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ENEAPPLE T e

BOTANICAL CLASSIFICATION
AND CULTIVATION OF THE CROP

B The pineapple [Ananas comosus (L.) Merril)] is a
xerophytic, perennial plant in the Bromeliaceae family
(Bartholomew and Malezieux 1994). Botanically, the
pineapple fruit is a compound multiple-fruit made
up of 100 to 200 berry-like fruitlets that develop from
the inflorescence. The fruitlets are fused together on a
central axis or core arising on a single stalk from the
center of a rosette of spiky leaves. The fruit has a conical
shape with larger fruitlets at the base than at the top.
Pineapple plants are propagated vegetatively from
crowns, slips, or shoots (suckers). Seeds are not pre-
ferred because of their slow growth, and many culti-
Vars are seedless. Propagation using crowns, the upper
Part of the fruit with attached leaves, is most common.
The crown is pulled or cut off from the fruit, and the
lower leaves are removed to expose the ‘root primordia’
before planting. Planting suckers allows faster growth
ofnew plants in comparison to the traditional method
of Planting crowns. Suckers develop between leaves
Of.f“”)"grown pineapple plants and are pulled off by
Wisting at the base. Slips are small plants attached to the
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peduncle at the base of pineapple fruit but are not found
in all cultivars. Pineapple can be grown as an annual
crop or as a ratooned crop. In ratooning, the suckers are
left on the plant to produce the next crop. Disadvantages
include smaller fruit due to competition of food, light,
and water by the crowded suckers, and an increased inci-
dence of some diseases and pests.

A major limitation in pineapple production is unpre-
dictable natural flowering that results in unscheduled
fruiting. The incidence of natural flowering may vary
from 0% to 100% in any given year (Kuan et al. 2005).
This causes serious scheduling problems for harvest
and fruit processing especially in fresh market produc-
tion. The tropical pineapple is highly susceptible to
frost and is commonly planted within 30°N and 30°S
latitudes that include tropical and subtropical zones.
Natural flower induction in subtropical areas mainly
occurs in cooler winter months. The duration of natural
induction in a pineapple field depends on cultivar,
plant size, and prevailing environmental conditions,
particularly temperature (Kuan et al. 2005). Natural
flowering induction in Taiwan and other locations sub-
jected to continental-climate cold fronts is assumed to
be principally mediated by ethylene bursts in the shoot
apical meristem due to lower night temperatures (Wang
et al. 2007). Natural flowering of selected cultivars of
pineapple can be prevented with aviglycine (ReTain®),
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peduncle at the base of pineapple fruit but are not found
in all cultivars. Pineapple can be grown as an annual
crop or as a ratooned crop. In ratooning, the suckers are
left on the plant to produce the next crop. Disadvantages
include smaller fruit due to competition of food, light,
and water by the crowded suckers, and an increased inci-
dence of some diseases and pests.

A major limitation in pineapple production is unpre-
dictable natural flowering that results in unscheduled
fruiting. The incidence of natural flowering may vary
from 0% to 100% in any given year (Kuan et al. 2005).
This causes serious scheduling problems for harvest
and fruit processing especially in fresh market produc-
tion. The tropical pineapple is highly susceptible to
frost and is commonly planted within 30°N and 30°S
latitudes that include tropical and subtropical zones.
Natural flower induction in subtropical areas mainly
occurs in cooler winter months. The duration of natural
induction in a pineapple field depends on cultivar,
plant size, and prevailing environmental conditions,
particularly temperature (Kuan et al. 2005). Natural
flowering induction in Taiwan and other locations sub-
jected to continental-climate cold fronts is assumed to
be principally mediated by ethylene bursts in the shoot
apical meristem due to lower night temperatures (Wang
et al. 2007). Natural flowering of selected cultivars of
pineapple can be prevented with aviglycine (ReTain®),
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an inhibitor of l-aminocyclopropane-1-carboxylic acid
synthase activity and thereby ethylene biosynthesis
(Kuan etal. 2005; Wang et al. 2007). Other growth regu-
lators have also been recommended for this purpose (Da
Cunha et al. 2003). Flowering can be achieved later, typ-
ically with ethylene, ethephon, and acetylene-releasing
calcium carbide (Bartholomew et al. 2003). Thus, pre-
vention of natural flowering and subsequent artificial
forcing at convenience are very important practices
in pineapple cultivation. Any effective forcing agent,
however, should result in uniformity of the harvest peak
and fruit yield to maintain a steady supply to the cannery
and the fresh-fruit market. Furthermore, some diseases
such as fruitlet core rot, leather pocket, and inter-fruitlet
corking are initiated at flowering and thus, treatments
for managing these diseases are critically timed at flow-
ering or at forcing (see specific diseases below).

There are genetically diverse groups of pineapple, and
the commercial varieties are classified into ‘Cayenne’,
‘Queen’, and ‘Red Spanish’ groups based on morpho-
logical characters (Grazia et al. 1980; Leal and Soule
1977). ‘Smooth Cayenne’ is the world’s most commonly
grown and largest commercial group for processing and
fresh fruit trade because of its cylindrical shape, shallow
eyes, yellow flesh color, mild acid taste, and high yields
(Grazia et al. 1980). ‘Cayenne’ has spineless leaves.
‘Queen’ has spiny leaves and produces very sweet fruit
with deep eyes. The ‘Red Spanish’ group has spiny leaves
and produces medium-sized fruit with an acidic taste.
Other pineapple groups are ‘Abacaxi’ and ‘Maipure’.

Because the crop is propagated vegetatively, genetic
redundancy is a major challenge in breeding as well as
conservation and management of pineapple germplasm
(Zhou etal. 2015). New approaches such as single nucleo-
tide polymorphism markers for the characterization of
pineapple germplasm have been developed and have
demonstrated that modern pineapple cultivars are com-
prised of progenies that are derived from different wild
Ananas varieties. Parentage analysis has also revealed
that both A. comosus var. bracteatus and A. comosus var.
ananassoides are likely progenitors of commercial pine-
apple cultivars, whereas the delineation of traditional
horticultural groups (e.g., ‘Cayenne’, ‘Spanish’, ‘Queen’)
was not supported using this molecular approach (Zhou
et al. 2015). Furthermore, inter-simple sequence repeat
and simple sequence repeat markers have indicated that
the genetic diversity among pineapple accessions from
many countries is very high (Wang et al. 2017). The
result is that new breeding strategies can be developed,
and new cultivars can be selected to improve horti-
cultural characteristics such as color and tolerance to

heat damage.

Postharvest Diseases of Fruit Crops of Semi-Arid, Subtropical, and Tropical Zones

The pineapple is a non-climacteric fruit with mog
respiration and low ethylene production. When the shel]
reaches half-yellow color, the fruit is regarded as Tipe.
Pineapples should be harvested when they are ready to
eat as only minor changes such as degreening of the shel],
yellowing of the flesh, and decline in acidity occur afte,
harvest (Paull and Chen 2003). There is no dramatic
respiratory change in pineapple or pronounced ethylene
production peak during ripening; however, ethylene has
a major role in ripening of climacteric fruits. Pineapples
can be stored at 7 to 12°C for 14 to 20 days provided fruj
are at color-break stage. Ripe fruit can be held at 7.2°¢
for about 7 to 10 days, and it is during this period that
many of the postharvest diseases develop.

IMPORTANCE OF THE CROP

m World production of pineapple reached 28 million
tons (Mt) in 2017 (Anonymous 2017). About 70% of the
harvest is consumed as fresh fruit, and there is a growing
demand for juice as a beverage. The top producing coun-
tries are: Costa Rica (3.1 Mt), the Philippines (2.7 Mt),
Brazil (2.3 Mt), China (2.1 Mt), Thailand (2.1 M),
India (1.8 Mt), Indonesia (1.8 Mt), Nigeria (1.6 Mt), and
Colombia (3.1 Mt). After removing the crown, rind,
eyes, and core, the flesh is consumed. The pineapple is a
popular fruit, largely because of its attractive flavor with
a refreshing sugar-acid balance. The mature fruit is a
good source of carbohydrates (Sinclair 1993).

The proteolytic enzyme bromelain obtained from
the fruit (Yamada et al. 1976) or mature plant stem
(Nakasone and Paull 1998) is used for tenderizing meat,
chill-proofing beer, increasing the solubility of gelatin,
stabilizing latex paints, and in the leather-tanning
process. In medicine, bromelain is used as a digestive
and as an anti-inflammatory after surgery (Nakasone
and Paull 1998).

POSTHARVEST DISEASES

m Harvested pineapples are affected by several eco-
nomically important diseases caused by fungal and bac-
terial pathogens. The symptoms of post-harvest diseases
of pineapple fruit may develop externally or internally.
Infections of fruit leading to postharvest decays or disor-
ders can be classified as follows: 1) pre-flower infections
such as by Penicillium funiculosum that start at the floret
before the flower opens and later cause inter-fruitlet
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tking, leathery pocket, and fruitlet core rot of the
co rure fruit; 2) flower infections after the flower opens
mih as those by bacteria that later cayge pink and
::arbling disease; 3)‘wound infections of fruit during
harvesting and handling that are caus?d most frequently
by Thielaviopsis paradoxa;.and 4) physiological disorders
such as internal browning or black heart caused by
chilling injury (Rohrbach and Phillips 1990).

glack Rot (Thielaviopsis Fruit Rot)
Level of Importance

Black rot of pineapples, also known as Thielaviopsis
fruit rot, water blister, soft rot, water rot, and stem-end
rot, is the most important and widespread postharvest
disease of harvested pineapple. The disease occurs in all
major pineapple-producing countries, including India,
the Philippines, Malaysia, Australia, Hawaii, Cuba,
Puerto Rico, Nigeria, the Ivory Coast, South Africa
(Smowdon 1990), and Sri Lanka (Abeygunawardena
1969; Damunupola and Adikaram 2000).

Symptoms

Initially, black rot is not externally apparent. The
disease starts as a soft, watery rot of the flesh (Fig. 26.1)
with an overlying glassy, water-soaked, brittle skin
(Sinclair 1993). The advancing area of decay is pale, and
water-soaked. Eventually, the skin, flesh, and core disin-
tegrate, and the juice leaks through the shell. Diseased
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tissues darken due to the presence of the dark fungal
mycelium and chlamydospores. In advanced stages,
the rot leaves a fruit shell containing only a few black
fibers, and the shell collapses under the slightest pressure
(Pegg et al. 1995; Rohrbach and Phillips 1990). Black rot
does not occur in the field unless the fruit is overripe
or injured. The disease can also start at the detached
stem-end (Fig. 26.2A) (Kumar 2007) and can readily
infect bruised or other damaged areas of the fruit. The
pathogen occasionally also infects the upper portion of
the pineapple crown where it produces a black, charcoal-
like rot (Fig. 26.2B). Base rot and butt rot of the pine-
apple plant are caused by the same fungus.

N

FIG. 26.2. A, Stem-end rot and B, crown bud rot
caused by the black rot pathogen, Thielaviopsis paradoxa.
(Courtesy N. K. B. Adikaram—®© APS)

FIG. 26.1. Black rot is caused by Thielaviopsis paradoxa. Cut-open ripe pineapple fruit showing A, soft,

Watery black rot of the flesh. B, At advanced stages, the infection turns black due to fungal growth. C, Early
Water blister symptoms (initial lesion of black rot); and D, late symptoms of water blister (advanced lesion
of black rot). (A and B, Courtesy N. K. B. Adikaram—®© APS; C and D, Courtesy UCANR—Reproduced

by permission)
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Causal Organisms

Black rot is caused by Thielaviopsis paradoxa [syn.
Chalara paradoxa (anamorph), Ceratocystis paradoxa (KFICQ-
morph)). Taxonomic studies suggest that this species 1S
far less common, has a more restricted host range than
previously considered, and that isolates from pineapple
should be assigned to a different species, T. ethacetica
(Mbenoun et al. 2014). The fungus is common in pine-
apple fields and also causes butt (base) rot and white leaf
spot of pineapple. Asexual reproduction is by hyaline
endoconidia produced in phialides (i.e., endoconid-
iophores), and chlamydospores are formed as survival
structures (Fig. 26.3).

Disease Cycle and Epidemiology

The pathogen penetrates the host through wounds and
bruises that occur on the shell during harvest or through
natural growth cracks (Pegg et al. 1995). The cut stalks
can be a main point of entry, but any bruised region of
the fruit can be invaded. Infection occurs within 8 to
12 h following wounding. There is evidence that the
pathogen infects fruit in the field and remains quiescent.
Infection can also occur on the harvested fruit. In both
situations, symptoms of black rot develop several days
after harvest during storage or marketing. Therefore, the

FIG. 26.3. Thielaviopsis paradoxa. A, Endoconidio-
phores (pigmented elongated cells) and endoconidia
(hylaine rectangular cells at top of endocondiophores);
and B, elliptical, blackish chlamydospores. (Courtesy
N. K. B. Adikaram—© APS)

Fruit Crops of semi-Arid, Subtropical, and Tropical Zones

grower seldom sees the disease. Fresh.fruit are mostly
marketed with the crowns intact, which eliminates ,
major entry point for the fungus (Pegg et al. 1995),

Critical Biological and Environmental Factors

Factors that favor disease development include the
amount of bruising and wounding during harvesting and
packing, the level of inoculum on the fruit, and tempera-
ture during transportation and marketing (Rohrbach
and Schmitt 1994). Black rot is most common and
severe during warm, wet weather (Pegg 1993) causing
serious losses in the fresh fruit industry (Nakasone and
Paull 1998; Snowdon 1990). This is because growth of
the fungus is rapid at temperatures between 21 to 32°C
(Petty et al. 2006). Rainfall prior to harvest is also very
favorable for postharvest disease development.

Management
Fruit handling and sanitation practices

Fruit should be carefully handled to minimize mechan-
ical damage during harvest and handling (Nakasone
and Paull 1998). Sunburnt and damaged fruit should be
rejected at the packinghouse or removed during sorting.
Removing pineapple culls and rejected fruit from packing
areas and the market is important to reduce inoculum
(Pegg et al. 1995). Refrigeration also decreases the
incidence of black rot. Storage of harvested fruit at 7°C
inhibits growth of the fungus.

Chemical treatments

The most effective postharvest fungicides for con-
trolling black rot are systemic methyl benzimidazole
compounds (Fungicide Resistance Action Committee
— FRAC Code 1). Other fungicides available in some
countries include the demethylation inhibitor tria-
dimefon (FRAC Code 3), the phenylpyrrole fludioxonil
(FRAC Code 12), the quinone outside inhibitor azoxy-
strobin (FRAC Code 11), and the macrolide natamycin
(FRAC Code 48) (Adaskaveg unpublished). Fruit should
be treated with a fungicide within 6 h after harvest for the
most effective control, and the application can be done
by dipping, high-volume sprays, or drenches to protect
injuries including the harvesting cut of the peduncle.
When fruit are harvested during warm, wet weather, the
cut stem end should be dipped in a fungicide within 4
to 5 h (Pegg 1993). Complete inhibition of conidial ger-
mination and mycelial growth of 7 paradoxa has been
observed in 2 to 3% acetic acid. Black rot of Mauritius
(Queen) pineapple was minimal when fruit were dipped
for three minutes in 4% or 5% acetic acid and stored for
7 days at 28 + 2°C (Wijeratnam et al. 2006).
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o of fruit stored at 10°C for 21 days followed by
4 2°C (ambient temperature) for 48 h or stored at
5 ;2°C for 6d ays (Wijeratnam et al. 2005). Treatment
hafr ot coatlflg after hg.rvest has also been effective
g educing the disease (Wijeratnam et al. 2006).
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giological | ,
The use of microbial antagonists as agents of bio-

ogical control, such as Pichia guilliermondii or a yeast
mixture, has proved to be effective. Control was compa-
rable to the current industry practice of holding fruit at
Jow temperature (8 to 10°C) and treatment with a fungi-
cide (Reyes et al. 2004). Fruit susceptibility varies with
cultivar; ‘Red Spanish’ types are more resistant than
‘smooth Cayenne' (Nakasone and Paull 1998; Rohrbach
and Schmitt 1994).

Fruitlet Core Rot, Leathery Pocket,
and Inter-Fruitlet Corking

Level of Importance

These diseases are widespread in all major pineap-
ple-producing countries of the world (Snowdon 1990).
However, their appearance is sporadic (Pegg et al. 1995),
and they rarely occur at epidemic levels. Low-acid
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cultivars and rough-leaf pineapples grown commercially
are more susceptible than ‘Smooth Cayenne’ (Pegg et al.
1995; Rohrbach and Schmitt 1994). The diseases are
more common on fruit maturing during the winter or
spring. Inter-fruitlet corking is limited almost exclu-
sively to fruit developing through early autumn.

Symptoms

These three diseases vary slightly from each other;
they are all internal fruit decays and are incited by the
same pathogens. Fruitlet core rot, black spot, fruitlet
brown rot, and eye rot are terms that have been used to
describe the brown to black diseased center of individual
pineapple fruitlets. Leathery pocket and inter-fruitlet
corking are additional symptoms that appear as fruitlet
core rot continues to develop (Fig. 26.4).

