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Citrus canker is an important bacterial disease of citrus
in several regions of the world. Strains of Xanthomonas
citri type-A (Xc-A) group are the primary pathogen
where citrus canker occurs. After Xc-A entered the
Northeast of Argentina in 1974, the disease spread rap-
idly from 1977 to 1980 and then slowed down and re-
mained moving at slow pace until 1990 when it became
endemic. Citrus canker was detected in Northwest Ar-
gentina in 2002. This paper presents the main steps in
the fight of the disease and the management strategies
that have been used to control citrus canker at this time.
We think the process might be usefull to other coun-
tries with the same situation. Results from more than
40 years of research in Northeast (NE) Argentina indi-
cate that we are at the limit of favorable environment
for the disease. The severity of citrus canker is greatly
affected by the environment and El Nifio Southern
Oscillation (ENSO) phenomenon which causes cyclic
fluctuations on the disease intensity in the NE region.
Weather-based logistic regression models adjusted to
quantify disease levels in field conditions showed that
the environmental effect was strongly modulated by the
distance from a windbreak. Production of healthy fruits
in citrus canker endemic areas is possible knowing the
dynamics of the disease. A voluntary Integrated Plan
to Reduce the Risk of Canker has been in place since
1994 and it allows growers to export unsymptomatic,
uninfested fresh fruit to countries which are free of the
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disease and require healthy, pathogen free fruits. The
experience from Argentina can be replicated in other
countries after appropriate trials.
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In Argentina, citrus is an important regional fruit crop with
two main production regions, the Northwest (NW) and
the Northeast (NE) of the country. Current data indicate
140,000 hectares of commercial groves (Federcitrus, 2015).
Citrus canker (CC) is caused by Xanthomonas citri which
has spread internationally to new areas in the last decades.
The bacterium binomial nomenclature of the CC pathogen
varies depending on the author (Brunings and Gabriel,
2003; Bull et al., 2012; Graham et al., 2004).

Citrus canker exists since ancient times in Eastern Asia
and is spreading to other citrus growing countries dur-
ing the last 40 years. A previous expansion of the disease
occurred at the beginning of the twentieth century, when
eradication campaings were successful in USA, Australia,
South Africa, and New Zealand, after several decades of
host elimination. Eradication was supposed to be the best
choice to control canker in new regions. However, world-
wide movement of people and products and favorable
environmental conditions due to climate change have made
most difficult to eradicate the disease in modern times, ex-
cept for isolated islands near Australia.

The probability of diseased plant movement from coun-
try to country is now high. The disease incidence and
severity after introduction will vary depending on the en-
vironmental conditions and citrus varieties being grown.
Experimental data were and will continue to be neces-
sary for successful management of this disease where it is
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established. Thus, management of the disease became a
necessity almost everywhere, and all aspects of the disease
triangle are very important to obtain adequate results. The
eradication approach is no longer an alternative unless the
disease can be detected at the earliest stage of introduction.

Citrus Canker in Argentina

The disease recognized as citrus canker (cancrosis in Span-
ish) existed in Argentina since 1928 as the B-type form
(Canteros, 2001a, 2001b; Canteros de Echenique et al.,
1985; Fawcett and Bitancourt, 1949). The low agressive-
ness and restricted host range confined the B-type strains
for 40 years to a small area. These strains disappeared in
1978-90 after the introduction of the more aggressive A-
type strains in 1974 (Canteros de Echenique et al., 1985;
Goto et al., 1980). The replacement of the B-type strains
with the A-type strains may have taken place due to the
production of bacteriocin-like substance by the A strains
against the B strains (Canteros et al., 2011a). The B-type
strains of canker ocurred almost exclusively on lemon and
adequate control was obtained by applications of copper
containing bactericides.

The A-type of citrus canker, caused by Xanthomonas
citri type A (Xc-A; syn. Xanthomonas axonopodis pv.
citri) became endemic in NE part of Argentina after eradi-
cation efforts failed. The A-type entered the NE in 1974,
it spread quickly from 1977 to 1980, and then at constant
rate till 1990 when it became endemic in the region (Stall
and Civerolo, 1991). The presence of canker in the NW of
Argentina was apparent in 2002 (Rivadeneira et al., 2004a,
2004b).

