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Abstract: Anthracnose, caused by Colletotrichum gloeosporicides, is a serious postharvest disease of mango.
The histopathological studies on anatomy of naturally infected by Celletotrichum gloeosporioides and
artificially inoculated leaves and healthy leaves were performed to understand the infection process of
anthracnose at various mntervals after inoculation. Germmation and penetration processes of the pathogen
within the whole leaf were observed. The first evidence of penetration into the whole leaf was observed 48 h
after invasion. Tt also revealed that mycelia were prominent after 120 h after invasion by the fungus
(C. gloeosporioides). Subcuticular infection by hyphae was present in transverse leaf sections (T.S.) of the
diseased sample after 72 h. Also, both inter and intra-cellular hyphal mvasion were observed after 72 h.
Mesophyll cells were lughly affected by fungal invasion and rapidly collapsed. Swelling of epidermal cell walls
was also observed. After 96 halmost all the cells became necrotized (Ne¢). Necrotized mycelial mats (M)
of C. gloeasporioides was observed after 120 h and all the invaded cells became necrotized (Nc¢) forming a spot
which eventually the cells ruptured leaving a shot hole symptom. All these observations pertained to the cells
of mesophyll tissue indicating that these are the regions of fungal invasion and host tissue damage resulting
in the disease symptoms. Naturally infected and artificially moculated (in vitro) presented no significant
differences suggesting that the pathogen mnvasion and symptom development process 1s similar in both the
conditions.
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INTRODUCTION

Mango (Mangifera indica1..) is affected by a number
of diseases of which anthracnose 1s one of the most
common especially in India resulting in substantial loss.
Many variety of fruit crops mcluding almond, apple,
mango (Freeman et al., 1998), avocado (Sanders and
Korsten, 2003), cassava (Folunang et al., 2000a, 2003),
Arabica  coffee  (Agwanda et ol, 1997), guava
(Hasna et al., 2000, Ansari et al., 2000, Amusa et al.,
20054, 2006) banana (Haque et af, 2003
Nuangmek et al, 2008, Taechowisan et al., 2009),
papaya (Al Eryam-Raqeeb er al., 2009) strawberry
(Martinez-Culebras et al., 2000;, Xiao et al., 2004) and yam
(Amusa et al., 2005h).

For validation an organism as an etiologic agent it is
must to record histopathological studies of hyphal
elements n tissue, as for other mycoses (Sutton, 1999). In
host specificity test, C. gloeosporiocides was found to be
highly pathogenic on the fruits of mango. However, other
fruit crops ie., grape (Leu and Chang, 1985), avocado

(Coates et al., 1993), strawberry (Xiao ef al., 2004) and
olive (Talhinhas et «of., 2011) are also affected by this
pathogen. Meanwhile, very limited information exists on
the infection process of C. gloeosporioides (Makowski,
1987). Morin et al (1996) showed that infection of
C. gloeosporioides f. sp. malvae involved mtracellular
vesicles, large-diameter primary hyphae that constricted
at transcellular penetration sites and secondary hyphae.
In susceptible host development of primary hyphae and
production of secondary hyphae was extensive. The
colonization was stopped by a oversensitive reaction
of cell contiguous to preliminary infection site in
the moderately resistant hosts M. nmeglecta and
A. theophrasti.

The Scanning Electron Microscopy (SEM) was found
to be an excellent tool for presenting details of plant
structure (Troughton and Donaldson, 1972). With this
basic mformation, the present study was imtiated to
comprehend the infection process of the pathogen, the
anatomical changes that took place after invasion,
pathogenesis and finally how the disease developed.
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MATERIALS AND METHODS

Plant material: To observe the anatomical changes in leaf
during host pathogen interaction tissue samples of leaf
were collected from naturally and artificially infected
plants for expression study analysis. Leaf samples from
healthy mango plant (height 100-150 ¢m) grown under
green house conditions were also taken as control in the
experiment.

