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INTRODUCTION
Most plant-pathogenic bacteria are non-spore-forming, Gram-

negative rods. Although strongly affected by adverse environmental con-
ditions, such as drought, low relative humidity, irradiation and nutri-
ent deficiency, these bacteria manage to multiply and spread after in-
flicting damage to susceptible host plants. During the last two decades,
the intriguing ecological, physiological and epidemiológica! problems
regarding plant-pathogenic bacteria were extensively reviewed (Leben
1965, 1981; Schuster s Coyne 1974; Cook s Baker 1983; Hirano & Upper
1983; Bashan 1985). The present review deals with some basic yet still
open questions concerning the growth and survival of phytopathogenic
bacteria on leaves. It is not intended to be a detailed up-to-date
source of literature, although an attempt is made to present examples
and evidence from recent relevant studies.

EflDOPHYTIC VERSUS EPIPHYTIC FLORA: DISTINCTION AND DYNAMICS
Hirano S Upper (1983) defined epiphytic bacteria as "those

bacteria that can be removed from above-ground plant parts by washing".
This definition, however, does not distinguish between residents and
casuals (Leben 1965). Epiphytic bacteria can be either pathogenic or
saprophytic, whereas endophytic bacteria, defined as the bacteria inhab-
iting the leaf intercellular spaces or substomatal cavities, are usually
pathogenic. Extensive exchanges between these populations often occur,
especially through stomata. This exchange is probably dependent on the
microclimatic conditions inside and outside the leaf. Techniques employ-
ed to distinguish between these phases include ultraviolet (UV) irradia-
tion (Barnes 1965) and chemical surface disinfection to remove the epi-
phytic population (Henis et al. 1980; Sharon et al. 1982 b). Epiphytic
populations of Pseudomonas syringae pv. albopreeipitans penétrate into
sweet corn leaves through closed stomata and multiply inside the leaf
(Gitaitis et al. 1981). Epiphytic P. syringae pv. tomata penétrate into
intercellular spaces through open stomata as well as through intact or
broken leaf trichomes (Schneider & Grogan 1977; Bashan et al. 1981) and
epiphytic Xanthomonas campestres pv. vesicatoria penétrate through leaf
veins (Sharon et al. 1982 a). The importance of stomata as infection
sites, as well as locations for egress source of X. eampestris pv. pruni
in peach leaves, was reported by Miles et al. (1977). In this case, the
bacterial mass was exuded from the stomata and became a new source for
infections during the pre-symptomatic period.
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During development of bacterial speck disease of tomato, endophytic
bacteria migrated from intercellular spaces to the external leaf surface
(Bashan et al. 1981), whereas in bacterial scab disease of pepper the
pathogen multiplied either on the outer surface or inside the tissue
(Sharon et al. 1982 b). Bonn et al. (1985) working with P. syringae pv.
tomato reported that after inoculation there was a temporary decrease in
epiphytic population, though later it increased to high levéis.

The endophytic population of a resistant tomato cultivar infected with
P. syringae pv. tomato was almost totally inhibited - unlike the suscep-
tible cultivars. On the other hand, the epiphytic population was similar
in the resistant and the susceptible cultivars (Fallik et al. 1983).

MULTIPLICATION
Bacterial plant pathogens nmltiply before, during and after

symptom development (Leben 1965, 1981; Cook & Baker 1983; Hirano & Upper
1983; Bashan 1985). Crosse (1959) was the first to demónstrate that
massive epiphytic populations of P. syringae pv. morsprunopum, the
causal agent of bacterial canker of stone fruit trees, were present on
the surface of symptomless cherry leaves, acting perhaps as a source of
inoculum for disease initiation. Similarly, English & Davis (1960) iso-
lated unidentified pathogenic fluorescent Pseudomonas spp. from leaves
and fruit twigs of healthy peach and almond trees, as well as from weeds
in the field.

