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ABSTRACT 
Citrus canker was recognized in 1912 in Florida, USA, and it became so severe that mass eradication of diseased plants was undertaken in 
the United States to prevent further spread. The campaign to eradicate citrus canker in the USA began in 1915 and the disease was 
declared eradicated from these areas by 1947. The pathogen originated in the tropical areas of Asia, such as South China, Indonesia and 
India, where Citrus species are presumed to have originated. The disease is presently prevalent in Africa, Asia, Australia, Oceania and 
South America. Citrus canker causes heavy losses when the infection occurs at early stages of plant growth. The causal bacterium, 
Xanthomonas axonopodis pv. citri (Hasse) Vauterin, has three distinct forms (A, B and C) based on geographical distribution and host 
range. This review focuses primarily on historical developments of canker disease, host-pathogen interactions, variability, and latest 
achievements in the management of the disease though quarantine, cultural means, resistance sources, biocontrol techniques and 
biotechnological approaches. It also takes stock of the situation where restricted chemicals are still being used in some countries for 
managing the disease and will be a source of information for researchers and extension workers. 
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INTRODUCTION 
 
Citrus canker disease occurs in most citrus growing coun-
tries around the world. Although canker in citrus was recog-
nized as a new disease in 1912 in Florida, USA, the disease 
may have been present in India in the 1800s. The diagnostic 
canker lesions in citrus are very similar to those of the fun-

gal disease citrus scab (Elsinoe fawcetti) which have been 
noted on herbarium specimens in India as early as 1827 
(Fawcett and Jenkins 1933). The disease was also described 
in the 1900s in South Africa (Doidge 1916) and Australia 
(Garnsey et al. 1979). Mass eradication of diseased plants 
was undertaken in the southern states of the USA in 1915 to 
prevent further spread and the disease was declared to be 
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eradicated by 1947. This achievement was regarded as a 
rare instance of successful eradication of a plant pathogen 
after its establishment in an ecosystem. Subsequent epi-
demics have been reported in over 30 countries in Asia, 
Africa, Australia, Oceania and South America. Although 
the disease was once reported to be eradicated from the 
USA, Australia, New Zealand and South Africa, it once 
again surfaced during 1980s and was reported in Australia 
as well as in Mexico and Florida. These later outbreaks in 
Mexico in 1981 and in Florida in 1984 appear to be dif-
ferent from that identified in Asia (Goto 1992). A new and 
extensive outbreak was discovered in urban Miami, Florida 
in 1995. The original Miami outbreak consisted of approxi-
mately 14 square miles of infected residential properties 
when first discovered in September 1995, but had expanded 
to over 202 square miles by December 1998 (Schubert and 
Miller 2000). Recently, the first occurrence of the disease 
has been reported from Somalia (Balestra 2008) and Kouli-
koro Province of Mali (West Africa) where canker symp-
toms have been observed on limes, sweet oranges, tange-
rines and sour oranges and disease incidences was 50, 15, 
24 and 25%, respectively (Traore et al. 2008). 

In India, citrus canker was first reported in Punjab in 
1940 (Luthra and Sattar 1940) and now the disease is 
known to occur in almost all citrus growing areas of the 
country (Gupta and Sharma 2000) such as Assam (Chowd-
hury 1951), Andhra Pradesh (Govinda Rao 1954), Karna-
taka (Venkatakrishnaiah 1957; Aiyappa 1958), Madhya 
Pradesh (Parsai 1959), Rajasthan (Prasad 1959), Uttar Pra-
desh (Nirvan 1960) and Tamil Nadu (Ramakrishnan 1954). 
The pathogen probably originated in the tropical areas of 
Asia, such as South China, Indonesia and India where citrus 
species are presumed to have originated. 

At least 3 distinct forms or types of citrus canker are 
recognized. Among these, the Asiatic form (Canker A), is 
the most destructive and affects most citrus cultivars. Se-
vere infection of the disease produces a variety of effects 
including defoliation, dieback, severely blemished fruit, re-
duced fruit quality and premature fruit drop. Warm, humid, 
cloudy climate, along with heavy rainfall and strong wind 
promotes the disease. In countries free of the disease, qua-
rantine or regulatory programmes to prohibit introduction of 
infected citrus plant material and fruit, as well as conti-
nuous and strict surveying in the field and the immediate 
destruction of infected trees, are in effect. In countries 
where canker is present, integrated systems of compatible 
cultural practices and phytosanitary measures consisting of 
resistant hosts, removal of inoculum sources, properly de-
signed windbreak systems, timely application of protective 
copper-containing and/or antibiotic sprays are generally the 
most effective means of disease management. This review 
focuses primarily on the historical developments of canker 
disease, host-pathogen interactions, variability, and latest 
achievements in the management of the disease though qua-
rantine, cultural means, resistance sources, biocontrol tech-
niques and biotechnological approaches (Gottwald et al. 
2002; Yang et al. 2002; Das 2003). The review also exa-
mines the use restricted chemicals in some countries for the 
control of citrus canker. This comprehensive review attempts 
to integrate different aspects of disease development which 
will act as source for generation of future research by pro-
fessionals involved in both research and extension. 
 
ECONOMIC IMPORTANCE 
 
Citrus canker is a highly contagious disease caused by the 
bacterium, Xanthomonas axonopodis pv. citri. An infesta-
tion can destroy entire orchard crops, but the disease poses 
no health risk to humans or animals. It can be a serious dis-
ease where rainfall and warm temperatures are prevalent 
during periods of shoot emergence and early fruit develop-
ment. Citrus canker is mostly a leaf spotting and fruit rind 
blemishing disease, but when conditions are highly favora-
ble for infection, infections cause defoliation reducing fruit 
quality and quantity, shoot dieback, and fruit drop. Citrus 

canker seriously limits citrus production in Asia and South 
America. The disease causes heavy losses when the infec-
tion occurs at early stages of plant growth (Gupta and Shar-
ma 2008). The fruits crack or become malformed as they 
grow and the heavily infected fruits fail to develop and fall 
from the tree prematurely. Severe foliage infection often 
causes defoliation, leaving only the bare twigs leading to 
almost complete loss (Goto 1992). In heavily infested areas, 
canker also causes such losses to grapefruit, sweet orange 
and lime. There is no cure and resistance cannot be genetic-
ally introgressed by breeding. This is especially the case 
where tropical storms are prevalent. Worldwide millions of 
dollars are spent annually on prevention, quarantine, eradi-
cation programmes and disease control. Undoubtedly, the 
most serious consequence of citrus canker infestations is the 
impact on commerce resulting from restrictions to interstate 
and international transport and sale of fruit originating from 
infested areas (Das 2003). 
 
HOST RANGE 
 
All cultivated species of Rutaceae are susceptible to citrus 
canker, such as Citrus spp., Fortunella spp., and Poncirus 
spp., cultivars, hybrids of citrus and citrus relatives inclu-
ding orange, grapefruit, pummelo, mandarin, lemon, lime, 
tangerine, tangelo, sour orange, rough lemon, calamondin, 
trifoliate orange and kumquat. In general, in field planta-
tions, grapefruit, Mexican limes, and trifoliate orange are 
highly susceptible to canker; sour orange, lemon, and sweet 
orange are moderately susceptible; and mandarins are mo-
derately resistant. Within orange cultivars, early maturing 
cultivars are more susceptible than mid season cultivars, 
which are in turn more susceptible than late season cultivars. 
However, when plant tissues are disrupted by wounds or by 
the feeding galleries of the Asian leafminer (Phyllocnistis 
citrella Stainton), internal leaf tissues (mesophyll) are ex-
posed, then all cultivars and most citrus relatives that ex-
press some level of field resistance can become infected. In 
India, citrus canker icidence is more on acid lime as com-
pared to mandarin and sweet orange (Ramakrishnan 1954). 
In artificial inoculations, at least race-specific avirulence 
may account for the host range differences between patho-
types B and C of X. campestris pv. aurantifolii. Experi-
mental inoculations of X. axonopodis pv. citri in different 
tissues of Tahiti lime (Citrus latifolia) and pineapple sweet 
orange (Citrus sinensis) with respect to Asiatic citrus canker 
(ACC) disease expression, area under the disease progress 
curve (AUDPC), inoculation date (Id), fruit and leaf age 
ratings (FAR and LAR), and number of days during the first 
2 weeks post-inoculation for which the temperature was 
less than 14°C or more than 28°C has shown impacts on 
ACC epidemiology according to the tissues involved (Ver-
nière et al. 2003). 
 