Preparation of spore suspension of C. gloeosporioides:
C. gloeosporioides was grown on potato dextrose agar
(PDA) medium and incubated at 25-30°C for seven days.
A 5 mm disc was used for making spore suspension in
different concentrations (2.6x10°, 0.16x10°, 0.032x10"
0.0025x10° and 0.00015x10° mL ") by serial dilution with
sterile distilled water.

In vitre inoculation and pathogenicity assay: Spore
suspension of fungal growth were inserted into artificially
made wounds by pinching using sterile needle and then
leaves were surface-sterilized with 70% ethanol.
Control was also maintained. Samples were observed at
48, 72, 96 and 120 h after inoculation. Control plant was
similarly sampled with distilled water. The leaves were
covered with polythene bags and mcubated at 28+2°C
to ensure high humidity for establishing favorable
conditions for conidial germination and mfection
After 5 days of incubation, pathogen was reisolated and
its 1dentity was confirmed. Wound moculation method
was used to test the pathogenicity on Dashehari
mango leaves as suggested by Bhuvaneswari and

Rao (2001).

Fixation of tissues: Tissue blocks from healthy or mfected
mango leaves were washed in distilled water and dried
between folds of sterilized paper towels and processed.
The tissues were cut mto small portions (5-10 mm
long), dipped in (FAA) formaldehyde: acetic acid:
absolute alcohol (5:5:90mL) (Sass, 1940). The samples
were left in the above solution till they were processed

further.

The
dehydration of specimens were processed by using
chemicals 1.e., alcohol 30, 50, 70, 80 and 95%, absolute
alcohol, alcohol 75% + xylene 25%, alcohol 50% + xylene
50%, alcohol 25%txylene 75% and pure xylene
consequently each for 30 minutes with the help of

Dehydration, infiltration and embedding:

automatic tissue processor ( York, New Delhi). There after
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to prepare blocks, tissues were embedded in melted
paraffin wax at 54 to 56°C for 4-8 h in order to completely
replace the xylene with paraffin wax (Berlyn et al., 1976).

Staining and mounting: A thin section of 10 micron
thickness was cut with the help of a microtome (Microm,
Germany). At least 20 shdes were prepared for each
sample. The sections were stained in 0.1% aqueous
toluidine blue and were mounted in DPX-mount after
bringing them to xylene through alcohol-xylene series as
described by Jensen (1962). The healthy leaf was also
examined in the study as control along with diseased
samples which were assessed for anatomical changes as
per the techmique described by Pandey et al. (1987).

Light microscopy observation: Light microscopic
observation was made at 48, 72, 96 and 120 h after
mmoculation on 5, 10, 40 and 100X magmification,
respectively following the method of Begum et af. (2007).

RESULTS
The listopathological studies were carried out

to investigate the
C. gloeosporioides on mango leaves under natural

behavior and interaction of
infection and in vitro conditions (Fig. 1). Typical features
of shape and size of the tissues was shown in transverse
section (T.3.) of dorsiventral healthy leaf (Fig. 2). The
collaterally closed vascular bundles were found scattered
and surrounded by Parenchymatic cells (P) which
delimited by fibres. Parenchymatous cells spread above
and below the vascular bundles. Transverse sections
(T.8.) of the tissues showed no material inside vascular
bundles (Vb), [xylem (Xy) and phloem (Ph)]. The
intercellular spaces and the mterfaces of contact between
neighbouring cells were completely free.

Transverse sections of tissues naturally infected by
C.

disorgamzation and dark brown discoluration of

gloeosporicides  indicated cell  plasmolysis,
parenchymatous cells (P) surrounding vascular bundles
(Fig. 2). Parenchymatic cells (P) were filled with brown to
dark mycelia. In advanced stages, the pathogen spread to
adjoining vaded tissues was observed and fibers
causing complete breakdown. Mycelia were also detected
in and within the metaxylem (Xy) elements. Hyphae
extensively ramified m the invaded intercellular spaces,
surrounded cells and xylem units. Massive dissolution of
parenchymatous cells (P) and frequently xylem or fibrous
tissues were also observed. No visible changes in the

histological structure were noticed in the other tissues or
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Fig. 1(a-e): Infection process on leaves, (a) Inoculation on the first day, (b) Imitiation of symptoms on leaf after 48 h of
moculation, (¢) Small spots symptom after 72 h of inoculation, (d) Enlarged spot symptom on leaf after
96 h of inoculation and (e) Anthracnose symptoms after 120 h of inoculation (Arrows represent the
position/location of the symptoms)

