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Olive knot and its pathogens
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Abstract. Olive knot, caused by a pathogen or pathogens within the group of bacterial pathogens currently known
as Pseudomonas savastanoi, is described. The ecology, transmission and methods of control of the pathogens are
discussed. Strategies to minimise the effects of infection are recommended and these depend on attention to specific
details in programs for pruning, irrigation and use of fertiliser. Introduction of the pathogens into previously olive
knot-free countries is most likely to occur through the importation of infected nursery stock. There is no
cost-effective way to control knot in olive groves by using currently available bactericidal sprays. The use of known
disease-resistant cultivars and future breeding programs to improve resistance will lead to effective control in the
long term. The distribution of the pathogen in Australasia is re-examined in the light of recent investigations of host
specificity.
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History of Pseudomonas savastanoi

The first surviving record of the olive knot disease was in
the 4th century B.C. by the Greek, Theophrastus (Iacobellis
2001). The pathogen appears to have been disseminated with
olive (Olea europaea subsp. europaea) plants as they have
been spread to, and propagated in, many regions in the world
(Bradbury 1986).

In Australia, the oleander knot disease has been recorded
in the eastern Australian states of New South Wales (Noble
et al. 1935), Tasmania (Sampson and Walker 1982) and
Victoria (Adam and Pugsley 1934). In South Australia,
Pseudomonas syringae is recorded as causing bacterial
canker on olive (Warcup and Talbot 1981). Moffett (1983),
without giving primary references, recorded the pathogen on
oleander in New South Wales, South Australia, Tasmania,
Western Australia and Victoria. Recent surveys of olive
groves in New South Wales have failed to reveal indications
of olive knot (L. Tesoriero, personal communication). At the
time of writing, there is no public record of olive knot in
Australia.

For more than a century, olive trees have been grown in
New Zealand, almost entirely as specimen ornamentals, with
only amateur production of pickled/preserved fruit.
Commercial olive groves for oil and fruit have been a recent
initiative. Some years ago, the oleander knot pathogen,
P. savastanoi (oleander strain) that may also attack olive, was
recorded in New Zealand (Dye 1956). The olive knot
pathogen, P. savastanoi (olive strain), was recently detected

in plants introduced through quarantine in 1997 (Braithwaite
et al. 1999). Although this source of the pathogen may have
been successfully eradicated by the removal and destruction
of all infected trees, olive knot has been reported in North
Island growing regions and may be evidence for earlier
introductions of the olive strain. At the time of writing (June
2003) the pathogen has not been reported in the main
growing areas of the South Island.

The pathogen

Until recently, a pathogen called P. syringae pv. savastanoi
was recognised as causing knot diseases, and it was thought
that this one pathogen was responsible for the condition in
olive, oleander, ash and other hosts. Based on laboratory tests
and comprehensive DNA–DNA re-association studies,
Gardan et al. (1992) proposed that the pathogen be
reclassified in the species P. savastanoi, as P. savastanoi pv.
savastanoi. Based on field observations, laboratory studies
and pathogenicity tests, it has subsequently been proposed
that three closely related pathogens represented in the species
P. savastanoi can be separately recognised – Pseudomonas
savastanoi pv. fraxini (Janse 1982) Young et al. 1986,
pathogenic to Fraxinus spp.; Pseudomonas savastanoi pv.
nerii (Janse 1982) Young et al. 1996, pathogenic to oleander
and perhaps to olive; Pseudomonas savastanoi pv. savastanoi
(ex Smith 1908) Gardan et al. 1992, pathogenic to olive. In
pathogenicity tests, the olive knot pathogen was specific to
olive, whereas the oleander knot pathogen attacked oleander
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and perhaps susceptible cultivars of olive. The olive knot
pathogen appeared to be more virulent to olive than the
oleander knot pathogen (unpublished data), but this
observation has not been supported elsewhere (Iacobellis,
personal communication). However, isolations of the
pathogens in the field showed that olive strains only are
isolated from olive, and oleander strains are isolated only
from oleander (Caponero et al. 1995; Surico, personal
communication), suggesting that each strain is specific to its
respective host in nature. As yet, it has not been established
if the oleander pathogen is specific to oleander in nature, or
if it is also pathogenic to olive. In this text, the name
P. savastanoi (olive strain) is applied to the pathogen specific
to olive, and the name P. savastanoi (oleander strain) is used
for the pathogen, which primarily attacks oleander in the field,
but may also be pathogenic to olive.