SYMPTOMS 
 
The symptoms of the disease are observed on all the aerial 
parts including leaves, twigs and fruits. Occurrence of le-
sions is seasonal, coinciding with periods of heavy rainfall, 
high temperatures and growth flushes. These factors gene-
rally coincide with early summer in citrus growing regions 
where rainfall increases as temperatures increase. Citrus 
canker is unlikely to be found in regions where rainfall de-
creases as temperatures increase. Although phylogenetically 
different strains of Xanthomonas cause citrus canker, the 
symptoms and signs elicited on susceptible hosts are the 
same. The disease symptoms as a whole are described as 
follows. 
 
Leaf lesions 
 
Citrus canker lesions start appearing after 15-20 days after 
bud burst (Zhong and Ling 2002) as pinpoint oily looking 
spots and attain a maximum size of 2 to 10 mm circular 
spots usually on the abaxial surface. The eventual size of 
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the lesions depends mainly on the age of the host tissue at 
the time of infection and on the citrus cultivar. Lesions 
become visible about 7 to 10 days after infection on the 
underside of leaves and soon thereafter on the upper surface. 
The young lesions have a coarse raised surface, but parti-
cularly on the lower leaf surface (Fig. 1A, 1B). The pus-
tules eventually become corky and crateriform with a raised 
margin and sunken center. Later, both epidermal surfaces 
may become ruptured by tissue hyperplasia induced by the 
pathogen, resulting in the formation of the diagnostic symp-
tom. Old lesions sometimes fall out, leaving behind a scat-
tering of round holes. Initially, the lesions are surrounded 
by a yellowish halo (Fig. 1A). A more reliable diagnostic 
symptom of citrus canker is the water-soaked margin that 
develops around the necrotic tissue, which is easily detected 
with transmitted light. Signs of the pathogen are generally 
evident in older lesions as masses of rod shaped bacteria 
streaming from the edges of thinly cut lesion sections under 
the microscope. 
 
Twig lesions 
 
The cankers are irregular, rough becoming white or yellow 
pustules and more prominent on twigs and branches (Fig. 
1C). On stems, lesions can remain viable for several sea-
sons. Thus, stem lesions can support long-term survival of 
the bacteria. These pustules may coalesce to split the epi-
dermis along the stem length, and occasionally girdling of 
young stems may occur (Das 2003). 
 
Fruit lesions 
 
On the fruits, the lesions are almost similar to those on 
leaves and have a crater like depression in the centre and 
extend to 1 mm in depth. The lesions can vary in size 
because the rind is susceptible for a longer time than leaves 
and more than one infection cycle can occur. With time 
such lesions become rough and raised and develop a brown 
to dark brown colour (Fig. 1D). Infection of fruit may cause 
premature fruit drop, but if the fruit remains on the tree 
until maturity, such fruit have reduced fresh fruit marketa-
bility. Usually the internal quality of fruits is not affected, 
but occasionally individual lesions penetrate the rind deeply 
enough to expose the interior of the fruit to secondary in-
fection by decay microorganisms. Further, the presence of a 
large number of lesions on the fruit surface may result in 
small and misshapen fruits especially when the infection is 
early. Defoliation and premature abscission of affected fruit 
occurs on heavily infected trees (Stall and Seymour 1983). 
 
Leaf miner interaction 
 
The Asian leafminer (Phyllocnistis citrella) can infest 
leaves, stems, and fruit and greatly increase the number of 
individual lesions which quickly coalesce and form large 
irregular shaped lesions that follow the outlines of the 
feeding galleries (Fig. 1E). Leafminers feed on the epider-
mis just below the leaf cuticle. Numerous cracks occur in 

the cuticle covering leafminer galleries providing means for 
bacteria to penetrate directly into the palisade parenchyma 
and spongy mesophyll, which are highly susceptible to 
infection. Citrus foliar wounds normally callus within 1-2 
days; however, the extensive wounds composed of the en-
tire leafminer feeding galleries do not callus for 10-12 days, 
greatly extending the period of susceptibility of galleries to 
infection. Leafminer infestations can be very severe produ-
cing hundreds of potential infection courts on individual 
trees. When bacterial dispersal occurs in the presence of the 
leafminer, not only is inoculum production greatly exacer-
bated, but so is the potential for infection over the entire 
dispersal range. Higher incidence of diseased plants, area 
under the disease progress curve, disease severity and shor-
ter incubation periods were observed in plants inoculated 
after leaf minor infestation. These factors explain the asso-
ciation found between the higher citrus canker intensity and 
the damage caused by the insect and show, albeit partially, 
the consequences of these changes in the spread of the pa-
thogen under natural conditions of infection (Jesus Jr. et al. 
2006). 

Interest in the interaction between the citrus leafminer 
and citrus bacterial canker has increased as a greater inci-
dence and severity of canker diseased plants is observed in 
groves infested with the citrus leafminer. To determine whe-
ther adults of the citrus leafminer could act as vectors of cit-
rus canker, Belasque Jr. et al. (2005a) tested two potential 
mechanisms for direct spread by leafminer adults using ex-
perimental microcosms. First, adult leafminers were raised 
on canker infected foliage and were allowed to mate and lay 
eggs on healthy plants. These plants then were observed for 
development of citrus canker symptoms. In a second set of 
experiments, adults raised on healthy plants were given free 
access to canker diseased plants during the period in which 
they mated and laid eggs on healthy plants. In all, 3,119 
mines were produced by developing larvae on a total of 
2,384 leaves examined for citrus canker symptoms. No 
symptoms of citrus bacterial canker disease were observed 
on any of the healthy test plants in 37 independent experi-
mental trials conducted to test these two potential mecha-
nisms of spread of citrus canker and the pathogen was not 
recovered from insects exposed to symptomatic ‘Rangpur’ 
lime plants. The upper limit on the rate of transmission was 
estimated to be less than 0.2% per oviposition event based 
on the binomial probability distribution. However, when 
adult P. citrella insects were artificially contaminated with 
high levels of X. axonopodis pv. citri, transmission to 
‘Rangpur’ lime plants with the induction of citrus canker 
was observed. This suggests that the ability of P. citrella to 
transmit X. axonopodis pv. citri is limited by the rate at 
which it can acquire inoculum from infected plants. The re-
sults support the conclusion that adult citrus leafminers are 
not efficient vectors for citrus canker bacteria and the dis-
ease is unlikely to be spread this way (Belasque Jr. et al. 
2005). 

However, a significant relationship between leafminer 
damage and the incidence of citrus canker has been ob-
served. It was also found that the intensity of canker spots 

A B C D E
Fig. 1 Different types of lesions produced on different plant parts of citrus cv. “Kagzi”. (A) Yellow halo and raised lesions on upper leaf surface; (B) 
Coarse raised lesions on lower leaf surface; (C) Lesions on twig; D) Lesions on fruit; (E) Leaf minor interactions. 
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were more in leafminer affected leaves (Saravanan and Sa-
vithri 2003). Plants inoculated with 2nd and 3rd instar larvae 
or pupae showed high percentages (94.3, 98.3 and 100%, 
respectively) of bacterium infected leaves. The damage 
caused by this insect was responsible for the increase in 
citrus canker infestation. The leaf infection rate by X. 
axonopodis pv. citri on pre-injured leaves was similar to 
that observed on mechanically damaged leaves inoculated 
with the bacterium, with 94.1 to 97.0% of the leaves pre-
senting bacterial pustules (Chagas et al. 2001). 
 