Fig. 2(a-c): Transverse section (T.3.) of healthy and naturally infected mango leaves by C. gloeosporivides, (a) Regular
and typical structure of shape and size of the epidenmis (E), parenchyma (P), vascular bundle (Vb), xylem (Xy)
and phloem (Ph) in healthy leaf (b) Initiation of anthracnose symptom in epidermis (E), browning and
darkening due to necrosis in naturally infected mango leaf (¢) Typical symptoms of anthracnose such as dark
tissues and necrotized cells (Ne) and changes in shape and size of epidermis (E), parenchyma (P), vascular
bundle (Vb), xylem (Xy) and phloem (Ph) in the naturally infected mango leaf
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Fig. 3(a-d). Transverse section (T.S.) of mango leaves of artificially inoculated control (H,0)and spore suspension
of C. gloeasporioides observed after various time intervals after inoculation, (a) Typical T.S. of healthy leaf
and the shape and size of the epidermis (E), parenchyma (P), vascular bundle (Vb), xylem (Xy) and phloem
(Ph) after 48 h of moculation, (b) [mtiation of anthracnose symptoms and some cells are necrotize (Nc) after
48 h of inoculation, (¢) T.S. of healthy leaf after 72 h of inoculations showing that all the structures and
tissues are intact, regular and the cells have grown in size and volume, (d) Subcuticular infection and
mnfection of inter and mtra-cellular spaces observed after 72 h of mnoculation and changes n the epidermis
(E) and outer cells of Vb during necrosis observed in infected leaf

vascular bundle elements. These results were positively
correlated and could mterpret with the degree of virulence
of each pathogenic fungus.

The inoculated  tissues with spore
suspension of C. gloeosporioides exerted the same
deleterious effects (Fig. 3, 4). Similar results were also

in vitro

recorded in the tissues infected with spore suspension of
C. gloeosporioides at 96 and 120 h after inoculation.
Mycelia were prominent after 120 h after invasion by the
fungus, C. gloeosporioides. But the first evidence of
penetration into the whole leaf was observed 48 h after
mvasion. Subcuticular infection by hyphae was present
in transverse leaf sections (T.S.) of the diseased sample
after 72 h. Also, both mter and intra-cellular hyphal
invasion were observed after 72 h. Mesophyll cells were
highly affected by fungal invasion and rapidly collapsed.
Swelling of Epidermal cell (E) walls was also observed.
After 96 h almost all the cells became necrotized (Nc).
Necrotized mycelial mats (M) of C. glogosporioides was
observed after 120 h and all the invaded cells became
necrotized (Nc¢) forming a spot which eventually the cells
ruptured leaving a shot hole symptom (Fig. 4). All these
observations pertained to the cells of mesophyll tissue
(parenchyma cells) indicating that these are the regions of
fungal invasion and host tissue damage resulting in the
disease symptoms.
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DISCUSSION

Cells, of host plant affected by anthracnose,
exhibited unnatural tissues that turn brown to dark
(Rivera-Vargas ef al., 2006) and filled with pentosan like
substances (Klotz and Fawcett, 1932). On the contrary,
the fungus 7. paradoxa/C. gloeosporivides sporulated n
masses in parenchymatic tissues and metaxylem vessels.
Besides, exerted mycelium
sclerenchyma cells surrounding the vascular elements.
Spores, gum like substances and tylosis that formed in the

sections in fibrous

infected tissues might bring about disfunction of the
xylem elements and might interfere seriously with the
transpiration stream and produce a permanent wilting of
the pinnae several feet beyond the region invaded by the
fungus (Lopez-Llorca and Orts, 1994).

