

















CHAPTER ONE

GENERAL INTRODUCTION

The mango, Mangifera indica L., originated from the India/Burmese border region (Kwee and
Chang, 1985). Today, it'is grown throughout the subtropics and tropics and is one of the world's
most important crops (Schroeder, 1991a). In terms of world production, South Africa is a
relatively small producer and exporter (Van Zyl, 1998). The mango tree is prone to attack by a
number of pathogens resulting in major economic losses in the industry (Korsten et al., 1992).
The most important diseases of mango in South Africa are powdery mildew, blossom blight,
bacterial black spot (BBS), anthracnose and soft brown rot (Korsten et al., 1992). Of these, BBS
is the most important, particularly in newly established orchards. Bacterial black spot is a
preharvest disease which causes reductions in yield and market value of fruit. This disease is
also of significant importance in other mango producing countries such as the islands of the
Indian Ocean, south east Asia and Australia (Pruvost and Luisetti, 1991). In these tropical and
subtropical countries, BBS is a serious necrotic threat and can cause losses of up to 50% in
untreated orchards (Manicom and Wallis, 1984; Pruvost et al., 1995).

Bacterial black spot is caused by Xanthomonas campestris pv. mangiferaeindicae which is a
Gram negative motile rod with a single flagellum which forms apigmented colonies on nutrient
agar (Pruvost et al., 1998). Leaf symptoms consist of small, dark brown, angular spots. Similar
spots will develop on small fruit (Manicom, 1986). However, as fruit develop, lesions eniarge
which crack open releasing a gummy exudate. Stem lesions often occur as elongated black
cankers which crack and release gum (Pruvost and Manicom, 1993). The pathogen can occur as
an epiphytic colonist of leaves (Manicom, 1986; Pruvost et al., 1990), buds (Pruvost et al., 1993),
and fruit of mango (Pruvost and Luisetti, 1991). During its epiphytic stage, it can multiply and
infect the plant during favourable rainy weather conditions (Pruvost et al, 1990). Disease
severity increases during windy rains which promote wounding of leaf surfaces (Boshoff et al.,
1999). The pathogen, X. c. pv. mangiferaeindicae is not only pathogenic on mango, but also on
other plant species belonging to the family Anacardiaceae e.g. cashew and pepper tree (Pruvost
and Manicom, 1993).

In the 1970s, classification of xanthomonads was according to the species or botanical family of
the host from which they were isolated (Dye et al., 1980). To differentiate between pathovars of
X. campestris, a plant suspected of being the host for that specific pathogen was inoculated
(Lazo et al., 1987). This practice proved to be tedious, time-consuming, subjective, and subject

to a surprising number of artifactual influences. New methods have subsequently been



developed to rapidly identify and classify closely related pathogenic bacteria based on genomic
fingerprinting approaches. Gagnevin et al. (1997) compared genetic diversity of strains of X. c.
pv. mangiferaeindicae by restriction fragment length polymorphism (RFLP) analysis and obtained
groups consistent with those described by Some and Samson (1996). However, comparative

studies of this nature have not been conducted in South Africa.

Until recently, the relatedness of bacterial isolates has been determined by testing for one or
several phenotypic markers, using methods such as sero-, phage-, and biotyping as well as
antibiotic susceptibility testing (Farber, 1996; Pooler et al., 1996). However, these techniques are
often too expensive, or too insensitive for use in routine diagnosis (Louws et al, 1994).
Manicom and Wallis (1984) gave a comprehensive report comparing apigmented strains isolated
from mango mostly from South Africa. Some and Samson (1996), have evaluated the
relationships among strains of X. c. pv. mangiferaeindicae by isoenzyme analysis of esterase,
phosphoglucomutase and superoxide dismutase, and they have shown that the strains could be
classified into eight groups. In South Africa, the method of sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) has shown considerable promise in classifying
and identifying bacterial strains at a molecular level (Van Zyl, 1990). Van Zyl (1990),
differentiated phytopathogenic pseudomonads and xanthomonads up to a sub-species level
based on these protein profiles. Sanders (1993), differentiated between isolates using

monoclonal antibodies according to their differences in virulence.