BIOLOGY OF PATHOGEN 
 
Causal organism 
 
The genus Xanthomonas is a diverse and economically im-
portant group of bacterial phytopathogens, belonging to the 
gamma subdivision of the Proteobacteria. X. axonopodis pv. 
citri (Xac) (Hasse) Vauterin [Syns. X. citri (Hasse) Dowson 
and X. campestris pv. citri (Hasse) Dye] (Dye et al. 1980; 
Vauterin et al. 1995) causes citrus canker, which affects 
most commercial citrus cultivars, resulting in significant 
losses worldwide (da Silva et al. 2002). The bacterium is 
rod shaped measuring 1.5-2.0 × 0.5-0.75 μm, Gram-nega-
tive, and has a polar flagellum. Colonies on laboratory me-
dia are yellow due to ‘xanthomonadin’ pigment production. 
When glucose or other sugars are added to the culture me-
dium, colonies become very mucoid due to the production 
of exopolysaccharide slime. The optimum temperature range 
for growth is 28 to 30°C and maximum temperature ranges 
for growth is 28 to 39°C (Goto 1992). 
 
Isolation 
 
The pathogen may be isolated and cultured from all affected 
plant tissues by commonly used methods. Lesions are ex-
cised with a scalpel or razor, washed with tap water, surface 
sterilized for 3 minutes in a 10% dilution of commercial 
hypochlorite bleach, rinsed and sectioned. The water-
soaked tissue at the lesion margin is dragged across a sterile 
agar medium containing 50 ppm kasugamycin. X. citri 
strains grow well on various nutrient agar media containing: 
0.5% tryptone, 0.3% yeast extract, 0.09% CaCl2, 0.05% 
K2HPO4 and 1.5% agar in tap water, pH 7.2 (Gabriel et al. 
1989). Yellow mucoid colonies generally appear within 48 
hours. X. campestris pv. aurantifolii strains are reportedly 
difficult to isolate and culture directly from citrus tissue; 
these strains may be cultured initially on 1% sucrose, 0.5% 
peptone, 0.05% K2HPO4, 0.03% MgSO4 and 2% Difco pu-
rified agar (Canteros 1985). After initial culturing, however, 
these strains appear to adapt to other media and may be 
routinely cultured on nutrient media (Das 2003). 
 
Identification and detection 
 
Identification and detection of the canker pathogen and 
strains are done with the help of cultural and physiological 
characteristics, bacteriophage sensitivity, serology, plasmid 
fingerprints, DNA-DNA homology, RFLP and PCR. Colo-
nies on agar plates are circular, convex, semi-translucent 
and yellow, and the margins are entire and standard deter-
minative tests are used to identify strains of the genus 
(Schaad 1988; Rudolph 1990). Crude methanol extracts (10 
minutes at 65°C) of cells exhibit a major absorption peak 
between 443 and 446 nm (Gabriel 1989), which is diag-
nostic of the xanthomonadin pigment and not found in other 
yellow bacteria. Bacterial cells are positive for hydrolysis of 
starch, aesculin, casein, liquification of gelatin and produc-
tion of tyrosinase, catalase, reducing substance from suc-
rose and hydrogen sulfide. The bacterium is negative for 
nitrate reduction, indole production and for the methyl red 
test (Chand and Pal 1982; Goto 1992). Goto (1969) catego-
rized 300 isolates of X. citri into 5 strains on the basis of 
their ability to oxidise mannitol and lactose and by rapid 
breakdown of mannose. In Argentina, two biotypes were 

distinguished among 65 isolates of X. citri based on growth 
on media with carbohydrates, acid production in litmus 
milk and colony appearance in Wakimoto’s medium (Falico 
de Alcaraz 1980). Goto et al. (1980) distinguished canker 
strains by a bacteriophage sensitivity test. Strains are sus-
ceptible to lysis by phage CP 1 or CP 2, while B strains are 
susceptible to lysis by CP 3. Civerolo and Fan (1982) suc-
cessfully employed ELISA to identify the different strains 
of Xac. Alverez et al. (1991) produced monoclonal anti-
bodies for A, B and C form pathogens and noticed that can-
ker A MAb did not react with strains associated with other 
forms of citrus canker (B, C). In India, occurrence of strains 
of the pathogen has been reported by Rangaswami and 
Soumini (1957) and Hamlin (1967). Khan and Hingorani 
(1970) grouped 15 isolates of the pathogens into 3 strains 
by their reaction on Murraya exotica. Kishore and Chand 
(1972) studied the reaction of eight isolates on C. auranti-
folia, C. sinensis and C. jambhiri and showed the presence 
of more than one strain of the pathogens in Haryana. Simi-
larly Prasad et al. (1978) and Buragohain and Chand (1991) 
also observed strain variation in the pathogen. 

All strains of X. citri form a clonal group where as 
strains of X. campestris pv. aurantifolii form a different 
clonal group; the groups may be identified and distinguished 
from all other xanthomonads by characteristic restriction 
fragment length polymorphism (RFLP) profiles. A detailed 
protocol on this identification technique and its application 
to Xanthomonas has been published Gabriel and Feyter 
1992. The use of RFLP data alone to formulate taxonomy 
and reinstate X. citri to species has been criticized (Vauterin 
et al. 1990), but the reinstatement was not invalidated. Most 
microbial taxonomists agree that phylogeny should deter-
mine taxonomy and that “the phylogenetic definition of a 
species generally would include strains with approximately 
70% or greater DNA-DNA relatedness” (Wayne et al. 1987). 
Since X. citri strains are only 30% similar to X. campestris 
33913 (the type strain), the DNA-DNA hybridization data 
are consistent with the RFLP data, and the reinstatement to 
species is consistent with the phylogenetic standard. The 
taxonomic status of X. campestris pv. aurantifolii strains is 
unresolved. These strains are only 37-40% related to X. 
campestris 33913, but are also only 62-63% related to X. 
citri strains, form a distinct RFLP group (Gabriel 1989), 
and differ serologically from X. citri strains. The causal 
agents currently are classified as pathovars citri (“A”), 
aurantifolii (“B/C/D”) and citrumelo (“E”) of a single 
species, X. campestris pv. citri (or X. axonopodis pv. citri). 
Schaad et al. (2005) reported that under stringent DNA 
reassociation conditions (Tm-15 degrees C), there are three 
distinct genotypes of citrus pathogens viz. taxon I which 
included all “A” strains; taxon II contained all “B”, “C”, 
and “D” strains; and taxon III contained all “E” strains. 
Hence, they proposed taxa I, II, and III citrus strains be 
named, respectively, Xanthomonas smithii subsp. citri (ex 
Hasse, 1915) sp. nov. nom. rev. comb. nov., Xanthomonas 
fuscans subsp. aurantifolii (ex Gabriel et al. 1989) sp. nov. 
nom. rev. comb. nov., and Xanthomonas alfalfae subsp. 
citrumelo (ex Riker and Jones) Gabriel et al. 1989 nov. rev. 
comb. nov. 

Identical symptoms induced by two taxonomically dis-
tinct groups of strains are indicative of a common pathogen-
nicity factor. Gene pthA is essential for X. citri to elicit can-
kers on citrus, and pthA confers this ability to various X. 
campestris strains (Swarup et al. 1991, 1992). Functionally 
homologous genes (pthB and pthC) have also been identi-
fied and cloned from X. campestris pv. aurantifolii patho-
type B and pathotype C, respectively. Both pthB and pthC 
are essential for X. campestris pv. aurantifolii pathotypes B 
and C, respectively, to cause cankers on citrus, and pthB 
and pthC confer this ability to various X. campestris strains. 
All three genes are therefore functionally interchangeable 
and these genes may have been transferred horizontally on 
plasmids between X. citri and X. campestris pv. aurantifolii 
strains. Apparently homologous genes are found in all can-
ker causing strains and have not been found in non-canker 
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inducing strains isolated from citrus, such as X. campestris 
pv. citrumelo. Therefore a single common gene appears to 
be diagnostic for a Xanthomonas strain’s ability to induce 
cankers on citrus. 