The knot-forming strains of P. savastanoi are similar to
other members of this species and the closely related species
P. syringae, in that they are specific in causing disease in a
small range of host genera. However, the knot-forming
pathogens differ from almost all other bacterial plant
pathogens in that they produce substantial quantities of plant
hormones (auxin and cytokinins). The effect of these
hormones is to induce unregulated cell multiplication
leading to galls or knots (Surico et al. 1985).

Mechanisms regulating host specificity are not fully
understood in any plant pathogens, although it seems that
those for the olive knot pathogens are likely to be similar to
other plant pathogenic pseudomonads. These entail avr/AVR
and hrp gene interactions (Gabriel 1999; Keen 1996).

Common names of the disease

Common names in use are olive knot, olive gall and
oleander knot.

Host range

The olive strains of P. savastanoi are pathogenic to some
cultivated olives (Olea europaea subsp. europaea) and wild
olives (Olea europaea subsp. oleaster, Olea europaea subsp.
sativa). Oleander strains are pathogenic to oleander (Nerium
oleander) and perhaps to some cultivated and wild olive
cultivars (Bradbury 1986).

Geographic distribution of olive knot pathogens

The record below is based largely on the observation of
knot diseases (Bradbury 1986; CMI distribution maps of
plant diseases 1987). However, an unknown proportion of
records are applied to the pathogen on oleander because it
was assumed that the olive and oleander pathogens were the
same.

Europe: Austria, Cyprus, France, Germany, Greece, Italy,
Netherlands, Norway, Portugal, Commonwealth of
Independent States (Russian Federation), Spain, Sweden,
Switzerland, United Kingdom, Former Yugoslavia.

Asia: Georgia, Iran, Iraq, Israel, Lebanon, Turkey.
Africa: Algeria, Libya, Morocco, South Africa, Tanzania,

Tunisia.
North America: Mexico, USA (Arizona, Arkansas,

California, Texas).
South America: Argentina, Brazil, Colombia, Peru,

Uruguay.
Australasia: Australia (New South Wales, South

Australia, Tasmania, Victoria (all recorded on oleander),
New Zealand (recorded on olive).

Symptoms and damage to olive

P. savastanoi characteristically produces raised ‘knots’ or
galls on branches of olive. Knots are primarily found on
stems and branches, and on woody rather than herbaceous
tissue (Varvaro and Surico 1978) (see Fig. 1). Although the
pathogen has occasionally been isolated from olive roots,
leaves and fruits, knots usually begin as small smooth lumps
at nodes or on the bark at internodes. Cutting through these
immature knots reveals pale, apparently healthy tissue
surrounding a dark core. Knots develop for many months and
can expand to form rough-surfaced galls more than 2.5 cm in
diameter (Iacobellis 2001). The main damage results when
knots occur early in tree development causing weaknesses by
partially girdling branches that may subsequently be
intended to form the structure of mature trees. Severe
damage to upper stems can lead to reduced fruit fill and total
yield (Schroth et al. 1973) and infection of fruiting branches,
even in trees not considered to be severely infected. This is
reported to cause ‘off’ tastes in fruit (Schroth et al. 1968).
Fruit infection, as roughly circular brown spots 0.5–2.5 mm
in diameter, is another form of the disease, though rare, that
develops during wet summers (Panagopoulos 1993).

Field inspection methods

Olive knot is relatively easily recognised when symptoms
are well developed (see ‘Symptoms’ and Figures). In their
early stages, knots can be confused with insect puncture
(feeding or egg-laying) wounds. Usually, when the small,
smooth, raised lumps that indicate incipient knots are first
detected, more detailed searches will reveal clearly
developed knot symptoms.