Detailed characterisation of the genetic variability among strains of X. ¢. pv. mangiferaeindicae
has increased, along with the prevalence and increasing economic importance of the bacterium
(Gagnevin et al., 1997). Most characterization involves the use of the molecular techniques
(Gagnevinet al.,, 1997). Molecular typing methods which involve DNA analysis can offer many
advantages over traditional techniques (Farber, 1996). One advantage is that since DNA can
always be extracted from bacteria, all bacteria should be typeable. Another is that the
discriminatory power of DNA-based methods is greater than that of phenotypic procedures
{Farber, 1996).

Mango cultivars vary in susceptibility to BBS and farmers are advised that planting of susceptible
cultivars e.g. Haden, Kent, Keitt, Irwin, Lippens, Brooks, Zil, Ruby and Eldon, be avoided
(Schroeder, 1991b). Limited control of the disease with copper compounds in regions where the
disease is endemic, has been achieved (Gagnevin ef al., 1997), and integrated disease
management is therefore recommended (Pruvost and Manicom, 1993). Planting of wind-breaks
around orchards (Visser, 1995), applying biocontrol agents (Korsten et al., 1992) and timely
copper sprays, can decrease disease incidence (Manicom and Wood, 1981). However, the



number of copper sprays is dependent on rainfall, susceptibility of the cultivar used, and quantity
of inoculum available in the orchard (Manicom and Wood, 1981). One or two additional winter
sprays, together with pruning of infected twigs, can reduce inoculum in the rainy season and
therefore improve control significantly (Manicom and Wood, 1981). However, Boshoff et al.
(1999), recently observed that current BBS control measures are inadequate and that extensive
spraying with copper is becoming uneconomical. Furthermore resistance to copper based
compounds has been reported for the bacterial plant pathogens Pseudomonas syiingae pv.
tomato (Bender and Cooksey, 1986), Xanthomonas campestris pv. vesicatoria and
Pseudomonas syringae pv. syringae (Stall et al., 1986).

In view of this, a study was undertaken to compare different isolates of X c. pv.
mangiferaeindicae obtained from different mango cultivars viz. Keitt and Kent and from different
production areas viz. Bavaria and Constantia Estates. The investigation entailed comparison of
isolates based on:

¢ Biochemical and physiological characteristics

+ Virulence and copper resistance
+ Protein profiles
.

Polymerase chain reaction
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CHAPTER TWO

LITERATURE REVIEW

THE HOST: MANGO
History, distribution and cultivars

Mango (Mangifera indica L.) belongs to the family Anarcardiaceae, also known as the cashew
family (Nakasone and Paull, 1998). This family also includes other commercially important tree
species, for example, the cashew (Anacardium occidentale, L.), the pistachio (Pistachio vera, L.)
and the marula (Sclerocarya birrea (A. Rich.) Hochst subs. caffra, Sonder) (Fivaz, 1998).

The genus Mangifera consists of 69 species of Asian origin most of which produce edible fruits
(Nakasone and Paull, 1998). Of these, M. indica is the only species that is grown commercially
on a large scale in South Africa (Fivaz, 1998). The mango originated from the India/Burmese
border region (Kwee and Chang, 1985). It was one of the first fruits to be commercially cultivated
and has been grown in India for more than 4 000 years (Snyman, 1998a). Mangoes are now
grown in nearly all suitable tropical and subtropical regions of the world (Schroeder, 1991a). Itis
not known exactly how the mango was distributed from India to the rest of the tropical and
subtropical regions of the world (Snyman. 1998a). This fruit is intimately associated with the
Hindu religion (Nakasone and Paull, 1998) and it is thought that Indian traders and Buddhist
priests introduced the mango into Malaysia and east Asian countries (Nakasone and Paull, 1998).
Mangoes were reported from east Somalia as early as 1331 and reached Southern Africa from
east Africa before the 17th century (Schroeder, 1991a).