Genes pthA, pthB and pthC are all members of an aviru-
lence/pathogenicity gene family widely distributed in the 
genus Xanthomonas (Swarup 1992). Avirulence genes de-
termine race specificity and can determine host range 
(Gabriel and Rolfe 1990). Genes pthA, pthB and pthC, 
when transferred into X. citri, X. campestris pv. aurantifolii 
or X. campestris pv. citrumelo, confer ability to elicit hyper-
plasia on all citrus species in the normal host range of the 
recipient strain. Pathotype B of X. campestris pv. auranti-
folii causes “false” citrus canker or cancrosis B, while pa-
thotype C causes ‘Mexican lime’ cancrosis or cancrosis C. 

Coletta-Filho et al. (2005) has designed two primers, 
Xac01 and Xac02, which provide specific and sensitive de-
tection of X. campestris pv. aurantifolii in all citrus tissues 
where the pathogen is found. This PCR-based diagnostic 
test is suitable for monitoring asymptomatic plants in areas 
where the bacteria is endemic, in plant quarantine and regu-
latory situations, and also for obtaining an accurate diagno-
sis in a very short time. 

Recently in Wellington and Lake Worth areas of Palm 
Beach County, FL, citrus canker appeared on Key/Mexican 
lime (Citrus aurantiifolia) and alemow (C. macrophylla) 
trees over a period of about 6 to 7 years before detection, 
but nearby canker susceptible citrus, such as grapefruit (C. 
x paradisi) and sweet orange (C. sinensis), were unaffected 
(Sun et al. 2004). Colonies of the causal bacterium, isolated 
from leaf, stem, and fruit lesions, appeared similar to the 
Asiatic group of strains of X. axonopodis pv. citri (Xac-A) 
on the nutrient agar plate, but the growth on lima bean agar 
slants was less mucoid. The bacterium produced erumpent, 
pustule-like lesions of typical Asiatic citrus canker syn-
drome after inoculation into Key /Mexican lime, but brow-
nish, flat, and necrotic lesions on the leaves of Duncan 
grapefruit, Madame Vinous sweet orange, sour orange (C. 
aurantium), citron (C. medica), Orlando tangelo (C. reticu-
lata × C. x paradisi), and trifoliate orange (Poncirus trifoli-
ata). The bacterium did not react with the Xac-A specific 
monoclonal antibody A1 using enzyme-linked immunosor-
bent assay (ELISA) and could not be detected by polymer-
ase chain reaction (PCR) based assays using primers selec-
ted for Xac-A. DNA reassociation analysis confirmed that 
the pathogen, designated as Xac-AW, was more closely re-
lated to Xac-A and Xac-A* strains than X. axonopodis pv. 
aurantifolii or the citrus bacterial spot pathogen (X. axono-
podis pv. citrumelo). The strain can be easily differentiated 
from Xac-A and Xac-A* using ELISA, PCR based tests, 
fatty acid analysis, pulsed-field gel electrophoresis of geno-
mic DNA, and host specificity (Sun et al. 2004). The phe-
nylacetaldehyde O-methyloxime may potentially be used to 
identify citrus bacterial canker disease (CBCD) infestations. 
However, more intensive studies will be required to fully 
evaluate the potential of phenylacetaldehyde O-methyl-
oxime as a diagnostic compound for citrus bacterial canker 
disease CBCD. Using solid phase micro extraction (SPME) 
and gas chromatography-mass spectrometry (GC-MS) to 
measure phenylacetaldehyde O-methyloxime may provide 
an easy and feasible tool to complement current methods 
used to detect X. axonopodis pv. citri in environmental sam-
ples (Zhang and Hartung 2005). An integrated approach for 
reliable detection of X. axonopodis pv. citrumelo in lesions 
of fruit samples, employing several techniques and with 
real-time PCR using a TaqMan probe as the fastest and 
most sensitive screening method, has been established and 
validated and is proposed as a useful tool for the analysis of 
bacterium on fresh fruits (Golmohammadi et al. 2007). 
New Xanthomonas isolates causing citrus bacterial canker 
in Korea were differentiated primarily on the basis of host 
range by comparison with reference strains. The new iso-
lates were pathogenic to Citrus sinensis, C. paradisi, C. 
limon and C. unshiu and formed crater-like canker on the 
plants; this indicated that they were X. axonopodis pv. citri 

A types. Further molecular characterization using rep-PCR 
fingerprinting and 16S rDNA sequence analysis and cluster 
analysis by combining the band patterns of ERIC-, BOX- 
and REP-PCR clearly separated one group including only X. 
axonopodis pv. citrumelo and the other group including X. 
axonopodis pv. citri and X. axonopodis pv. aurantifolii 
strains. There was a clear separation between X. axonopodis 
pv. citri Asiatic types and X. axonopodis pv. aurantifolii B, 
C types in the second group. Partial sequence analysis of 
16S rDNA revealed that all strains of X. axonopodis pv. 
aurantifolii B and C type, and X. axonopodis pv. citrumelo 
formed a distinct cluster with a similarity of 99%. The re-
sults indicate that the isolates causing citrus canker in Korea 
belong to the A type of X. axonopodis pv. citri (Lee et al. 
2008). 
 
Pathogenicity and host interactions 
 
Recovery of X. citri on agar media is generally not a prob-
lem and these strains do not lose virulence readily upon 
subculturing. Bacteria may be grown in liquid culture or 
scraped off a freshly streaked agar plate and suspended in 
tap water for inoculation into citrus. Recovery of X. cam-
pestris pv. aurantifolii strains on agar media can be a seri-
ous problem. Once cultured, bacteria may be harvested for 
inoculation as above. If axenic culturing of bacteria proves 
difficult, the lesions should be excised and ground in a mor-
tar and pestle in several milliliters of tap water. After debris 
has settled, the crude bacterial suspension may be directly 
inoculated. 

Pathogenicity tests should be conducted on younger 
leaves using control strain(s) if possible. For either direct 
inoculations from citrus, or inoculations from culture, the 
bacterial suspension should be drawn into a tuberculin syr-
inge, the blunt end of the syringe appressed gently, but 
firmly against the abaxial citrus leaf surface and the slurry 
forced into the stomata until about two cm2 of the leaf is 
water congested. The congestion is transient and disappears 
within a few minutes. A control strain grown under the 
same conditions as the test strain(s) should be inoculated 
into the same leaf, on the other side of the mid-vein. Six 
different strains may be conveniently inoculated onto the 
same leaf, three on each side of the mid-vein. 

The key diagnostic symptom is tissue hyperplasia. 
Symptoms are generally first observed four days after ino-
culation as a raised margin surrounding a slightly chlorotic 
region. Over time, the raised margin becomes pronounced, 
roughened and corky, while the central region of the lesion 
becomes necrotic and collapsed. After several weeks, the 
necrotic lesions may split and the leaves abscise. If patho-
type C of X. campestris pv. aurantifolii is inoculated on an 
incompatible host, the hypersensitive response appears 
within 48 hours and leaves typically abscise several days 
later. On Mexican lime, cankers should be observed. 

X. campestris pv. aurantifolii strains are reportedly dif-
ficult to isolate and culture directly from citrus tissue; these 
strains may be cultured initially on 1% sucrose, 0.5% pep-
tone, 0.05% K2HPO4, 0.03% MgSO4 and Difco purified 
agar. After initial culturing, however, these strains appear to 
adapt to other media and may be routinely cultured on other 
nutrient media. Diagrammatic scales are important tools for 
disease severity assessment. Four diagrammatic scales for 
isolated small (SL), medium (ML), and large (LL) lesions 
and for symptoms associated with the leaf miner injuries 
(LM) were developed to standardize the severity assess-
ments of citrus canker caused by X. axonopodis pv. citri on 
leaves of citrus (Belasque Jr. et al. 2005b). 