End of Eradication and Application of Manage-
ment Options

The eradication campaign which started in 1976 in the
NE failed (Hogg, 1985; Rodriguez, 2012). A program of
management and numeroud spray trials were initiated in
1976 based in the control of B-type canker with copper
sprays. A-type canker was very severe on all young cit-
rus plants and in grapefruit regardless of the age. Timing
was the most important issue in controlling citrus canker.
Numerous spray trials were performed in Argentina. The
most appropriate timing for spraying copper-containing
bactericides was determined. Trials of numerous chemical
products, both commercial and experimental, were con-
ducted. Based on these trials, management of the disease
was achieved using integrated measures, among them pro-
tection with copper-containing bactericides at the exact leaf

growth stage, and the use of windbreaks around the plots
(Stall et al., 1979).

Export Requirements

After quarantine was imposed by the European Union to
keep the fresh fruit European market, an Integrated Plan
to Reduce the Risk of Canker was carried out since 1994.
Participation of growers is voluntary. Requirements are
certification of selected, registered, symptom-free blocks
of trees with permanent surveys of CC symptoms; wind-
breaks around 2-4 ha individual blocks areas; sanitation
with disinfestants of harvested fruit, equipment and person-
nel; application of copper containing products to young
leaf flushes and to developing fruits to prevent infection,
and treatment of fruit in certified packing houses with so-
dium orthophenylphenate (SOPP) at 2% for 2 min and so-
dium hypochlorite at 0.02% for 45 s to ensure elimination
of any living bacterial cell. Control is required of the insect
leafminer (Phyllocnistis citrella Sta.) that entered Argen-
tina in 1996 and became widespread in very short time.
Damage by the leafminer is important for the bacteriium to
enter the leaf through the cuticle and feeding in epidermal
cells (Caceres, 1996). The occurrence of canker lesions on
leaves with leafminer damage was evident only on infected
trees. Disease-free plants did not show new lesions, even
those heavily damaged by the insect. In plants with severe
canker, heavy defoliation occurs after leat-miner damage,
and heavy sprouting will follow. Biological and chemical
control are effective for leafminer.

Traceability and certification of citrus production dur-
ing the entire process from trees to export-box is made by
National Food Safety and Quality Service (Spanish: Ser-
vicio Nacional de Sanidad y Calidad Agroalimentaria, SE-
NASA), the Animal and Plant Health Argentinian Service
(Canteros, 2009).

Canker Intensity Variation

In the NE region of Argentina the ENSO causes cyclic
variations in canker intensity. Disease intensity is lowest
when spring and summer rainfall is low and highest when
spring and summer rainfall is abundant. So, production
of healthy fruits in endemic areas is possible knowing the
dynamic of the disease. Populations of Xc-A on asympto-
matics leaves and fruits surfaces of all citrus types are low
in highly infected trees and undetectable in lightly infected
tress. In years of low infection only grapefruit differs from
other cultivars in canker severity on fruits. Important fac-
tors in disease intensity are: temperatures, relative humid-
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Fig. 1. Graphs indicate the intensity of infection (left y-axis) and severity (right y-axis) based on the three grades scale, calculated for
both plant (green bars) and fruits (orange bars) at midseason (December-January from 2005 to 2015 years, x-axis) for grapefruit (A),

lemon (B), Valencia orange (C), Murcott (D) and Satsuma (E) mandarins in Bella Vista (Corrientes, Argentina). (F) Average amount of

rain is indicated in mm of precipitation for separates seasons (blue bars) delimitated from October to April for same period.
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ity, and, most important, rain and wind, taken together
(Canteros, 1998, 2005).

Disease Severity Variation

The relationship between disease and environment was
determined based on data collected from 1991 to 2003,
and still continue, on canker severity at mid-season in cit-
rus varieties that differ in susceptibility to canker (Fig. 1).
Disease incidence and severity in each tree was monitored
every 1-2 weeks on a scale of 0-100% for more than 20
years. Severity of disease on fruits was taken at midseason
and at harvest using a three grade scale; 0 (no symptoms);
1 (one large or three small lesions) and; 2 (more than one
large or three small lesions per fruit). A formula was used
to determine disease intensity. Disease intensity in fruits =
(% fruits Grade 0 x 0) + (% fruits G1 x 1) + (% fruits G2 % 2)

Precipitacion del semestre calido (OCT-MAR) 1991-2016

Fig. 2. Total precipitation for spring-summer in Argentina. Accu-
mulation of average monthly precipitation values (in mm), from
October to March, using 1991-2016 series. Northwest (NW) and
Northeast (NE) regions are respectively indicated in left and right
upper squares.