Fruitlet core rot (FCR)

‘Smooth Cayenne’ fruit do not show any external
symptoms, and the disease is undetectable unless the
interior is examined. Severely affected fruitlets may
become brown and sunken as the fruit undergoes
ripening. Internal symptoms consist of browning of the
center of the fruitlets starting below the floral cavity
and sometimes extending to the core (Fig. 26.4). The
browning remains quite firm and ranges from a small
speck to complete discoloration of one or more fruitlets

FIG. 26.4. Interior of a ripe pineapple fruit showing symptoms
of leathery pocket and inter-fruitlet corking caused by Penicillium
funiculosum, Fusarium guttiforme, or a mixture of both fungi. A, A
single fruitlet affected; and B, several fruitlets affected. (A, Courtesy
N. K. B. Adikaram—© APS; B, Courtesy UCANR—Reproduced

by permission)
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(Cooke et al. 2009). Fruitlets of the ‘Queen’ pineapple
group may fail to color, a condition often referred to as

‘green eye’.

Inter-fruitlet corking (IFC) :
Early during development, fruit often show shiny

patches on the shell where the trichomes were removed
by mite feeding. Externally, corky tissue develops on the
skin between the fruitlets, but usually only patches of
eyes are affected. Diseased fruitlets do not enlarge as
rapidly as healthy ones, resulting in distortion (Hepton
and Anderson 1968). In moderate to severe cases, corki-
ness surrounding fruitlets prevents their development,
and one side of the fruit will be malformed (Cooke et al.
2009). Fine transverse cracks may also develop on the
sepals and bracts.

Leathery pocket (LP)

Fruit do not show any external symptoms. Internally,
the formation of corky tissue on the fruitlet walls makes
them leathery and brown.

Causal Organisms

The fungi Penicillium funiculosum, Fusarium guttiforme,
and F. subglutinans; the yeast Blastodendrion arztii (Syn.
Candida guilliermondii); the pineapple fruit mite Steneo-
tarsoneumus ananas (Tryon); and the pineapple red mite
Dolichotetranychus floridanus (Banks) are associated with
FCR (O'Donnell et al. 1998; Rohrbach and Schmitt
1994). P. funiculosum and the Fusarium spp. aré common
soil-borne fungi and cause flower infections, but the
involvement of the yeast B. arztii is not clear. The impor-
tance of P, funiculosum, F. guttiforme, and F. subglutinans
varies among production areas. In Brazil, F. guttiforme is
the predominant cause of FCR, whereas P. Sfuniculosum is
the most common cause of FCR and LP in South Africa
(Rohrbach 1980; Rohrbach and Taniguchi 1984). In
Hawaii, both P. funiculosum and F. guttiforme cause FCR
symptoms, while only P. funiculosum causes IFC and LP
(Rohrbach and Schmitt 2003). P. funiculosum was consis-
tently isolated from pineapple fruitlets with black spot
symptoms.

The pineapple fruit mite S. ananas appears to enhance
the virulence of P. funiculosum but does not act as a vector
(Rohrbach and Apt 1986). S. ananas is light brown, and
the adult male is oval with an average length of 0.2 mm
and width of 0.1 mm (Petty 1975, 1978). D. floridanus
is a large phytophagous mite found on pineapple. It is
conspicuous because of its bright orange to red color.
The adult mite is 0.3 to 0.4 mm long and 0.1 mm wide
(Petty 1975).

ps of Semi

-Arid, Subtropical, and Tropical Zones

p on mite-damaged trichomes
leaves during the weeks before
). On closed flowers, P. funicy-

Josum initially causes necrosis of the anthers and pistil,
as well as cork formation on the locules. Blue-green
sporulation is present on ovules and locule walls. As the
disease progresses, septa petween locules become dark

to medium brown, and the

P. funiculosum builds u
on the basal parts of heart
anthesis (Pegg et al. 1995

discoloration may extend into

adjacent non-capillary tissues (Rohﬂ?acb ar.ld SChn}itt
2003). Further corking of locules durlr,lg fruit maturing
(Fig. 26.4) results in ‘leathery pocket (Rohr?ach and
Schmitt 1994). LP disease was formerly attributed to
mite damage, but it has been established that P. funi-
culosum is the primary cause (Lim and Rohrbach 1980).
With IFC, F. guttiforme causes a light to dark brown
discoloration of septa that may extend down the entire
fruitlet core. White to pinkish mycelium and sporula-

tion of the pathogen occur in locules.

Critical Biological and Environmental Factors
That Favor Disease

A series of factors may modulate symptom develop-
ment. These include time of infection, level of inoculum
present, cultivar, and environmental conditions (Rohr-
bach and Schmitt 1994). A virulent strain of P. Sfuni-
culosum must be present one week before forcing the plant
to flower in order to colonize the mite-injured trichomes
and produce sufficient inoculum to invade the closed
flower. The optimum temperature for infection is 16 to
21°C during the 6 weeks following forcing. Moisture does
not appear to be critical during this period. The average
ascorbic acid content in fruit at harvest is negatively
linked to the incidence of fruit affected by P. funiculosum.
The risk of disease caused by this fungus is higher when
flowers are initiated, and fruit mature under warmer
conditions (21 to 27°C).

Fruitlet core rot

The nutritional status of the plants, especially low
le_vels of calcium and magnesium and/or high levels of
nitrogen, as well as high-humidity conditions before
harvest, are critical factors that favor the development of
the disease (Marie et al. 2000).

Infection by P. funiculosum is optimal between 16 and
20°C and is inhibited at higher than 20°C. Rainfall is
needed for the fungus to build up on damaged leaf tri-
chomes, but not for infection (Rohrbach and Taniguchi
195.34.). F. guttiforme enters the fruit through open flowers
or injuries. The risk of fruitlet core rot due to F. guttiforme
Is higher when flowers are initiated and fruit mature
under warmer conditions (21 to 27°C) (Pegg et al. 1995).
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Management

Fungicides have notbeen effective for FCR,LP,and IFC
induced by P. funiculosum, except when applied directly
into the opening of the terminal leaves that i created by
the emerging inflorescence. No control measures for FCR
caused by F gurtiforme have been developed (Rohrbach
and Schmitt 2003). Acaricide (e.g., endosulfa
help to reduce the disease. Integrated experimental strate-
gies, however, that included control of the pink pineapple
mealy bug D. brevipes, the pineapple fruit mite § ananas, as
well as fungicide (e.g., benomyl and mancozeb) applica-
tions from one week before to eleven weeks after flower
induction, reduced the disease and allowed storage of
fruit for fourteen days at ambient temperature (Petty et al,
2006). The sporadic nature of this disease makes chemical
control impractical and uneconomical in Queensland,
Australia (Pegg et al. 1995),

n) sprays

Green Fruit Rot
Level of Importance

This fruit disease is not very common and is consid-
ered of minor importance. Still, Phytophthora heart (top)
rot, crown rot, and root rot, which are caused by the same
pathogens, are potentially major diseases of pineapple
that cause significant losses. If these latter disease phases
are not managed, green fruit rot can become a problem.

Symptoms

Initially, a water-soaked rot develops behind affected
fruitlets with no external symptoms present (Cooke et al.
2009). There is a risk that infected fruit with no visible
Ssymptoms are harvested and sent to the market where
breakdown will become evident. Therefore, when condi-
tions favor development of the disease, samples of fresh
market fruit should be cut open and examined carefully
for internal rotting. As the disease progresses, a water-
soaked rot with a distinct brown margin develops inter-
nally behind affected fruitlets (Joy and Sindhu 2016;
Pegg et al. 1995).

Causal Organisms and Epidemiology

Green fruit rot is caused by Phytophthora cinna-
momi. The pathogen is soil-borne and requires water
for zoospore production and infection. Rain splash
Carrying zoospores or sporangia of the pathogen con-
laminates fruit, Serious losses from green fruit rot gener-
ally follow heavy rains when Phytophthora root 'rot has
Caused plants to lodge (Pegg et al. 1995). Additionally,

the incidence of green fruit rot is higher on fruit close
to or touching the ground especially of a ratoon crop
that generally has higher inoculum levels because the
pathogen increases from the previous crop. Heart rot

can be caused by P. nicotianae (Joy and Sindhu 2016) and
by P. cinnamomi,

Management
Horticultural practices

Plants should not be planted too deep in the soil,
and soil should not be allowed to enter the hearts (tops)
during planting to reduce Phytophthora crown rot. Well-
drained soils are essential for minimizing the risk of
Phytophthora infection of crowns, roots, and fruit. Inte-
grated practices such as careful field selection, planting
on raised beds at least 20 cm high, constructing drains
to intercept run-off before it reaches the plantation, con-
structing drains within the field so that water is removed
rapidly without causing erosion, and installing under-
ground drains all contribute to reduce the incidence of
disease (Joy and Sindhu 2016).

P. cinnamomi becomes more active as soil pH levels
increase above 4.0, and liming amendments that increase
pH should be used cautiously. Sulfur may be used to
reduce pH in soils with a pH above 5.5, but this is not

a replacement for other management practices (Joy and
Sindhu 2016).

Chemical

Green fruit rot can be effectively managed by
application of fungicides including phosphonates and
mefenoxam. These fungicides are also used to control
root and heart rot of pineapple. Pineapple plant material
should be treated before planting, and the soil should be
drenched or sprayed with fungicides after planting to
reduce the incidence of Phytophthora crown and root rot
that increase inoculum and subsequently the incidence
of green fruit rot,

Marbling

Level of Importance

The disease occurs in all pineapple-growing coun-
tries, but it is serious only in lowland tropical production
areas where temperatures remain above 21°C (Rohrbach
and Schmitt 1994). In Thailand, 5 to 20% of the slices in
canneries are marbled, and a high incidence of disease
in October and November can even stop canning opera-
tions. In Hawaii, the highest levels of marbling occur in
April and May (Rohrbach and Schmitt 1994).
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Symptoms

The most common symptom is a yellowish to reddish
brown to very dark, dull brown discoloration of internal
fruit tissue (Fig. 26.5). Infected tissues generally become
hardened, granular, and brittle with a woody consis-
tency, and are speckled with discolorations. Affected
fruit do not show external symptoms, however, severely
infected fruit may be identified by a ‘woody’ sound
when tapped (Rohrbach and Schmitt 1994). The disease
may affect multiple fruitlets or the entire fruit, but occa-
sionally only single fruitlets are involved. Frequently,
the speckled appearance will occur in vascular tissue to
the core of the fruit. Symptoms develop during the last
month of fruit maturation (Rohrbach and Schmitt 1994).

Causal Organisms

Strains of the bacteria Acetobacter pasteurianus (syn.
Acetobacter peroxydans) (Gosselé et al. 1983) and other Acero-
bacter species, as well as Pantoea ananatis (syn. P. ananas,
Erwinia herbicola var. ananas) (Mergaert et al. 1993) are the
causative organisms of this disease (Pegg et al. 1995).

Disease Cycle and Epidemiology

Infection usually occurs through open flowers but
may also occur through growth cracks in the fruit surface
during the later stages of fruit development. Bacteria
may be vectored to the flowers by insects. The bacteria
remain quiescent in the flower and developing fruit until
approximately one month before fruit maturity. Low
fruit acid and sugar contents are associated with high
levels of the disease (Rohrbach and Schmitt 1994).

FIG. 26.5. Typical granular, darkening symptoms of
marbling disease of pineapple caused by Acerobacter species
and Pantoea ananatis. (Courtesy K. G. Rohrbach—© APS.
Reproduced, by permission, from Ploetz et al., 1994.)

Critical Biological and Environmental Factors
That Favor Disease

Marbling disease is similar to pink disease, but infecteq
fruit tissues have a brown granular appearance withoy,
heating during the canning process. In contrast to pink
disease, marbling occurs when fruit are developing a
warmer conditions (>21 to 27°C). Moisture doesnot appear
to be critical for infection, but the disease is enhanced by
rainfall during flowering and when fruit mature during
dry, hot conditions and rainfall occurs during the last ¢
to 8 weeks before harvest (Rohrbach 1989). Application
of surfactants prior to and during flowering significantly
increases the disease in Hawaii, indicating that the
bacteria are ubiquitous on the plant surface.

Management

There are no control measures known for marbling,
Affected fruit with clearly visible symptoms should
be eliminated during processing, reducing processing
costs (Pegg et al. 1995). Infected fruit can be detected
by examining the external appearance and by testing
fruit firmness. Differences in cultivar susceptibility have
been noted; ‘Smooth Cayenne’ is moderately resistant
(Rohrbach and Schmitt 1994).

Pink Disease
Level of Importance

Pink disease is primarily a problem in canned pine-
apple products and is of little importance in fresh fruit.
The disease occurs only sporadically when fruit develop
under cool, wet conditions. It therefore occurs mainly in
the springtime in certain production areas. The bacterial
pathogens are killed at high temperatures.

The disease has been described from Hawaii, the
Philippines, Australia, and Mexico (Snowdon 1990). Out-
breaks in Australia are very infrequent and local, often
affecting only one or two flushes of fruit in a few fields.
Occasional economically significant epidemics have been
reported in Hawaii and Taiwan in the months of February,
March, and April and in the Philippines from August to
September (Hine 1976; Rohrbach and Schmitt 1994).

Symptoms

Pink disease refers to the pinkish discoloration of
affected fruit flesh (Fig. 26.6). Most often, affected
fruit do not show any external symptoms even when
fully ripe. Internally, the flesh may be water-soaked or
light pink and have an aromatic odor reminiscent of
cantaloupe melons, but none of these symptoms may be
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;mmediately obvious. In some fruit, only one or a few
fruitlets may be infected (Fig. 26.6). In highly translu-
cent, low-sugar fruit, the entire inner cylinder of the fruit
used for fruit canning may be invaded (Fig. 26.6) (Pegg
et al. 1995). The production of 2,5-diketogluconate by
Pantoea citrea (see below) appears to be responsible for the
gark color that is characteristic of pink disease (Pujol
and Kado 2000). Some bacterial strains do not cause

FIG. 26.6. Pink disease of pineapple. A, Symptoms
Within a ripe pineapple; B, Symptoms on hybrid

Pineapple cultivar 65-370 caused by (“A") Glucanobacter
oxydans, showing pinkish discoloration of uncooked

fruit cylinder (left) and chocolate brown discoloration of
Cooked fruit cylinder (right). Symptomless fruit cylinder
('D") infected with Pantoea ananas and, on the right, an
Infected, discolored cooked cylinder. (A, Courtesy N. K. B.
Adikaram—o APS; B, Courtesy K. G. Rohrbach—®©

APS. Reproduced, by permission, from Ploetz et al., 1994)

h
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symptoms on fresh fruit, and brownish-pink discolor-
ation occurs only when fruit are heated during canning
(Hine 1975; Rohrbach and Pfeiffer 1976). The disease is
of considerable importance for the processing industry,
and great care is needed to ensure that infected fruit
tissue does not enter the canned product.

Causal Organisms

Species in at least three genera of bacteria have
historically been implicated as causal agents of pink
disease: Pantoea (Erwinia), Gluconobacter, and Acetobacter
(Kontaxis and Hayward 1978; Rohrbach 1976). Initially,
the disease was reproduced using a species of Acetormonas
(Hine 1976); but Rohrbach and Pfeiffer (1976) completed
Koch’s postulates by heating fresh fruit inoculated with
a bacterial isolate from fruit with pink disease and iden-
tified the pathogen as P. agglomerans (syn. E. herbicola,
Enterobacter agglomerans). Subsequently, the pathogen was
identified as P. citrea using molecular analyses (Cha et al.
1997). Additional taxonomic studies indicated that the
latter species should be correctly classified as Tarumella
morbirosei (Brady et al. 2008). Furthermore, isolates
from pineapple with pink disease in Mexico were iden-
tified as T. pryseos (Marin-Cevada et al. 2010). The two
pathogens in the Enterobacteriaceae, 7. morbirosei and
T ptyseos (Marin-Cevada and Fuentes-Ramirez 2016),
as well as members of the Acetobacteraceae, G. oxydans
and A. aceti (Rohrbach and Johnson 2003), are cur-
rently considered the causal pathogens of the disease.
Possibly, T. citrea may also be involved since it also
produces 2-ketogluconate dehydrogenase that oxidizes
2-ketogluconate to 2,5-diketo-d-gluconic acid that is
responsible for the discoloration of fruit tissue typical
of pink disease (Brady et al. 2010). Depending on the
species and strains involved and the severity of infection,
browning symptoms may appear in the fruit flesh before
heating (Rohrbach and Pfeiffer 1976), or a pinkish discol-
oration and wilted appearance may be detectable in fruit
in the field before harvest (Rohrbach 1989).

Disease Cycle and Epidemiology

It is believed that during cold weather the pathogens
infect through the numerous florets that grow out from
the developing fruit. The consistent correlation between
spraying insecticides during the flowering season and
the concomitant reduction of pink disease suggests
that insects have a role in disseminating the pathogens
among flowers during nectar feeding (Kado 2003; Pegg
et al. 1995). Nectar is probably an energy source for the
bacteria. Once inside the flower, they remain quiescent
in the nectary gland or stylar canal and locule until the
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fruit matures, sugar concentrations increase, and trans-
lucence occurs (Rohrbach and Schmitt 1994).

Once the pathogen has entered the fruit, it colo-
nizes the intercellular spaces of the tissues. Over time,
infected tissues will show moderate water-soaking, but
no soft-rotting symptoms. Because pineapple plants are
propagated year-round, pink disease is sustained by
transmission of the pathogen from field to field.