The participation of the X. axonopodis pv. citri hyper-
sensitive response and pathogenicity (hrp) cluster in interac-
tions with host and non host plants has been characterized 
in pathogenicity and avirulence models. The hypersensitive 
response is activated in leaves of cotton, bean, tobacco, to-
mato, pepper and Nicotiana benthamiana, and those genes 
present in operons hrpB and hrpD and the hrpF gene are re-
quired for pathogenicity in hosts and induction of the hyper-
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sensitive response in non host plants (Dunger et al. 2005). 
Telomerase (TERT), a specialized reverse transcriptase, 

mediates maintenance of telomere length and is closely 
associated with cellular proliferation capacity. Because dis-
ordered cell division and cell enlargement are crucial events 
for symptom development with citrus canker, the involve-
ment of telomerase activity was recorded specifically in cit-
rus leaves infected with X. axonopodis pv. citri, but not in 
mock-inoculated leaves, indicating a possible role for telo-
merase in citrus canker development (Ishihara et al. 2004). 
Xac produces abundant extracellular polysaccharides (EPS), 
both in culture media and in host tissues. The bacterial cells 
in canker lesions are embedded in a dense matrix of EPS 
and are dispersed, together with EPS, by rain splash. The 
EPS molecules exhibit great protective effects against the 
‘dilution effect’ in water and desiccation in air, providing 
benefits for the bacterial ecology (Goto 1985). After enter-
ing the intercellular space (through stomata or wounds), 
they adhere to the host cell walls through an interaction be-
tween bacterial EPS and citrus agglutinins (Takahashi and 
Doke 1984). Ethylene production by citrus leaves inocu-
lated with Xac and increased concentration of indole acetic 
acid (IAA) in the Xac inoculated leaves have also been re-
ported (Goto et al. 1979). 

Padmanabhan et al. (1973) studied the physiology of 
canker infected citrus leaves with special reference to halo 
formation, and reported that halo zone respired more than 
the cankered tissue. Catalase activity was very high in the 
halo region. Both peroxidase and ascorbic acid-oxidase ac-
tivity increased in canker as well as in halo regions. Photo-
synthesis was impaired in the infected regions, while starch 
content was not affected in the halo regions (Padmanabhan 
et al. 1974). Total sugar content decreased in all the infected 
regions. Kishore and Chand (1972, 1975) carried out bio-
chemical analysis of healthy and canker infected leaves and 
reported that amino acid content decreased in infected 
leaves. 

Das (2002) has reported the pathogenic variability 
amongst twelve isolates of X. axonopodis pv. citri collected 
from acid lime (Citrus aurantiifolia), rough lemon (C. 
macrophylla) and trifoliate orange (Swingle citrumelo) from 
Maharashtra, Karnataka, Andhra Pradesh and Tamil Nadu, 
India. The bacterial isolates Xac2 and Xac6 from Maha-
rashtra were the most pathogenic to acid lime causing up to 
75% canker severity. Xac11 from Tamil Nadu was the least 
pathogenic, causing only 1-10% canker severity on acid 
lime, rough lemon and trifoliate orange. 
 
Storage of bacterium 
 
Strains may be stored by lyophilization, by freezing, with 
silica gel or in sterile tap water. For freezer storage, media 
containing 15% glycerol is suitable and strains may be held 
at -80°C or in liquid nitrogen. In silica gel storage, bacteria 
are suspended in 0.5 ml of 10% aqueous dry milk powder 
and mixed with 3 g sterilized anhydrous silica gel in chilled 
storage tubes (Sleesman and Leben 1978). 

A very convenient method is storage in sterile tap water. 
Tap water containing high levels of calcium is most appro-
priate; deionized or distilled water is not suitable. Several 
loopful of bacteria may be scraped off a freshly streaked 
agar plate, suspended in 2 ml of sterile tap water, and stored 
at room temperature for many years in screw capped vials 
with a teflon seal. Strains die within six weeks on all agar 
media tested, whether refrigerated or not. 
 
Pathogen diversity and distribution 
 
Serology, host range, cultural and physiological characteris-
tics, bacteriophage typing, fatty acid profiles, PCR and 
DNA analysis are useful for identification and classification 
of bacterial isolates into pathovars. Citrus canker disease 
has been historically described as having different “forms”. 
However, these three “forms” are not distinctive in terms of 
disease phenotype, and have not been distinguished based 

upon host symptoms. Differentiation of these forms is 
mainly based on geographical distribution and host range of 
the pathogen (Stall and Seymour 1983), however, other un-
recognized strains may also exist. At least 3 distinct forms 
or types of citrus canker viz. Asiatic or cancrosis A, false 
citrus canker or cancrosis B and Mexican lime cancrosis or 
cancrosis C have been recognized (Vauterin et al. 1995). 

Amongst these, Asiatic citrus canker (Canker A) caused 
by X. axonopodis pv. citri (Hasse) Vauterin (Xac) is the 
most destructive and affects most of the citrus cultivars, 
most common, widespread and severe form of the disease. 
The “A” strain affects members of the plant family Ruta-
ceae, including most citrus species and hybrids, especially 
grapefruit, lime, sweet lime, and trifoliate orange (Goto 
1992). The current and all previous U.S. infestations have 
been associated with the “A” strain. Cancrosis B (canker B 
or false canker), caused by X. axonopodis pv. aurantifolii 
(Hasse) Gabriel Vauterin is a serious problem on lemons, 
Mexican lime, sour orange, and pummelo. Cancrosis B cau-
ses canker-type lesions on fruit, leaves, and twigs that are 
similar to, but smaller than those produced by the A form. It 
grows more slowly than canker on culture media. Cancrosis 
B isolates can be differentiated serologically from the can-
ker A bacteria, but not from Cancrosis C isolates. This strain 
affects lemons in Argentina, Uruguay, and Paraguay. How-
ever, Mexican or key lime, sour orange, Rangpur lime, 
sweet lime, citron, and occasionally sweet orange and man-
darin orange can also be affected. Cancrosis C, also caused 
by X. axonopodis pv. aurantifolii, has been isolated from 
Mexican lime. Symptoms are the same as those of canker A. 
The only other known host for this bacterium is sour orange. 

 In addition to these three forms of citrus canker, D and 
E forms have also been reported which have no relationship 
to the existing strains and named as X. axonopodis pv. citru-
melo (Hasse) Gabriel Vauterin. The disease caused by E 
form is most commonly referred to as citrus bacterial spot 
(CBS). At present CBS is only known in Florida, where it 
appears to be restricted entirely to nurseries (Gottwald and 
Graham 2000). The causal agents currently are classified as 
pathovars citri (“A”), aurantifolii (“B/C/D”) and citrumelo 
(“E”) of a single species, X. campestris pv. citri (or X. axo-
nopodis pv. citri) (Schaad et al. 2005). 
 
DISEASE CYCLE AND EPIDEMIOLOGY 
 
Seasonal carry over 
 
Since citrus is a perennial plant, there is no problem for the 
survival of the bacterium, which easily over winters on na-
turally occurring cankered lesions on the leaves, stems, 
twigs and fruits. The bacteria remain alive in the margins of 
the lesions in leaves and fruit until they abscise and fall to 
the ground. The bacterium survives up to 6 months in the 
infected leaves (Rao and Higorani 1963). Bacteria have also 
been reported to survive in lesions on woody branches up to 
a few years of age. The pathogen can survive in diseased 
twigs up to 76 months (Chakravarti et al. 1966). Bacteria 
may also survive in crevices in the bark tissues of citrus 
trees. Bacteria that ooze onto plant surfaces do not survive 
and begin to die upon exposure to rapid drying due to direct 
sunlight. Survival of exposed bacteria is limited to a few 
days in soil and to a few months in plant refuse that is in-
corporated into soil. Bacterial populations appear to decline 
rapidly in soil. On the other hand, the bacteria can survive 
for years in infected plant tissues that have been kept dry 
and free of soil. It has been suggested that the bacterium 
may survive at low population levels on citrus hosts without 
developing symptoms, and it may also survive for short 
periods of time on some weeds and grasses however, these 
survival mechanisms require confirmation. Xanthan pro-
duced by the bacterium does not play an essential role in 
citrus canker at the initial stages of infection or in the in-
compatible interactions between X. axonopodis pv. citri and 
non-host plants, but facilitates the maintenance of bacteria 
on the host plant, possibly improving the efficiency of colo-
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nization of distant tissue (Dunger 2007). 
 