Based on the above findings and on his own, Leben (1965) suggested that
the pathogen lived and multiplied on external surfaces of apparently
symptomless plants. These populations are referred to as 'resident'.
Under optimal conditions for disease outbreak such as appropriate tem-
perature, availability of free water, high relative humidity and the
plant's suitable physiological conditions, such an inoculum may increase
in number and initiate a disease, without additional external source of
inoculum. Many studies support this concept. X, campestyis pv. vesicato-
ria was found as resident on tomato seedlings {Leben 1963) and pepper
plants (Bashan et al. 1985 a). Monitoring of P, syringae pv. syringae
in bean leaves, revealed the resident phase of the bacteria in nature
(Leben et al. 1970). Pohronesny et al. (1977) regularly recovered P.
syringae pv. lao'hrymans from within symptomless tissues. Bonn et al.
(1985) reported that P. syringae pv. tomato was an epiphyte on symptom-
less tomato plants; when planted in the field, disease symptoms were
developed. P. syringae pv. glyoinea was recovered from healthy soybean
seedlings. The pathogen could multiply in symptomless buds. Other un-
identified bacteria were found to colonize soybean buds as individuáis
or in colonies. Thus, soybean buds may serve as a site for multiplica-
tion for a variety of bacteria (Leben et al. 1968 b).

Hirano s Upper (1983) presented a list of epiphytically growing patho-
genic bacteria, further supporting the concept that epiphytism is a
general rather than an exceptional phenomenon in nature. However, not
every foliar pathogen has a resident population on its host plant.
Evwinia amylovora, the causal agent of fire-blight in apples and pears,
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was detectad on leaves only after fire-blight was spread all over the
orchard (Thomson et al. 1975). Independently and concurrently, Sutton fi
Jones (1975) suggested that this disease broke out only from a temporary
epiphytic population and not from a resident one. However, they could
not monitor such small populations which might initiate this disease
(Crosse et al. 1972).

Compatibility
Studies of X. campestris pv. vesicatoria in pepper leaves

showed that several days after inoculation the pathogenic population was
always smaller in the resistant cultivar (Stall 6 Cook 1966). The same
trend was shown by the bacterial population of P. syringae pv. tomato
(Bashan et al. 1981). Also, P. syringae pv. phaseolicola grew faster and
to a higher total number in leaves of susceptible than in tolerant bean
cultivars (Stadt & Saettler 1981). However, intensive multiplication
occurred also in the resistant cultivar (Omer S Wood 1969). Working with
P. syringae pv. glycinea in soybean leaves, Mew S Kennedy (1971) found a
normal pattern of bacterial multiplication of three pathogenic isolates
in susceptible and resistant cultivars. Similarly, both compatible (P.
syringae pv. phaseolicola) and incompatible (P. syringae pv. mors-
prunorum) pathogens multiplied in bean plants, though at different rates
and reaching different final levéis. Whereas the growth of the incompat-
ible bacteria ceased one to three days after inoculation, the compatible
pathogen continued to multiply until five days later, when visible
disease symptoms appeared. The final population size of the incompatible
strain was always smaller (Ercolani S Crosse 1966). Studies of multipli-
cation on uniform tabacco callus tissue showed that the compatible P.
syringae pv. tabaci multiplied rapidly and spread all over the callus
within two days after inoculation, while the incompatible P. sypingae
pv. pisi multiplied relatively slowly and remained at the inoculation
site (Huang & Van Dyke 1978).