Critical Biological and Environmental Factors
That Favor Disease

Drought before flowering followed by rainfall during
flowering increases disease incidence. The pathogens
are thought to be among the epiphytic organisms that are
carried from infected rotting fruit by insects and mites to
healthy open flowers. The disease appears to be limited
to production areas where pineapple fruit develop under
cooler conditions because the disease rarely occurs
in the lowland tropics. Pink disease bacteria cannot
survive temperatures above 38°C (Pegg et al. 1995).
Thus, pink disease only occurs when flowering occurs
during cool weather or a rainy season (around 18°C) and
fruit mature during periods when temperatures do not
exceed 29°C (Rohrbach 1989).

Management

Cultural practices and natural host resistance

Susceptibility to the disease can be reduced by the use
of potash fertilizer. Pineapple cultivars and hybrids vary
from highly resistant to very susceptible to pink disease.
Cultivation of relatively resistant groups such as ‘Smooth
Cayenne’, provides control of the disease (Rohrbach and
Schmirtt 1994).

Chemical treatments

Controlling the insect vectors with insecticides is the
primary means of managing pink disease. The disease
has been managed in the Philippines by applying insec-
ticides during flowering (Kontaxis 1978). Applications
starting at the red-bud stage and followed by three addi-
tional applications at 5-day intervals throughout flower-
ing have resulted in the highest level of control.

Yeasty Rot

Level of Importance

Yeasts are among the most common organisms found
in nature. In damaged and overripe fruit and in fruit
with inter-fruitlet cracking, already present yeasts start
growing or newly disseminated yeasts invade (Paull

g
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1997). At warm temperatures, they infect and cayge fer-
mentation where sugars are converted to alcoho], and
carbon dioxide gas is released.

Symptoms

Early symptoms of yeasty rot include the releage of
gas bubbles (Fig. 26.7A) and juice through cracks apg
points of injury where the infection occurred (Pegg et 5]
1995). The skin turns brown and leathery (Paull 1997).
With leakage of juice, the fruit becomes spongy. Inter.
nally, the decaying flesh is bright yellow and has large
gas cavities (Fig. 26.7B). At late stages of disease, the
shell surrounds a mass of spongy, fibrous tissue (Pegg
et al. 1995). Some yeasts do not produce gas but cause 3
glassy spoilage with a distinctive aroma (Snowdon 1990),

Causal Organisms and Disease Cycle

Several species of the genus Saccharomyces cause
yeasty rot. The disease is widespread and associated
with ripe, overripe, and damaged fruit, mainly during
the spring season (Pegg et al. 1995). In the spring, rapid
changes in fruit growth result from the shift from cold,
dry to warm, wet weather that can cause basal cracking
between fruitlets. Fruit affected by even minor frost
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FIG. 26.7. Yeast fermentation of pineapple. A, Gas
bubbles on fruit surface due to internal yeast decay; and
B, advanced stage of decay shown in a fruit longitudinal
section. (Courtesy UCANR—Reproduced by permission)
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Jamage are prone to cracking as they ripen in spring.
Juice exuding from wounds is immediately colonized by
veasts, and these fruits are severely damaged or decayed
;15 they ripen. The disease may occur in the plantation or
as a post-harvest problem (Pegg et al. 1995).

Management

Young, developing fruit that will ripen in the spring
in frost-prone areas must be protected against damage by
covering with paper bags (Pegg et al. 1995), Fruit should
also be protected from sunburn and mechanical damage.
Fruit showing even minor inter-fruitlet cracking should
not be consigned to the market. Any fruit showing frac-
tures between fruitlets should be picked at the earliest
stages of fruit maturity to minimize losses from yeasty
rot (Pegg et al. 1995).

Internal Browning

Internal browning (IB), also known as black heart
or endogenous brown spot (EBS), i1s a physiological
disorder that develops when pineapple fruit are exposed
to low temperatures (8 to 15°C) after harvest or in the
field. Field-induced IB is most prevalent in Australia
(Swete-Kelly and Bagshaw 1993). Symptoms include
translucent, water-soaked spots initially at the base of the
fruitlets (Abdullah et al. 1985). These spots later become
brown and may enlarge and coalesce to form a darker
tissue mass along the core (Fig. 26.8). The pattern and
the extent of symptom development may vary with the
cultivar. The browning is due to oxidation of phenolic
substances by polyphenol oxidase (PPO) (Stewart et al.
2001). The disorder has been reported on commercial cul-
tivars in many pineapple-growing countries. Because the
affected fruit show no external symptoms, the disorder is
often not detected until fruit are sliced, resulting in con-
siderable customer dissatisfaction (Stewart et al. 2002).
Harvesting fruit at an early maturity stage tends to limit
IB development. Postharvest hot water dips at 38°C for
60 min induced tolerance in ‘Mauritius’ pineapple to

FIG. 26.8. Development of internal browning
symptoms in ‘Kew’ pineapple (‘Smooth Cayenne’) during
(from left to right) 7, 14, 16, 18, or 21 days of cold storage.
(Courtesy N. K. B. Adikaram—®© APS)
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cold injury and reduced IB (Weerahewa and Adikaram
2005). Control of IB was also attempted by inhibiting the
expression of PPO in genetically engineered pineapple
plants (Graham et al. 1998; Ko et al. 2006).

OTHER DISEASES

A white, gray, green, pink, black, or other-colored
mold, known as surface mold, is often found on the cut
stem (peduncle) (Fig. 26.9A) and sometimes the fruit
surface (Fig. 26.9B) or crown of fruit during marketing.

FIG. 26.9. Surface mold. A, Cut fruit stem end
(peduncle) colonized by a Penicillium species with greenish
sporulation; B, colonization and discoloration of the fruit
surface; and C, Penicillium side rot that is occasionally
found on mature ripe fruit during marketing. (Courtesy

J. E. Adaskaveg and H. Forster—© APS)
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The surface mold reduces the appearance of the fruit and
may occasionally cause a shallow decay (Fig. 26.9C).
Mold growth on the cut stem end is common because
the moisture and nutrients provide a favorable environ-
ment for growth of many filamentous fungi such as
Penicillium spp. and yeasts. Surface mold growth can
be effectively managed by treating fruit after harvest
(where permitted) with a broad-spectrum fungicide such
as triademefon, fludioxonil, fludioxonil/azoxystrobin,
or natamycin.

BOTANICAL CLASSIFICATION
AND GEOGRAPHICAL ORIGIN

m Bananas (genus Musa, family Musaceae) are peren-
nial plants, and most edible forms are derived from the
wild species Musa acuminata Colla (AA) and M. balbisi-
ana Colla (BB) or a combination of both. Cultivars
are diploid, triploid, or tetraploid and are described by
their name and genetic makeup. For example, the name
‘Lady Finger AAB’ indicates a triploid hybrid of two
genomes, A and B, with more genetic inheritance from
M. acuminata than M. balbisiana. Banana hybrids are also
known as Musa X paradisiaca L. Plantains (mostly ABB,
M. acuminata X M. balbisiana) are another hybrid. Plan-
tains have a high starch content, even when fully ripe, in
contrast to the sweet dessert bananas, and are used for
cooking. Both types of bananas are affected by similar
postharvest diseases.

The banana plant has an underground stem or
rhizome. The above-ground portion of the plant consists
of leaves and fused petiole bases that form a pseudostem.
The plant produces a terminal inflorescence, which
emerges through the pseudostem and bends downwards
after extrusion. The inflorescence develops into several
flower clusters. In cultivated species, fruit arise without
fertilization (parthenocarpy). Fruit take 12 to 15 weeks
to develop from anthesis to harvest maturity.

The edible fruit develops from an inferior ovary. Fruit
are seedless, fleshy berries that grow in clusters at each
node. A cluster is commercially referred to as a ‘hand’.
A bunch of bananas can have several hands, each hand
consisting of a cluster of 10 to 20 fruit. Individual fruits
in a hand are called ‘fingers’. The disc through which the
fingers in a hand are attached to the bunch stem is called
the ‘crown’.

Subtropical, and Tropical Zones

The primary center of origin of bananas is thought to
be Malesia (Malaysia, Indonesia, the Phili?pim, Borneo,
and Papua New Guinea). The top producing countries jp
2017 were: India (30.4 million tons— M), China (11.4 My),
Indonesia (7.2 M), Brazil, Ecuador, and the Philippines
(each producing ca. 6 M), Angola (4.3 Mt), Guatemala
and Colombia (each ca. 3.8 M), and Costa Rica ang
Mexico (each ca. 2.4 Mt) (Anonymous 2017). Ecuador
is the main exporter to Europe and the United States,
followed by Costa Rica and the Philippines.

Bananas are climacteric fruits, and the period between
harvest and climacteric rise, the pre-climacteric life, is
commonly called the ‘green life' (Peacock and Blake
1970). The best estimator of the green life is physiological
age, expressed as a sum of accumulated temperatures
from flowering to harvest rather than days (Jullien et al.
2008). The physiological age of bananas (expressed in
dd; i.e., degree days) has an impact on fruit susceptibility
to postharvest decays and is an important factor for the
proper timing of harvest. Other maturity indices are based
on the age of the bunch, the interval between flowerings
and harvesting, the filling of the fingers, or the color of
the skin and pulp and brittleness of the flower end of the
bunch (Hailu et al. 2013). Most of these criteria depend
on the banana cultivar. Harvesting physiologically old
fruit can induce ripening of all bananas in a container
due to ethylene release (Liu 1976).

IMPORTANCE OF THE CROP

® Banana is the most consumed fruit in the world. Based
on production, trade, and consumption, the banana is
ranking fourth after rice, wheat, and maize. About 105
Mt are produced each year in the tropics and subtropics.
About 16 Mt enter the international market, with AAA
cultivars dominating among fresh fruits; 70% of this pro-
duction originates from Latin America. Dessert bananas
are allowed to ripen and are eaten fresh. Cooking bananas
have a high starch content and are consumed when green
or ripe after boiling, frying, or roasting. Bananas provide
carbohydrates for human nutrition either as starch in
cooking bananas or as sugars in dessert bananas. The
ripe banana is a good source of vitamin A, B6, and C,
and has a high content of carbohydrates, fiber, and potas-
sium. Bananas are low in protein and free of fat.

There are almost 1000 varieties of bananas in
the world, subdivided into 50 groups. Among edible
bananas, the triploid groups AAA, AAB, and ABB are
the most common. Dessert bananas are found in all
three groups, but the AAA ‘Cavendish’ genomic group
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(with ‘Gros Michel’, ‘Cavendish’, and ‘Lujugira—Mutika’
subgroups) dominates in the international trade and con-
stitutes approximately 50% of the world banana prodyc.
tion. Plantains belong to the AAB 8roup and cooking
bananas to the ABB group, however, some cooking

bananas belong to the other two genotype groups (Jones
and Daniells 2019).

PRE- AND POSTHARVEST
PRACTICES FOR MANAGING
POSTHARVEST DISEASES

® Integrated pre- and postharvest practices are needed to
successfully manage fruit decays that occur from harvest
to marketing and consumption, and these practices are
similar for many of the diseases. Field sanitation in
banana plantations is important, especially the removal
of senescent or decaying leaves and flower parts which
can actas sources of inoculum for fruit infection. Because
fungi may colonize the bunch stalk, potentially leading
to crown rot, early removal of flower parts in the field is
essential (de Lapeyre et al. 2000). Some practices such
as field trimming of false hands, some true hands, male
buds, and external fruits of hands can accelerate fruit
pulp filling. Subsequently, fruit more rapidly reach the
physiological age necessary for a sufficient commercial
grade and can be harvested sooner (Krauss and Johanson
2000, Lassois et al. 2010b). As mentioned above, fruit
physiological age is the best estimator of ‘green life' and
thus, should be taken into account at harvest.

Plastic sleeves and treatments with prophylactics such
as fungicides can reduce Colletorrichum musae contami-
nation on developing bunches by 80% (de Lapeyre et al.
2000; Lassois et al. 2010b) and can also reduce other post-
harvest decays. At least five multi-site fungicides in the
classes ethylene-bis-dithiocarbamates (e.g., mancozeb,
propineb - FRAC Code M3), dimethyl-dithiocarbamates
(e.g., thiram, metiram - FRAC Code M3), and chloro-
nitriles (e.g., chlorothalonil - FRAC Code M5), as well
as numerous single-site mode of action fungicides rep-
resenting methyl benzimidazole carbamates (MBCs,
FRAC Code 1), demethylation inhibitors (DMIs, FRAC
Code 3), succinate dehydrogenase inhibitors (SDHIs,
FRAC Code 7), anilinopyrimidines (APs, FRAC Code
9), quinone outside inhibitors (Qols, FRAC Code 11),
and quinone inside inhibitors (Qils, FRAC Code 21)
are registered as preharvest treatments for managing
foliar diseases (mainly Sigatoka) in the field.. Applica-
tion of preharvest fungicides helps reduce disease and
inoculum in the plantation by protecting leaves, stems,

and fruit from infections and thus, also reduce post-
harvest decay. Still, the most efficient management
method for crown rot, anthracnose, and other decays is
the routine postharvest treatment of fruit with systemic
fungicides (Lassois et al. 2010b). Use of the first systemic
fungicides, the methyl benzimidazole carbamates (e.g.,
benomyl, carbendazim, thiabendazole), started in the
late 1960s. They are classified as antimitotic compounds
because they bind to P-tubulin, a spindle fiber protein,
and inhibit mitosis of the fungal nucleus. Gradually,
other fungicides such as imazalil, bitertanol, and pro-
chloraz that inhibit a demethylation step in ergosterol
biosynthesis (i.e., DMIs) were introduced (Johanson and
Blazquez 1992; de Lapeyre de Bellaire and Nolin 1994).

Preventive Measures at Packing Stations

Sanitation practices include deflowering before the
dehanding operation and involves removal of all floral
parts that could potentially harbor inoculum. During
fruit dehanding, large injuries and finger flexing result-
ing in creased stems may occur that can become main
infection sites for wound pathogens (Fig. 26.10). If floral
parts are not removed in the field, this is done at the
packing station before bunch trimming, thus reducing
the risk of contamination of the washing baths (Krauss
and Johanson 2000; Shillingford 1976).

Maintaining water quality at the packing station is
important to minimize fungal infections (Arneson 1971;
Eckertand Ogawa 1985; Shillingford 1977, Slabaugh and
Grove 1982). Spore accumulation in wash water can be
reduced by regularly changing and de-latexing the warter.
It is recommended that the bath water be treated with
active chlorine or quaternary ammonium disinfectants

FIG., 26.10. Creased stems of banana fingers and
cut surfaces of crowns are infection sites. (Courtfasy
D. Edwards, UCANR—Reproduced by permission)

il

Scanned with CamScanner



———y

516 PART 111 Postharvest Diseases of Fruit Crops of Semi-Arid, Subtropical, and Tropical Zones

(where permitted) to reduce microbial contamination
including human pathogens. The chlorine concentration
has to be regularly monitored and adjusted to compen-
sate for losses from volatilization and inactivation by
latex or other organic matter. It is difficult to sanitize
the water with chlorine when the water is recirculated
in a closed system, and latex contamination gradually
increases in the tanks. Therefore, non-recirculating sani-
tation rinses are preferred.

Postharvest Fungicide Applications

Some of the fungicide treatments applied in the field
can also have an impact on postharvest decay develop-
ment. There are only few fungicides approved for post-
harvest use, and among these, thiabendazole, imazalil,
and prochloraz have been most commonly used in some
countries (Johanson and Blazquez 1992). Additional
compounds may become available in the future. Because
postharvest fungicides generally have the same mode
of action as those used in the field to control Sigatoka
disease, this over-use of few modes of actions may lead
to development of resistant strains.

Fungicides can be applied to harvested bananas using
dips, sprays, or drenches (Fig. 26.11). Good coverage and
wetting of the fruit have to be assured. The time between
crown trimming and fungicide application is critical
and should be as short as possible to protect the wounds.
Bananas are usually treated in packing stations just after
they are removed from the washing bath. Potassium

-

Flow rate valve §

vfungicide drench

FIG. 26.11. Recirculating drench method of treating
banana fruit to control crown rot. A weir is filled with a
fungicide solution with an adjustable valve. The fungicide
solution then cascades over the fruit as a drench treatment
while fruit are conveyed on a moving belt. (Courtesy

W. R. Slabaugh—®© APS. Reproduced, by permission,
from Ploetz et al., 1994.)

aluminum sulphate (i.e., alum) is often includegq in the
fungicide solutions to neutralize latex residues remaip.
ing on the crowns after washing. Some fungicig
however, such as thiabendazole and prochloraz are
compatible with alum.

€3,
not

Storage of Bananas

Temperature, relative humidity, and atmospheric
composition are the main environmental factors that
influence storage disease development (Hailu et 5]
2013). They may directly affect the pathogens, but they
also have an indirect effect on the fruit by affecting
its metabolism. Modification of these environmenta|
factors can therefore extend the banana green life, ang
there is a direct relationship between ripeness and sus.
ceptibility to disease.

Storage Temperature and Postharvest Decay

Banana metabolism and decay development is re-
duced using refrigeration at the lowest possible tem-
perature where physiological disorders of the fruit do
not occur. Cooling should be continuous throughout
storing, shipping, and marketing but for as short as
possible. Containers for shipping of bananas are kept at
13 to 14°C because temperatures below 12°C provoke
peel browning from injury and oxidization (Muirhead
and Jones 2000). Fungal growth is reduced at 13°C,
but some pathogens are still able to infect and slowly
colonize the fruit. In one study, storage of bananas at
18°C resulted in significantly less crown rot, anthrac-
nose, and cigar end rot, whereas decay was highest at
35°C (Azeem et al. 2016).