Infection and disease development 
 
The relationship between citrus canker severity and leaf 
wetness duration has been explained by a monomolecular 
model. The greatest severity occurs at 24 h of leaf wetness, 
with 4 h of wetness being the minimum duration sufficient 
to cause 100% incidence at optimal temperatures of 25-
35°C; however, the estimated minimum and maximum tem-
peratures for the occurrence of disease are 12 and 40°C, res-
pectively (Pria et al. 2006). The occurrence of citrus canker 
has a close relationship with the daily mean temperature: 
when a daily temperature of 12°C occurs for 10-15 days, 
the spring shoots and fruitlets will be attacked (Zhong and 
Link 2002). Canker develops more severely on the side of 
the tree exposed to wind-driven rain which is the main dis-
persal agent and wind � 8 m/s (18 mph) aids in the penetra-
tion of bacteria through the stomatal pores or wounds made 
by thorns, insects (through leafminer, Phyllocnistis citrella, 
Nirvan 1961) and blowing sand. Populations of X. axonopo-
dis pv. citri in leaf and twig lesions are the most important 
inoculum source for secondary infections. Almost all infec-
tions occur on leaves and stems within the first six weeks 
after initiation of growth. The most critical period for fruit 
rind infection is during the first 90 days after petal fall. Any 
infection that occurs after this time results in the formation 
of only small and inconspicuous pustules. 
 
Dissemination 
 
The bacterial cells start multiplying inside the host tissue 
during the onset of spring, ooze out in large numbers and 
spread locally primarily by wind-driven rain, air currents, 
overhead irrigation, flooding, insects, birds, human move-
ment within groves and contaminated equipment. Spread 
over longer distances, up to several miles, results from se-
vere meteorological events, such as tropical storms, hur-
ricanes, and tornadoes. However, long-distance spread more 
often occurs with the movement of infected plants, seed-
lings, propagative material, such as budwood, rootstock 
seedlings, or budded seedlings and fruit and are the primary 
means of spreading the canker pathogen. There is no record 
of seed transmission. Commercial shipments of diseased 
fruit are potentially a means of long-distance spread. Conta-
minated clothing, tools, packing boxes, and other items 
associated with harvesting and post harvest handlings of 
fruits are also potential sources of infection. Nursery wor-
kers can carry bacteria from one nursery to another unless 
hands, clothes, and equipment are disinfected. Such spread 
can also result from contaminated bud wood or contami-
nated budding equipments. Pruning, hedging, and spray 
equipment have been demonstrated to spread the disease 
within and among plantings. Leaves, stems, and fruits 
become resistant to infection as they mature unless they are 
wounded. The first flush in spring is infected by the patho-
genic bacterium splashed by rains from the canker lesions 
on the over-wintered shoots. The disease on the spring shoots 
may be limited to a rather short period of time unless the 
leaves are injured by storms (Goto 1992), but on angular 
shoots that develop from summer to autumn, the disease 
may continue for several months because of the availability 
of young, susceptible shoots for a long time. Because the 
fruit are susceptible over longer periods compared to leaves, 
infections can result from more than one dispersal event 
resulting in lesions of different age on the same fruit. It is 
helpful in estimating when infection has occurred and can 
be correlated to meteorological events, such as storms, that 
occurred at that time. The bacteria enter the plant tissue 
through stomata on leaves or small wounds created due to 
thorn bruising and insects. Multiplication of bacteria occurs 
mostly while the lesions are still expanding and the number 
of bacteria produced per lesion is related to general host 
susceptibility. Although heavily infected leaves defoliate in 
winter, lesions on the stem or on slightly infected attached 

leaves become the major inoculum source in the following 
spring. Late infection in autumn often remains latent and 
the pathogen becomes active in the next season. The disease 
seems to be much more severe in areas experiencing high 
rainfall with high mean temperature. The highest incidence 
of citrus canker (73.3%) and scab (66.6%) was recorded 
during the second week of September. Both diseases showed 
a positive correlation with temperature, relative humidity 
and rain. The period from July to September was identified 
as the most conducive for the development of citrus canker 
and scab (Bal and Dhiman 2005). Citrus canker is readily 
dissersed in wind-driven rain and is dispersed in large quan-
tities immediately after the stimulus occurs, upon which 
wind-driven splash can disperse inoculum over a prolonged 
period and over a substantial distance (Bock et al. 2005). 
Out of different environmental variables, minimum tempe-
rature and wind speed significantly influenced the citrus 
canker disease development and a multiple regression model 
consisting of these two variables explained 92% of the vari-
ability in disease development (Khan et al. 2002). 
 
MANAGEMENT 
 
Quarantine measures 
 
In canker-free citrus producing areas, strict quarantine mea-
sures are practiced to exclude the pathogen. All efforts must 
be made to eradicate the canker bacterium from infested 
areas. Citrus canker still does not exist in some countries or 
regions of countries where climatic conditions are favorable 
for pathogen establishment, which is probably because of 
rigid restrictions on the importation of propagating material 
and fruit from areas with canker. In the USA, quarantining 
areas affected by citrus canker is still practical. Eradication 
of infected and adjacent trees is the most effective means of 
protecting commercial citrus from the disease. Once posi-
tively identified, diseased trees in commercial groves are 
uprooted, placed in a pile, and burned. Surrounding, dis-
ease-free trees are destroyed as well, as an added precaution. 
In residential areas, diseased trees and surrounding, exposed 
trees are cut down or removed. Areas where trees have been 
destroyed must be kept free of citrus sprouts and seedlings. 
Movement of citrus fruit bud wood and other plant parts is 
prohibited to adjacent sites, where infected plants are lo-
cated. All clothing, tools, and equipment used in infested 
areas must be properly disinfected (Gupta and Sharma 2008). 
 
Cultural control 
 
Raising canker-free nursery plants is the first essential step 
in citrus canker management. Where canker is endemic, 
certain cultural practices are used to reduce the severity of 
the disease. The infected plant parts should be pruned out 
and destroyed. Pruning infected shoots or plant parts during 
late summer and autumn can reduce the risk of infection the 
following spring. This is useful in reducing the inoculum 
density. Defoliation of canker-affected seedlings can also 
further reduce infection risk. 

Disease-free nursery stock should be used. Numerous 
cases of new infections of citrus canker are linked to human 
and mechanical transmission. Humans can carry bacteria on 
their skin, clothing, gloves, hand tools, picking sacks and 
ladders. Vehicles can become contaminated by brushing 
against wet foliage or coming in contact with plant material. 
Machinery such as tractors, implements, sprayers and hed-
gers can similarly become contaminated and even inadver-
tently transport plant parts. In areas where citrus canker is 
resident, it is necessary to construct decontamination sta-
tions for personnel, vehicles and machinery which are 
sprayed with bactericidal compounds. It is imperative to 
avoid working in infected orchards when the trees are wet 
from dew or rain. The reduction of wind is another primary 
concern. Wind speeds are reduced by the deployment of 
windbreaks on the perimeter of the orchard or between the 
rows. Reduction of wind speed lowers the probability of 
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direct penetration of stomates by bacteria as well as entry of 
wind-induced injuries on foliage and fruit. 

X. citri is the only plant pathogen to have been success-
fully eradicated in Mozambique, South Africa, New Zea-
land, and Australia and twice in the USA. Much success 
was achieved by implementing a policy of destroying infec-
ted trees and pruning all green wood on trees within 50 feet 
of the infected trees. The policy in Florida was changed in 
1986, to cut and remove all “exposed” citrus trees within 
125 feet of infected trees. Presently the citrus canker eradi-
cation programme in Florida (USA) has mandated the re-
moval of infected citrus trees within a 1900 ft radius of an 
infected one. In the 5 years that this programme has been in 
effect in southeastern Florida, thousands of backyard citrus 
trees have been removed. Dooryard growers have the option 
of replacing trees which have been removed with either 
ornamental or tropical fruit trees. Many tropical fruit trees 
have the advantage of being both aesthetically attractive 
and producing delicious, nutritious fruit (Balerdi 2001). 

