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Executive summary

Mango malformation disease (MMD) is caused by species of the fungal pathogen Fusarium. Airborne
conidia of the pathogen are the infection structures by which the pathogen causes disease. Conidia
penetrate the plant tissue via apical and lateral buds and remain dormant until bud break. No systemic
infection takes place, only local colonization of the bud tissues. When infected buds break, malformed
vegetative and inflorescences are produced. A strategy was developed for management of MMD by
elimination of the major inocula (conidia) sources of infection, i.e. malformed panicles, by pruning
and removal of the diseased tissues. Thereafter, subsequent fungicidal sprays are applied to protect
and cure affected buds from infection via airborne conidia.

Although the mango bud mite, Aceria mangiferae, has been suspected as a causal agent of
MMD, different symptoms are caused by this pest in mango, termed "witches broom". However,
exacerbation of MMD symptoms may occur following wounding of bud tissues by the bud mite,
allowing penetration of the fungus at these locations.
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Mango malformation disease (MMD) caused by fungal pathogens belonging to

Fusarium species

Introduction: Mango malformation disease (MMD).

Mango (Mangifera indica L.), which is considered the 'king of fruits' in India, has been cultivated for
at least 4,000 years and possesses significant religious and cultural importance (Popenoe, 1932;
Purseglove, 1972). Mango is an important commercial crop (Purseglove, 1972) that currently ranks
fifth among the major fruits cultivated worldwide (FAOSTAT, 2023). The crop has thrived during
recent years due to: (i) cultivation of high-quality clonal selections; (ii) rapid expansion into growing
areas of China and parts of Africa; (iii) adoption of modern agricultural practices, including irrigation
management, integrated disease and pest management, and the use of pesticides and other
agrochemicals (Litz, 2009). Mango is grown commercially throughout the tropics and in many
subtropical areas (Mukerjee and Litz, 2009). The flowering response of mango differs greatly in
tropical as opposed to subtropical environments. In the tropics, flowering can be induced chemically
while in the subtropics stimulation is unnecessary and is primarily dependent on chilling temperatures
(lyer and Schnell, 2009). Synchronization of vegetative growth to ensure that branch terminals are of
the same physiological maturity is a prerequisite in flowering management programs (Davenport,
2003). Flowering in the tropics occurs once a year after tip pruning and chemical treatments, while
under subtropical conditions flowering occurs in the spring after 5 weeks of exposure to day/night
temperatures below 20°C/15°C, respectively (Davenport, 2003).

Mango malformation disease (MMD) is one of the most destructive diseases of this crop
(Kumar et al. 1993; Ploetz, 2001). It affects both floral and vegetative structures of the plant. Although
trees are not killed, effect of the disease on vegetative stages of the crop impedes canopy development,
disrupts development of the inflorescence phase, and thus reduces fruit yield dramatically. Therefore,

significant economic losses occur as malformed inflorescences do not bear fruit (Fig. 1).
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Fio. 1. Manao trees severelv infected with malformation disease.



In 1998, an estimated US$15 million of fruit were lost to the disease in Egypt (Ploetz, 2001;
Ploetz et al. 2002), and losses in more important producing countries, e.g., India, would be
significantly greater (Ploetz, 2001; Ploetz and Freeman, 2009). MMD was first recorded in India in
1891 (Kumar and Beniwal, 1991), and has subsequently been observed in Australia, Brazil, China,
Egypt, El Salvador, India, Israel, Malaysia, Mexico, Myanmar, Nicaragua, Oman, Pakistan, Senegal,
South Africa, Spain, Sri Lanka, Sudan, Swaziland, Uganda, the USA and elsewhere (Anonymous,
2013; Bastawros, 1996; Crespo et al. 2012; Crookes and Rijkenberg, 1985; Freeman et al. 1999;
Freeman et al. 2014b; Goldman et al. 1976; Kumar and Beniwal, 1991; Kvas et al. 2007; Lim and
Khoo, 1985; Lima et al. 2008; Marasas et al. 2006; Nor et al. 2013; Otero-Colina et al. 2010;
Rodriguez-Alvarado et al. 2013; Senghor at al. 2012; Sinniah et al. 2013; Zhan et al. 2010). Since the
pathogen is easily disseminated in infected budwood and exact knowledge of its geographic

distribution is lacking, malformation may be even more widely distributed (Ploetz, 2001).