Relative Humidity

High relative humidity reduces water loss from the
fruit by transpiration, ensuring a long green life. Green
life is markedly reduced at a relative humidity of 30 to
40% or lower as a result of ethylene production by the
fruit peel (Peacock 1973).

Atmospheric Composition

The composition of the atmosphere also determines
metabolic activity of bananas. A modified :arﬂlosptﬂe
(MA) can be achieved by packing fruit in sealed plastic
bags, whereas a controlled atmosphere (CA) is obtained
by injecting nitrogen into storage rooms (Hailu et g
2013). Some postharvest diseases can be partially con-
trolled by packing bananas in MA (Bastiaanse et al.
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2010). For MA, the balance between 3 lo
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| to 10% and from 2 to 14%, respect;
on the quality and thickness of the pl
This modification in the gas composit
respiration and endogenous ethylene sy
considerably increase the length of t
phase and reduce postharvest disea
some studies, storage life of bananag can be increased
five times when stored in plastic film where the 0,
content is stabilized at about 2% and the CO, content
at about 5%, and an ethylene scrubber is used compared
to fruit stored without wraps (Hailu et al. 2013). High
(>15%) CO; and low (<1%) O, levels are toxic to many
postharvest pathogens. However, bananas cannot be
stored at CO; levels above 7 to 12% or O, levels below 1

to 2% because detrimental physiological changes occur
(Lassois et al. 2010b).
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POSTHARVEST DISEASES

# Bananas are affected by numerous fungal and some
bacterial pathogens, and these Pose major production
constraints worldwide. In the field, Black Sigatoka
(Pseudocercospora fijiensis, formerly: Mycosphaerella fijien-
sis) that affects leaves and Panama disease (Fusarium
oxysporum f. Sp. cubensis), a soil-borne wilting disease, are
the most destructive. Panama disease has been largely
controlled by the introduction of ‘Cavendish’ cultivars
that are more resistant to infection. With few excep-
tions, postharvest diseases are mostly affecting the ripe
fruit. Anthracnose and crown rot are by far the most
damaging postharvest diseases of banana throughout
the world (Ploetz et al. 1994). Diseases below are dis-
cussed in alphabetical order by their names.

Anthracnose
Leve| of Importance

Anthracnose is the most important postharvest
disease in every banana-producing and -marketing
country of the world and accounts for a majority of post-
arvest losses. Anthracnose can be a serious problem
during shipping if fruit start to ripen prematurely.
Minyte quantities of ethylene produced by t}'1e pathogen
ad the host initiate the climacteric ripening process
Daundasekara et al, 2003).

.
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Symptoms
Anthracnose is most com

blemish or rot of ripening or ripe bananas and may
affect the entire fruit, Initially, numerous small, brown,
circular spots develop on the ripening fruit skin. These
become enlarged, sometimes coalesce, turn charcoal-
black in color, and are slightly sunken at advanced stages.
Sometimes, anthracnose lesions are oval or lenticular
in shape and are several centimeters in length. The
sunken spots become deep depressions that are covered
with pink masses of fungal conidia (Fig. 26.12A and B).
The pulp immediately under the affected peel may turn
brown and gelatinous. However, pulp symptoms are not
typical for the disease, Large anthracnose lesions are the
result of infections that are initiated at physical injuries
to the skin. Circular Spots start from pre-harvest quies-
cent infections of the intact skin during fruit ripening
(Simmonds 1963). Anthracnose may also occasionally
develop on green fruit as mostly dark brown to black,
lenticular, slightly sunken lesions with a pale margin.
The same fungus can also cause black end and tip rot.

monly seen as a finger

Causal Organisms

Anthracnose of bananas traditionally has mostly
been attributed to the Ascomycota fungus Colletotrichum
musae, a member of the C. gloeosporioides species complex

FIG. 26.12. A, Banana fingers heavily infected with
Colletotrichum musae, showing typical sunken, charcoal-
black anthracnose lesions; B, close-up of an anthracnose
lesion; C, germinated conidia (a) of C. musae with dark
(b) and hyaline (c) appressoria and (d) germ tubes. (A and
C, Courtesy N. K. B. Adikaram—®© APS; B, Courtesy
D. Edwards, UCANR—Reproduced by permission)
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(Su et al. 2011). This may be due to the reliance on host
association to define species limits (Vieira et al. 2018).
Based on morphological and molecular methods, addi-
tional species have been identified including C. karsti
in the C. boninense species complex, C. paxtonii in the
C. acutatum species complex, and C. gloeosporioides sensu
laro (Intan Sakinah et al. 2013; Udayanga et al. 2013).
In Brazil, among 431 isolates of Colletotrichum species
obtained from banana fruit with anthracnose symptoms,
the majority (93.5%) were assigned to C. musae and the
remaining to C. tropicale, C. theobromicola, C. siamense, and
a newly described species, C. chrysophilum (Vieira et al.
2018). Thus, C. musae may still be the main pathogen,
however, other species may be of local importance.

Disease Cycle and Epidemiology

The disease cycle has been described for C. musae
only, but likely is similar for the other species causing
anthracnose. C. musae is present abundantly on transi-
tion leaves and diseased crop debris including flower
parts and the last bunch bract. These serve as important
sources of primary inoculum. Conidia are dissemi-
nated by rain, wind, and insects to fruit at early stages
of maturity in the field where they germinate and form
appressoria. Two types of appressoria, hyaline and dark,
are formed (Fig. 26.12C) (Muirhead and Deverall 1981).
The hyaline appressoria produce infection hyphae that
penetrate into epidermal cells, leading to accumulation
of phytoalexins (Brown and Swinburne 1980). The dark
appressoria remain quiescent on the immature fruit
(Swinburne and Brown 1983) and become active during
fruit ripening causing anthracnose lesions. Kamo et al.
(2000) showed that the level of hydroxyanigorufone
phytoalexins in unripe fruit started to increase 1 to 2
days after inoculation with conidia of C. musae and, after
its transient maximum, decreased during fruit ripening
by exposure to ethylene. The level of phytoalexin pro-
duction was much lower in ripe than in unripe fruit. In a
2013 report, a comprehensive analysis of the expression
patterns of 15 pathogenesis-related proteins (PR; three
PRI, one PR2, three PR35, one PRI0, four chitinase, and
three chitinase-like genes) and two WRKY transcription
factors in banana fruit in relation to salicylic acid (SA)-
and methyl jasmonate (MeJA)-induced resistance was
done (Tang et al. 2013). The results indicated that the
activation of banana PRs and WRKY genes by SA and
MeJA, and WRKY transcription factors binding to PR
promoters, may be attributed at least partially to SA- and
MeJA-induced pathogen resistance in the host.

C. musae can also infect fruit through small peel
wounds without forming quiescent infections, usually
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during or after harvest. These infections continue tq
develop without a quiescent period and cause typical
anthracnose lesions.

Critical Biological and Environmental Factors
That Favor Disease

Humid weather and warm temperatures (25 to 30°C)
favor rapid growth of C. musae and development of the
disease. The relative humidity has to be above 86% fo,
germination of conidia. Studies are underway to identify
the underlying mechanisms and key genetic factors
involved in the decline of fruit resistance during ripening,
Reduction in phytoalexin levels (Abayasekara etal. 2013;
Brown and Swinburne 1980) and softening of cell wallg
during fruit ripening result in the activation of quiescent
C. musae infections and anthracnose development.

A study comparing the effect of physiological fruit
age on susceptibility to wound anthracnose indicated
that bananas of the same grade (i.e., fruit diameter) but
with lower accumulated temperature sums were less
susceptible to C. musae (Chillet et al. 2006). Addition-
ally, soil-climate conditions also affected susceptibility;
fruit grown in cooler highland areas were less sus-
ceptible than fruit of the same physiological age from
lowland plantations.

Management

Field, harvest, and packinghouse practices

It is difficult to completely prevent infection of young
fruit in the plantation, but any management strategy
contributes to a reduced disease incidence. Strict sanita-
tion procedures have to be followed. Dead leaves must
be regularly cut and removed from plants and destroyed.
Removal of flower debris and other tissues that harbor
the pathogen is beneficial. Bunches must be harvested
carefully at the proper stage of maturity and handled
carefully without causing injuries or bruising. Bunches
must be well protected with foam padding during trans-
port to the packinghouse. Fruit should be cooled to 13°C
soon after harvest and stored at this temperature to slow
anthracnose development and ethylene production.
Lower temperatures increase the probability of chilling
injury. The packinghouse must be kept clean and free
of bunch debris and rejected fruit. Bunches should be
dehanded and washed in clean water containing deter-
gent and chlorine to remove dirt and latex (sap) exuding
from the cut crown. The water should be changed fre-
quently. Special precautions must be taken to cope with
bleeding sap. Sap should be allowed to drain from the
freshly cut crown before washing.
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Black-End Rot (Stem End Rot), Tip Rot
Level of Importance

Black-end rot occurs on ripening fruit worldwide,
but is generally of minor importance. It may become a
Problem when fruit are ripened as singles because the
Pathogen enters through large wounds. When fruit are
fipened in clusters, hands, or on the bunch, the disease
oceurs where finger stalks have been bent and bruised by
fough handling, In contrast, crown rot (which is discussed
below) Occurs on hands of bananas where a large number
OFinjuries are inflicted on the crown during dehanding.

Causal Organisms

The main pathogen of black-end rot is Colletotrichum
Musae that also causes anthracnose. Black—end‘ rot can
also be caused by Nigrospora sphaerica thaF is also involved
in Squirter disease, and Fusarium spp. Tip rOF of banana
0 Jamaic, was reported to be caused by Musicillium theo-

™Mae and Fusarium spp. (Meredith 1965).

B it e dent tissues (Fig, 26.13). The infected
darkeneq peel at the ﬁngertip may be se
Sound yellow peel by a narrow, water-
brown ring. Whep only part of the fin
decay ig usually con

fined to the pee
the decay €xtends to the shoulders o

parated from the
soaked, greenish-
ger is affected, the

fungal growth. Additionally, an area
soaked peel may extend beyond the blackened
area. The pulp immediately next to the stalk may be dark
and water-soaked. Fusarium spp. cause a drier lesion with
shrinkage of the stalk. A sparse growth of gray fungal
hyphae may be visible. Mixed infections and infections
with secondary fungal growth are common. Squirter
disease is a watery rot that develops from the stalk-end
of ripe bananas along the center of the pulp, and the skin
may show a slight bluish discoloration. The affected fruit,
when squeezed, Spurts out the pulp. The disease is most
common when individual fingers are packed.

of water-

Disease Cycle and Epidemiology

Black-end rot occurs when conidia of C. musaethat are
present in the flower remnants infect the fruit tip during
ripening. The fungus readily colonizes dead and dying
banana leaves, flowers, and fruit. Conidia are formed in
large numbers in acervuli and are disseminated by wind-
driven rain and perhaps insects. Quiescent infections

FIG. 26.13. Black end rot of ‘Seeni’ banana caused by
Colletotrichum musae. (Courtesy N. K. B. Adikaram—
© APS)
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are established in bunches of green fruit about 20 to 40
days after emergence. These infections will start actively
growing when the bunch starts to ripen and cause typical
lesions at the tip of the fruit. With high inoculum levels
of the pathogen on plant surfaces, large wounds occur-
ring at the crown during dehanding or on the stems of
fingers can also be colonized after harvest and cause
crown and stem end rot, respectively.

Management

Control measures for black-end rot are similar as for
anthracnose. Bunches should be bagged as soon as the
male bud has been removed, usually when the fingers are
horizontal. Inoculum levels can be reduced by removing
senescent and dead leaves and the remains of flowers
from the plantation. During harvest and packing, banana
bunches should be handled carefully to avoid injuries.
Sanitation practices should be employed in packing areas
and include removal of remains of leaves, flowers, and
rejected fruit. When trimming the crown of the bunches,
a clean, surface-sterilized knife should be used to obtain
a smooth cut surface. In commercial production, hands
of bananas are often treated with postharvest fungicides
such as MBC (e.g., thiabendazole) or DMI (e.g., imazalil,
prochloraz) compounds before they are put into boxes.
No resistant varieties are known for this disease.

Cigar-End Rot
Level of Importance

Cigar-end rot is an economically important disease in
Central and West Africa (Ploetz et al. 1994). The disease
also occurs in the Canary Islands, India, South Africa,
South America, Sri Lanka, the West Indies (Meredith
1965; Wardlaw 1931), Iran, and Egypt (Ed-Halaly et al.
1954).

-
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Symptoms

The infection can occur in young b“"ches, L
necrosis at the pistillate end of the fruit. Qpe orall i,
on a hand may be infected. The first SymPtOms 2
localized darkening and wrinkling of the peel at re
The skin becomes folded and shrunken as the in
spreads slowly along the fingers; gray conidi, e
on the shriveled stalk-end of the fruit, A black b
a narrow chlorotic region between infected and
tissues border the darkened area. At advanced g
the disease, the finger has the ashen-gray appea
a burnt cigar (Fig. 26.14A). In Trachysphaera ¢;
surface of the lesion becomes covered with white ey
that turn pink or brown. The pulp tissue shows a charag.
teristic dry rot and eventually is reduced to 3 dry fibrogs
mass. A wet rot can occur in the presence of secon, dary
microorganisms. In Musicillium tip rot, the pulp is typi.
cally gray and fibrous and gray, powdery spore e
are present on the lesion surface (Fig. 26.14B ang Q).
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form
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tages of
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Causal Organisms

Trachysphaera fructigena, an Oomycota organism, and
Musicillium theobromae (syn. Verticillium theobromae) cause
cigar end rot in Central and West Africa (Ploetz et a|.
1994). T. fructigena has not been reported in the western
hemisphere, but M. theobromae occurs in both hemi-
spheres (Jones and Stover 2019). The disease caused by
M. theobromae was first reported by Dhingra et al. (1970)
in India. T fructigena can also cause a destructive rot in
West and Central Africa (Maramba and Clerk 1974).

The mycelium of T fructigena is non-septate, and
asexual reproduction is by conidia. Conidiophores are
erect and usually produce one terminal conidium, or they
are complex with a whorl (or several whorls) of conidia on
branches arising from the main hypha. Conidia are spher-
ical, 13 to 48 um in diameter, echinulate, thin-walled,

FIG. 26.14. Cigarend rot symptoms on ripe banana fruit. A, Symptoms
on an Asian banana variety caused by Trachysphaera fructigena; B and C,
symptoms on ripe banana fingers from the Western Hemisphere caused by
Musicillium theobromae. (A and B, Courtesy N, K. B. Adikaram—© APS;

C, Courtesy D. Edwards, UCANR—Reproduced by permission)
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hyaline, and have a 10- to 30-um long pedicel. Inside the
oat: thick-walled conidia (‘chlamydospores’) may be

roduced. Pyriform, thick-walled oogonia (24 x 40 nm)
pave sac-like outgrowths, and each contains a thin-
walled oospore. Antheridia are amphigynous.

Koch’s postulates with M. theobromae were fulfilled
in inoculations of wounded and non-wounded green
pananas (Masudi and Bonjar 2012). Incubation at 23°C
and high relative humidity resulted in typical cigar end rot
symptoms after 30 days. Cultures of the pathogen grow
rapidly on potato dextrose and malt extract agar at 23°C.
The mycelium is white, flocculose, compact or sparse,
and becomes olivaceous gray-brown after 1 to 2 weeks.
Conidiophores are verticillately branched, and ellipsoi-
dal to sub-cylindrical conidia (3 to 8 ym x 1.5 to 3 pm)
arise singly at the apices of the phialides. Chlamydo-
spores and microsclerotia are absent.

Disease Cycle and Epidemiology

The incidence of disease increases during periods of
high humidity and rainfall. Conidia of M. theobromae are
wind-disseminated and infect dying flower parts. The
source of T fructigena inoculum is not known. In West
Africa, the incidence of cigar end rot is highest along
plantation borders and at higher elevations (Tezenas du
Montcel and Laville 1977). The high incidence of post-
harvest cigar end rot is likely due to packing of banana
finger-bunches in plastic bags during shipping and storage
that creates a favorable environment with high relative
humidity where contaminating spores on the fruit surface
can cause infection (Masudi and Bonjar 2012).

Fruitinfected in the field with 7. fructigena continue to
rot after harvest unlike those infected with M. theobromae
where premature ripening and postharvest rotting do not
occur. New infections by T fructigena can develop during
dehanding and delatexing or in contaminated ripening
fooms. New infections typically develop on freshly cut
crowns and on fruit injuries (Ploetz et al. 2003).

Management
Preharvest

Frequent removal of dead flowers followed by plastic
sleeving of the entire developing fruit bunch with perfo-
rifted polyethylene (30 to 40 um thick) helps to reduce the
disease (Ploetz et al. 1994). Bracts and dead flower parts
that accumulate in the bags should be removed after
2 few weeks. Sanitation is helpful in reducing M. theo-

™Mae inoculum in the field. This includes removal
of all dying or dead leaves from plants routinely but
®Specially in the rainy season and burning or burying

B

infected plant parts away from the plantation. Spraying
with a recommended fungicide (e.g., mancozeb) as soon
as fruit are formed is effective in controlling the disease,
especially during peak infection periods.