The aqueous extracts of medicinal plants at 20% strength 
suppressed the growth of X. axonopodis pv. citri, in vitro. 
The plant extracts showing a high degree of suppression in 
vitro when evaluated in vivo by spraying over crop foliage 
using detached leaf inoculation technique, extracts of Leu-
cas indica were the most effective in suppressing the dis-
ease and demonstrated 78.46 and 77.78% disease control 
compared with the control (Bora et al. 2001). Similarly, 
spraying with leaf extracts of Tamarindus indica resulted in 
the lowest citrus canker incidence (48%) under greenhouse 
conditions. Under field conditions, the number of diseased 
leaves and disease incidence was greatly reduced compared 
to the control after spraying of T. indica aqueous extracts 
(Leksomboon et al. 2001). 
 
Chemical control 
 
Prevention of primary infection on new shoots is one of the 
most important practices in the reduction of the disease. 
When environmental conditions are favourable for the 
spread of the disease, chemical control measures are not en-
tirely effective. However, materials containing copper (Bor-
deaux mixture, copper hydroxide, basic copper chloride, 
copper oxychloride, and tribasic copper sulfate) are the 
most effective bacterial sprays for protecting leaves and 
fruits. These materials can reduce the incidence of disease, 
but they will not eliminate established infections. Extensive 
use of copper may also cause phytotoxicity problems in 
treated groves. 

An application of Bordeaux mixture (4:4:50) or copper 
compounds (Cu content 50%) with CaCO3 in late March 
has been recommended by Goto (1992) to reduce the dis-
ease. In addition to pruning, along with four sprays of cop-
per oxychloride (0.5%) or Bordeaux mixture (1%) have 
been reported to be effective against the disease by Kishun 
and Chand (1987) under Indian conditions. Control of citrus 
canker with 4 sprays of copper oxychloride at 30-day inter-
vals during the growth season was satisfactory (Verona et al. 
2004). The copper treatments were not effective in control-
ling citrus canker at high inoculum concentration, however, 
at low inoculum concentrations, both Bordeaux mixture and 
copper oxychloride controlled the disease (Koller et al. 
2006). A study was conducted to determine the sensitivity 
of X. axonopodis pv. citri strains from Parana, Brazil, to 
copper as well as to a mixture of copper with mancozeb. 
The highest copper concentration where bacterium grew 
was 50 μg/ml. However, 45.5% of the bacterial strains from 
orchards with regular sprays of copper compounds grew in 
the presence of 50 μg copper/ml. In contrast, only 13.4% of 
the strains from citrus orchards that never received copper 
sprays grew in such a copper concentration. Mixing manco-
zeb with copper increased the tolerance of bacterium to 
copper. Therefore, the recommendation of mancozeb mixed 
with copper for the control of the citrus canker bacterium 
should be reviewed (Meneguim 2007). Copper application 
significantly reduced damage to foliage and fruit, while 

windbreaks made little contribution to disease control (Beh-
lau 2008). 

 Spraying 500X dilution of solution of 77% Kocide 
[copper hydroxide] wettable powder at 20-30 days after bud 
burst and spraying summer-autumn shoots at 10-15 days 
after bud burst could get 100% of the shoot leaves without 
canker infection (Zhong and Ling 2002; Pan 2004). Spray-
ing with 500-fold and 400-fold solution of 77% copper 
hydroxide and 60% chlorothalonil solution, respectively, 
resulted in the efficient control of the disease (Fu and Xu 
2001). CaCl2 was applied to Kagzi Kalan lemon at 3 stages 
of fruit development (pea, marble and half-grown) at 4 con-
centrations (0.25, 0.50, 0.75, and 1.0%). CaCl2 at 0.5% was 
the most significant at half-grown stage of fruit develop-
ment in reducing fruit cracking (15.6%) with insignificant 
reduction in fruit weight and juice content, and increased 
yield tremendously (Sharma et al. 2002). 

Streptomycin sulphate is specifically recommended 
against this disease and six sprays at 1000 ppm along with 
two prunings reduce the canker (Balaraman and Purshoth-
man 1981). Foliar sprays of Streptocycline (100 ppm) plus 
copper oxychloride (0.1%) at 7 or 15 days interval have 
also been found effective in reducing the disease (Kale et al. 
1994). While Zhang et al. (1996) observed best control of 
canker after foliar sprays of copper hydroxide (800 ppm). 
Gottawald and Timmer (1995) suggested use of windbreaks 
along with the application of copper bactericides as ef-
fective control measures of citrus canker. Integrated ap-
plication of Bordeaux mixture or copper oxychloride, strep-
tocycline and neem cake in combination with pruning 
during winter, budding stage and after petal fall was quite 
effective for controlling canker (Khodakaramian and Gha-
semi 2002; Das and Singh 2003). However, for effective 
control of canker and gummosis of citrus, Jadeja et al. 
(2000) have suggested that the main trunk of the tree should 
be painted with Bordeaux paste and soil around the basal 
trunk be drenched with a mixture of metalaxyal + mancozeb 
or fosetyl AL. In addition foliar application of streptomycin 
sulphate + copper oxychloride be given three times a year 
i.e., before monsoon, in August and December. Control was 
also achieved by spraying 600 × 10-6 agrostreptomycin or 
0.5% lime sulfur (calcium polysulfide) on young fruits and 
shoots by Ye et al. (2001). 
 
Resistant varieties 
 
In countries where the disease is well established and severe, 
only the more resistant types of citrus, such as ‘Valencia’ 
oranges and mandarins may be profitable. Seedless lime is 
reported to be resistant to citrus canker (Kishun and Chand 
1987). Wei et al. (1995) have found ‘Tangi’ variety to be 
resistant to the canker in Japan. Some immune Citrus spp. 
have been reported to have narrow stomatal aperture, lower 
stomatal frequency (Pullaiah et al. 1994) and higher levels 
of phenols and amino acids (Pullaiah et al. 1993). Lesion 
number per inoculation site is sufficient for assessment of 
resistance of citrus genotypes to ACC without the necessity 
of conducting bacterial population assays. ‘Lakeland’ lime-
quat is a promising seed parent for breeding acid citrus fruit 
that is resistant to ACC (Viloria et al. 2004). Citrus cultivar 
‘Setoka’, obtained from a cross between ‘Kuchinotsu No. 
37’ (Kiyomi × Encore No. 2) and ‘Murcott’, has been re-
gistered as ‘Tangor Norin No. 8’ in Japan and released in 
1998 as a superior tangor [Citrus sinensis × C. reticulata] 
cultivar whose fruits ripen in February. Resistant to both 
citrus canker [X. axonopodis pv. citri] and citrus scab [Elsi-
noe fawcettii], this new cultivar has intermediate to weak 
tree vigour, strong parthenocarpic habit, tiny thorns, nearly 
seedless fruits with complete male sterility and polyembry-
onic seeds. Its oblate-shaped fruit weighs 200-280 g and has 
thin, orange to deep orange coloured rind, very tender and 
juicy flesh, pleasant and aromatic flavour, low acid content 
(0.8-1.2 g/100 ml) and high soluble solids (12-13%) con-
centration (Matsumoto et al. 2003). Late maturing cultivars 
‘Shiranuhi’, ‘Youkou’ ‘Miho-core’ and ‘Hareyaka’ are 
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(Matsumoto et al. 1999a, 1999b, 1999c; Matsumoto 2001) 
resistant to citrus scab and canker; ‘Amaka’, derived from a 
cross between ‘Kiyomi’ tangor (C. unshiu × C. sinensis) is 
fairly resistant to citrus canker (Matsumoto et al. 2001). A 
mid and late maturing citrus cultivars ‘Akemi’ and ‘Harumi’ 
are resistant to citrus scab (Elsinoe fawcettii) and mode-
rately resistant to citrus canker, which have been recom-
mended for cultivation in Japan (Yoshida et al. 2000a, 
2000b). 