Environmental effects
The effects of environmental conditions on population size,

multiplication rate and survival of leaf bacteria is well known and
documented for many bacterial diseases. The following major environmen-
tal factors will be considered: (a) temperature, (b) free water, (c)
relativa humidity (r.h.) and (d) irradiation.
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Temperature, Pathogenic bacteria differ greatly in their temperature
requirements for survival, multiplication and initiation of disease
symptoms. Morton (1966) reported that X. vesicatoria pv. campestris
caused maximal development of spot syinptoms in excised pepper and tomato
leaves at optimum temperature of 20 to 25°C, which was lower than the
optimum required for the pathogen1s development. The different tempera-
ture requirement of this pathogen at different geographical regions was
demonstrated by Diab et al. (1982 a), who showed enhancement in the
pathogen1s growth and in disease development at high temperaturas (30 to
35*C) during the growth season of pepper in Israel. The optimum tempera-
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ture for P. syringae pv. tomata infection was 22 to 25°C (Schneider s
ĵ noftap JJVZÍ̂ .- .Hnwfviar,- j.nípj-Ji.'í-nn ĵ nnJjfl JIP ..inJJiiajhfijd J-,n _a _1_p_<íñfí_r _e xj-.fi rtt-.
zver a temperatura range of 18 to 30°C (Bashan et al. 1978; Okon et al.
lr~3), while bacteria could withstand temperatures up till 45°C (Devash
:~ _:". 1980). Similarly, the optimum temperature for development of
bacterial blight of peas in Israel caused by P. syringae pv. pisi was
25±2°C (Bashan & Kenneth 1983).
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P.elative hianidity. A high r.h., usually over 90%, is required to ensure
irrultiplication of the bacterial population on leaf surfaces. A decrease
in r.h. prevents further multiplication and may even cause a population
decrease. According to Davis S Halmos (1958), when tomato plants were
exposed to 100% r.h. prior to inoculation with X. campestris pv. vesica-
toria, the longer the exposure, the greater was the disease severity.
More precise studies indicated that X. campestris pv. vesicatoria in-
duced symptoms only under conditions of 87 to 97% r.h. (Basu & Wallen
1966). R.h. had a significant effect on bacterial scab development in
pepper: a high r.h. for long periods always favoured infection. Even
when inoculated plants were exposed to a high r.h. for only a few hours
during a day or two, the pathogen could cause disease symptoms. Short
unfavourable periods of low r.h. following inoculation temporarily
halted disease development; when high r.h. conditions were resumed
symptoms continued to develop. On the other hand, long periods of low
r.h. irreversibly prevented disease development, even when high r.h. was
later provided (Diab et al. 1982 b). Similarly, when infected tomato
plants were subjected to periodic mist, the number of P. syringae pv.
tomato markedly increased in the rhizosphere, stems and leaves before
symptom appearance (Devash et al. 1980). Further evidence for the major
role of r.h. in disease development under field conditions was demon-
strated with bacterial speck of tomato: decreasing the r.h. below 80%
drastically reduced the appearance of new symptoms in new leaves (Yunis
et al. 1980 b).
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Free water. Free water on the leaf surface, due to fog, irrigation and
dew, is probably essential for the bacteria to reach the infection site
(Chet et al. 1973; Raymundo & Ries 1980). In the absence of free water,
the pathogen1s transfer requires the intervention of some external
active or passive vectors (Venette 1982; Bashan 1985). Free water en-
hances bacterial multiplication at the onset of disease development.
Opening of the stomata by free water on the leaves also favoured sec-
ondary infections of healthy plants by most bacterial pathogens under
field conditions (Shaw 1935; Yunis et al. 1980 b). Working with X.
campestris pv. vesicatoria, Cook s Stall (1977) reported that soaking of
pepper leaves in water was an essential prerequisite for endophytic
multiplication of the pathogen. Inoculation of pepper with X. campestris
pv. Vesicatoria followed by long dry periods in the absence of free
water, prevented subsequent disease development (Diab et al. 1982 b).
Subjecting tomato plants to free water prior to inoculation with P.
syringae pv. tomato was an essential factor for successful infection
(Bashan et al. 1978; Yunis et al. 1980 a,b).
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Irradiation. Both visible and UV light as well as disinfectants are
harmful to leaf populations of non-spore-forming bacterial pathogens. UV
irradiation at doses that do not cause any damage to the plant tissue
can totally elimínate the pathogen population. There is evidence that
the leaf tissue serves as a protective environment for the endophytic
though not for the epiphytic population: the endophytic population of X.
campestris pv. phaseoli var. sojensis in soybean leaves was not affected
by UV irradiation that was highly destructive to the bacterial cells
either in water or on the leaf surface (Barnes 1965). Surface disinfec-
tion of pepper with sodium hypochlorite, which usually destroys most of
X. campestris pv. vesicatoria in aqueous suspensión, did not reduce the
number of endophytic bacteria (Sharon et al. 1982 b). Only lyophiliza-
tion of diseased pepper leaves, which eliminated nearly all the epiphyt-
ic microflora, including the bacterial pathogen, caused some reduction
in the intercellular bacterial population (Bashan et al. 1982 a). This
finding was recently used for the development of a method for long-term
preservation of phytopathogenic bacteria without the loss of their viru-
lence (Y. Bashan and Y. Okon, unpublished results).