Diagnosis of olive knot and identification of P. savastanoi

Isolation of pathogenic bacteria

Experience in this laboratory has indicated that isolations
could most easily be made from knots in their early stages,
up to the first appearance of rough, exposed, unregulated
tissue. Older knots generally became invaded by
faster-growing secondary bacteria that made recognition of
the pathogen more difficult. A selective medium (Ercolani
1970) may be of value in these cases. Small sectors of the
interior knot tissue were excised from the outer edges,
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Fig. 1. (a) Natural infection of olive cv. Leccino (called Minerva); New Zealand showing knots at nodes and internodes.
(b) Natural infection of olive (cv. unknown); France). (c) Knot development from wounds in stem (unknown cultivar); New
Zealand. (d) Olive cv. Picholine showing knot development 10 months after inoculation with olive knot strain.
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crushed in water to release the bacteria, and the suspension
spread on a surface-dry, solid medium such as King’s
medium B (King et al. 1954) that both favoured bacterial
growth and gave distinctive colony types. Characteristic
colonies of the small, slow-growing pathogen could be
differentiated after incubation at 27°C for 2–3 days.
Production of fluorescent pigments by colonies when viewed
under UV light is not reliable as a diagnostic observation
(Panagopoulos 1993; unpublished data). Reference strains of
the pathogen were necessary for comparison until familiarity
allowed colonies to be recognised directly.

Confirmation of pathogenicity

Simple confirmation of pathogenicity is achieved by
inoculating heavy suspensions of bacteria into the stems of
actively growing plants of susceptible olive and oleander
plants kept under controlled conditions in a glasshouse for a
minimum of 42 days. The olive strains will cause knots in
susceptible olive plants only. Oleander strains will cause
knots in oleander and in some cultivars of olive. There is no
reliable method of distinguishing between the olive and
oleander knot pathogens from symptoms in olive.
Pathogenicity tests are best done between spring and
midsummer and in autumn, when plants are most actively
growing, but they can be done at all times of the year.

Identification of the pathogens

The olive and oleander knot pathogens can be identified
(as P. savastanoi) using fingerprinting methods such as
Biolog or determinative tests (Young and Triggs 1994) in
addition to pathogenicity tests. Janse (1991) showed that the
knot-forming pathogens of Fraxinus (Pseudomonas
savastanoi pv. fraxini) could be differentiated from the olive
and oleander strains of Pseudomonas savastanoi by
differences in fatty acid composition. However, the fatty acid
composition of the latter two pathogens was generally too
similar for differentiation between them using this criterion.
Differentiation of olive and oleander strains may be possible
using molecular methods such as DNA restriction
fingerprinting (Mugnai et al. 1994). Other molecular
methods are in development (A. Sisto, personal
communication; J. M. Young, unpublished data).

Biology and ecology

Variability in the pathogen

There is considerable variability in the response of plants
to different cultures of the pathogen (unpublished data).
Some bacteria produce almost no reaction in inoculated
plants whereas others rapidly produce galls at the sites of
inoculation. So far there is no evidence that different levels
of aggressiveness are found in cultures from different
regions. Considerable variation in the severity of disease can
occur between localities (Osman et al. 1980a).

Influence of climate

High temperatures and high rainfall increase the effect of
bacterial pathogens in general. Olive knot appears to be most
severe in spring and autumn (Krueger et al. 1999; Surico
1977). This may be due to climatic influence but it may also
be connected with the physiological state of trees at those
times.

Influence of crop management

Modern horticultural practice is to encourage rapid plant
development in order to bring trees into early production and
to deliver high yields. High nitrogen fertiliser regimes are
particularly likely to favour bacterial disease development
(Baratta and Di Marco 1981; Young 1987). On the basis of
observations in Sicily, the following (corrected for the
Southern Hemisphere) is recommended. Fertiliser
applications should be made in July–August at 1400–1500
kg/ha. Olive blocks should be irrigated once before
December and again ~30 days before harvest, at a total of
1000–1200 m3/ha. Light applications of rapid action nitrates
at 200–250 g N/plant should be carried out during the
pre-harvest irrigation (Baratta and Di Marco 1981).