/ (number of grades = 3) (Canteros, 1998). Canker intensity
in a given tree can vary when new healthy tissue occurs
after defoliation caused by heavy infection. Intensity were
measured every 2 weeks for several years. Variation oc-
curs with the seasons and the years. This can be calculated
already at midseason. An inverse relationship exists among
disease intensity in plants at midseason and percentage of
healthy fruits at harvest (high intensity gives low percent-
age), whereas a direct relationship occurs among intensity
on fruits at midseason and intensity at harvest (high inten-
sity gives high intensity). In years with low infection only
grapefruit will differ from other cultivars in the severity of
infection on fruits (Canteros, 1998). In Bella Vista, Cor-
rientes., Argentina, a strong association was found among
years with high frequency of spring rains and the severity
of the disease (Fig. 2). Moisture variables associated with
bacterial infection and thermal variables related to disease
progress were identified. One general linear model includ-
ed both variables (rainfall and temperature) discriminated
by citrus variety shows a positive relationship (R? 0.86) for
CC severity (Canteros, 20006).

Inoculum and Sanitation

Pruning of infected tissue greatly decreases the available
inoculum and is used in Argentina to ensure symptom-free
trees. Herbicide defoliation can be used to start a program
when the infection is high. Equipment, hands, clothing and
gloves of laborers, collecting boxes, and any other tools
should be treated with the appropiate disinfestants such as
quaternary ammonium, phosphoric acid-iodine solutions,
sodium hypochlorite or 70% ethanol (Canteros, 2000).

Susceptible Tissue

All young citrus tissue should be treated to prevent infec-
tion. Sprays are applied to leaf- flushes in their susceptible
stage (10 to 14 days old) and to developing fruits every
40 days. Recommended chemicals are copper containing
products. Soluble powders are preferred over liquid forms.
The most important sprays are those applied from bloom to
4 months later (Supplementary Fig. 1). Timely application
of copper sprays provided excellent control of the disease
until 1994 when lack of control was noted in several groves
and nurseries. Copper resistance within the bacteria popu-
lation was demonstrated and evaluations of the mixture of
copper + mancozeb showed that this mixture was the best
control in vitro and in field trials. Current recommenda-
tions include the addition of mancozeb to the copper sprays
in groves where resistance is found (Canteros, 1999).
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Field Resistance

Inoculation of highly resistant citrus species like Satsuma
tangerines (C. unshiu), ‘Parana’ grapefruit (Citrus sp.)
(Canteros, 1992; Canteros and Gochez, 2008; Rinsdahl
Canavosio et al., 2007), and kumquat (Fortunella margar-
ita (Lour.) Swingle) (Canteros and Gochez, 2008) demon-
strated that field resistance is due to a very short susceptible
period for leaves and fruits. This occurs in Parana grape-
fruit as well in kumquat, similar to the previously described
resistance in some tangerines and oranges (Canteros, 1992;
Stall et al., 1981). These results could be used to select
a source of quantitative resistance among the Rutaceae
population. Compared with more susceptible varieties like
‘Duncan’ grapefruit or Key lime, the variable ‘age of fruit/
leaves’ and ‘inoculum concentration’ were always selected
as parameters to determine and describe canker resistance.

Resistance to Copper in Xc-A

Resistance to copper in several plant pathogenic bacteria
has been reported worldwide since its discovery in Florida
(USA) in 1983 in Xanthomonas campestris pv. vesicato-
ria (Xcv) (Marco and Stall, 1983). Copper resistant (Cu®)
strains of this bacterium were also found in Argentina in
1987 (Canteros et al., 1989). Timely application of copper
sprays provided excellent control of citrus canker during
40 years. However, lack of control was noted in several
groves and nurseries in autumn 1994. Resistance to copper
was demonstrated for the first time in Xc-A in citrus groves
that were sprayed with copper at least ten times per season.
What was striking was the sudden and rapid widespread
occurrence of the Cu® strains throughout a large area, since
strains isolated prior to 1994 from the same groves were all
Cu® (Canteros, 1996). Evidently, rapid selection and spread
of the resistant strains occurred under the heavy pressure
of numerous copper sprays applied in an attempt to control
the high disease intensity.