Disease symptoms.
MMD affects vegetative and floral meristematic tissues of the plant (Chakrabarti, 2001; Ploetz, 2001).

(i) Vegetative malformation.

Vegetative malformation seriously affects seedlings and young trees in nurseries, especially where
seedlings are cultivated beneath the canopies of infected trees (Ploetz et al. 2002; Youssef et al. 2007),
but also occurs on mature trees. Symptoms of vegetative malformation include hypertrophied, tightly
bunched young shoots, with swollen apical and lateral buds (Fig. 2). These buds produce misshapen
terminals with shortened internodes and dwarfed leaves that curve from the tip back towards the
adaxial portion of the petiole (Figs. 2A and B). Shoot growth is arrested and shoots arising from the

same bud produce the symptom of disease termed "bunchy-top"” (Fig. 2C).
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Fig. 2. Symptoms of vegetative malformation include hypertrophied, tightly bunched young shoots,
with swollen apical and lateral buds (A); misshapen terminals with shortened internodes and dwarfed
leaves, left and healthy shoots right (B); arrested growth from distorted stems from the same bud
producing "bunchy-top" symptoms of the disease (C).



(ii) Floral malformation.

Floral malformation is most important economically since affected inflorescences do not set fruit
(Kumar et al. 1993; Noriega-Cantu et al. 1999; Ploetz, 2001; Ploetz and Freeman, 2009; Youssef et
al. 2007). Symptoms of floral malformation include primary or secondary axes on affected panicles
that are shortened, thickened, and highly branched, eventually resembling a cauliflower when mature
that may persist in the tree as a dry, black mass (Fig. 3). Malformed panicles produce up to three
times the normal number of flowers, which range from one-half to two times the normal size and
have an increased proportion of male to perfect flowers that are either sterile or eventually abort.
Malformed panicles may also produce dwarfed and distorted leaves (phyllody). There are various
types of malformed inflorescences (Fig. 3) comprising (i) a compact form containing a thick peduncle
that remains green and fleshy; (ii) a loose form whereby the panicle is open in shape and larger than
healthy inflorescences in size while the peduncle and main secondary branches are thick resembling
that of a "witches’ broom"; (iii) combined vegetative and floral malformation; and (iv) an
intermediate form that includes various malformed shapes with varying degrees of compact and loose

forms.

Fig. 3. Symptoms of malformed inflorescences include a compact form with thick, green/red fleshy
panicles that resemble cauliflowers (A); a loose form with an open larger than normal inflorescences, but
with thick secondary branches resembling a "witches broom" (B); a combination of various compact and
loose forms of vegetative and floral symptoms (C and D); black masses of malformed panicles that can
persist on the tree (E) (Gamliel-Atinsky at al. 2009c¢).



MMD Etiology.

Initially, Summanwar et al. (1996) indicated that a fungus in the Gibberella fujikuroi (Sawada)
Wollenweb. species complex, identified originally as Fusarium moniliforme Sheld., was responsible
for malformation of inflorescences. Varma et al. (1974) also demonstrated that F. moniliforme caused
vegetative disease symptoms. Originally, Fusarium subglutinans (Wollenweb. and Reinking) Nelson,
Toussoun and Marasas, was the official nameof the causal agent of disease, however, in recent years
the pathogen has been renamed and is now termed Fusarium mangiferae Britz, Wingfield and
Marasas, identified from Egypt, Florida (USA), Israel, Malaysia, and South Africa (Britz et al. 2002;
Marasas et al. 2006; Ploetz et al. 2002; Steenkamp et al. 2000). Fusarium mangiferae was
subsequently identified in India (O'Donnell et al. 1998; Zheng and Ploetz, 2002), Oman (Kvas et al.
2007), Spain (Crespo et al. 2012), Sri Lanka (Sinniah et al. 2013), China (Zhan et al. 2012) and
elsewhere, and appears to be the most common causal agent of MMD worldwide (Fig. 4).