PATHOGEN'S FATE IN NECROTIC TISSUES
Allington S Chamberlain (1949) found that multiplication of

P. syringae pv. glycinea and X. campestris pv. phaseoli, presumably in
the intercellular spaces, was nearly equal in resistant and susceptible
hosts. The bacterial population within the compatible host continued to
increase until destruction of the tissue occurred. Leben et al. (1968
a,b) showed that the population of P. syringae pv. glyoinea, after
reaching its máximum between the 7th and the 15th day following inocula-
tion, declined as lesions became necrotic and leaves dried. A substan-
tial number of pathogens were present before symptom appearance, and a
low inoculum concentration resulted in lower population máxima and de-
layed symptom expression. The latter results were confirmed for P.
syringae pv. tomata and X. campestris pv. vesicatoria (Bashan et al.
1978; Diab et al. 1982 a).

C. Leben and his associates speculated that in older drying leaves and
in necrotic lesions, bacteria are 'glued down' and serve as a slow re-
léase reservoir for future disease outbreak. P. syringae pv. tomata and
X. campestris pv. vesicatoria were followed on living leaves of tomato
and pepper, respectively, using scanning electrón microscopy (Figs 1 and
2). After development of necrosis, bacteria were not found in the many
necrotic sites which were carefully examined, but detected only in ap-
parently healthy infected tissue surrounding the necrotic área. Thus,
bacteria presumably died or lysed with the plant cells in the lesión
itself (Bashan et al. 1981; Sharon et al. 1982 a). Thus, the fate of
phytopathogenic bacteria in the necrotic tissue still remains open.

LEAF AGE
Leaf ageing, through its association with increasing resis-

tance, affects both epiphytic and endophytic bacterial multiplication:
the more resistant the leaf, the smaller is the bacterial population.
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Fig. 1. Scanning electrón micrographs showing Pseudomonas
syyingae pv. tomato around a stoma of a symptomless suscep-
tible tomato leaf, 100 h after inoculation with 106 CFU mi""1
and incubation under partial mist conditions at 24±2°C (Y.
Bashan, Y. Okon and Y. Henis, unpublished results). Scale
bar eguals 10 yin.

Fig. 2. Scanning electrón micrograph showing Xanthomonas
oampestTÍ,s pv. vesicatoria on epidermal cells above a vein
of a symptomless susceptible pepper leaf, 100 h after inocu-
lation with 105 CFU ml~l and incubation under partial mist
conditions at 30±2°C (Y. Bashan, Y. Okon and Y. Henis,
unpublished results). Scale bar equals 10 ym.
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X. campestris pv. vesicatoria is more likely to attack young pepper
leaves which develop to full size after infection (Diab et al. 1982 a).
Davis s Halmos (1958) and later Nayudu S Walker (1960) and Leben (1963)
claimed that the younger the tomate leaves, the higher their suscepti-
bility to X. carnpestris pv. vesicatoria, whereas the older leaves did
not develop lesions even if plants were exposed to conditions favour-
able for disease development. Studies with P. syringae pv. tomato indi-
cated that the pathogen could infect tomato plants at all stages of
plant development (Bashan et al. 1978), but the yield loss was higher
when young plants were infected (Yunis et al. 1980 b). However, the epi-
phytic pathogenic population was not measured in these studies.