In Florida, susceptible strains of Xantomonas campestris
pv. vesicatoria (Xcv) were isolated even after several years
of the first appearance of resistant strains (Canteros, 1990;
Canteros et al., 1989, 1991; Pohronezny et al., 1992). In
NE part of Argentina citrus, tomato, and pepper growing
areas overlap but no proof exists that the Xc-A-Cu® strains
could have adquired the Xcv-CuR plasmid. Conjugation
experiments demonstrated the transmission of a large
plasmid from Xcv Cu® to Xc-A Cu® strains. Total DNA
extracted from Xc-A and Xcv Cu® and Cu® strains, respec-
tively from citrus and tomato, was restricted using enzymes
and a Southern blot analysis performed. A probe containing

fragments of Pseudomonas cop operon hybridized with all
Xc-A and Xcv Cu® strains from Argentina, and did not hy-
bridize with any Cu® strains. Polymorphism was observed
in the hybridized fragments (Canteros et al., 2004).

An extensive survey was done from 1994 until 2009 to
locate Cu® strains in all citrus growing areas of Argentina.
A total of 3350 strains were rated, about 10% of them were
Cu®. The resistant strains were only from a restricted re-
gion, several groves in the Parana River area of Corrientes
Province, several groves in Formosa province in 2004,
and few groves in the SE of Corrientes since 2007. Some
strains of Pantoea agglomerans and Pseudomonas syrin-
gae pv. syringae from citrus were Cu® whereas numerous
other saprophytes collected in groves were Cu® or Cu®. All
other strains from groves located in the NW and NE of Ar-
gentina were Cu®. The preventative use of the mix of man-
cozeb with copper at least once a year was enough to stop
or delay the occurrence of Cu® strains in groves that were
infected with Cu® strains. The addition of mancozeb to the
copper products was recommended immediately after first
detection of Cu® in Xc-A. In vitro experiments and spray
trials in the field were done with different copper com-
pounds and several other products. Data from 18 years of
spray trials on grapefiuit seedlings infected with Cu® or Cu®
strains were analyzed. In in vitro experiments and spray tri-
als, addition of mancozeb to copper compounds eliminated
Xc-A in water after 15 min and gave excellent control
of canker in the field. Other mixtures with Cu products,
such as ferric sulphate were effective but phytotoxic and
mixtures with quaternary ammonium, sulfur, and several
disinfectants, mineral salts or organic products did not give
control. Presently, copper plus mancozeb is used in groves
infected by Cu" strains of Xc-A, whereas, Cu compounds
can be used in plants infected by Cu® strains (Canteros et
al., 2010, 2013).

Xc-A Population in the Field

Quantification of population size, persistence, survival, and
dispersal of Xc-A are important factors in canker manage-
ment in endemic regions. We quantified Xc-A populations
on leaves and fruits of grapefruit (Citrus paradisi), orange
(C. sinensis), and lemon (C. limon) trees, in rain water,
in dew, and on weeds at different distances from canker-
infected citrus trees. Numbers of living bacterial cells
(colony formation units, CFU) were calculated infiltrating
the bacterial liquid suspension in the mesophyll of Duncan
grapefruit and Key lime (C. aurantifolia); seedlings kept in
a growth room and compared the number of canker lesions
developed per square centimeter with a known infectivity
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titration table. Sampling was made during four consecutive
growing seasons, from 2004 to 2008. Results indicated that
high concentration of Xc-A (10°-10" CFU) was recovered
by external washing of all of diseased fruits whereas 36%
of symptomless fruits carried Xc-A at 10°-10° CFU per
fruit. Rainwater collected from diseased and symptomless
leaves from an infected grove. The diseased leaves carried
populations from 10°-10° CFU whereas 55-87% of healthy
ones had 10-10* CFU per leaf. Dew collected from similar
leaves and fruits had Xc-A in 100% of them when they
were diseased (10-10* CFU); 77% of the symptomless ones
had 10-10* CFU. Weeds (mainly grass) were collected
under the canopy and at 1, 5, 10, and 20 meters from dis-
eased trees; samples positive for Xc-A decreased rapidly
with distance from the infected grove. Positive samples
were from 10-10* CFU. Dew, even it contains high Xc-A
populations, apparently does not serve as a main inoculum
source. Populations of Xc-A decreased sharply with in-
creasing distances from the diseased trees even after rain-
storms (Canteros, 1998, 2005, 2006; Canteros et al., 2011b;
Stall et al., 1979, 1980).