There are hundreds of named mango cultivars throughout the tropics and subtropics (Nakasone
and Paull, 1998). Each country of origin has its own selected cultivars. Mango cultivars can be
divided into three main groups, namely unimproved and improved tropical, and improved
subtropical cultivars (Human and Snyman, 1998). The unimproved group of cultivars cuitivated in
South Africa includes Peach, Sabre, Kidney (Sugar) and Long green and the so-called Bombay
types of India (Human and Snyman, 1998). Typical of this group is the high fibre content,
undesirable external colour, susceptibility to disease, poor shelf life and turpentine flavour. The
seed is mostly polyembryonic and seedling progeny is therefore usually genetically identical to
the relevant parent (Human and Snyman, 1998). Improved tropical cultivars generally produce
fibreless fruit with outstanding eating qualities. Most of these cuitivars are monoembryonic and
have to be propagated by grafting. The improved subtropical cultivars produce attractive fruit of

good quality, but yield and resistance to disease is unsatisfactory (Human and Snyman, 1998).



The South African mango industry currently relies mainly on improved subtropical cultivars
imported from Florida and on some local fibrous cultivars (Human and Snyman, 1998).

Biology

The mango is a perennial, branching, evergreen tree and can be 30-40m tall (Litz, 1994). The
tree is deep-rooted and seedlings can develop into huge trees, especially in deep soils (Fivaz,
1998). Mango leaves are simple, entire, leathery, short-pointed and oblong to lanceolate
(Schroeder, 1991b). Growth occurs in vegetative flushes of the terminal, with 10-12 new leaves
per flush (Nakasone and Paull, 1998). In mature trees, the first flush during the dry season is
usually transformed into a flower flush (Schroeder, 1991b).

The fruit of the mango is a drupe of variable size and shape, ranging in weight from a few grams
to more than 1 kg (Nakasone and Paull, 1998). It is fleshy, flattened, rounded or elongated in
shape. The quality of the fruit is based on the scarcity of fiber and lack of the turpentine taste
(Mango Fruit Facts, www.crfg.org 1999). Fibers are more pronounced in fruits grown with hard
water and chemical fertilisers (Mango Fruit Facts, www.crfg.org 1999). The seed may either have
a single embryo, producing one seedling, or polyembryonic producing several seedlings that are

identical but not always true to the parent type (Mango Fruit Facts, www.crfg.org 1999).

Marketing and international trade

The South African mango industry has grown rapidly since 1984/1985 where production has
increased to 43 752 tonnes (Personal Communication, SAMGA). It is now ranked the fifth most
important subtropical export fruit crop after citrus, banana, avocado and pineapple (Snyman,
1998b). The 2000 crop was 41 839 tonnes of which 12 239 tonnes were exported, 20 045 tonnes
were sold on the local markets as fresh fruit, 6 480 tonnes were processed (Personal
Communication, SAMGA).

Export revenue is important to the South African mango industry and competition from South
American and central African countries for the European market is fierce (Swart, 1999). India
produces 70% of the world's mangoes, although Mexico is the largest exporter of fresh fruit
(Ploetz et al., 1994).

Mango diseases

The mango tree is prone to attacks by a number of pathogens resulting in major losses in the
industry (Korsten et al., 1992). The important diseases of mangoes in South Africa are powdery
mildew, blossom blight, bacterial black spot (BBS), anthracnose and soft brown rot (SBR)



(Manicom, 1992). Powdery mildew is caused by Oidium mangifera (Berthet) Burchill, blossom
blight and SBR caused by Nattrassia mangiferae (Nattras) Sutton & Dyko (the current taxonomic
status of this pathogen is being re-evaluated), anthracnose caused by Colletotrichum
gloeosporioides (Penz.) Penz. & Sacc. in Penz. and BBS caused by Xanthomonas campestris pv.
mangiferaeindicae (Manicom and Frean, 1992). Any one of these pathogens can cause total

crop failure (Pruvost and Manicom, 1993).

Most of these diseases are prominent with ineffective disease control programs (Sanders, 1993).
Bacterial black spot appears to be a relatively serious disease in South Africa, the islands of the
Indian Ocean, south east Asia and Australia (Nakasone and Paull, 1998; Pruvost and Luisetti,
1991). Bacterial black spot is a preharvest disease, and is a serious necrotic threat to mango
crops with recorded losses of up to 50 % in untreated orchards (Manicom and Wallis, 1984;
Pruvost et al., 1995).