PRE-INOCULATION FACTORS
Pre-inoculation treatment of tomato leaves with carborundum,

spraying leaves with diluted wax solvents or pre-incubating plants under
mist for 24 h prior to inoculation increased significantly the number of
lesions per leaflet (Bashan et al. 1978). Scanning electrón micrographs
of leaves taken immediately after pretreatment and before inoculation
showed open stomata in the mist and 40°C treatments. In the case of X.
campestris pv. vesicatoria the pathogen was capable of infecting pepper
plants without any rnechanical or chemical pretreatments, providing that
the plants were later subjected to periodic mist for several days (Diab
et al. 1982 a).

Agricultural practices affect bacterial development and disease severity
through their influence on microclimatic conditions. Rapid multiplica-
tion of many leaf pathogens occurs in plants growing out of season in
the permanently humid conditions prevailing under plástic tunnels. The
mode of irrigation also influences disease severity. Sprinkle irrigation
caused temporarily humid conditions inside dense foliage, enabling
diseases such as bacterial scab of pepper to develop in the middle of
the dry, hot Israeli summer. Drip irrigation which kept the upper plant
surface dry for most of the growth season reduced bacterial multiplica-
tion and spread as well as severity and incidence of several vegetable
bacterial diseases (Volcani 1962, 1964, 1969; Yunis et al. 1980 a,b;
Palti 1981; Bashan et al. 1985 a).

MECHANICAL BARRIERS
It is generally agreed that natural openings in the external

surface of the plant, such as stomata, nectaries, hydathodes, lenticels
and broken glandular hairs are the main sites of entry for many species
of phytopathogenic leaf bacteria (Rolfs 1915; Lewis S Goodman 1965;
Burki 1972) . Schneider S Grogan (1977) suggested that the tomato leaf
trichomes are the source of resident inoculum and serve as sites of
penetration by P. syringae pv. tomato. Bashan et al. (1981) confirmad
these findings and located the primary site of penetration to open sto-
mata and trichome bases. Open stomata at high r.h. were implicated as a
factor affecting disease severity in tomato plants infected with this
pathogen (Bashan et al. 1978). Analysis of the relationship between the
morphology of leaf surfaces of tomato cultivars and leaf invasión by
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P. syringae pv. tomato revealed a highly significant correlation between
availability of natural sites of infection and disease. However, the
role of natural sites for bacterial invasión is probably limited since
even in highly resistant cultivars there are enough natural openings to
enable successful bacterial penetration (Bashan et al. 1985 b).

EPIPHYTIC POPULATION AND DISEASE
There is no doubt that the epiphytic population of a patho-

gen can eventually lead to disease outbreak. Yet, the question remains
whether this state is essential for disease development. Addressing this
issue, three experimental prerequisites were proposed by Hirano & Upper
(1983):
(a) epiphytic populations should be measured during the experiment;
(b) different levéis of the epiphytic populations should be investigat-

ed;
(c) quantitative disease assessments should be carried out.

Few examples of leaf diseases causea by epiphytic bacteria fulfill the
above requirements: ice nucleation-active bacteria (Lindow 1983), brown
spot disease of snap beans caused by P. syringae pv. syringae (Lindemann
et al. 1984) and halo blight of oats caused by P. syringae pv. corona-
faciens (Hirano et al. 1982). it appears that every disease has its
threshold level of the pathogen's population below which no visible
symptoms develop during the host's life span. This may explain the spo-
radic appearance of a disease in the field, i.e. few infections in some
growing seasons and heavy epidemias in others, probably depending on
environmental factors.

