall residues and released masses of fibrillar material, which
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completely or partially plugged some of the vessels in infected veins, which
act as a host defence mechanism (Wallis et al., 1973).

Infection of susceptible and tolerant potato cultivars with Corynebacterium
sepedonicum showed that cell organelles and all the membrane systems were
affected. Excessive amounts of abnormal membranes were present in some
cells. Severity of the darnage was related to susceptibility. Organelle disrup-
tion was not correlated to the presence of bacteria, and cells far from the
site of bacteria in the intercellular spaces were highly affected. Thi's may be
due to the action of a diffusible toxin (Hess and Strobel, 1970).

4.2.3 Conclusion
In compatible interactions, the destruction of plant cells, resulting in the

appearance of visible symptoms at the end of the disease syndrome, could
previously be detected at the ultrastructural level. The cell organelle and par-
ticularly the membranes were the first to be destroyed, indicating the
biological death of.the cells.

'Browning'of the dead tissue can be related to other mechanisms, such
as phenol accumulation occurring in the tissue. The relatively small differences
in the plant tissue, at the ultrastructural level, do not mean that the disease
mechanisms involved in induction of these events are similar.

5. CONCLUSION

Current knowledge on plant-bacteria interaction does not clearly demonstrate
a general specific host-pathogen interaction at the cell level. Models suggested
do not explain general recognition in plant pathology well enough, but only
these phenomena occurring between certain species of bacteria and plants,
which unfortunately cannot be generalized to other pathogenic systems.

One fact generally accepted is that surface molecules of both bacteria and
plant are involved in determining specific recognition. But some major ques-
tions remain:

(a) How can plant cell surfaces determine recognition and non-recognition
with the same molecular architecture on its surface?

(b) Are the O-chains of LPS, which is the most variable part of the LPS,
responsible for pathogenic specificity?

(c) Do the different pathovars of P. syringae contain unique carbohydrates
on their surfaces?

One possible explanation is that plants might have two different receptors
for bacterial cell wall carbohydrates. One of them-perhaps the core LPS
or certain EPSs-would be non-specific in order to respond to the general
characteristics of incompatible bacterial surface molecules. These kind of
receptors allow the plant to recognize a large number of incompatible 

-bacteria.

Compatible pathogens would have to develop altered structural surface to
achieve non-recognition by the plant general receptors, or to mask the plant
recognition system by producing big amounts of EPSs. Pathogens which
escape detection by the recognition system can theoretically induce disease
in their host plant. The second type of receptor might be more specific. The
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plant may recognize a special structure of the pathogenic bacteria, maybe

itt. t-ps o-chains. Virulent strains, in this case,lhould develop surface struc-

tures which are not efficiently recognized. Nevertheless, it is still unclear

whether some of the bacterial agglutinins and lectins obtained from plants

are in fact these proposed receptors. Despite the amount of data, evidence

that surface macromolecules mediate specific recognition by signal transfer

at host-pathogen interfaces in bacterial plant disease, is as yet quite limited.

Howevei. most studies accept the assumption that the incornpatible reac-

tion, and not the compatible reaction, lead to specific recognition.

In a recent review, Daly (1984), claimed that there is stil l 'a need to search

for an initial event (recognition) in pathogenesis, involving unique molecular

species, that furnishes a signal (communication) for a biochemical response

that in itself may be quite general'. Critical evaluation of all proposed models

for plant bacteria recognition do in fact need more chemical data on the

surfice carbohydrates ofmany strains of phytopathogenic bacteria. Intensive

knowledge in molecular biology in terms of the different recognition systems

would indicate whether there is any unique determination of specificity, or

whether specificity occurs through many different host-pathogen interactions'
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