A second MMD causal agent, F. sterilihyphosum Britz, Wingfield and Marasas, was described
originally for isolates from a limited area in South Africa (Britz et al. 2002). It was subsequently
detected in Brazil (Lima et al. 2009), where it was shown to cause malformation after artificial
inoculation (Lima et al. 2008).

Another MMD causal agent, F. mexicanum sp. nov., was described from Mexico (Otero-Colina
et al. 2010). F. mexicanum was shown to differ significantly from other MMD taxa in the G. fujikuroi
species complex according to multi-locus sequencing, (Otero-Colina et al. 2010; Rodriguez-Alvarado
et al. 2007) (Fig. 4).

A fourth recently characterized species, F. tupiense sp. nov., resembles F. sterilihyphosum
morphologically, is phylogenetically distinct from both F. mangiferae and F. sterilihyphosum, and
produces a unique teleomorph in the G. fujikuroi complex. F. tupiense causes malformation in Brazil
(Lima et al. 2012), Senegal (Senghor et al. 2012), and Spain (Crespo et al., 2016) (Fig. 4).

Additional species, F. proliferatum (Matsushima) Nirenberg (Lv et al. 2013; Zhan et al. 2010),
F. pseudocircinatum (Freeman et al. 2014c), F. neocosmosporiellum (Molina-Céardenas et al. 2021)
and F. decemcellulare (Garcia-Lopeza et al. 2023) have also been reported as causal agents of MMD
(Fig. 4). Although F. mangiferae predominates as the main MMD pathogen in the Eastern
Hemisphere (old world), it has only been confirmed as a pathogen causing MMD in the Western
Hemisphere (new world), in Florida (Britz et al. 2002; Zheng and Ploetz, 2002). Therefore, it is likely
that Fusarium species reported from the new world may have adapted to mango, originating from

alternative hosts (Otero-Colina et al. 2010).
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Fig. 4. Worldwide distribution of MMD Fusarium-related causal agent pathogens according to species,
designated by color. Orange color indicates locations of MMD according to countries worldwide.

Identification of the MMD causal agents of Fusarium by molecular methods.

PCR primer pairs, used to amplify a specific DNA band for identification of a certain pathogen, have
been used to diagnose some of the above taxa of Fusaria, causal agents of MMD. Zheng and Ploetz
(2002) developed a primer pair, 1-3F/R, that amplifies a 608 bp DNA fragment for F. mangiferae,
used for reliable diagnostic purposes of the pathogen (Youssef et al. 2007). Another pair, 61-2F/R,
developed to diagnose F. verticillioides (published as F. moniliforme, in Muller et al. 1999), failed to
amplify F. mangiferae DNA. However, when amplification protocols were modified, the primer pair
amplified a 445 bp-fragment for strains of F. sterilihyphosum and F. mexicanum (Rodriguez-
Alvarado et al. 2007). Additional primer pairs have been developed for F. mangiferae (Newman et
al. 2012). In addition, species specific primers were developed for the identification of the MMD

pathogen, F. tupiense (Lima et al. 2012)