Bacterial black spot of mango

The BBS causal agent, X. ¢. pv. mangiferaeindicae can infect all aerial parts of mango, with leaf
and fruit lesions being the most common (Pruvost et al., 1998). Symptoms can be seen on fruit,

leaves and sometimes on stems.

Early stages of fruit and leaf lesions appear as small necrotic lesions (2-3 mm in diameter) with a
surrounding water soaked area (Chand and Kishun, 1995; Sanders et al., 1994). Mature
symptoms on leaves are small angular, black and raised, releasing gum. Bacteria enter the plant
through wounds, stomata, or lenticels (Gagnevin ef al.,, 1997). On fruit, lesions develop around
lenticels or wounds and are irregular in shape (Manicom, 1992). Lesions eventually dry out, turn
black and crack open (Manicom and Frean, 1992). Raised black spots with greasy margins can
also later develop on leaves. Stem lesions often appear, as blackened cankers crack
longitudinally, also releasing gum.

Disease incidence is high when rainfall with strong winds and high temperatures occur at the
same time (Manicom, 1986). Disease incidence is also greater on exposed and abraded leaf and
fruit surfaces or where fruits touch each other (Pruvost and Luisetti, 1991). The pathogen
survives mostly in lesions and on aerial organs as epiphytes, and enter the plant through plant
wounds, stomata and lenticels (Pruvost et al.,, 1993). The pathogen can also be transmitted
through irrigation water, insects, and mechanical transfer of infected planting material (Pruvost
and Manicom, 1993).
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Differences in cultivar susceptibility to BBS has been reported, but no cultivars were found to be
entirely resistant (Sanders, 1993). Of South African cultivars commercially used, the cultivar
Sensation is less susceptible than Zill and Kent, while Haden, Tommy Atkins and Keitt is more

susceptible (Manicom, 1992).

THE PATHOGEN: XANTHOMONAS CAMPESTRIS PATHOVAR
MANGIFERAEINDICAE
Taxonomy

The current classification of X. ¢. pv. mangiferaeindicae is as follows (Agrios, 1997; Dye et al.,
1980):

Kingdom: Bacteria

Division: Gracilicutes

Class: Proteobacteria
Family: Pseudomonadaceae
Genus: Xanthomonas
Species: campestris
Pathovar: mangiferaeindicae

The causal organism of BBS was first reported in South Africa in 1915 by Doidge who described
the pathogen as Bacillus mangiferae n. sp. (Pruvost and Manicom, 1993). The first description of
the causal agent, then designated Pseudomonas mangiferae-indicae, was recorded in India by
Patel et al. (1948). The causal organism was later re-classified as Xanthomonas campestris pv.

mangiferaeindicae (Dye et al., 1980).

Patel et al. (1948) reported that the host range for X. ¢. pv. mangiferaeindicae included plant
species of the family Anacardiaceae i.e. cashew (Anacardium occidentale L.) and imra, or emrah
(Spondias mangifera Willd = S. pinnata (1. f.) Kurz). Later other host species were reported i.e.
mombin (Spondias mombin L.) (Robbs et al., 1982) and the pepper tree (syn. Brazilian pepper),
Schinus terebenthifolius Raddi (Pruvost et al., 1992). In the French West Indies, Rott and
Frossard (1986) isolated a xanthomonad which caused a severe dieback of ambarella (Spondias
cytherea Sonnerat). They noticed phenotypic similarities between the organism and X
campestris mangiferaeindicae. However no lesions were present in mango groves implying that
the organism was an epiphytic colonist. Pruvost and Luisetti (1989), obtained raised black

lesions after inoculating the Xanthomonas spp. originally isolated from ambarella, into mango and
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cashew. However, reciprocal inoculation with strains isolated from mango did not result in lesion
development on ambarelia (Pruvost and Luisetti, 1989). Pruvost and Luisetti (1989) could
simulate lesion development on mombin with strains from ambarella, but not from strains

obtained from mango and the pepper tree.