Postharvest -

Sanitation of the packing station to avoid contami-
nation of fruit with fungal spores is essential to reduce
postharvest infection and rot. Infected fruit should be
removed prior to dehanding to avoid contamination
during dehanding and delatexing tank water with spores
of the pathogens. It has been suggested that avoiding
packaging of bananas during storage and shipping in
plastic may reduce postharvest losses from infection by
M. theobromae (Masudi and Bonjar 2012).

Crown Rot

Level of Importance

Crown rot of dehanded (hands are separated from the
bunch) bananas is a major cause of losses during storage
and marketing. It is considered one of the most serious
and common postharvest and post-packaging diseases of
banana (Khan et al. 2001). All commercial cultivars of
dessert bananas are known to be susceptible to crown rot.

Symptoms

The infection takes place on the exposed surface of
the crown of dehanded bananas. The exposed crowns
of hands turn black and rot (Fig. 26.15A). Usually,

FIG. 26.15. Severe crown rot symptoms in dehanded
‘Poovan’ banana during storage. A, Multiple bunches
with symptoms; and B, close-up. (A, Courtesy N. K. B.

Adikaram—@© APS; B, Courtesy D. Edwards, UCANR—
Reproduced by permission.)
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Causal Organisms _

Crown rot is typically a disease complex that 1s
caused by several fungi. The pathogens involved depend
on the locality, time of the year, and possibly other
factors (Meredith 1971). Fungi that have been associated
with banana crown rot include Fusarium chlamydosporum
(syn. F. sporotrichioides), F. incarnatum (syn. F. pallidoro-
sewm and F. semitectum), F. neocosmospora, F. oxysporum,
F. verticillioides (syn. F. moniliformae), other Fusarium
spp., Musicillium theobromae (syn. Verticillium theobromae),
Lasiodiplodia theobromae, Penicillium coryophilum, Acremo-
nium sp., Nigrospora sphaerica, Colletotrichum musae, and
Thielaviopsis musarum (Griffee and Burden 1976; Jones
1991: Jones and Muirhead 2019; Knight 1982; Martin
et al. 1996). Additionally, Thielaviopsis paradoxa (syn.
Chalara paradoxa, Ceratocystis paradoxa) is a common
crown rot fungus in Colombia and Ecuador on fruit
kept at 14.4°C during shipping and storage and also at
higher temperatures (Greene and Goos 1963). In the
Dominican Republic, the etiological agents of crown rot
were ranked based on their presence and pathogenicity
as F. incarnatum, C. musae, F. verticillioides, F. sacchari, and

L. theobromae (Kamel et al. 2016).

Disease Cycle and Epidemiology

Many of the fungi causing crown rot survive on plant
debris in the plantation. Conidia on decaying flowers,
bracts, stalks (Finlay et al. 1992), as well as transitional
and normal leaves are carried by wind or rain splash to
the fruit surface. At the time of harvest, infection occurs
through the cut ends of the dehanded crowns. Most
dehanded bananas are dipped into water as they are cut
from the main stalk to remove the latex. The spores on
the surface contaminate the washing water and packing-
hou;e equipment and enter the dehanding crown cuts.
Fruit stored for long periods at the market are more
prone 1o develop crown rot (Stover 1972),

semi-Arid, subtropical, a

nd Tropical Zones

ana ement
:mumgl methods and sanitation of ban:md plantations
Most species involved in the ungll Crown: rof
complex are sBPfOPhY‘es_ . senescegtl d alnana h.m"'.
especially on decomposing leaves. l ;‘m in the
panana plantation may contain inoculum that contami.
e fruit. Inoculum pressure can be reduced by regular
= leaves nearby fruit. Banana flora|

removal of senescent :
parts are also inoculum sources, especially for C. musqe
and several Fusaritm species (Knight 1982). Thus, early

removal of flower parts in the field is also important
for reducing bunch contamination by the pathogens

(de Lapeyre 2000).

Plastic sleeving of bunches :
No detailed studies have been done to assess the impact

of sleeving on crown rot development. St‘ill, it is known
that bunch sleeving with perforated plastic film protects
bunches from fungal contamination, and a reduction by
over 80% has been found for C. musae. Thus, sleeving
may directly reduce crown contamination in the field
(de Lapeyre 2000), but sleeved fruit also release fewer
spores into washing water during packing operations.

Maturity stage at harvest
Bananas should be harvested at an age that will

ensure a sufficient pre-climacteric life, and they should
reach the ripening rooms unripe (green). The fruit
physiological age should therefore be considered when
determining the harvest date. Some practices such as
field trimming of false hands, some true hands, male
buds, and external fruits of hands can accelerate the fruit
pulp filling rate. These practices can reduce the physi-
ological age that bananas need at harvest to enable them
to reach a sufficient commercial grade.

Packing station sanitation

Protective measures implemented in the packing
station are aimed at keeping the crowns of freshly
trimmed bananas away from all inoculum sources. To
ensure efficient crown rot control, it is thus essential to
keep the packing station and adjoining facilities clean.
Plant waste in the vicinity of the banana packing area
that could be inoculum sources must be eliminated. It
has been shown that trimming clusters in a clean envi-
ronment rather than in the field can reduce crown rot
incidence by 50%.

Banana crown trimming

Bananas should be trimmed with a clean stainless-
stee} blade. Less effective ways of trimming the crowns
or ripping off the hands significantly increases the level
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of fruit contamination. Tissue fragments ¢
of the crowns dry and quickly become se
providing an ideal site for rot development
2010a,b). Moreover, the tips of banana tri
are rounded to avoid fruit injuries. It is
to cut wide crown sections containing
tissue as possible, a technique that
crown resistance to rot and seldom le
rot into the fruit pedicels.

N the surface
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(Lassois et a].
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also important
as much crown
Seems to enhance
ads to the spread of

Chemical treatments

The disease can be reduced by fungicide and other
treatments. Postharvest application of the protective
systemic fungicide imazalil to the exposed crown is the
most common commercial control practice for banana
crown rot (Cox 1996; Lassois et al. 2010b; Shillingford
1976). Recycling drench applications are commonly
used (Fig. 26.11). In inoculation studies, this latter fun-
gicide was more effective than azoxystrobin or boscalid
(Daniel et al. 2018). Alum by itself or in combination
with vacuum packaging has been used to reduce the
incidence of crown rot without the use of fungicides
for up to 28 days (Kamel et al. 2018; Siriwardana et al.
2016). Vacuum packaging by itself (Esguerra et al. 2017),
essential oils (particularly basil oil) (Anthony etal. 2003)
have been used effectively to reduce crown rot during
cold storage (13°C).

Non-chemical treatments

Attempts have been made to manage crown rot by
cultural, physical, and biological methods as alternatives
to synthetic fungicides (Lassois et al. 2008). A consider-
able reduction of crown rot was achieved by treatment
with antagonistic bacteria (de Costa and Subasinghe
1998), mycoparasites (Krauss et al. 1998), hot water dips,
or rapid cooling soon after dehanding (Green and Goos
1963), as well as by CA and MA storage. Under com-
mercial conditions, hot water treatments have not been
successful in reducing crown rot and additionally, these
treatments delayed ripening (Lassois et al. 2010b).

Application of a water-soluble fraction of papaya
(Carica papaya) latex, which contains several hydrolytic
enzymes including chitinase, on the cut surface of the
crown approximately one hour after dehanding was
shown to prevent crown rot development (Indrakeerthi
and Adikaram 2011).

Resistant varietles

Most dessert bananas for export aré clongs Fhat
belong to the ‘Cavendish’ group and thus, there is thle
genetic diversity among commercial varieties. Breeding

of bananas is difficult because triploid varieties are
generally sterile. In the past, banana genetic improve-
ment programs were mainly focused on resistance to
Sigatoka and Panama diseases. Two ‘Gold Finger'
bar}ana hybrids (i.e., FHIA 1 and FHIA 2) were partially
resistant to infection by some crown rot fungi includ-
Ing F. incarnatum, F. verticillioides (syn. F. moniliforme),
and a Penicillium sp. (Marin et al. 1996). In inoculation
studies done by others, however, these two hybrids were
more susceptible to crown rot caused by F. incarnatum
and C. musae compared with varieties of ‘Cavendish’
(Perez Vicente and Hernandez 2002). In the latter study
another genotype, FHIA-23, was identified that was
more resistant. Organoleptic characteristics of FHIA
hybrids that were introduced in the late 1980s, however,
were not accepted by consumers because they differed
from those of ‘Cavendish’ (Lassois et al. 2010b).

Deightoniella Fruit Speckle
and Black Tip

Level of Importance

The disease is also known as swamp spot, black tip,
and tip-end rot (Stover 1972). Hosts include banana and
relatives in the Musaceae, e.g., M. rextilis, Ensete ventri-
cosum, as well as Heliconia, Strelitzia, and Costus species.
It is a relatively minor disease in well-managed banana
plantations and is only important during the wet season.
The disease has been reported worldwide including Aus-
tralia, Africa, Asia (India, and Sri Lanka), Central and
South America, and Oceania. There have been sporadic
severe outbreaks of Deightoniella fruit speckle and black
tip in Jamaica (Meredith 1961), Cuba (Leiva-Mora et al.
2013), and India.

Symptoms

Speckles develop on fruit at all stages of maturity and
are most abundant towards the tips of the fingers. They
are reddish-brown to black, up to 2 mm in diameter, and
have a dark green halo (Fig. 26.16). The diseased area is
bordered by a narrow pale yellow or gray margin. Old
lesions tend to rupture, and pale brown fungal growth
may develop under humid or wet conditions. Black tip
symptoms consist of a slowly advancing black lesion
at the flower end of one or more fingers. The pathogen
does not produce spores on fruit. The distribution of
spots on the fruit suggests that the infective spores are
disseminated by rain, but no studies are available on the
epidemiology of this disease.
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Causal Organism

Deightoniella fruit speckle is caused by Corynespord
torulosa (synonyms Deightoniella torulosa, Brachysporium
torulosum) (Jones and Stover 2019). The same pathogen
also causes Deightoniella leaf speckle. Spores of C. torulosa
are commonly present in the airborne microflora in
plantations.

Management

Black tip can be managed by removing leaf litter and
prunings at frequent intervals (14 to 28 days) and by
improving drainage in the field to reduce humidity. The
disease is worse under poor growing conditions and low
plant nutrition. Plantations with adequate mulching (but
not banana leaves) and sucker management have less
disease. Symptoms develop before harvest, and affected
fruit arriving at the packing station can be sorted out and

FIG. 26.16. Speckle lesions on banana fruit caused
by Deightoniella torulosa. (Courtesy R. H. Stover—C APS.
Reproduced, by permission, from Ploetz et al. 1994.)

ps of Semi-Arid, Subtropical, and Tropical Zones

removed from the marketing chain. Sleeving of the deye].
oping bunches may also provide control of the disease.
Generally, the fungicides used to control black Sigatok,
will also reduce Deightoniella fruit speckle. Protectan;
fungicides that include mancozeb, copper hydroxide,
chlorothalonil, and banana misting oil are effective to
control the disease on leaves and fruit. If Black Sigatoka
is present, systemic fungicides such as the triazoles (e.g
propiconazole, fenbuconazole, tebuconazole) and Qols
(e.g., azoxystrobin) are effective against both diseases
(Vawdrey et al. 2010). If the latter fungicides are used,
it is important to rotate among the different modes of
action to prevent the build-up of resistant strains of the
fungus. No more than two applications of the same mode
of action fungicide should be made before changing to
another group. Under drier conditions, mancozeb can be

used alone.

Freckle Disease

Level of Importance

Freckle is a disease of banana and plantain leaves and
fruit and was first reported in Hawaii in 1917 (Carpenter
1918). Subsequently, it was found in several countries
in Asia, the Pacific Islands, the Americas (Wardlaw
1961), and more recently in Australasia-Oceania and
South and Southeast Asia (Abayasekara etal. 1993). The
disease damages the fruit skin, reducing market quality
and size of the fruit. In Sri Lanka, freckle disease is a
major problem in the production of high-quality bananas
(Abayasekara et al. 1993).

Symptoms

Freckles appear on leaves, fruit stalks, and fruit
as soon as the bunch has emerged. They are initially
minute (approximately 0.25 mm in diameter), gray-
brown, circular spots surrounded by a water-soaked
1.5 mm wide halo (Fig. 26.17A). As fruit mature, freckles
increase in size up to 2 mm in diameter and rurn dark
brown or black (Fig. 26.18). The individual freckles are
an aggregation of pycnidia or perithecia of the pathogen
in the upper cell layers of the banana peel (Fig. 26.17C).
They protrude from the host surface and feel rough ©
the touch. Conidia and ascospores (Fig. 26.17B,D) ar¢
released by rain splash. Freckles do not expand into
coalescing lesions during ripening, but they may com-
pletely cover the fruit by the time of harvest (Fig. 26.13).
Symptoms also include characteristic patterns Of
spotting, streaks or circular areas that coincide with the
movement of rainwater and dew,

el
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causal Organisms
Freckle disease of leaves and fruit of bananas and
Jantains was originally described to be caused by Phyllo-
sticta musarum. Previous attempts to isolate the fungus
in culture were unsuccessful in Hawaii (Meredith 1968)
and Sri Lanka (Abayasekara 1998). Based on morpho-
Jogical and molecular data from a global set of banana
isolates (Wong et al. 2012; Wu et al. 2014), several species
are now considered to be causal pathogens of freckle

FIG. 26.17. A, Bananas with freckle symptoms
caused by Phyllosticta musarum,; B, asci with ascospores;

C, transverse section through freckled skin showing
ascostroma; and D, pycnidia and conidia of the pathogen.
(Courtesy N. K. B. Adikiram—© APS)

FIG. 26.18. Severe freckle symptoms on fruit of
Bluggoe’ (ABB) banana. (Courtesy D. R. Jones—© APS,
ReProcluced, by permission, from Ploetz et al. 1994.)

disease: P. musarum, P. cavendishii, P. maculata (syn.
G. musae; based on Wong et al. 2012), Guignardia stevensii
(no conidial states), and P. musaechinensis. Additional
species have been described as endophytes of banana,
and these include P. capitalensis, P. cocoicola, P. musae,
P. musicola, and G. sydowiana (Brown et al. 1998; Photita
et al. 2001, 2002). G. musae was originally described as
the sexual state of P. musarum but is now associated with
P. maculata (Wong et al. 2012).

P. musarum s. lato has a more narrow distribution in
India and Thailand than previously described. G. steven-
sii has only been identified from Hawaii. P. maculata is
present in Australia, Malaysia, Indonesia, Papua New
Guinea, the Philippines and the South Pacific islands;
whereas P. cavendishii occurs in Australia, East Timor,
Hawaii, India, Indonesia, Malaysia, the Philippines,
Sri Lanka, Taiwan, Vietnam, and some Pacific islands
(Wong et al. 2012). P. cavendishii is the only species
infecting ‘Cavendish’ AAA bananas, but like the other
Phyllosticta species, it also infects bananas in the AAB
and ABB groups.

Single or clusters of black globose to pyriform pycnidia
are present in the freckles (Fig. 26.17D) and produce
conidia. Spermogonia and spermatia (pycniospores)
may also be found. The sexual stage of the pathogens
produces ascostroma and asci (Fig. 26.17).

Epidemiology

The epidemiology of freckle disease has been described
for the pathogen Phyllosticta musarum (syn. Phyllostictina
musarum) in Hawaii (Meredith 1968) that now is rec-
ognized as G. stevensii or P. cavendishii. The disease is
common on leaves and fruit of ‘Dwarf Cavendish’ and
other varieties in Hawaii. On fruit, symptoms may appear
2 to 4 weeks after the bunch has opened and become more
severe as maturity is approached. The disease is usually
confined to older leaves on affected plants. Freckled
tissue contains numerous pycnidia of the pathogen, and
the disease was experimentally reproduced by inoculat-
ing leaves and fruit with conidia (Meredith 1968). Spores
of the pathogens are spread short distances by wind and
rain, as well as dew. The fungi are spread over large dis-
tances with the movement of infected fruit, leaves, and
suckers used for planting. Pathogen survival is thought
to be in diseased leaves, although it is not known for
how long. Conidia germinate after 3 to 6 h in a film of
water on the banana peel, and appressoria form after 18
to 30 h. Penetration of the epidermis occurs by an infec-
tion hypha that develops from the appressorium 24 to
96 h after inoculation (Meredith 1968). The progressive
increase in severity of freckle as fruit mature is due to
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repeated infections by conidia rather than by enlar_ge-
ment of original lesions. Some banana clones, including
‘Gros Michel’, appear to be resistant to the funguS:

Infection by P. musarum was reported to mdt}ce
several defense responses in the banana peel wh.ICh
include accumulation of five phytoalexins, upregulation
of chitinase, f-1,3-glucanase, and phenyl ammonium
lyase activity, as well as cell wall lignification (Abayas-
ekara et al. 2013). Some of these responses in immatur'e
fruit persisted throughout the ripening period, and this
may have been responsible for restricting the develop-
ment of anthracnose. Thus, development of anthracnose,
caused by C. musae, was significantly reduced in ripe
P. musarum-infected ‘Embul’ (Mysore, AAB) bananas as
compared to fruit without such infections.

Management

Field sanitation practices such as removing infected
leaves and bagging newly emerged bunches as well as
application of a fungicide starting at bunch emergence
have provided good control of freckle disease (Abayas-
ekara et al. 1993).