Susceptibility of different mango cultivars to malformation.
Wide ranges in susceptibility/tolerance/resistance to MMD have been reported for different mango

cultivars (Kumar and Beniwal, 1991). However, there are inconsistencies among these reports, and



none are based on experimental evidence, only on surveys (Ploetz, 2001). For example, the Egyptian
cultivar ‘Eweis’ was reported to be moderately susceptible to MMD (Bastawros, 1996), but of low
and high susceptibility in two additional references, respectively (Chakrabarti, 2011; Ploetz and
Freeman, 2009). Likewise, ‘Kent’ and ‘Keitt’ cultivars, were reported to be immune to disease in
Egypt (Bastawros, 1996), even though they were reported to be susceptible to natural infections and
artificial inoculations in Israel (Freeman et al. 1999; Freeman et al. 2014b). These and other similar
observations were recorded in naturally affected germplasm collections or commercial production
orchards, in which no uniform infections were verified. Cultivars listed as “resistant” may have
"escaped” infection when exposed to inoculum in naturally infected fields or were established from
pathogen-free nursery stock (Ploetz, 2001). To date, experimental evidence for the resistance or
susceptibility of commercial cultivars to MMD has not been scientifically confirmed or officially
reported.

Previous approaches for managing MMD.
Diverse methods have been evaluated for the management of MMD, including the use of sanitation
and application of fungicides and other chemicals. However, none of the above have provided

adequate control of the disease.

Cultural control.

Sanitation including pruning of symptomatic tissues, removal and eradication of diseased material
from affected trees, are the most common approaches for MMD management, once the disease is
established in an orchard (Lahav et al. 2001; Manicom, 1989; Narasimhan, 1959; Noriega-Cantu et
al. 1999; Singh et al. 1974). Sanitation, by removal of symptomatic panicles and pruning of the
subtending three nodes has been recommended (Manicom, 1989), as it is assumed that this measure
reduces MMD, presumably by reducing available inoculum in an orchard. Sanitation and removal of
infected panicles from large trees may be difficult to implement as the affected plant material is not
always easily accessible, and growers may be unwilling to devote the effort that is time consuming,
laborious, and expensive. Regardless, sanitation is considered as an important and critical component

of any integrated control strategy for MMD management.

Chemical control.
There have been many reports over the years involving fungicides and other chemicals for the

management of MMD. In general, conflicting reports exist on the efficacy of fungicides for MMD
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control. For example, benzimidazoles have been tested frequently against MMD, but their impact has
been questionable, even when positive results have been reported. In addition, a single spray of
Topsin-M applied at the bud differentiation stage reduced malformation to 19.8%, relative to 35.4%
in the nontreated control, but data in this experiment were not evaluated statistically (Muhammad et
al. 1999). In contrast, Ibrahim et al. (1975) indicated that benomyl inhibited the pathogen in Petri
plates in vitro, but did not affect MMD development when sprayed on mango trees. Similarly, no
effect of benomyl on MMD was observed in the field as reported by Chada et al. (1979) and Diekman
et al. (1982). Furthermore, percent of malformed inflorescences was reduced significantly from 96%
to 48% by injecting ‘Keitt’ tree trunks with fosetyl-Al, which is used primarily against diseases
caused by oomycetes, however, no increase in fruit yield was reported (Darvas, 1987). Moderate
control of MMD was reported with sulfates of cobalt (Co), cadmium (Cd) and nickel (Ni) in India,
however, these compounds are not safe when applied to an edible crop for human consumption (Chen
et al. 2023; Gupta et al. 2021; Singh et al. 1994; Ssempijja et al. 2020).

Combinations of methods for MMD management have also been tested (Covarrubias, 1980;
Pinkas and Gazit, 1992). Igbal et al. (2011) reported that pruning the terminal 45 cm of affected shoots
in combination with a benomy! treatment resulted in a 70.4% decrease in malformation incidence
compared to the nontreated control, although statistical significance was not demonstrated. In
addition, Noriega-Canttr et al. (1999) reported that mango yields were significantly increased by an
integrated management program that included sanitation by removal of the terminal 80 cm of
symptomatic shoots, sprays of different fungicides and five applications of a sulfur acaricide.