Canker Resistance and Environment Variation

There are great variations in susceptibility among the cul-
tivated varieties. The intensity also fluctuates according
to the seasons and the years. Most epidemiological data
that exist on citrus canker (Stall et al., 1993) are referred
to the spread in time and space in new epidemics but little
information existed on the disease after it became estab-
lished in a new area. Field evaluations and inoculations
have demonstrated that leaves of all cultivars of citrus are
susceptible to the disease when they are very young (Stall
et al., 1980, 1981) and they become increasingly resistant
with age. Resistance to canker is expressed in leaves as
lower number of infection resulting from a given amount
of inoculum (Canteros, 1992; Stall et al.,1982). It was dem-
onstrated previously (Stall et al., 1981) that reduction of
the amount of disease in leaves will indirectly reduce the
amount of disease in fruits. Knowing the period of suscep-
tibility in fruits of the most economically important cul-
tivars has improved the chance of controlling the disease
(Supplementary Table 1). In a previous work (Canteros,
1992) it was found that, except for very young fruits, fruits
of all cultivars became increasingly resistant with age. In-
fectivity titration experiments with 12-16 week-old fruits
of grapefruit demonstrated that a minimum of 10’ cells per
milliliter was necessary to get lesions with the method of
inoculation used. A positive linear relationship was found
between inoculum concentration and number of lesions per

square centimeter. Other important members of the envi-
ronment are the bacteriophages that attack Xc-A cells. The
numbers were very low at the beginning of the epidemic in
1978 but those numbers are now very high and may have
contributed to the general decrease of disease intensity
even in unsprayed plots in the last decades. In a survey of
several plots of different citrus varieties in Argentina in the
last years high numbers of phage particles were found after
leafwashes (Balogh et al., 2008).

Weather and Citrus Canker

Studies of disease and environment relationship has helped
greatly improving the citrus production in NE Argentina.
Sprays at proper timing and change in citrus varieties
helped in keeping disease incidence at very low levels. In
this area, strong storms are very unusual and they occur
only locally. Light winds are common (Canteros, 1998;
Moschini et al., 2005). The spread of Xc-A from an in-
fected tree might be at short distances only (Canteros et al.,
2004). In 1979 we found in one occasion that Xc-A cells
have spread at 30 m from a diseased grove (Stall et al.,
1980). We present here more data that support the concept
that Xc-A can be detected only under diseased trees and
not on weeds collected at far distances. The quantification
of Xc-A populations on leaves and fruits of grapefruit, or-
ange, and lemon trees, in rain water, in dew, and on weeds
at different distances from canker-infected citrus trees
provides important information to improve canker man-
agement in groves where fruits for export are produced.
Currently, healthy fruit without symptoms of canker and
with no Xc-A cells on fruit surface can be produced and
exported to countries with canker regulations.

The ENSO Phenomenon

The atmospheric conditions present irregular fluctuations
on a wide range of time scales producing intraseasonal (26-
60 days), interannual and interdecadal variability (Garreaud
et al., 2009). El Nifio Southern Oscillation (ENSO) is the
most important oceanic-atmospheric phenomenon causing
interannual climate variability. Walker and Bliss (1932)
discovered the existence of an irregular interannual fluc-
tuation called Southern Oscillation (SO), which involves
changes in the rainfall and wind over the tropical Pacific
and Indian oceans. Bjerknes (1969) associated the SO
with fluctuations in the surface temperature of the eastern
equatorial Pacific Ocean. ENSO phenomenon recognizes
a neutral phase and two extreme phases: El Nifio (warm
sea surface in the central-eastern equatorial Pacific Ocean
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and pressures greater than average in the Indian Ocean and
Australia) and La Nifia (processes in the opposite direction
than in EI Nifio years). ENSO affects atmospheric circula-
tion systems located at remote sites on the planet (telecon-
nections), causing thermal and rainfall anomalies. Based on
the analysis of 12 years of incidence and severity data for
citrus canker in several citrus species in Bella Vista (Cor-
rientes), Canteros et al. (2004), demonstrated a positive
correlation between CC severity and El Nifio phase.