Lasiodiplodia Finger Rot
(Botryodiplodia Finger Rot)

Level of Importance

The disease has been found on ripe fruit during
storage in most banana growing areas of the world but is
not very common. Severe cases of Lasiodiplodia finger
rot have been reported from parts of India, Central and
South America, the Philippines, and Taiwan (Ploetz
2003; Snowdon 1990; Srivastava and Tandon 1971).

Causal Organism

Lasiodiplodia finger rot is caused by Lasiodiplodia theo-
bromae, a fungus well known in the tropics as a wound
pathogen on banana during storage. This pathogen and
several other fungal species were shown to be endophytic
in banana leaves, and the possibility of these endophytes
becoming pathogens has been discussed (Zakaria and
Aziz 2018). Random amplified polymorphic DNA
(RAPD) markers have been used to determine the
genetic diversity among 12 isolates of L. theobromae
collected from different banana cultivars in India (San-
geetha et al. 2012). There was a high degree of genetic
variability with a maximum similarity index among
isolates of 80% and a minimum index of 29.4%. These
results warrant further taxonomic studies on isolates of

s of Fruit Crops of Semi
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the species infecting banana. The pathogen has 5 brogg
host range, and isolates from banana, cocoa, map 80, ang
yam all infected cocoa and mango (Twumasi et 5] 5 O14)
The authors of this latter study concluded that Mixed. o;
inter-crop systems that have been adopted in some areas
will not be effective in managing Lasiodiplodia fryj; -2
on plantation farms.

Symptoms

Surface growth of grayish-black mycelial masses o
the stalk end is characteristic for the disease (Fig. 26.194),
The infection usually starts from the persistent perians
or stem-end and progresses with a brownish-black
discoloration of the peel. The pathogen invades fruit
through wounds or bruises and spreads rapidly into the
pulp, turning it into a black, watery mass. The infecteq
skin becomes black and soft (Fig. 26.19A,B), is eventy.
ally encrusted due to pycnidial production, and is some-
times wrinkled. Rotting of the pulp is comparatively
faster than that of the skin. In maturing or mature fruit,
two-thirds or even the entire finger may be affected.

The disease may be associated with fruit spots and
blemishes and causes an extensive tip rot in most banana
varieties. Since the fungus grows very rapidly at temper-
atures present in the tropics, it may cause considerable
rotting in the course of a few days. At high humidity,
mycelium may be seen on the infected area (Raut and
Ranade 2004).

FIG. 26.19, A and B, Lasiodiplodia finger rot caused
by Lasiodiplodia theobromae resulting from infection at the
stalk end of the fruit. (A, Courtesy N. K. B. Adikaram—
© APS; B, Courtesy D. Edwards, UCANR—Reproduced
by permission)
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Epldemlology

The pathogen is a common inhabitant o
panana tissues. Conidia are disseminated
water, and infection occurs through tissues at the flower
end of the finger or through wounds. The fungus grows
glowly at less than 20°C. Optimum fungal growth ang
fruit decay occur between 25°C and 30°C (Ploetz et al.
2003).

f decaying
Y wind and

Management

Stalk-end and stem-end diseases can result from
mechanical damage to the pedicel by flexing during
parvest and handling, creating entry points for decay
fungi. Therefore, care should be taken during all
handling to prevent any injuries. Removal of the affected
portion of the hand reduces spread of the disease. Fruit
temperature should be rapidly reduced after harvest, and
storage of bunches at 10°C reduces disease incidence.
Over-mature fruit should be excluded from export,

Preharvest treatments with mancozeb, carbendazim,
or propiconazole, as well as dipping harvested fruit in car-
bendazim, propiconazole, or imazalil are highly effective
(Nath et al. 2014, 2015). Additionally, sprays with garlic
clove and cinnamon leaf extracts, Pseudomonas fluorescens,
or Bacillus subtilis, as well as covering of bunches with
blue polythene (polyethylene) reduced banana finger rot
disease under field conditions (Nath et al. 2014).

Pedicel or Stalk Rot
Level of Importance

Pedicel rot is seen commonly on fruits of ‘Poovan’
dessert banana in some parts of India, particularly in
New Delhi. The disease considerably lowers the market
value and also causes quantitative fruit losses. The
disease has not been reported elsewhere.

Symptoms

Infection initially takes place on the inner surface
of the stalk of one or two corner fingers in the inner
whorl of a hand, facing the main stem of the bunch.
The symptoms appear during ripening, first as small
blackish-brown necrotic lesions at the mid-point of
finger stalks. They extend around the stalk and also
downwards to the fingers as diffused pale brown areas.
Atadvanced stages, the infection covers over 50% of the
stalk. The lesions rarely extend upwards into the crown,
and about half of the stalk towards the crown remains
Unaffected (Fig. 26.20). Decay of a pale color extends
into the upper half of the stalk-end of fruit. Whitish

-
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mycelial growth develops mainly on the dark necrotic
region. Sometimes, the infected stalks become dry, hard,
and shrink. The fingers remain attached to the crown.
The exposed crown often remains unaffected, even if
all finger stalks are infected. Sometimes, however, the
crown region may also become infected and develop
crown rot (Adikaram unpublished data).

Causal Organisms

Musicillium theobromae (syn. Verticillium theobromae) has
been predominantly associated with stalk rot. This patho-
gen also causes cigar end rot. Additionally, a Fusarium
species has been detected in diseased tissues (Adikaram

FIG, 26.20. ‘Poovan’ banana hands with A, early
symptoms of pedicel or stalk rot caused by Musicillium
theobromae; and B, an advanced stage with extensive
fungal colonization of pedicel and crown. (Courtesy
N. K. B. Adikaram—®© APS)

FIG. 26.21. Thielaviopsis rot of banana fruit
caused by Thielaviopsis paradoxa. (Courtesy UCANR—
Reproduced by permission)
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unpublished data). Moreover, symptoms similar to pedicel
or stalk rot have also been described on ‘Cavendish’
bananas, and the causal agent was identified as Thiela-
viopsis paradoxa (Fig. 26.21) (Cooke et al. 2009; Jones and
Stover 2019).

Critical Biological and Environmental Factors
That Favor Disease

Flexing that occurs during handling of dehanded
bananas after harvest can damage the pedicel and
provide injuries for fungal infection. Warm and dry
climatic conditions favor the development of disease.

Management

Careful handling of fruit after harvest to avoid flexing
and treatment of the pedicel and exposed crown with a
systemic fungicide (e.g., an imidazole) are strategies to
minimize disease incidence.

Pitting Disease (Johnston Fruit Spot)

Level of Importance

Pitting disease was first reported in 1931 in England
on banana fruit shipped from Brazil (Tomkins 1931).
The disease was subsequently described by Johnston
(1932) and, therefore, is also referred to as ‘Johnston fruit
spot’. Pitting disease has also been found in other parts
of South America, as well as Central America, Austra-
lia, Africa (Madagascar), and Asia (Snowdon 1990). In
India, pitting disease occurs sporadically but may cause
significant economic losses under favorable weather
conditions during epidemic years (Ganesan et al. 2017).
When the rainy season coincides with a susceptible
fruit stage (usually more than 60 days old after bunch
emergence), pitting may occur on 50% of the fruit. The
disease is most serious on ‘Cavendish’ AAA cultivars.
The causal pathogen also causes a leaf spot (blast) on
banana. Pitting disease is of minor importance when a
strict management program for foliar diseases in planta-
tions is followed.

Symptoms

Symptoms start to develop as fruit reach maturity
in the field or after harvest. Lesions are minute reddish
spots that enlarge, turn brown, are typically surrounded
by a reddish brown or blackish ring, and the tissue within
the ring becomes a sunken dark pit4 to 6 mm in diameter
(Fig. 26.22) (Jones and Stover 2019). Some authors (Kim

Postharvest Diseases of Fruit Crops of Semi-
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et al. 1987), however, reported lesions up to 2 s
diameter. The center of the pit may split, but the 4
does not extend into the pulp (Jones and Stoye, 2019

Thus, although the fruit does not rot, there is a 5 gnifics ).
loss in fruit quality. During transport and 'iPening “rllt
number of pits may increase. Small pits may ajsq dev‘eioe
on pedicels and crowns, and these may result i ﬁngep
drop. The pathogen does not sporulate on fryj 13si0nr
but does on leaf lesions (Jones and Stover 2019). s

n
amage

Causal Pathogen

The disease was originally described to be causeq by
Pyricularia grisea, but the pathogen was subsequently ider,.
tified as P. angulata in some parts of the world (Jones anq
Stover 2019; Kim et al. 1987). Molecular identification of
Indian isolates also confirmed the pathogen as P angulatg
(Ganesan etal. 2017). On potato dextrose agar, the fungys
typically produces pale, delicate floccose, loosely inter.
woven colonies that are initially creamish-white in color
and later turn light brown. Conidia are three-celled and
ovate to obpyriform in shape, 20 to 22 um X 6 to 9 um in
size, hyaline to pale brown, thin-walled, and have a small
protuberant hilum. They are produced solitary at the
ends of denticles of conidiophores (Ganesan et al. 2017).
Conidial sizes were described slightly different by others
(e.g., 6.0 to 34.0 um x 7.0 to 12.0 pm; Kim et al. 1987).

Disease Cycle and Epidemiology

The disease is most serious under high rainfall condi-
tions when conidial inoculum is produced abundantly
on senescing and dead banana leaves and bracts and is

FIG. 26.22. Pitting disease (Johnston spot) lesions
on banana fruit caused by Pyricularia grisea. (Courtesy

R. H. Stover—© APS. Reproduced, by permission, from

Ploetz et al., 1994.)
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gisseminated by wind and rain splash, Under field con-
gitions, conidia ger.minate and form appressoria on fruit
within 4 to 8 h at high humidity. The optimum tempera-
ure forin fection is 24°C to 26°C (Jones and Stover 2019).
[nfections at early fruit development remain quiescent
until fruit near maturity or after harvest. Unacceptable
jevels of pitting can develop from quiescent infectiong
during transit and ripening. In the field, symptoms
pegin to develop ca. 70 days after bunch emergence. The

disease does not progress during dryer environmental
conditions.

Management

Dead and dying banana tissues should be removed
from the plantation at regular intervals, especially during
the rainy season. Before sleeving, fruit bunches can be
sprayed with a protective fungicide. Benomyl, thiophan-
ate-methyl, and especially maneb and mancozeb have
shown efficacy against the disease (Guyon 1970). At the
packing station, all symptomatic fruit should be culled.

OTHER DISEASES

Brown spot caused by Cercospora hayi has been
reported from South and Central America and the Phil-
ippines. The disease occurs on peduncles, fruit crowns,
and fingers. Spotting is more prevalent on theinner whorl
of fingers and only occurs more than 50 days after fruit
emergence. Spots (5 to 6 mm in diameter) are centered
on stomata (Ploetz et al. 2003). They are light tan brown
and have irregular margins surrounded by a water-
soaked halo (Fig. 26.23). Lesions do not increase in size

FIG. 26,23, Brown spot on banana fruit caused
by Cercospora hayi. (Courtesy R, H, Stover—© APS,
ReProduced, by permission, from Ploetz et al., 1994 )

-

or number during ripening and lack aerial mycelium and
sporulation. Dead banana leaves and weeds are primary
sources of inoculum and conidia are produced within
16 h at 23 to 26°C and high humidity (Ploetz et al. 2003).
The disease is no longer considered a problem because
fungicides that are used for management of other foliar
diseases are highly effective against C. hayi.

Diamond spot occurs in parts of America and the
Philippines. The disease develops on the peel of green
fruit as raised yellow spots 3 to 5 mm in diameter.
Because infected cells can no longer expand at the same
rate as healthy cells, lesions develop a longitudinal crack.
Lesions have a yellow halo, becomeblack, and are sunken
and diamond-shaped (Fig. 26.24) (Ploetz et al. 2003).
A complex of fungi is responsible for causing diamond
spot and include a strain of C. hayi that is different from

FIG. 26.24. A, Diamond spot on banana fruit

caused by Cercospora hayi and a Fusarium sp. B, Severe
diamond spot on maturing banana fruit in the Philippines.
(A, Courtesy W. R, Slabaugh—© APS. Reproduced, by
permission, from Ploetz et al., 1994: B, Courtesy R. H.

Stover—© APS. Reproduced, by permission, from Ploetz
etal, 1994)
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the brown spot strains and several Fusarium species
(Fig. 26.25) (Ploetz 2003). These fungi grow on decaying
leaves where they sporulate under moist conditions and
are part of the air-borne microflora of banana planta-
tions. Quiescent infections are common, and the disease
develops during transit and ripening (Ploetz 2003). The
disease is no longer a problem because of modern sani-
tation practices, pathogen exclusion, and because early
fungicide applications followed by bagging of the devel-
oping bunch of fruit are highly effective management
practices against the diamond spot pathogens.

Three finger rots of minor importance are Dothio-
rella rot, caused by Neofusicoccum ribis (syn. Botryosphae-
ria ribis) (Jones and Stover 2019), and black heart, caused
by Gibberella moniliformis (anamorphic syn. Fusarium ver-
ricillioides), both reported from Israel (Chorin and Rotem
1961) and other locations (Jones and Stover 2019), and
Phytophthora rot, caused by Phytophthora nicotianae
var. parasitica, that has been reported from South Africa
(Snowdon 1990). Dothiorella rot and black heart decays
characteristically begin at the flower or tip-end and
develop into finger rots. At high humidity, Dothiorella
rot develops white to gray mycelium. Black pycnidia
exuding white spore tendrils may form on the fruit epi-
dermis (Jones and Stover 2019). Infected fingers with
black heart appear healthy but when cut longitudinally
show a dark brown discoloration (Snowdon 1990). Man-
agement of these two decays is obtained by sanitation
practices with the early removal of dead flower parts
from the developing fruit and application of fungicides
such as zineb and copper (Jones and Stover 2019). Phyto-
phthora rot begins at either the stem or blossom end of
the fruit and is firm and black. Rarely a problem in the
field, Phytophthora rot may develop after harvest when
non-sanitized wash water is used at packing stations.
Therefore, the disease can be managed by using sani-
tized water or by changing wash water frequently.

Fuzzy pedicel is a newly described postharvest
disease of ‘Cavendish’ banana that was mainly observed
in the United States on marketed single fingers (Tar-
nowski et al. 2010). Symptoms on fruit are light-gray

FIG. 26.25. Fusarium rot of banana fruit caused
by F. roseurn. (Courtesy UCANR—Reproduced by

permission)

mycelium on the surface of the cut end of pedicels o,
after fingers are placed in plastic shipping packages
Decay did not develop, but the disease is considereq ,
significant aesthetic obstacle in the development of tpe
single-finger product. Several Sporothrix and Fusayiy,
species including F. pseudocircinatum that have not beep,
reported previously from banana were obtained in isq.
lations. Koch'’s postulates were successfully performeq.
The disease did not develop at typical shipping tempera-
tures of 14°C but developed at marketing temperatures
of 25°C (Tarnowski et al. 2010).

Rhizopus rot and pink mold rot caused by Rhizopys
stoloniferand Trichothecium roseum, respectively, are decays
that result from physical injuries to the peel. Generally,
Rhizopus rot develops rapidly when fruit are marketed
at high temperatures (Adisa 1983). White mycelium
with stolons and rhizoids that produce sporangiophores
and black sporangia on the fruit surface are typical signs
of the pathogen on black, decayed fruit. The decay has
been reported from India and Nigeria (Adisa 1983). Pink
mold is a superficial decay where the pathogen produces
pink spores and mycelium on the decay surface at high
humidity (Srivastava and Tandon 1971).

Sooty molds and sooty blotch are superficial soilage
problems on banana fruit during marketing. Sooty blotch
has been reported from Australia and Costa Rica and
is caused by Chaetothyrina musarunt, whereas a number
of fungi have been implicated to cause sooty mold and
include C. musarum, Cladosporium cladosporioides, Clado-
sporium atriellum, Leptoxyphium fumago, and others that
are found in Latin America (Jones and Stover 2019)
and the Philippines (Ploetz et al. 2003). Under cool
and wet environments, greenish-black or gray patches
of mycelium and spores form on the concaved side of
the crown at the stalk-end of the fingers. The pulp is
not affected, but the fruit is stained and off-graded or
not marketed. Sooty molds develop on exudates of
aphids, mealybugs, and other insects that are commonly
referred to as “honeydew” (Snowdon 1990). Manage-
ment includes preharvest applications of insecticides
and the use of insecticide-impregnated bags for covering
the bunches as the fruit develop.

Squirter disease and watery soft rot are destructive
diseases of the banana pulp. Watery soft rot is caused by
Sclerotinia sclerotiorum and has been reported from Costa
Rica (Snowdon 1990). Squirter disease is caused by
Nigrospora sphaerica or N. musae; both have been reported
from Australia and Asia (Jones and Muirhead 2019).
Wang et al. (2017) indicated that based on phylogenetic
relationships, N. sphaerica and N. musae are separate
species. The disease can be a problem when single fruit
are picked and can also be involved with Black-end rot

!_—-‘
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or tip Tot (see above). The pathogen enters the cut stem of

n fruit, and symptoms develop after removal of frujt
from the ripening room. In early stages, 3 dark band
forms on the surface of the fruit as the decay advances
from the stem end, and the peel eventually becomes
pluish tan (Ploetz et al. 2003). In advanced stages of
decay, the pulp is liquified, and any pressure to the fruit
results in the pulp squirting out (Snowdon 1990). Man-
agement strategies include harvesting bananas as hands
instead of individual fingers and the use of postharvest
fungicides.