The efficacy of fungicides for MMD management should be integrated with other alternatives,
as they are potential management tools. Effective fungicides would need to be identified, as well as
potential application intervals, to optimize their use. With most studies in which fungicides were used
against MMD, spray applications were applied soon before or during bloom until fruit set, but not
thereafter (Igbal et al. 2011; Noriega-Cantu et al. 1999). Although the underlying assumption on
which this application window was based and the rationale for the timing of spray treatments was not
mentioned in these studies, two possibilities exist. It was hypothesized that fungicides would protect
uninfected buds from inocula that are dispersed via malformed panicles that remain on trees.
Alternatively, already affected buds may be "cured" by the application of fungicides, on condition
that internal elimination of the pathogen would thus rely on thoroughly effective and systemic
fungicides. In general, specific fungicides have not been used routinely to manage MMD worldwide.
For example, in Israel no fungicide was registered for MMD control in mango until 2013, even though

the disease was prevalent in the country since 1975 (Goldman et al. 1976). Since then, MMD has



11

prevented the establishment of new mango plantings in many affected areas and caused the removal
of heavily infected orchards, especially in the Southern and Central regions of Israel (Freeman et al.

personal communication).

New insights into MMD epidemiology and disease management.

(1) Inoculum availability, dissemination, and infection sites by the pathogen.

To date, significant progress has been made in discerning the etiology of MMD. However,
advancement in the understanding of epidemiology of this disease is limited (Gamliel-Atinsky et al.
2009b; Kumar et al. 1993; Ploetz, 2001; Ploetz and Freeman, 2009). Studies that appear below refer
to epidemiology of MMD caused by Fusarium mangiferae.

Malformed and healthy inflorescences develop simultaneously in infected orchards with an
overlap of the formation of both types of inflorescences, the timing being dependent on cultivar type
(Gamliel et al. 2009b). Microconidia are most likely the prevalent infective propagules of F.
mangiferae. Numbers of conidia recovered from the surface of malformed panicles increased
exponentially from bud break to panicle maturation, while only low numbers of conidia were trapped
in affected orchards when panicles were young (Gamliel et al. 2009b). However, numbers increased
significantly as panicles matured to the "cauliflower stage” of infection (Gamliel et al. 2009b).
Conidia are the primary source of inocula produced by the fungus, forming profusely on live and
dead malformed tissues (macroconidia are formed less commonly), while chlamydospores and
ascospores are absent for this Fusarium fungal species (Leslie and Summerell, 2006). F. mangiferae
conidial mortality of 100% was recorded with exposure of 3 min to UV radiation, and 2 to 4 hours
exposure to direct sunlight; this may explain the slow rate of spread of MMD in orchards due to a
high mortality rate of inocula (Freeman, unpublished; Klein-Gueta et al. 2004; Manicom, 1989).

The location of F. mangiferae in affected trees indicates that apical buds are the primary sites of
infection, and that systemic colonization of branch tissues does not occur (Gamliel et al. 2009b;
Gamliel et al. 2009c; Ploetz, 1994). As shown in Florida, F. mangiferae was restricted almost entirely
to malformed floral and vegetative tissues (Ploetz, 1994). Infection was highest in malformed flowers
and vegetative shoots, lower or nonexistent in asymptomatic tissues, and rare in branches even when
they supported malformed panicles or shoots. Residual infections of F. mangiferae in scaffold
branches and trunks were restricted exclusively to dormant lateral buds (Lahav et al. 2001; Youssef
et al. 2007). It was confirmed that apical buds of mango were primary infection sites following
isolation of the pathogen after artificial inoculations with green fluorescent-labelled (gfp)-labelled

isolates of F. mangiferae and those transformed with the B-glucuronidase (GUS) reporter gene
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(Cohen et al. 2017; Freeman et al. 1999). Injury of plant bud tissues may provide entry points for the
pathogen; however, wounding is not a prerequisite for infection (Freeman et al. 1999).