Introduction of resistance genes in susceptible cultivars 
is potentially the best procedure to control this disease. 
Protoplasts isolated from embryogenic callus of ‘Newhall’ 
navel orange, one of the leading commercial cultivars in 
China because of its seedlessness and other good qualities, 
‘Early Gold’ sweet orange and ‘Murcott’ tangor were used 
for transformation. Plasmid DNA encoding the non-destruc-
tive selectable marker enhanced green fluorescent protein 
(gfp) gene (p524EGFP.1) and the plasmid DNA with a pot-
ential canker resistance gene (pC822) from the Xa21 gene 
family of rice (which provides broad spectrum Xanthomo-
nas resistance in rice) were PEG-mediated co-transformed 
into protoplasts. Following protoplast culture in liquid me-
dium and transfer to solid medium, transformed calli were 
identified via expression of gfp, physically separated from 
non-transformed tissue, and cultured on somatic embryoge-
nesis induction medium. Transgenic embryoids expressing 
gfp were recovered. Shoots were regenerated from the three 
cultivars, and their growth was expedited by in vitro graf-
ting. PCR analysis revealed that the Xa21 gene was present 
in all of the six analyzed shoots from ‘Early Gold’ sweet 
orange, and in none of the 19 analyzed samples of Newhall 
navel orange (Guo and Grosser 2004). 

Induced systemic resistance compounds (ISRs), aciben-
zolar-S-methyl (Actigard), and harpin protein (Messenger) 
were assayed in the greenhouse against X. axonopodis pv. 
citrumelo, the cause of citrus bacterial spot (CBS), and X. 
axonopodis pv. citri, the cause of Asiatic citrus canker by 
applying as foliar sprays 3 to 7 days before inoculation re-
duced number of lesions when either bacterium at 103 or 
104 CFU/ml was injection infiltrated into ‘Swingle’ citru-
melo leaves. Based on this activity, the ISRs were evaluated 
in southern Brazil in orchards of sweet oranges with low to 
moderate canker disease incidence in spray programs with 
and without copper oxychloride (COC) and copper hydro-
xide (CuOH). Sprays of COC and CuOH were moderately 
to highly effective in reducing canker disease incidence and 
preventing premature fruit drop. Actigard or Messenger in 
combination with COC and CuOH, respectively, did not 
significantly reduce citrus canker incidence on foliage or 
fruit drop compared with Cu alone. The lack of additional 
control with ISRs means they cannot be recommended at 
this time to augment Cu programs for the management of 
citrus canker (Graham and Leite Jr. 2004). 

Citrus rootstocks can exert some influence on fruit pro-
duction and susceptibility of the plants to citrus canker. Reis 
et al. (2008) reported that the ‘Swingle’ citrumelo and 
‘Flying dragon’ rootstocks induced the highest productivity 
index and, the lowest incidence of citrus canker disease on 
leaves and fruits. ‘Rangpur’ lime and ‘Volkameriana’ lime 
rootstocks, promoted a heavy crop load, however, showed 
higher susceptibility to citrus canker. 
 
Biological control 
 
The work on use of biocontrol agents against citrus canker 
is in a preliminary stage. Ota (1983) found a strain of 
Pseudomonas syringae antagonistic to X. campestris pv. 
citri which also prevented enlargement of lesions on infec-
ted leaves in citrus plants. While Pabitra et al. (1996) have 
observed in vitro inhibition of X. campestris pv. citri by 
Bacillus subtilis, B. polymyxa, Pseudomonas fluorescens, 
Serratia marcescens, Aspergillus terreus, Trichoderma vi-
ride and T. harzianum isolated from phylloplane of lemon. 
These were also observed effective in reducing the disease 
incidence when applied over crop foliage in the orchard. 

Akhtar et al. (1997) observed that diffusates (by using agar 
diffusion assay) of Phyllanthus emblica, Acacia nilotica, 
Sapindus mukorossi and Terminalia chebula inhibit the bac-
terium and exhibited an inhibition zone measuring 4.83-
6.00 mm at 50 g/l. These diffusates (50, 20, 10 g/l) also re-
duce the number of lesions on detached leaves and fruits of 
grapefruit, thus exhibiting protective as well as curative 
actions. The crude extract of Chebulic myrobalan fruit at 50, 
000 ppm spraying before inoculation and after that 3 times 
every 7 days, decreased wound sizes. Average wound size 
at 15, 20 and 30 days were 0.62, 0.97 and 1.40 mm while in 
the control treatment was 0.97, 1.84 and 3.00 mm, respec-
tively (Vudhivanich 2008). 
 
Integration of management practices 
 
In countries where citrus canker is an established, ongoing 
problem, control of the disease is primarily achieved 
through a combination of tactics, including the production 
and use of disease-resistant plant varieties, use of protective 
sprays, and phytosanitary measures (use of certified nursery 
stock) and leafminer control. Outbreaks of citrus canker 
may also be reduced when windbreaks are constructed in 
windy areas with frequent applications of copper sprays. 
Copper sprays have been shown to reduce infection some-
what. Because the fruit is susceptible to canker during the 
first 90 days after petal fall, it is important to maintain a 
protective coating of a copper material on the fruit surface 
during this period. Two or three treatments may be needed 
for this purpose, depending on rainfall and cultivar suscepti-
bility. Windbreaks can greatly reduce spread and severity of 
disease and increase the efficacy of copper sprays. Leaf-
miner control is particularly important on young trees and 
certain cultivars that have a high proportion and greater fre-
quency of vegetative growth flushes. To summarize, pru-
ning of infected twigs along with sprays of Bordeaux mix-
ture/copper is the best control measure. Complete protec-
tion of the plants is thus required throughout the season de-
pending upon appearance of the disease. Streptomycin sul-
fate (1%) and garlic extract at (S), S/5 and S/10 restrict 
multiplication of X. campestris pv. citri [X. axonopodis pv. 
citri] whereas streptomycin sulfate (0.1%) + garlic extract 
(S) was superior in reducing the growth of the bacterium, 
followed by 0.1% + S/5 and 0.1% + S/10 combinations. The 
garlic extract was effective in vitro, but was not highly ef-
fective in greenhouse grown plants. However, its applica-
tion at S/10 concentration along with 0.1% streptomycin 
sulfate reduced canker disease by 51.3% over the control, 
compared to a 60% reduction in the disease with the ap-
plication of streptomycin sulfate at 1% (Khan et al. 2003). 
 
FUTURE PERSPECTIVES 
 
Bacterial canker of citrus is a serious disease worldwide. 
The pathogen has very wide host range and it is generally 
said that there is not even a single seedling/tree which is 
free of canker through out the world. The fruit infection 
phase of the disease is most damaging and cause of agony 
to the orchardists. The association of leaf minor has further 
aggravated the problem in the recent years which requires 
better understanding of interaction of leaf minor and bac-
terium and subsequent development of management strate-
gies. Due to adaptability of the pathogen to all the species 
of Rotaceae, new strains have evolved whose pathogenic 
specialization and proper identification is still required to be 
established. More intense studies are needed for quick diag-
nosis and potential of phenylacetaldehyde O-methyloxime 
as diagnostic compound for bacterium is required to be 
thoroughly investigated. The disease once reported to be 
completely eradicated has again surfaced at its places of 
origin. This has questioned the validation of management 
technologies. There are no new chemicals which can be ef-
fectively utilized against bacterial diseases. Hence, other 
alternatives are required to be developed. Attention has to 
be paid to endophytes which may be useful in biotic man-
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agement of the disease. A few resistant cultivars have been 
developed, however, induced systemic resistance can be the 
best option which need proper understanding and evaluation. 
Some progress has been made with respect to introduction 
of resistance genes in susceptible cultivars through mole-
cular techniques which needs further strengthening and may 
be ray of hope in future for tackling this worldwide menace. 
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