C. gloeosporioides might produce extracellular
cutinase to weaken the host barrier and thus assist
infection peg to penetrate through the
(Kolattukudy, 1985). The penetration procedure of
C. gloeosporioides on mango leaf 1s similar with that of
C. gloeosporioides on avocade (Binyamin
Schiffimann-Nadel, 1972), Robinson tangerine (Brown,
1977), papaya (Chau and Alvarez, 1983), grape (Leu and
Chang, 1985), C. capsici on red pepper (Adikaram et al.,

cuticle

and

1983) and C. gloeosporioides . sp. manihotis 1n cassava
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Fig. 4(a-f):

Transverse section (T.3.) of mango leaves im vitro inoculated

control and spore  suspension

of C. gloeosporioides observed after various time intervals after moculation, (a) Healthy leaf after 96 h of
moculation, (b) Infected leaf after 96 h and some cells of epidermis (E) and parenchyma cells (P) are found
necrotized (Nc), (¢) Healthy leaf after 120 h of inoculation, (d) Infected leaf showing that most of all cells
of epidermis (E) and parenchyma (P) are necrotized (Nc) and infected with some mycelial part (M) of
C. gloeosporioides after 120 h of 1noculation, (e¢) Approximately all the cells of epidermis (E) and
parenchyma (P) are found necrotized (Nc¢) and some M are also observed, (f) Shot hole symptom and

rupturing of the tissues marked by ring

(Fokunang et al., 2000b). This mode of mfection was in
accordance with other anthracnose (Manandhar et al.,
1985).

Epidemiclogy and histopathology studies showed
the presence of the pathogens on vegetative organs year-
round, particularly on olive leaves and branches and on
weeds. These represent inoculums reservoirs where
secondary conidiation occwrs and conidia are then
dispersed by spring rains reaching flowers and young
fruits or by autumn rains reaching pre-mature fruits.
Unripe fruits were colonized without showing symptoms
up to penetration of the cuticle, but further colonization
and symptom production was completed only as fruits
matured (Talhinhas ef al., 2011).

In all interactions studied prepenetration processes
were generally similar, leading to the formation of
predominantly sessile melanized appressoria.
Penetration occurred only from melanized appressoria,
and in both compatible and incompatible interactions
(Trevorrow et al, 1988). C. gloeosporioides sp.
penetrated plant cuticles directly and produced mfection
structhures within epidermal cells. The subcuticular hyphae
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seen in C. gloeosporioides infecting other plants were
not observed in this study (Brown, 1977, Chau and
Alvarez, 1983).

Similarly, observed formation of pinpoint lesions
(0.5 to 1 mm diam.) on stems or explants of A. virginica
within 48 h after inoculation with C. glocosporioides.
Infection resulted in the formation of stem lesions, 2to 3
cm long, which encircled the stem within 6 to 8 days after
inoculation. Intracellular mycelium grew within the cortex,
cambium, xylem and pith ray tissues. Death of 4. virginica
seedlings was caused by collapse of infected stem
tissues. Coalescence of lesions enhanced girdling of
stems and hastened death. The fungus sporulated
abundantly on lesion surfaces (TeBeest et al, 1978).
Necrotic  lesions  produced  orange to salmon
conidial masses on acervuli 7 days after noculation
(Fokunang et al., 2000c; Rivera-Vargas ef al., 2006).

Microscopic examination of sections taken from
infected tissues indicates the ability of pathogemic fung:
to invade the different tissues causing changes in cells
structure and caused plasmolysis and discoloration of
parenchymatous cells. Hyphae were seen to grow intra
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and intercellular very often. Spores were found to form
(or transferred) within parenchyma cells and xylem
Both intracellular  hemibiotrophic  and
subcuticular intramural Collefotrichum species avoid
triggering resistance responses during the symptomless
phase.

vessels.
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