It was shown that survival of conidia declined rapidly in soil during the summer months, under
elevated soil temperatures, however, the pathogen may survive for longer periods in soil when
protected within infected plant tissues (Youssef et al. 2007). For example, when naturally infected
panicles were buried at a depth of 30 cm below the soil surface, survival was reduced to approximately
20%, after 6 months exposure (Gamliel-Atinsky et al. 2009c; Youssef et al. 2007). Some studies have
reported that infection of mango roots by F. oxysporum (Kumar and Beniwal, 1991) or F. mangiferae
(Abdel-Sattar, 1973; Kumar and Beniwal, 1991) could result in the development of malformation in
seedlings, however, these findings were not experimentally supported. It was shown that infections
of mango roots with F. mangiferae, did not result in systemic infections and did not result in symptom
development (Youssef et al. 2007). Movement of the pathogen via seeds appears to be unlikely since
seed infection has not been demonstrated (Saeed and Schlosser, 1972; Youssef et al. 2007). F.
mangiferae can be distributed over long distances in infected budwood and plants (Prakash and
Srivastava, 1987). Thus, latently infected plant material, that would not be evident or visible to
production managers or quarantine officials, could move inconspicuously within and between
countries. In addition, asymptomatic plants can be a source of spread of the pathogen, as well as
propagation material such as budwood, if not accurately inspected using appropriate laboratory
techniques (Freeman et al. 2014b).

In summary, published data indicate that F. mangiferae is restricted to apical, above-ground
meristematic and lateral bud tissues of mango and that localized, but not systemic infections of these
plant structures take place. Besides these susceptible infection sites, the pathogen is not present or
survives poorly within plant organs, besides buds (Cohen et al. 2017). Thus, the restricted location of
the pathogen to buds has significant implications for the management of MMD.

(ii) Spread of the disease via grafting material.

It has been well documented that MMD can be spread via grafting material containing infected buds
(Freeman et al. 2014b; Youssef et al. 2007). Developing a protocol for the production of disease-free
propagation material is essential in maintaining "clean™ nursery stock and a ""clean™ breeding program.
A protocol including heat treatments, combined with immersion of budwood in the fungicide
prochloraz (at a concentration of 0.1% to 0.2% non-phytotoxic) was developed, in an attempt to cure
highly infected MMD material of Keitt cultivar (Freeman et al. unpublished). Exposure of budwood

to temperatures of 44 to 46 C for 30 min did not impair or reduce viability of bud break. Heat and
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prochloraz combination treatments were most effective in reducing fungal survival in buds, of
between 40 to 60%. However, during grafting of the treated budwood, a low grafting success rate
was achieved (up to 10% success), which may be attributed to an inappropriate season of harvest of
the plant material (during the fall), or phytotoxicity of the combined heating and prochloraz

treatments.

(iii) Disease cycle.

The disease cycle of MMD, caused by Fusarium mangiferae, incorporating the mango bud mite
Aceria mangiferae (Ploetz, 2001), (see in the following sections), was updated with data published
from Israel (Freeman 2014b; Gamliel-Atinsky et al. 2009a; Fig. 5). In summary, malformed
inflorescences and vegetative growth serve as sources of pathogen conidia that reach infection sites
by at least three different ways: (i) aerial dissemination via wind; (ii) via contaminated A. mangiferae
bud mites; and (iii) via infected host materials (e.g. malformed panicles) that may fall into the funnel-

like structure of apical buds.

Conidia and mites
land on leaves (active
vectoring of conidia
by mites into buds)

_ Malformed
Symptomless br§nches =~ =% inflorescence
colonized with Fu
mangiferae

Apical buds colonized with Fusarium mangiferae
and Aceria mangiferae

Fig. 5. Disease cycle of MMD caused by Fusarium mangiferae, modified from Freeman et al. 2014b.