Black Sigatoka caused by Pseudocercospora [ijiensis
(formel'ly Mycosphaerella fijiensis) is the most serious
foliar disease of banana. The pathogen does not directly
invade the fruit, however, fruit harvested from diseased
plants may show buff-colored pulp, premature ripening,
increased susceptibility to chilling injury, and develop-
ment of abnormal flavor and aroma (Snowdon 1990).

LITERATURE CITED

Abayasekara, C. L. 1998. Freckle disease caused by Phyllosticta
musarum in banana: Biology, control and host defence
responses. Ph. D. Thesis, University of Peradeniya,
Peradeniya, Sri Lanka.

Abayasekara, C. L., Karunaratne, A. M., and Adikaram,

N. K. B. 1993. Observation on the freckle disease of
banana. (Abstr.) Pages 458-459 in: Proc. 6th Internat.
Congr. Plant Path. Montreal, Canada.

Abayasekara, C. L., Adikaram, N. K. B., Wanigasekara,

U. W. N. P, and Bandara, B. M. R. 2013. Phyllosticta
musarum infection-induced defences suppress anthracnose
disease caused by Colletotrichum musae in banana fruits cv.
‘Embul’. The Plant Path. J. 29:77-86.

Abdullah, H., Rohaya, M. A, and Zaipun, M. Z. 1985. Effect
of modified atmosphere on black heart development and
ascorbic acid contents in ‘Mauritius’ pineapple (4nanas
comosus cv. ‘Mauritius’) during storage at low temperature.
ASEAN Food J. 1:15-18.

Abeygunawardena, D. V. W. 1969. Diseases of cultivated
plants: Their diagnosis and treatment in Ceylon. The
Colombo Apothecaries Co. Lid.

Adisa, V. A. 1983. Storage rots of banana fruits in some
Nigerian markets. Fitopathol. Brasil. 8:29-36.

Anonymous. 2017. FAOSTAT. 2017. Food and Agriculture
Organization of the United Nations. http://www.fao.org/
faostat.

Anthony, S., Abeywickrama, K., and Wijeratnam, S. W.

2003. The effect of spraying essential oils of Cymbopogon
flexuosus and Ocimum basilicum on postharvest disease
and storage of ‘Embul’ Banana. J. Hort. Sci. Biotech.
78:780-785.

Arneson, P. A. 1971. Sensitivity of postharvest rot fungi of

bananas to chlorine. Phytopathology 61:344-345.

26  Postharvest Diseases of Pineapple and Banana 531

ey e ————

Azeem, M. T., Shahzad, S., and Sultana, N. 2016. Effect of
different temperatures on post-harvest rots of banana.
Int. J. Biol. Biotech. 13:417-421.

Bartholomew, D. P., and Malezieux, E. P. 1994. Pineapple. ‘
Pages 371388 in: Handbook of Environmental Physiology
of Fruit Crops. Volume I1. Subtropical and Tropical
Crops. B. Schaffer and P. C, Anderson, eds. CRC Press,
Boca Raton, Florida, USA.

Bartholomew, D. P., Malezieux, E., Sanewski, G. M., and
Sinclair, E. 2003. Inflorescence, and fruit development
and yield. Pages 167-202 in: The Pineapple: Botany
Production and Uses. D. P. Bartholomew, R. E. Paull, and
K. G. Rohrbach, eds. CABI Publishing Wallingford, UK.

Bastiaanse, H., de Lapeyre de Bellaire, L., Lassois, L.,

Misson, C., and Jijakli, M. H. 2010. Integrated control
of crown rot of banana with Candida oleophila strain O,
calcium chloride and modified atmosphere packaging.
Biol. Control 53:100-107.

Brady, C., Cleenwerck, 1., Venter, S., Vancanneyt, M.,

Swings, J., and Coutinho, T. 2008. Phylogeny and
identification of Panroea species associated with plants,
humans and the natural environment based on multilocus
sequence analysis (MLSA). System. Appl. Microbiol.
31:460.

Brown, A, E., and Swinburne T. R. 1980. The resistance of
immature banana fruits to anthracnose (Colletotrichum
musae (Berk. & Curt) Arx). Phytopathol. Z. 99:70-80.

Brown, K. B., Hyde, K. D., and Guest, D. I. 1998. Preliminary
studies on endophytic fungal communities of Musa
acuminata species complex in Hong Kong and Australia.
Fungal Divers. 1:27-51.

Carpenter, C. W. 1918. Banana diseases. Rep. Hawaii Agric.
Stn. 1917, 40-42.

Cha, J. S., Pujol, C. J., Ducusin, A. R., Macion, E. A_,
Hubbard, C. H., and Kado, C. I. 1997. Studies on Pantoea
citrea, the causal agent of pink disease of pineapple.

J. Phytopathol. 145:313-320.

Chillet, M., Hubert, O., Rives, M. J., and de Lapeyre de
Bellaire, L. 2006. Effects of the physiological age of
bananas on their susceptibility to wound anthracnose
due to Colletorrichum musae. Plant Dis. 90:1181-1185.

Chorin, M., and Rotem, J. 1961. Experiments on the control of
tip rot in banana fruits. Israel J. Agricult. Res. 11:185-188.

Cooke, A., Persley, D., and House, S. 2009. Diseases of fruit
crops in Australia. CSIRO Pub., Australia.

Cox, J. R. 1996. Postharvest treatment of bananas in the
Windward Islands. Pests and Dis. 1:373-378.

Da Cunha, G. A. P, Costa, J. T. A., and Reinhardt, D. H.
2003. Natural flowering in pineapple: Inhibition by
growth regulators. Fruits 58:27-37.

Damunupola, J. W., and Adikaram, N. K. B. 2000. Response
of two pineapple cultivars to black rot disease caused by
Thielaviopsis paradoxa. (Abstr.,) Page 21. In Proc. Ann. Res.
Sessions, Univ. Peradeniya, Sri Lanka.

Daniel, K. K., Armel, M. M., Yeye, T. M. N., Regis, K. Y. Y.
F., and Hortense, A. D. 2018. Comparative effectiveness of
three systemic fungicides on the fungi responsible for the
Cavendish subgroup Grande Naine banana post-harvest
diseases in Cote d'Ivoire. Int. J. Adv. Res. 6:347-353.

Scanned with CamScanner



532 PART |11 Postharvest Diseases of Fruit Crops of Sem!

Daundasekara, M., Joyce, D. C., Aked, J., and Adikaram,

N. K. B. 2003. Ethylene production by Colletotrichum

musae in vitro. Physiol. Mol. Pl. Path. 62:21-28.

de Costa, D. M., and Subasinghe, S. S. N. S. 1998,
Antagonistic bacteria associated with the fruit skin of
banana in controlling its postharvest diseases. Trop. Sci.
38:206-212.

de Lapeyre de Bellaire, L., Chillet, M., Dubois, C., and
Mourichon, X. 2000. Importance of different sources
of inoculum and dispersal methods of conidia of Collefo-
trichum musae, the causal agent of banana anthracnose
for fruit contamination. Plant Pathol. 49:782-790.

de Lapeyre de Bellaire, L., and Nolin, J. 1994. Amélioration
du contréle du chancre sur les bananes d'exportation et
traitements post-récolte. Fruits 49:179-185.

Dhingra, O. D., Khare, M. N., and Chand, J. N. 1970. Cigar
end rot disease in India. Curr. Sci. 39:498-499.

Diedhiou, P. M., Zakai, A. H., Mbaye, N., Faye, R., and Samb,
P. 1. 2014. Control methods for postharvest diseases of
banana (Musa sinensis) produced in Senegal. Internat. J.
Sci. Env. Tech. 3:1648-1656.

Eckert, J. W., and Ogawa, J. M. 1985. The chemical control
of post-harvest diseases: subtropical and tropical fruits.
Annu. Rev. Phytopathol. 23:421-454.

Ed-Halaly, A. F., Tbrahim, I. A., and El-Arosi, H. M. 1954.
Studies on some factors affecting the prevalence and
distribution of cigar end disease of banana in Egypt.
Alex. J. Agric. Res. 11:9-28,

Ershad, D. 1972. The occurrence of cigar end rot disease in
Iran. Iranian J. P, Path. 8:7-16.

Esguerra, E., Del Carmen, D., Delos Reyes, R., and Lualhati,
R. A. 2017. Vacuum packaging controlled crown rot of
organically-grown Balangon (Musa acuminata AAA
Group) banana. Horticulturae 3:14.

Finlay, A. R., Lubin, C., and Brown, A. E. 1992. The banana
stalk as a source of inoculum of fungal pathogens which
cause crown rot. Trop. Sci. 32:343-352.

Frossard, P., Laville, E., and Plaud, G. 1977. Etude des
traitements fongicides appliqués aux bananes aprés
récolte. 111, Action de I'imazalil. Fruits 32:673-676.

Ganesan, S., Singh, H. S., Petikam, S., and Biswal, D. 2017.
Pathological Status of Pyricularia angulata causing blast
and pitting disease of banana in eastern India. Plant
Pathol. J. 33:9-20.

Gosselé, F., Swings, J., Kersters, K., Pauwel, P., De Ley, J.
1983. Numerical analysis of phenotypic features and
protein gel electrophoregrams of a wide variety of
Acetobacter strains. Proposal for the improvement of the
taxonomy of the genus Acerobacter Beijerinck 1898, 215.
Syst. Appl. Microbiol. 4:338-368.

Graham, M. W., Hardy, V., Bernard, M., Ko, L., Smith, M,,
Robinson, S., Bucheli, C., Sawyer, B., O'Hare, T.,
Jobin, M., Dahler, J., and Underhill, S. 1998. Genetic
engineering to control black heart. Pages 356-358. In:

P. J. Larkin, Ed. Proc. 4th Asia Pacific Conf. Agric.
Biotech., Darwin, Australia.

Grazia, M., Antoni, S., and Leal, F. 1980. Key to the identifica-
tion of commercial varieties of pineapple (Ananas comosus).
Proc. Am. Soc. Hortic. Sci., Trop. Reg. 24:107-112.

-Arid, Subtropical, and Tropical Zones

Greene, G. L., and Goos, R. D. 1963. Fungi associateq
with crown rot of boxed bananas. Phytopatho[ogy 53;
271-275.

Griffee, P. J., and Burden, O. I. 1976. Fungi associateq With
crown rot of boxed bananas in the Windward Islapgg.
Phytopathology 85:149-1 58.

Guyon, M. 1970. Essais de lutte chimique contre |a JOhnson
fruit spot au Nicaragua. Fruits 25:685-691.

Hailu, M., Workneh, T. S., and Belew, D. 2013. Review on
postharvest technology of banana fruit. Afr. J. Biotechpq
12:635-647. '

Hepton, A., and Anderson, E. J. 1968. Interfruitlet corking of
pineapple fruit, a new disease in Hawaii. Phytopathology
58:74-78.

Hine, R. B. 1976. Epidemiology of pink disease of pineapple
fruit. Phytopathology 66:323-327.

Indrakeerthi, S. R. P., and Adikaram, N. K. B. 2011. Contro] of
crown rot of banana using Carica papaya latex. J. Nat. Sc;.
Foun. Sri Lanka 39:155-162.

Intan Sakinah, M. A., Suzianti, I. V., and Latiffah, Z. 2014,
Phenotypic and molecular characterization of Colleto-
trichum species associated with anthracnose of banana
(Musa spp.) in Malaysia. Genet. Mol. Res. 13:3627-

3637.

Johanson, A., and Blazquez, B. 1992. Fungi associated with
banana crown rot on field-packed fruit from the
Windward Islands and assessment of their sensitivity to
the fungicides thiabendazole, prochloraz and imazalil,
Crop Prot. 11:79-83.

Johnston, J. R. 1932. The fruit spot of the banana. Bull. Res.
Dep. United Fruit Co., Boston, MA.

Jones, D. R. 1991. Chemical control of crown rot in
Queensland bananas. Aust. J. Exp. Agric. 31:693-698.

Jones, D. R., and Daniells, J. W. 2019. Introduction to banana,
abaca, and enset. Pages 1-40 in: Handbook of Diseases
of Banana, Abaca and Enset. D. R. Jones, ed. CABI,
Boston, MA.

Jones, D. R., and Muirhead, R. H. 2019. Fungal diseases of
banana Fruit — Postharvest diseases. Pages 271-295, in:
Handbook of Diseases of Banana, Abaca and Enset. D. R.
Jones, ed. CABI, Boston, MA,

Jones, D. R., and Stover, H. R. 2019. Fungal diseases of banana
fruit — Preharvest diseases. Pages 255-295 in: Handbook
of Diseases of Banana, Abaca and Enset. D. R. Jones, ed.
CABI, Boston, MA.

Jullien, A., Chillet, M., and Malezieux, E. 2008. Pre-harvest
growth and development, measured in degree days,
determine the postharvest green life of banana fruit. J.
Hort. Sci. Biotechnol. 83:506-512.

Kado, C. I. 2003. Pink disease of pineapple. APSner Features.
Online. doi: 10.1094/APSnetFeature-2003-0303.

Kamel, M. A. M., Cortesi, P., and Saracchi, M. 2016.
Etiological agents of crown rot of organic bananas in
Dominican Republic. Postharvest Biol. Technol.
120:112-120.

Kamel, M., Cortesi, P., and Saracchi, M. 2018. The influence
of potassium alum, sodium bicarbonate, and chlorine
treatments on banana’s crown rot disease progress. Acta
Hortic. 1196:247-254.

Scanned with CamScanner



CHAPTER 26 Postharvest Diseases of Pineapple and Banana

Kamo, T., Hirai, N, Tsuda. D,, Fujioka, D., and
2000. Changes in the content and biosynthe
alexins in banana fruit. Biosci. Biotechno].
64:2089-2098.

ghan, S- Ho, Aked, J., and Magan, N. 2001, ¢
anthracnose pathogen of banana (Colletotrichyy, musae)
using antioxidants alone and in combination with
thiabendazole or imazalil. Plant Pathg], 50:601-608.

kim, W. G, Kim, C. K., and Lee, E. J. 1987, Banana blag;
caused by Pyricularia angulata Hashioka. Korean J. plant
Pathol. 3:114-119.

Knight, C., 1982. Pathogenicity of some fungi associated
with crown rot of banana, J, Phytopathol, 104:13-18.

Ko, H. L., Campbell, P. R, Jobin-Decor, M. P., Eccleston,
K.L., Graham, M. W,, and Smith, M. K. 2006. The
introduction of transgenes to contro] blackheart in
pineapple (Ananas comosus L.) cv. Smooth cayenne
by microprojectile bombardment. Euphytica 150:
387-395.

Kontaxis, D. G. 1978. Control of pink disease
fruit with disulfoton in the Philippines. P
62:172-173.

Kontaxis, D. G., and Hayward, A. C. 1978 The pathogen and
symptomatology of pink disease of pineapple fruit in the
Philippines. Plant Dis. Rep. 62:446-450.

Krauss, U., Bidwell, R., and Ince, J. 1998 Isolation and
preliminary evaluation of mycoparasites as biocontro]
agents of crown rot of banana. Biol. Cont. 13:111-119.

Krauss, U., and Johanson, A. 2000. Recent advances in the
control of crown rot of banana in the Windward Islands,
Crop Prot. 19:151-160.

Kuan, C. §., Yu, C. W,, Lin, M. L.,Hsu, H.T, Bartholomew,
D. P, and Lin, C. H. 2005. Foliar application of aviglycine
reduces natural flowering in pineapple. HortScience
40:123-126.

Kumar, S. 2007. Pathological and biochemical investigations
on stem-end rot disease in pineapple (Ananas comosus (L)
Merr.). Ph.D. Thesis, University of Mysore, India.

Lassois, L., Bastiaanse, H., Chillet, M., Jullien, A., Jijakli,

M. H., and de Lapeyre de Bellaire L. 2010a. Hand
position on the bunch and source-sink ratio influence the
banana susceptibility to crown rot disease, Ann. Appl.
Biol. 156:221-229.

Lassois, L., Haissam-Jijakli, M., Chillet, M., and de Lapeyre
de Bellair, L. 2010b. Crown rot of bananas: Preharvest
factors involved in postharvest disease development
and integrated control measures. Plant Dis, 94:

648-658.

Lassois, L., de Lapeyre de Bellaire, L., and Jijakli, M.H.

2008. Biological control of crown rot of bananas with
Pichia anomala strain K and Candida oleophila strain.
Biol. Cont. 45:410-418.

Leal, F. J., and Soule, J. 1977. ‘Manipure’, a new spineless
group of pineapple cultivars. HortSci. 12:301-305.

Leiva-Mora, M., Alvarado-Capo, Y., Acosta-Suarez, M., Cruz-
Martin, M., Roque, B., and Carrera, K. 2013. Deightoniella
forulosa (Syd.) M. B. Ellis, causing leaf spot in acclimatized
Grande naine (Musa, AAA) plants. Rev. Proteccion Veg.
28:145-148.

Ohigashi, H,
8is of phyto.
Biochem,

ontrol of the

of pineapple
lant Dis. Rep.

533

Lim, T. K., and Rohrbach, K. G. 1980. Role of Penicillium
Suniculosum strains in the development of pineapple fruit
diseases. Phytopathology 70:408-410.

Liu, F. W. 1976 Banana response to low concentrations of
ethylene. J. Am. Soc. Hortic. Sci. 101:222-224,

Maramba, P, and Clerk, G. C. 1974. Suryival of conidia of
Trachysphaera fructigena. Trans, Brit. Mycol. Soc. 63:
391-393.