Later, Moschini et al. (2014) quantified the effect of
weather variables on mid-season fruit canker intensity
(1991-2010 growing seasons) in an experimental grove of
grapefruit (Red Blush cultivar) in Bella Vista (Argentina),
at two contrasting distances from a natural windbreak (clos-
er or farther). One of weather variables that best correlated
with disease levels (S: severe, M: moderate and L: light)
at both windbreak distances was “Days with precipitation
> 12 mm” (DPrec; Kendall Tau-b correlation coefficient
= 0.60). The use of thresholds of precipitation less than 12
mm in DPrec produced a marked decrease in its correlation
with the level of disease, based on the fact that light daily
precipitations would not have sufficient energy to spread
bacteria from the cankers. Weather variables were calcu-
lated in a time period beginning after accumulating 3372
degree days as from July 10, and finishing when the sum
reached 985 degree days (base temperature = 12.5°C). The
ordinal response logistic regression model that included
DPrec and DDMaxT (sum of the exceeding amounts of
daily maximum temperature from 33°C) and windbreak
distance (strong or moderate wind protection), reached a
prediction accuracy of 88.6%. From daily temperature and
precipitation data collected from Corrientes and Monte
Caseros weather stations (Argentina National Weather
Service, http://www.smn.gov.ar/), the last selected logistic
model was run over 82 years (1932-2013) (Moschini et al.,
2015). Retrospective model predictions were use to analyze
the effect of the climate variability associated to ENSO
phases (defined by the Japan Meteorological Agency ac-
cording to the sea surface temperature in El Nifio 3 area:
5°N-5°S, 150°W-90°W) over CC levels. In both sites, very
low probability of occurrence of severe disease levels was
expected from the model in strong wind protection scenar-
ios (close to the windbreak), contrasting with the increase
number of year with severe CC levels at greater distance
to the windbreak. In Monte Caseros, weather conditions of
years with El Nifio phase were strongly conducive to se-
vere CC levels (14 out of 16 El Nifio years observed severe
disease levels). In Monte Caseros and also in Corrientes,
a high proportion of La Nifia years observed moderate to
light CC levels. In periods of 60 days starting on 21 Setem-

ber and 12 October (mean date for the begining of the criti-
cal period for Corrientes and M. Caseros respectively) the
differences between both extreme ENSO phases (19 La
Nifia and 16 El Nifio years) in the mean number of days
with precipitations > 12 mm were 2.5 and 4 for both sites.
For the last very strong El Nifio year (2015/16), a total of
11 days with precipitation > 12 mm were counted in M.
Caseros and 8 days in Corrientes. In late spring (November
and December), a greater influence of the warm and cold
phases of ENSO phenomenom is observed in NE Argen-
tina.

We understand that citrus canker could be controlled
with approppiate management. After the introduction of
the A-type strains in Argentina, and after a failed attempt
of eradication an integrative approach was taken includ-
ing studies of the host, the pathogen, and the environment.
The classical disease triangle gave the anwers to a proper
management which allowed the uninterrupted export to the
European Unions. Thus, integral studies gave successful
results in citrus canker in Argentina.

Acknowledgments

We want to acknowledge Dr. Robert E. Stall for reviewing
the manuscript and giving helpful suggestions. Also we
want to thanks Dr. Kwan-Jeong Song for advice and rec-
ommendations.

References

Balogh, B., Canteros, B. 1., Stall, R. E. and Jones, J. B. 2008.
Control of citrus canker and citrus bacterial spot with bacte-
riophages. Plant Dis. 92:1048-1052.

Bjerknes, J. 1969. Atmospheric teleconnections from the equato-
rial pacific. Mon. Weather Rev. 97:163-172.

Brunings, A. M. and Gabriel, D. W. 2003. Xanthomonas citri:
breaking the surface. Mol. Plant Pathol. 4:141-157.

Bull, C. T., De Boer, S. H., Denny, T. P, Firrao, G., Fischer-Le
Saux, M., Saddler, G. S., Scortichini, M., Stead, D. E. and
Takikawa, Y. 2012. List of new names of plant pathogenic
bacteria (2008-2010). J. Plant Pathol. 94:21-27.

Caceres, S. 1996. Phyllocnistis citrella stainton. In: Technical
series of INTA Bella Vista #6. Entomology EEA INTA Bella
Vista, Corrientes, Argentina.

Canteros, B. 1., Rybak, M., Naranjo, M., Gochez, A. M., Minsav-
age, G., Jones, J. B. and Stall, R. E. 2004. Molecular charac-
terization of the copper resistance in Xanthomonas axonopo-
dis pv. citri. In: Book of abstracts. XV. Meeting of Scientific
and technical communications of the UNNE.

Canteros, B. I. 1990. Diversity of plasmids and plasmid-encoded
phenotypic traits in Xanthomonas campestris pv. vesicatoria.
Ph.D. dissertation. University of Florida. 189 pp.



448 Canteros et al.

Canteros, B. I. 1998. Ecology of endemic citrus canker: seasonal
fluctuations of disease intensity. 7th International Congress of
Plant Pathology, Edinbourgh, Scotland.

Canteros, B. 1., Gochez, A. M., Hermosis, F., Soliz, J. and
Benitez, R. 2013. Current state of copper resistance situation
in the causal bacterium of citrus cancers in Argentina. VIL.
Argentine Congress of Citriculture, Puerto Iguazu, Misiones.
S4. 17 pp.