Moisture-assisted dissemination of conidia might also take place (e.g., spread via dew droplets, rain

or dispersal by splash irrigation), although this is unlikely to occur in arid mango production regions.
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Conidial germination and infection may ensue with at least 2 h of wetness and temperatures from
between 5 to 41°C but is accelerated between 15 and 30°C and wetness conditions above 3 h
(Gamliel-Atinsky, 2009c¢). The presence of A. mangiferae in apical buds increases the frequency and
severity of infection (Gamliel-Atinsky, 2009b), see below section on "Interaction between the mango
bud mite and Fusarium”. After host penetration, the pathogen colonizes buds, but not subtending
branches and remains dormant within these tissues. Whether infected buds subsequently develop
symptoms of MMD apparently depends on the extent to which they are colonized. It was reported
that thresholds of infection, wherein panicles or vegetative shoots were symptomatic, were observed
only when they were thoroughly colonized by the pathogen (Cohen et al. 2017; Freeman et al. 2014a);

however, what are threshold levels and how can they be determined?

An integrated management strategy for MMD management.

(i) Development of an integrated management strateqy.

Based on the disease cycle (Fig. 5), a spatial and time model was constructed for the management of
MMD (Fig. 6).

===y Presence of healthy buds

——> Aerial dispersal of conidia and infection of healthy buds
— Dormant infected buds

=P Period of malformed inflorescences and vegetative growth
<P \Window of infection and protection

vw

G — — )
T T TR VA 1T H VA R RN [T\
Year 1 Year 2 Year 3
Fig. 6. Model of MMD epidemiology over a 3-year season in Israel. | = January to March; Il = April to

June; 11 = July to September; and IV October to December (Freeman et al. 2014b).
The model implies that MMD-affected tissues, release airborne conidia dispersed under field

conditions or via the use of infected scion material (Ploetz, 2001), are sources of inocula for the
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infection of new, pathogen-free plant material. Microconidia, that are the primary infective
propagules of the pathogen, are produced on infected panicles and are dispersed aerially within and
among orchards. Thus, inoculum dissemination and infection by the pathogen coincides with the
presence of malformed tissues in the orchard. In the northern hemisphere, the first appearance of
malformed panicles and vegetative growth begins in April and continues to emerge until late August.
The precise dates may change from year to year depending on weather conditions and flowering dates
for individual cultivars in each country. Conidia land on dormant buds on the same tree, or different

trees in the same or nearby orchards. On occasions, new plantations are established adjacent to heavily

infected orchards and the latter can serve as a source of inoculum for the newly planted trees (Fig. 7)

V"&\
'l4

(Gamliel-Atinsky, 2009c).

Fig. 7. Spatial spread of mango malformation disease (MMD). A mature infected mango orchard on the
left serves as a source of conidia inoculum causing infection in an uninfected orchard on the right.
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In practice, the ‘window of infection' is also the ‘window of protection’ during which fungicides
or other protectants should be applied to manage the disease (Fig. 6). The window of protection will
vary in different areas, depending on the corresponding environmental and production conditions and
when windows of infection occur, but the need to protect trees during the later periods is a prerequisite
for disease control (Freeman et al. 2014a,b). Another element comprising the management strategy
Is the reduction of primary inoculum. To this end, malformed tissues are removed as soon as they
appear, until the termination of flowering (termed "strict sanitation"). Removal should be limited to
only the malformed panicles and not extending branches beyond the inflorescence sites. Infected buds
can remain dormant for several months after which they may differentiate into malformed or non-
malformed inflorescences, or vegetative shoots. A portion of the buds in mature sections of the tree
may also remain dormant for extended periods of time. Should severe pruning (of major branches,
limbs or trunks) be conducted during this period, latently infected buds located in mature parts of the

tree, such as the trunks, may develop later into malformed tissues.

(if) Evaluation of an integrated management strategy.

A prerequisite for implementing the 