Survival and transmission

The olive strain of P. savastanoi lives in association with
olive plants (Ercolani 1978). Populations of the bacterium do
not survive away from infected plants and rapidly decline in
soil. Knot induction is most prolific when plants are actively
growing in spring (Surico 1977), when they are reacting to
induced wounds infected with the pathogen. The bacterium
is found on the leaf surfaces, with populations highest in
spring and autumn (Ercolani 1978). The bacterium may
survive within natural openings of the plant or in sub-clinical
infections. Rain followed by high humidity favours infection
(Teviotdale 1994).

P. savastanoi is present in infected plant material and is
usually introduced into new regions in nursery stock. The
pathogen can be carried in aerosols and, therefore, can be
transported in wind-driven rain. As a wound-infecting
pathogen, P. savastanoi can also be transmitted on orchard
equipment such as pruning implements. If olive knot is
observed in trees in an orchard block, it can be assumed that
the entire block is at risk and that transmission of the
pathogen to olive trees within a range of ~500 m will
eventually occur in aerosols generated during storms.
Removal of visibly diseased trees will not materially affect
this process. Effective control will depend on an informed
approach to disease management based on an understanding
of the biology of the pathogen. Low-level populations of the
pathogen can reside on leaves and in natural plant openings
(Ercolani 1978) without immediately inducing symptoms of
disease, but the observation of knot symptoms in an orchard
is an indication of the presence of copious amounts of
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bacterial inoculum. Once knot symptoms have appeared in a
block it can be assumed that those trees will continue to be
affected by sporadic or prolonged outbreaks of the disease,
and diseased trees will provide a source of inoculum that may
spread infection to other blocks. There is no reliable method
of eradication of the pathogen from orchards once it is
present. P. savastanoi (like most bacterial pathogens) should
not be expected to express symptoms every year and should
not be expected inevitably to do serious damage; olive knot
is likely to occur with varying degrees of intensity in
different localities and to vary from year to year. Severe
disease in one year may be followed by several seasons
without significant damage. Irregular outbreaks of varying
severity are characteristic of bacterial diseases.

Infection

Entry into susceptible plants, as evidenced by subsequent
disease development, is largely through wounds at leaf scars
(Teviotdale 1994) and those caused by late spring freezing
and hail, as well as pruning cuts (Iacobellis 2001; Sisto and
Iacobellis 1999; Teviotdale 1994), especially when leaf fall
occurs or pruning is conducted in rainy weather or moist
winds. In exposed planted blocks, branch thrash in wind and
rain is also a likely source of infection. The traditional
method of harvesting fruit by beating branches with sticks
can lead to severe infections (Panagopoulos 1993).

Economic impact

There are no quantitative data on the impact of the disease
on crop yield or crop quality (Iacobellis 2001), but extensive
research is reported in Italy and Spain. The disease is
considered to ‘reduce productivity’ (Teviotdale 1994). Direct
observation of disease development over several seasons will
be necessary to determine the impact of the pathogen in
Australasia.

Losses can be caused directly by localised infections that
inhibit flowering and affect fruit development and taste, and
indirectly by weakening immature main leader branches
resulting in later damage to the tree frame. Because of the
differing climates, soil and topographic conditions in which
olives are grown, the extent of damage in New Zealand is
likely to be highly variable from season to season and from
region to region.