Canteros, B. I. 1992. Changes in the resistance of developing
citrus fruit to canker. In: 1992 Proceedings. Int. Soc. Citricul-
ture, Vol. 2, pp. 825-827.

Canteros, B. 1. 1999. Copper resistance in Xanthomonas camp-
estris pv. citri. In: Plant pathogenic bacteria, ed. by A. Ma-
hadevan, pp. 455-459. Centre for Advanced Study in Botany,
University of Madras, Chennai, India.

Canteros, B. I. 2000. Citrus canker in Argentina-control, eradica-
tion, and current management. In: International citrus canker
research workshop (June 20-22th, 2000) book of abstracts,
pp. 12-13. USDA, USHRL, Fort Pierce, FL, USA.

Canteros, B. I. 2001a. Citrus canker. IDIA XXI, Ist ed., Vol. 1,
pp. 23-27. INTA, Argentina.

Canteros, B. I. 2001b. Citrus canker: a disease spread all over the
world. In: RIAC-IACNET newsletter 17, pp. 11-17, 30-34.
Canteros, B. 1. 2005. Ecology of citrus canker in Argentina. In:
Book of abstracts XIII Latin American congress of phyto-
pathology and Il workshop of the Argentine association of

plant pathologists. Cordoba, Argentina. BC-2. 214 pp.

Canteros, B. 1. 2006. Management of citrus Canker in Argentina,
a review. In: 10th international citrus congress, pp. 515-523.
Agadir, Morocco.

Canteros, B. 1. 2009. Citrus export program to the European
Union from areas with canker presence in Argentina: genera-
tion and development of technology to overcome quarantine
restrictions. In: CD of Abstracts international workshop on
citrus quarantine pests. Tabasco, Mexico.

Canteros, B. I. and Gochez. A. M. 2008. Characterization of
Kumquat resistance to cancrosis. In: Book of abstracts Ist
Argentine congress of phytopathology. Cordoba, Argentina.
ByMM-9. 337 pp.

Canteros, B. I., Gochez, A. M., Rybak, M. A., Minsavage, G. V.,
Jones, J. B. and Stall, R. E. 2010. Management and character-
ization of plasmid-encoded copper resistance in Xanthomonas
axonopodis pv. citri. Int. Conf. on Plant Pathogenic Bacteria.
12. ICPPB. 2010. Saint-Denis, France.

Canteros, B. 1., Hermosis, F., Soliz, J. A., Benitez, R. and Gochez,
A. M. 2011a. Bacteriocins produced by strains of group A
against strains group B of Xanthomonas axonopodis pv. citri
citrus canker causing. In: Book of abstracts 2nd Argentine
congress of phytopathology. Buenos Aires, Argentina. 184 pp.

Canteros, B. 1., Hermosis, F., Soliz, J. A., Benitez, R. and Gochez,
A. M. 2011b. Infectivity titration of Xanthomonas axonopo-
dis pv. citri in duncan grapefruit and key lime. In: Book of
abstracts 2nd Argentine congress of phytopathology. Buenos
Aires, Argentina. 186 pp.

Canteros, B. 1., Minsavage, G. V., Pring, D. R. and Stall, R. E.
1989. Plasmid-encoded copper resistance in Xanthomonas
campestris pv. vesicatoria. In: Int. Conf. Plant Pathogenic
Bacteria, pp. 351-356. Akademiai Kiado, Budapest, Hungary.

Canteros, B., Minsavage, G., Bonas, U., Pring, D. and Stall, R.
1991. A gene from Xanthomonas campestris pv. vesicatoria
that determines avirulence in tomato is related to avrBs3.
Mol. Plant-Microbe Interact. 4:628-632.

Canteros de Echenique, B. 1., Zagory, D. and Stall, R. E. 1985.
A medium for cultivation of the B-strain of Xanthomonas
campestris pv. citri, cause of cancrosis B in Argentina and
Uruguay. Plant Dis. 69:122-123.

Fawecett, H. S. and Bitancourt, A. A. 1949. Observations about
citrus diseases in the Argentine Republic. Rev. Sudam. Bot.
8:29-45.

Federcitrus. 2015. The Argentine citrus industry. URL http://
www.federcitrus.org/noticias/upload/informes/Act%20Citri-
cola%2015.pdf/.

Garreaud, R. D., Vuille, M., Compagnucci, R. and Marengo, J.
2009. Present-day south american climate. Palacogeogr: Pal-
aeoclimatol. Palaeoecol. 281:180-195.