Weller & Saettler (1980) showed a correlation between disease severity
and bacterial number per leaflet. They also found that under field
conditions, disease symptoms appeared when the population level of X.
campestris pv. phaseoli or of X. campestris pv. phaseoli var. fuscans
reached 5xl06 CFU per leaflet. Data showing a relationship between the
population size of P. syringae pv. tomato and bacterial speck develop-
ment in tomato plants were presented by Smitley & McCarter (1982). The
data were valid only under environmental conditions favourable for dis-
ease development.

A statistical model designed to explain the quantitative relationships
between the epiphytic population of pathogenic bacteria and disease
incidence was 'suggested (Rouse et al. 1981). This model takes into
account host susceptibility, environmental factors, different ratas of
bacterial multiplication in the field and bacteria number. However, some
bacterial diseases do not follow the description for epiphytic bacterial
multiplication in plants. Under field conditions, no positive correla-
tion was found between the number of bacteria in pear flowers infected
with E. amylovora and disease incidence (Miller & Schroth 1972); no
relationship was found between X. campestris pv. vesicatoria number in
pepper plants and symptom expression (Bashan et al. 1985 a). Therefore,
this model should be treated at present with some caution.
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Epiphytic leaf pathogens must compete for their survival with the sur-
rounding saprophytic micro-organisms (Schuster s Coyne 1974). Competi-
tion between pathogens is possible too. P. syringae pv. syringae was
frequently recovered from mixed infections with X. campestris pv. vesi-
catoria on tomato plants but was never found with P. syringae pv. tomata
(Gitaitis et al. 1985), a probable reflection of the competition between
the two pathogens.

SYMPTOMLESS PLANTS
Kennedy (1969) used an enrichment leaf culture to detect P.

pv. glycinea in soybean seeds in the presence of saprophytes.
Henis et al. (1980) and Sharon et al. (1982 b) compared the multiplica-
tion of X. campestris pv. vesicatoria and P. syringae pv. tomato in the
presence and absence of P. fluoreseens on pepper and tomato plants,
respectively. The saprophyte multiplied mainly on the leaf surface and
surpassed the pathogen, whereas the latter multiplied only within the
leaf. This finding was used to develop a highly sensitive method, based
on surface sterilization, for detection of a very small number of patho-
genic bacteria in seeds and in symptomless leaves. This method was
adopted by some industrial seed quality control units in Israel (Bashan
& Assouline 1983).

Leben (1965, 1981) and Cook & Baker (1983) suggested the existence of
commensalism between plants and their related pathogens in the epiphytic
growth phase. This approach assumes nutritional relationships between
the two organisms in which the pathogen could obtain nutrients, as leaf
exudates, without causing any damage to the plant {'biotrophic parasi-
tism"). Under conditions suitable for disease development the pathogen
causes a partial or total damage to its host and multiplies in the dead
tissue ('necrotrophic parasitism').

The endophytic population is not always correlated with visible disease
symptoms. Monitoring the endophytic population of X. campestris pv.
Vesicatoria in susceptible pepper leaves under field conditions showed
no correlation between disease severity, inoculum concentration and
endophytic population. A massive endophytic population developed, with
very few visible disease symptoms on the leaves (Bashan et al. 1985 a).
Mew & Kennedy (1982) reported that pathogenic bacteria could be washed
away in great numbers from symptomless soybean leaves. Tomato plants
which were symptomless from sowing to flowering stage had 20 to 30% less
foliage when grown in soil infested with P. syringae pv. tomato compared
to plants growing in uninfested soil (Bashan S Okon 1981).

Pepper seeds collected from symptomless plants grown in seed production
fields were found to be contaminated with virulent isolates. The seeds
were germinated in the greenhouse and transferred to mist chambers. No
visible symptoms developed under these conditions. However, the endo-
phytic pathogenic population of X. campestris pv. vesicatoria was 105 to
10° CFU g ! leaf. When these seedlings were later transferred into the
field for an additional two months, no symptoms appeared but the endo-
phytic pathogenic bacterial population maintained its high level
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throughout the growing season (Bashan et al. 1982 a).