The etiological agent of BBS was described as a Gram negative organism with single, straight
rods, (0.4 — 0.7 x 0.7 — 1.6 um) being motile with a single flagellum (Kwee and Chang, 1985). On
nutrient agar, it forms smooth, circular and butyrous or viscid, usually yellow colonies although
many are non-pigmented strains (Harworth and Spiers, 1992). The organism is chemo-
organotrophic, obligatory aerobic and does not denitrify or reduce nitrate (Kreig and Holt, 1984).
The organism requires organic substances for growth e.g. methionine, glutamic acid, nicotinic
acid, or a combination of two or more of these substances which are highly stimulatory for growth
(Kreig and Holt, 1984).

Molecular differentiation

Until recently, the relatedness of X. c. pv. mangiferaeindicae isolates has been determined solely
by testing one or several phenotypic markers. Studies using physiological and biochemical tests,
sensitivity to antibiotics, heavy metals and bacteriophages, serological grouping, plasmid profiles,
and multilocus isoenzyme analysis have shown that strains of the pathovar mangiferaeindicae
display intrapathovar diversity (Some and Samson, 1996; Pruvost et al., 1998).

However, these phenotype-based methods, are limited in their ability to group strains at the
pathovar level (Gagnevin et al., 1997). Furthermore, techniques such as serotyping can be
labour intensive and costly (Farber, 1996). To clarify the relationships between strains belonging
to the pathovar mangiferaeindicae, techniques that assess variation in genomic DNA can provide
additional reliable tools to evaluate strain variability (Gagnevin et al., 1997).

Molecular typing procedures can be broadly defined as methods used to differentiate bacteria,
based on the composition of biological molecules such as proteins, fatty acids, carbohydrates,
etc. or nucleic acids (Farber, 1996). The latter can also be more specifically defined as
genotyping. In general, genomic variability is independent of external factors, and the techniques
involved are adaptable to studies involving large numbers of strains (Gagnevin et al.,, 1997).
Furthermore, since these techniques allow for the measurement of many markers, they usuaily

result in more comprehensive information than other methods (Gagnevin et al., 1997).

Molecular approaches are being used to the larger extent in the taxonomy and epidemiology of
Xanthomonas spp. (Gagnevin et al.,, 1997). DNA-DNA hybridisation has demonstrated the
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heterogeneity of the genus (Hildebrand et al., 1990). Restriction fragment length polymorphism
(RFLP) analysis of plasmid DNAs (Lazo and Gabriel, 1987) and genomic DNA, based on
hybridisation with different probes, have been used to differentiate X. campestris pathovars (Lazo
et al., 1987). By using 16S and 23S rDNA probes from Escherichia coli, Berthier et al. (1993)
characterised different Xanthomonas campestris pathovars. They found that variability within
different pathovars was related to both plant and pathogenicity factors.

Genotyping, which involves direct DNA-based analysis of chromosomal (e.g., plasmid) genetic
material, has many advantages over traditional typing procedures (Farber, 1996). The major
advantage lies in its increased discriminatory power, i.e., in its ability to distinguish between two
closely related strains (Farber, 1996). Other advantages of genotyping include: (i) DNA can
always be extracted from bacteria so that all strains are typeable; (ii) analytical strategies for the
genotypic methods are similar and can be applied to DNA of any source; (iii) in general, genomic
DNA is a stable characteristic and its composition is independent of cultural conditions or
methods of preparation; and (iv) it allows for statistical data analysis and is amenable to
automation (Farber, 1996).

The most common molecular typing methods that are being used include chromosomal DNA
restriction analysis, plasmid typing, ribotyping, pulse-field gel electrophoresis (PFGE) and
polymerase chain reaction (PCR) based typing systems.

Control

Worldwide, copper-based products are the only useful chemicals which can be used for control of
BBS. These products are applied at fortnightly intervals during wet weather or during monthly
intervals (Manicom, 1980; Visser, 1992). Copper ions are essential for bacteria but can cause a
number of toxic cellular effects if levels of free ions are not controlled (Cooksey, 1993). Chemical
compounds including copper oxychloride, copper sulphate and copper hydroxide have proven to
be very economical and convenient, but pathogens have been reported to develop resistance
after repeated use (Gunasekaran and Weber, 1996). Due to the fact that chemical control is only
partially successful, plants with low susceptibility to the disease must be used as part of the
control strategy (Pruvost et al., 1990).