Control

Sanitation and cultural precautions

In countries and regions where the knot pathogen does not
occur, new olive groves should be established using
disease-free nursery stock from pathogen-free sources. As a
precautionary measure, until the host specificity of olive and
oleander strains is fully understood, the removal of nearby
(within 500 m) oleander bushes should be considered as a
measure to eliminate possible sources of pathogenic bacteria

that could otherwise pose a threat to the new grove. A
recommended nursery practice (G. Surico, personal
communication) is to maintain copper sprays on nursery
plants. Bordeaux mixture (copper sulphate, 1 kg; lime, 2 kg;
water, 100 L), copper oxychloride (200–300 g/hL; a.i. 50%),
or copper hydroxide (200–300 g/hL; a.i. 40%) may be
applied. Initial caution is advised until application is shown
not to cause leaf injury in local conditions.

Some reduction of infection caused by the practice of
harvesting by beating olive branches with sticks
(Panagopoulos 1993) may be effected by using sticks
wrapped with cloth soaked in a copper solution (e.g. Kocide)
at frequent intervals, especially when moving between trees.

Pruning

The most important control practices are those concerned
with pruning. As already stated, the pathogen cannot be
eradicated from trees or orchards, but thoughtful pruning can
minimise its worst effects. Attention to tree development in
early years offers the best approach to managing disease
damage. Annual pruning should be done no later than
August to avoid the period of spring susceptibility. The goal
for pruning of young trees is to leave non-diseased branches
to form the scaffold of the mature tree. Individual assessment
should form a guide to the removal of specific weakened
branches. Infected young trees need not be removed unless
they are so seriously infected that they show little prospect of
forming a bearing tree. Pruning before expected rain should
be avoided.

The shape of crowns of very old trees damaged by hail
and subsequently badly infected by bacterial knot can be
transformed from the traditional inverted truncated cone
tapered to the base, to erect truncated cones tapered from the
base. Positive effects on tree health, growth and productivity
have been reported (Ruffaldi 1972).

Chemical spray control

There have been several reports of trials of the efficacy of
copper spray compounds (e.g. copper hydroxide). These are
not always successful, and the cost-effective benefit is highly
doubtful (Sisto and Iacobellis 1999). To be effective, sprays
must be applied to maintain continuous bactericidal cover
over a substantial part of the year, at the same time avoiding
damage from phytotoxic levels of copper spray. This is
difficult and not necessarily cost-effective.

Biological control

There is no documented proof for biological control of
any bacterial pathogen, such as P. savastanoi, that primarily
affects the above ground structure of plants.

Cultivar resistance

Sisto and Iacobellis (1999) note the importance of
identifying resistant cultivars of olive in order to contain the
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disease and improve both the quantity and quality of fruit and
oil yields. No olive cultivars are known that are completely
resistant to olive knot.

There have been few quantitative studies of resistance
overseas. In Morocco, Gordale was considered to be
resistant, Picholine Marocaine exhibited some symptoms,
whereas Meslala was considered to be susceptible (Benjama
et al. 1987). An experimental study (Marcelo et al. 1999)
indicated that Rendonil and Cobrancosa were relatively
resistant, Branquita and Santulhana expressed some
symptoms, and Cordovil de Serpa and Galga Vulgar were
most susceptible. Comparative studies indicated that
Nocellara del Belice was highly susceptible, Leccino was
susceptible and Coratina was tolerant. In Iraq, Hawega-2 was
highly resistant, whereas cvv. Ajrasi bazri, Ajrasi and
Bashiky were highly susceptible (Osman et al. 1980b).

A study of experimental inoculations by Sisto et al.
(2001) showed that the cultivars Cellini di Nardo, Frantoio,
FS-17, Morcana, Nociara, Ogliarola, and Pendolino were
susceptible, whereas Carolea, Bella di Spagna, Cerasela,
Cima di Melfi, Coratina, Corniola, Dolce Agogia,
Leucocarpa, Maiatica di Ferrandina, N3, Nolca and San
Felice gave a moderate response to the pathogen. A similar
study (unpublished data) made here of the relative resistance
of olive cultivars favoured in New Zealand showed that the
most susceptible cultivars were Manzanillo, Picholine and
S.A. Verdale, and that the least susceptible were Carolea,
Koroneiki and Pendolino.
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