SURVIVAL IN DETACHED LEAVES > ROOTS AND WOODY TISSUES
Epiphytic bacteria can survive on their host leaves through-

out the season and in plant debris from one season to the next. There is
evidence to support the idea that most residential epiphytic bacteria of
leaves of températe zones, including the leaf pathogens, die concomi-
tantly with the leaf death and only the endophytic bacteria survive
{Leben 1981). Plant debris comprises an important site of survival for
many pathogens.

X. campestris pv. vesicatoria survived and retained its virulence on dry
tomato and pepper leaves for at least 12 months. After 4 months the
pathogen reached a steady level of 10̂  CFU g 1 dried leaves (Bashan et
al. 1982 a) and was capable of surviving in the rhizosphere of dead
plants (Peterson 1963). Crossan S Morehart (1964) showed that this
pathogen became established within various internal tissues of pepper
plants exhibiting external symptoms of bacterial spot. The pathogen
enters readily through stomata and veins (Sharon et al. 1982 a) destroy-
ing cells adjacent to the vascular system. Survival in such woody tis-
sues may explain occasional disease outbreaks. Moisture of the debris is
a crucial factor for the pathogen's survival. Under moist conditions,
the debris decomposes, including the survived bacterial cells (Leben
1981), as in the case of the bacterial scab pathogen (Lewis S Brown
1961). P. syringae pv. tomato can survive in plant debris either above
or below the soil surface for 30 weeks (Chambers & Merriman 1975). Viru-
lent X. campestris pv. alfalfas were recovered from naturally infested
alfalfa debris for a period of a year. Dried alfalfa shoots kept in the
laboratory contained the pathogen eight years after collection (Claflin
& Stuteville 1973).

ROLE OF SEEDS, NON-HOSTS AND WEEDS IN PATHOGEN SURVIVAL
X. campestris pv. phaseoli var. fusoans retained in bean

seeds its viability, virulence and physiological properties for three
years over a range of temperatures from -20 to 35°C. Maintaining the
bacteria at 25 to 35°C on agar media reduced their survival and viru-
lence; nevertheless, viability was lost only after nine months (Basu &
wallen 1966). X. campestris pv. phaseoli survived on bean seeds for 3 to
24 years (Zaumeyer & Thomas 1957; Basu S Wallen 1966). All surviving
isolates were pathogenic to their respective hosts at the seedling stage,
X. campestris pv. vesicatoria and P. syringae pv. tomato were found in
commercial seed lots, packed for 10 and 20 years, respectively (Bashan
et al, 1982 b). P. syringae pv. tomato found on host seeds as cell
aggregates inside holes and cavities (Devash et al. 1980) could be
eliminated from seeds by pulp fermentation (Chambers & Merriman 1975).
No heat-tolerant strain was found. Thermal death point was as low as
48°C and the bacterial population was already affected at a relatively
low temperature of 35°C. However, few surviving cells were capable of
causing speck symptoms on young seedlings (Devash et al. 1980). Simi-
larly to P. syringae pv. pisi in pea seedlings (Bashan & Kenneth 1983),
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other members of P. syringae pathovars, such as P. syringae pv. syringae
pathogenic to wheat, can also survive on most seed lots (Otta 1977).

Pepper and tomato seeds infestad with X. campestris pv. vesicatoria are
known as a major source of inoculum for bacterial scab of pepper (Gard-
ner s Kendrick 1921; Lewis & Brown 1961; Crossan & Morehart 1964;
Shekhawat & Chakravarti 1976). The number of pathogens on the pepper
seeds decreased with time, reaching a steady level five months after
seed infestation. Seeds also became infested in apparently healthy
pepper fields grown for seed production (Bashan et al. 1982 a). The
number of surviving epiphytic pathogenic cells on dry seeds was very
small. Furthermore, this small population was masked by a large popula-
tion of saprophytic bacteria, thus complicating the detection of the
pathogen (Schaad 1982; Sharon et al. 1982 b; Bashan & Assouline 1983).
Disease initiation is dependent on environmental conditions. Very few
bacterial cells among the vast amount of seeds may produce epidemias,
but under favourable conditions even heavily infested seeds may give
rise to healthy plants.