Marie, F., Malezieux, E., Marchal, J., and Perrier, X. 2000.
On farm approach of pineapple fruitlet core rot disease in
Martinique. Acta Hort. 529:261-264.

Marin, D. H., Sutton, T B., Blankenship, S. M., and Swalloe,
W. H. 1996. Pathogenicity of fungi associated with
crown rot of bananas in Latin America on ‘Grande

Naine' and disease resistant hybrid bananas. Plant Dis.
80:525-528.

Marin-Cevada. v, Caballero-Mellado, J., Bustillos-
Cristales, R., Muiioz-Rojas, J., Mascarta-Esparza, M. A
Castaﬂeda-Lucio, M., Lopez-Reyes, L., Martinez-Aguilar,
L., and Fuentes-Ramirez, L. E. 2010. Tatumella ptyseos, an

unrevealed causative agent of pink disease in pineapple.
J. Phytopathol. 158:93-99,

Marin-Cevada, V., and Fuentes-Ramirez, L. E. 2016. Pink
disease, a review of an asymptomatic bacterial disease in
pineapple. Rev. Bras. Frutic. 38 Jaboticabal, http://dx.doi.
org/10.1590/0100-2945201694.

Masudi, S. and Bonjar, G. H. S. 2012. Fulfillment of Koch's
postulates for in vitro pathogenicity of Musicillium
theobromae (Turconi) Zare & W. Gams as the cause of
banana cigar end rot disease. J. Plant Prot. Res. 52 DOI:
10.2478/v10045-012-0067-7.

Mbenoun, M., de Beer, Z. W., Wingfield, M. J., Wingfield,

B. D., and Roux, J. 2014. Reconsidering species
boundaries in the Ceratocystis paradoxa complex, including
a new species from oil palm and cacao in Cameroon.
Mycologia 106:757-784.

Meredith, D. S. 1961. Fruit-spot (‘speckle’) of Jamaican
bananas caused by Deightoniella torulosa (Syd.) Ellis: 1.
Symptoms of disease and studies on pathogenicity. Trans.
Brit. Mycol. Soc. 44:95-104.

Meredith, D. S. 1965. Tip rot of banana fruit in Jamaica. 2.
Verticillium theobromae and Fusarium spp. Trans. Brit.
Mycol. Soc. 48:327-336.

Meredith, D. S. 1968. Freckle disease of banana in Hawaii
caused by Phyllostictina musarum (Cke.) Petr. Ann. Appl.
Biol. 62:329-340.

Meredith, D. S. 1971. Transport and storage diseases
of banana: biology and control. Trop. Agric. 48:

35-50.

Mergaert, J., Verdonck, L., and Kersters, K. 1993. Transfer
of Erwinia ananas (synonym, Erwinia uredovora) and
Erwinia stewartii to the genus Pantoea emend. as Pantoea
ananas (Serrano 1928) comb. nov. and Pantoea stewartia
(Smith 1898) comb. nov. respectively, and description
of Pantoea stewartii subsp. indologenes subsp. nov. Int. J.
Syst. Bacteriol. 43:162-173.

Muirhead, I. F., and Deverall, B. J. 1981. Role of appressoria
in latent infection of banana fruits by Colletotrichum musae.
Physiol. Plant Pathol. 19:77-84.

Scanned with CamScanner



534 | PART 111 Postharvest Diseases of Fruit CroPS of Semi-Arid, Subtropical, and Tropical Zones

ploetz, R. C., Thomas, J. E., and Slabaugh, W. R. 2003,

Muirhead, I. F., and Jones, D. R. 2000. Fungal di’e?:’. o.f Diseases of banana and plantain. Pages 73-134, in;

‘]’;nma r’“;;‘s b ostharX:st d'“‘:i’g' ;:2';19:%0“: ea Diseases of Tropical Fruit Crops. R. Ploetz, ed. CApy,
iseases of Banana, Abaca and Ensete. D. K. , €0, Wallingford, UK.
CABI Publishing, Wallingford, UK. A SRR & Fentmyer, G. A., Nishijima, . T, Rohrbact

Nakasone, H. Y., a_nd Paull, R. E. (eds.) 1998. Tropical Fruits. K. G. and Ohr, H. D, eds. 199'4. Compendium of

N mCQB s[n ::;nkm?(n% 445:;;; M. 2015. Management Tropical Fruit Diseases. American Phytopathologica|

ath, K., Solanky, K. U,, an a, M. ] ' 7 Paul, MN.
of banana (Musa paradisiaca 1 L) fruit rot diseases using pujolsoc‘::l?y'ai:i Ka;; o, C. 1. 2000. Genetic and biochemica|
:mglgf:;z}lzg.ﬂ;sf t]l:)%lb;;l;mbml' Sab et characterization of the pathway in Pantoea citrea lead;

Nath (])2 S-olanky K-U a;nd Kum;wat G. L. 2014. Effective to pink disease of pineapple. J. Bacteriol. 182:223(-
ST T, 2237.
approaches of potential bioagent, phytoextract, fungicide _ A Peertimmis)
and cultural practice for management of banana fruit rot Ramma, I., Beni Madhus, S P2 aﬂl = b é 19.9 & .
disease. J Plant Pathol. Microb. 5:246-254. AMAS Food and Agricultural Research Council, Réduit,
104 : s Mauritius pp. 187-194.

doi:10.4172/2157-7471.1000246. :

O'Donnell, K., Cigelnik, E., and Nirenberg, H. I. 1998, Molec-  Raut, S. P, and Ranade, :' 200347'_5’;':%;2;:;“:? s o
ular systematics and phylogeography of the Gibberella their management. ' ages : y M vnuts
fujikuroi species complex. Mycologia 90:465-493. and Vegetables — D ’ag";sl's anAca:i::ngii:n;’e:l:ii :l IL

Paull, R. E. 1997. Pineapple. Pages 123-143 In: Postharvest S A.N M.hH-lNa:Vl. ed. Kluver shers,

i i -tropical fruits. The Netherlands.
physiology and storage of tropical and sub-tropical fruits Reyes, M.E. Q. Rohebach, K., and Paull, R. E. 2004

S. K. Mitra, ed. CABI, Boston, MA.

Paull, R. E., and Chen, C. C. 2003. Postharvest physiology,
handling and storage of pineapple. Pages 253-279.

In: Pineapple: Botany, Production and Uses. D. P.
Bartholomew, R. E. Paull, and K. G. Rohrbach, eds.
CABI, Wallingford, UK.

Peacock, B. C. 1973. Effect of Colletotrichum musae infections
on the preclimacteric life of bananas. Queensl. J. Agric.
Anim. Sci. 30:239-246.

Peacock, B., and Blake, J. R. 1970. Some effects of non-
damaging temperatures on the life and respiratory
behaviour of bananas. Queensl. J. Agric. Anim. Sci.
27:147-168.

Pegg, K. G. 1993. The pineapple plant. Page 63 in: Pineapple
Pests and Disorders. R. H. Broadley, R. C. Wassman, and
E. Sinclair, eds. Queensland Department of Primary

Microbial antagonists control postharvest black rot of
pineapple fruit. Postharvest Biol. and Technol. 33:
193-203.

Rohrbach, K. G. 1980. Climate and fungal pineapple fruit
diseases. In. Second Southeast Asian Symposium on Plant
Diseases in the Tropics, Bangkok, Thailand.

Rohrbach, K. G. 1989. Unusual tropical fruit diseases with
extended latent periods. Plant Dis. 73:607-609.

Rohrbach, K. G., and Apt, W. 1986. Nematode and disease
problems of pineapple. Plant Dis. 70:81-87.

Rohrbach, K. G., and Johnson, M. W. 2003. Pests, diseases
and weeds. Pages 203-251 in: The Pineapple: Botany,
Production and Uses. D. P. Bartholomew, R. E. Paull,
and K. G. Rohrbach, eds. CABI, Wallingford, UK.

Rohrbach, K. G., and Pfeiffer, J. B. 1976. The interaction
of four bacteria causing pink disease of pineapple

Industries.
Pegg, K. G., Wassman, R. C., Broadley, R. H,, Kelly, D. §., with several pineapple cultivars. Phytopathology 66:
and Bagshaw, J. S. 1995. Postharvest diseases of horti- 396-399.
cultural produce. Page 86 in: Tropical Fruit. Vol. 2. Rohrbach, K. G., and Phillips, D. J. 1990. Postharvest
L. Coates, T. Cooke, and D. Persley, eds. Department diseases of pineapple. Acta Hort. 269:503-508.
of Primary Industries, Queensland, Australia. Rohrbach, K. G., and Schmitt, D. P. 1994. Pineapple. Pages
Perez Vicente, L., and Hernandez, A. 2002. Reaction of black 45-55 in: Compendium of Tropical Fruit Diseases. R. C.
sigatoka resistant FHIA hybrids to Fusarium pallidoroseum Ploetz, G. A. Zentmyer, W. T. Nishijima, K. G.
and Colletotrichum musae causal agents of crown rot and Rohrbach, and H. D. Ohr, eds. American
anthracnose diseases of bananas. Phytopathology 92:5136. Phytopathological Society, St. Paul, MN.
Petty, G. J. 1975. Pineapple mites. Citrus Subtropical Fruit J. Rohrbach, K. G., and Schmitt, D. P. 2003. Diseases of
498:15-18. pineapple. Pages 443-464 In: Diseases of tropical fruit
Petty, G. J., Tustin, H. A., and Dicks, H. M. 2006. Control of crops. R. Ploetz, ed., CABI, Wallingford, UK.
black spot disease/fruitlet core rot in queen pineapple Rohrbach, K. G., and Taniguchi, G. 1984. Effects of
with integrated mealybug, pineapple fruit mite and fungus temperature, moisture, and stage of inflorescence
control programmes. Acta Hort. 702:143-149. development on infection of pineapple by Penicillium
Photita, W., Lumyong, S., Lumyong, P., and Hyde, K. D. 2001. Sfuniculosum and Fusarium moniliforme var. subglutinans.
Endophytic fungi of wild banana Musa acuminata at Doi Phytopathology 74:995-1000.
Suthep Pui National Park, Thailand. Mycol. Res. Sangeetha, G., Anandan, A., and Usha Rani, S. 2012.
105:1508-1513. Morphological and molecular characterization of
Photita, W., Lumyong, S., Lumyong, P., Hyde, K. D., and Lasiodiplodia theobromae from various banana cultivars
McKenzie, E. H. C. 2002. Index of fungi described from causing crown rot disease in fruits. Arch. Phytopathol.

the Musaceae. Mycotaxon 81:491-503. Plant Protec. 45:475-486.

Scanned with CamScanner



e

‘Shﬂli“gford'.c' 2% 1976. Occurrence of banan 535
in Jamaican boxing plants, Plap, DR A fruit roq fungj Tw A
shmingford. C. A. 1977. Control Ofba“an.a f.!.'P-. 66:88-793. umasi, p,, Ohene-Menuh G
of fungi that contaminate washing war TUit rots apg : he rot fungus fpllod,:' a’l:d Moses, E. 2014,
19:197-203. er. Trop, ;. ll'lfect €0coa, mangg, banan: ‘a ‘:bmmae strains cross
. monds, J. H. 1963. Studies ; tissue damage 4nq nd yam with significans
S'mnr::t‘h“m species causing ri:enr:)}:e e ]?hase Of Colleto. 9:613-619, economic losses. Afy, Agric. Res
Queensland J. Agric. Sci 20.2753025205"%] fruits, dayanga, p Manamgoda it o
¥ : 5 8 = - l’o[e' E ,a v A9, 0, &7 A tlkean.
Sincla, £- 1993.-The pineapple plant. Page 63 in. p; anth nd Hyde, K. p, 2013. What are the c
ts and Disorders. R, | In: Pineapple facnose pathogens of ¢ 5 Ommon
PC: N o -Q. { Blroadley, R.C. Wassman 61:165-179. Topical fruits? Funga] Divers
and &. ) - Queensland D ) x
Industries. €partment of Primary Wdrey.' LL, Langdon

siriwardana, H., Abeywickrama, K Kannangar, g
Jayawardena, B. 2017, Efficacy O Atuny lream; - and
vacuum packaging in controlling crown rot disent and
Cavendish banana. J. Agricy]. Sci. 12:162-171 ease of

slabaugh, W- R., and Grove, M. D. 198 Posthar\;eSt di
of bananas and their control. Pjap, Dis. 65-746_75015eases

snowdon, A. L. 1990. A colour atlas OFPOSthar;resr dis ;

Sb0iC warders of fruits and vegetables. Volume 1- Geases
Introduction and fruits. Wolfe Scientific, London E"E”l

s Mbe' and Tandon, R. N. 197]. Postharves; :
diseases of banana in India. i
24:115-118. {ndian Phytopathol.

Stewart, R. J., Sawyer, B, J. B., Bucheli, C. 5., and Robinson,
S. P. 2001. ?Oly‘PhE_nol Oxidase, is induced by chilling
and wounding in pineapple. Aust. J. Plant Physiol, 25.
181-191.

Stewart, R. J., Sawyer, B. J. B, and Robinson, S. P. 2002.
Blackheart development during chilling in fruit of
susceptible and resistant pineapple cultivars.

Aust. J. Exp. Agric. 42:195-199,

Stover, R. H. 1972. Banana, plantain and abaca diseases.
Commonwealth Mycological Institute, Kew, UK.

Su, Y. Y., Noireung, P, Liu, F., Hyde, K. D., Moslen, M. A.,
Bahkali, A. H., Abd-Elsalam, K. A., and Cai, L. 2011.
Epitypification of Colletotrichum musae, the causative
agent of banana anthracnose. Mycoscience 52:376-382.

Swete-Kelly, D. E., and Bagshaw, J. 1993. Effect of fruit
handling and fruit coatings on black heart (internal brown
spot) and other aspects of fresh pineapple quality. Acta
Hort. 334:305-316.

Swinburne, T. R., and Brown, A. E. 1983. Appressoria
development and quiescent infections of banana fruit
by Colletotrichum musae. Trans Brit. Mycol. Soc. 80:
176-178.

Tang, Y., Kuang, J., Wang, F., Chen, L., Hong, K., Xiao, Y.,
Xie, H., Lu, W., and Chen, J. 2013. Molecular
characterization of PR and WRKY genes during SA- and
MeJA-induced resistance against Colletotrichum musae in
banana fruit. Postharvest Biol. Technol. 79:62-68.

Tarnowski, T. L., Pérez-Martinez, J. M., and Ploetz, R. C.
2010. Fuzzy pedicel: A new postharvest disease of banana.
Plant Dis. 94:621-627. L

Tezenas du Montcel, H., and Laville, E. 1977. Effect of climatic
conditions on the development of Trachysphaeria fructigena.
Fruits 32:77-85.

Tomkins, R. G. 1931. Wastage in banana transport. Trop.
Agric. 8:255-264.

109:912-934.

OfPi;:ei; : iA enetic Diversity in Various Accessions

G Maffers Brfanas comosus (L.) Merr.] Using ISSR and
- Blochem Genet. 55:347-366. doi: 10.1007/

510528-017-9803-z, Epub 2017 May 6.

Wang, R. H., Hsu, Y. M., Bartholomew, D. P, Marutha-
salam.‘S.. ?nd Lin, C. H. 2007. Delaying natural
ﬂc'_wenpg in pineapple through foliar application of
aviglycine, an inhibitor of ethylene biosynthesis.
HortScience 42:1188-1 191.

Wanigasekara, U, W. N. P., Adikaram N. K. B., and
Abayasekara, C. L. 2014. Induced defences and delayed
anthracnose development in banana fruits cv. 'Embul’
treated at a pre-harvest stage with salicylic acid or Bion®.
J. Nat. Sci. Foundation of Sri Lanka 42:99-108.

Wardlaw, C. W. 1931. Banana diseases 2. Notes on cigar-
end (Stachylidium theobromae Turc.). Trop. Agric. 8:
293-298.

Wardlaw, C. W. 1961. Banana Diseases Including Plantains
and Abaca. Longmans, Green and Co. Ltd. London.
648 pp.

Weerahewa, D., and Adikaram, N. K. B. 2005. Heat-induced
tolerance to internal browning of pineapple (Ananas
comosus cv. ‘Mautitius') under cold storage. J. Hort. Sci.
Biotech. 80:503-509.

Wijeratnam, R. S. W., Hewajulige, I. G. N., and Abeyratne, N.
2005. Postharvest hot water treatment for the control of
Thielaviopsis black rot of pineapple. Postharvest Biol.
Technol. 36:323-327.

Wijeratnam, R. S. W., Hewajulige, I. G. N., and Perera,

M. G. D. S. 2006. The control of black rot disease and
the application of a novel wax formulation for extending
storage life of pineapple. Acta Hort. 702:185-189.

Wong, M.-H., Crous, P. W., Henderson, J., Groenewald, J. Z.,
and Drenth, A. 2012. Phyllosticta species associated with
freckle disease of banana. Fungal Divers. 56:173-187.

Wu, S. P, Liu, Y. X_, Yuan, J., Wang, Y., Hyde, K. D, and Liu,
Z.Y. 2014. Phyllosticta species from banana (Musa sp.) in
Chongging and Guizhou Provinces, China. Phytotaxa

188:135-144.

Scanned with CamScanner




Scanned with CamScanner