Disease can be managed either by removing the source of inoculum, or delaying and reducing
the spread and development of the pathogen from the resting stage to an infective stage (Mew
and Natural, 1993). For field planting, a site protected from strong winds must be selected
(Visser, 1992). Alternatively, a field with adequate wind protection in the form of windbreaks
around or within the orchard must be selected (Visser, 1992).
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Biological control has been used since the early days of agriculture (Gunasekaran and Weber,
1996). Biological control of plant disease involves the use of antagonistic microorganisms that
interact with the pathogen to reduce disease development. Korsten et al. (1992), showed that a
natural mango phylloplane inhabitant, Bacillus licheniformis (Burger and Korsten, 1988), could
effectively inhibit X. c¢. pv. mangiferaeindicae in-vitro and in-vivo. Visser et al. (1990)
subsequently showed that B. licheniformis could control the BBS pathogen in four prehaverst
spray applications. Similarly, effective control of BBS with B. licheniformis in field sprays has

been shown (Pruvost and Manicom, 1993).

Generally, the best BBS control strategy is not to rely on a single method but to adopt an
integrated approach comprising several measures (Sanders, 1993; Agrios, 1997). Exclusion,
eradication, protection, resistance, therapy and avoidance are some of the fundamental principles
that can be used for control of BBS (Kwee and Chang, 1985).
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CHAPTER THREE

COMPARISON OF ISOLATES OF XANTHOMONAS CAMPESTRIS PV.
MANGIFERAEINDICAE USING BIOCHEMICAL AND PHYSIOLOGICAL
CHARACTERISTICS

ABSTRACT

Xanthomonas campestris pv. mangiferaeindicae, the bacterial black spot pathogen of mango
isolated from two different production areas in South Africa were compared using phenotypic
characteristics. Thirty-two representative pathogenic isolates were selected and examined to
assess the variability of the taxon. All isolates were nonpigmented. The results obtained did not
show any differences amongst isolates and data was consistent with those reported in other
studies of phenotypic diversity. All isolates were pathogenic.
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INTRODUCTION

Bacterial black spot (BBS) caused by Xanthomonas campestris pv. mangiferaeindicae (Dye et al.,
1980), is one of the most important mango (Mangifera indica, L.) diseases in South Africa,
Australia, Brazil, India and Reunion Island (Gagnevin et al., 1997; Pruvost and Manicom, 1993).
When wet conditions and high temperatures prevail simultaneously, the incidence of BBS
increases causing significant yield losses due to premature abscission (Pruvost et al., 1998).
Typically BBS symptoms are characterised by small black angular lesions that release a gummy
exudate observed on leaves, twigs or fruit (Pruvost and Luisetti, 1991). Bacterial cells survive
mostly in older lesions and on aerial organs as epiphytes (Gagnevin et al., 1997). Wounds and
lenticels are effective entry sites for the bacterium which is mainly disseminated by wind
(Manicom, 1986; Pruvost et al., 1993).

Bacterial black spot is a preharvest disease that affects all cultivars although different levels of
susceptibility occur (Sanders, 1993). Cultivars such as Haden, Kent, Irwin, Keitt, Tommy Atkins
and Smith are highly, and Fascell and Sensation less susceptible (Smith, 1982). The disease
can successfully be controlled by integrated control measures that involve planting of more
resistant cultivars, timely copper sprays and windbreaks (Sanders, 1993).

Most strains isolated from mango are non-pigmented; however, yellow strains with low
aggressiveness on mango have been described (Pruvost et al, 1998). Sanders (1993)
developed monoclonal antibodies (MAbs) against different virulent strains of X. c. pv.
mangiferaeindicae. These MAbs were useful for identification and differentiation between strains
(Sanders et al., 1992). Alvarez et al. (1985), also used MAbs to identify xanthomonads and to
group X. campestris pv. campestris. Monoclonal antibodies have also been used to characterise

X. campestris pv. dieffenbachiae (Bonner et al., 1987).