A low level of X. campestris pv. vesicatoria was detectad in field soil
during the winter season. This suggests that the soil was continuously
supplied with the pathogen from standing stalks of dead tomato plants,
since the pathogen disappeared in non-sterile soil held at 25°C within
two weeks (Peterson 1963). He further suggested that the pathogen could
not survive for more than two weeks in natural soil and for two months
in sterile soil. However, Bashan et al. (1982 a) demonstrated that even
when the pathogenic population in the soil decreases markedly with time,
it was possible to monitor a few surviving cells in the field the next
season, 18 months after the field was cropped with diseased pepper
plants.

Survival of pathogenic bacteria in the host and non-host rhizosphere is
very important for the pathogen1s overwintering (Schuster & Coyne 1974).
A population of X. campestris pv. Vesicatoria developed in the rhizo-
sphere of apparently symptomless pepper plants grown under mist, but not
under dry conditions. When seeds of sorghum, pea, cucumber, bean, wheat,
soybean and tomato were infested, the pathogen could multiply and sur-
vive for at least three months in non-host rhizosphere but not in their
foliage. Except for tomato seeds, the pathogen was naturally eliminated
from all other non-host seeds within 30 days (Diachun fi Valleau 1946;
Bashan et al. 1982 a). P. syringae pv. tomato survived for at least
several days on many non-host cultivated plants (Bonn s MacNeill 1983).
Kritzman fi Zutra (1983) demonstrated the survival of P. syringae pv.
lachrymans in soil, plant debris, rhizosphere of non-host plants and in
the vascular system of cucumber plants.

Survival on weeds adjacent to or in the field is an important factor, as
pathogens cannot be totally eliminated, and contaminated weeds may cause
epidemics in the cultivated crop. A highly virulent strain of P. solana-
ceanm had a resident phase on hairy vetch, a common weed in bean plots
in Wisconsin. The pathogen was the main component of the Gram-negative
epiphytic microflora throughout the year (Ercolani et al. 1974). Gitai-
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tis et al. (1985) isolated F. syvingae pv. syringae from leaf washings
of symptomless wild cherry and rye leaves adjacent to or within tomato
transplant fields. McCarter et al, (1983) and Schneider s Grogan (1977)
showed that P. syringae pv. tomato was present on nativa weeds and
transmitted by them to tomato fields.

SUMMABY
The main sites which determine the survival and activity of

epiphytic pathogens are the host's leaf, the dead nost's tissue, seeds,
rhizosphere and the soil '(Fig. 3) . The pathogen can stay on the leaf
surface in a resting, growing or declining phase. The pathogen may sur-
vive in dead or detached host tissues in growing, resting, hypobiotic or
decline phases. With regard to disease development three main phases can
be distinguished in the pathogen's life cycle (Leben 1981): resident
(symptomless host), pathogenic (developing visible disease symptoms) and
saprophytic phase. It seems that most bacteria, either pathogenic or
saprophytic, can multiply on the surface of plant leaves, providing that
available nutrients are supplied externally or by the host plant. Com-
patible pathogenic bacteria can multiply freely both outside and inside
the leaf, whereas saprophytic bacteria are usually restricted to the
external surface only. The population of pathogenic bacteria usually
íncreases massively during disease development. The endophytic popula-
tion can develop in the intercellular leaf spaces only if these are
filled up with water, A better understanding of the physiological basis
of the behaviour of epiphytic pathogens in their natural environment may
ímprove the control of diseases caused by these bacteria.
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