Goto, M., Takahashi, T. and Messina, M. A. 1980. A comparative
study of the strains of Xanthomonas campestris pv. citri iso-
lated from citrus canker in Japan and cancrosis B in Argen-
tina. Ann. Phytopathol. Soc. Japan 46:329-338.

Graham, J. H., Gottwald, T. R., Cubero, J. and Achor, D. S. 2004.
Xanthomonas axonopodis pv. citri: factors affecting success-
ful eradication of citrus canker. Mol. Plant Pathol. 5:1-15.

Hogg, D. R. 1985. Citrus canker in Argentina: a case history.
In: Citrus canker: an international perspective, ed. by L. W.
Timmer, pp. 8-10. Citrus Research & Education Center, Uni-
versity of Florida.

Marco, G. M. and Stall, R. E. 1983. Control of bacterial spot
of pepper initiated by strains of Xanthomonas campestris
pv. vesicatoria that differ in sensitivity to copper. Plant Dis.
67:779-781.

Moschini, R. C., Canteros, B. and Martinez, M. 1. 2005. Predic-
tive equations of citrus canker intensity based on meteorolog-
ical variables. In: Book of Abstracts 5th Argentine Congress
of Citriculture. Entre Rios, Argentina. 24 pp.

Moschini, R. C., Canteros, B. I. and Martinez, M. 1. 2015. Effect
of climatic variability on the expression of citrus canker. In:
Book of Abstracts Sth Argentine Congress of Citriculture, pp.
192-193. Corrientes, Argentina.

Moschini, R. C., Canteros, B. 1., Martinez, M. 1. and De Ruyver,
R. 2014. Quantification of the environmental effect on citrus
canker intensity at increasing distances from a natural wind-
break in northeastern Argentina. Australas. Plant Pathol.
43:653-662.

Pohronezny, K., Stall, R. E., Canteros, B. L., Kegley, M., Datnoff,
L. E. and Subramanya, R. 1992. Sudden shift in the prevalent
race of Xanthomonas campestris pv. vesicatoria in pepper
fields in southern Florida. Plant Dis. 76:118-120.

Rinsdahl Canavosio, M. A., Lezcano, A. and Canteros, B. 1.



Citrus Canker in Argentina 449

2007. Juice quality of the dalan dan citrus on two rootstocks
in Bella Vista, Corrientes. Biocell 31:1.

Rivadeneira, M., Canteros, B. 1. and Flores, C. 2004a. Effect of
cupric bactericides and disinfectants for the control of citrus
canker in northwestern Argentina. Fitopatol. Bras. 29:Ab-
stract 179, 564.

Rivadeneira, M., Canteros, B. I. and Flores, C. 2004b. Timing and
frequency of cupric bactericidal applications for the control of
citrus canker in grapefruit fruits of the Argentine Northwest.
Fitopatol. Bras. 29:Abstract 178, 564.

Rodriguez, D. S. 2012. Origin and development of citrus in Bella
Vista, Corrientes. INTA books, Bella Vista, Corrientes. 54 pp.

Stall, R., Marco, G. and Canteros, B. 1981. Pathogenicity of
three strains of the citrus canker organism on grapeftruit. In:
Proceedings 5th International Conference Plant Pathogenic
Bacteria, pp. 334-340. CIAT, Cali, Colombia.

Stall, R. E., Gottwald, T. R., Koizumi, M. and Schaad, N. C.

1993. Ecology of plant pathogenic xanthomonads. In: Xan-
thomonas (978-94-010-4666-4), pp. 265-299. Springer.

Stall, R. E., Miller, J. W., Marco, G. M. and Canteros de Ech-
enique, B. I. 1980. Population dynamics of Xanthomonas
citri causing cancrosis of citrus in Argentina. Proc. Fla. State
Hort. Soc. 93:10-14.

Stall, R. E. and Civerolo, E. L. 1991. Research relating to the
recent outbreak of citrus canker in Florida. Annu. Rev. Phyto-
pathol. 29:399-420.

Stall, R. E., Marco, G. and Canteros, B. I. 1979. Citrus canker.
INTA-IFAS investigation cooperative project. Report #1
1978-1979. Bella Vista, Corrientes, Argentina. 25 pp.

Stall, R. E., Marco, G. M. and Canteros de Echenique, B. 1. 1982.
Importance of mesophyll in mature-leaf resistance to cancro-
sis of citrus. Phytopathology 72:1097-1100.

Walker, G. T. and Bliss, E. W. 1932. World weather V. Edward
Stanford.



