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Abstract

OKIGBO R.N. (2001): Occurrence, pathogenicity and survival ef Macrophoma mangiferae in leaves, branches and stems of
mango (Mangifera indica L.). Plant Proctect. Sci., 37: 138-144,

Frequency of occurrence and persistence of Macrophoma mangiferae Higorani & Sharma on 4-year old mango plants (Mangifera
indica L.) growing under various conditions were investigated over two periods of 6 months in South-Eastern Nigeria. Among
the five locations studied, the frequency of occurrence of the disease was highest at Umuahia, with 65% for leaves and 41% for
stems. The chances of the fungus to survive adverse conditions in mango tissues were higher in the stems and branches than in
the leaves; more fungal colonies were recovered from the stems and branches than from the leaves. The fungus survived adverse
conditions, forming structures such as chlamydospores and thick walled hyphae under continuous light. In the dark, the fungus
remained in vegetative form and hence did not produce any sexual reproductive structures. When subjected to continuous light,
the fungus produced pycnidia. Leaving dried leaves and fragments of dried stems and branches on the farms is likely to raise the
level of primary inoculum for mango diseases.
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Mango (Mangifera indica L.) belongs to the dicotyle-
donous family Anacardiaceae. 1t is decidedly the most
popular edible fruit among millions of people in the trop-
ical and sub-tropical regions, where it is considered to be
the choicest of all indigenous fruits (SINGH 1960). In fact,
because of its excellent flavor, attractive fragrance, beau-
tiful shades of colour, delicious taste and healthful value,
mango is now recognized as one of the best fruits in the
world (SINGH 1960), including Nigeria (OPEKE 1987).
The commonly cultivated cultivars of mango in Nigeria
are Edward, Early Gold, Local Alphonso, Julie, Haden
and Ogbomosho.

Mango is subject to a number of diseases at all stages
of its development in Nigeria (OPEKE 1987), including
leaf blight of mango caused by Macrophoma mangife-
rae Higorani & Sharma, from the order Sphaeropsidales.
M. mangiferae has been associated with a wide range of
diseases of economic crops in Nigeria. APPAH (1983) as-
sociated it with mango leaf anthracnose, EKUNDAYO
(1984) with basal stem rot, OKIGBO and EMOGHENE
(2000) with root rot of pawpaw (Carica papaya), and in

India with blight of seedlings and young grafted mango
(VERMA et al. 1991). Another cause of blight in mango
is Nattrassia mangiferae which causes blossom blight
(WYSOKI 1997). M. mangiferea is a pycnidia forming
fungus. ALASOADURA (1971) and EKUNDAYO (1976)
observed that the pycnidia are usually grouped in struc-
tures known as stromata; since stromata are spore-bear-
ing structures of M. mangiferea, the importance of spores
in the spread of the fungus needs no further emphasis.

The attention of mycologists is presently being focused
on measures to control mango diseases (VERMA et al.
1996a). Although considerable interest has been shown
in M. mangiferea as an important pathogen, there is little
literature on its continued presence in the field after har-
vest until the next cropping season. The present study
is a preliminary investigation on the frequency of occur-
rence, length and form of survival of M. mangiferea in the
branches, stems and leaves of mango under different envi-
ronmental and laboratory conditions in South-Eastern
Nigeria.
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MATERIALS AND METHODS

Disease survey: Pathogen isolation, identification and
characterization

Surveys were carried out in 1994-1995 in Umuahia,
Enugu, Nsukka, Ojoto and Okigwe (South-Eastern Ni-
geria) to determine the frequency of occurrence of M.
mangiferea. Ten mango trees 4 years old were selected
randomly at each site. The frequency of occurrence was
taken as the number of mango trees affected by the dis-
ease and expressed as percentage of the total number of
trees at a location. This was done by using a visual as-
sessment technique, which helps to evaluate many plan-
tations in a relatively short period. Students r-test was
used to compare the occurrence of the disease on the
leaves and stems. Diseased leaves, branches and stems
were collected and brought to the laboratory for identifi-
cation of the pathogen. The samples were surface-steril-
ized with 0.5% mercuric chloride solution for 10 min and
rinsed repeatedly with sterile water. Pieces of sterilized
leaves, branches and stems were cut into pieces of 5 mim,
plated on Petri dishes containing potato dextrose agar
(PDA) and these incubated at room temperature (28 %
1°C). After 4 d incubation, isolates were taken from each
Petri dish, subcultured on three replicate plates and iden-
tified by standard procedure (DADE & GUNNEL 1969;
BARNETT & HUNTER 1972). M. mangiferae originating
from cv. Ogbomosho has a dark globose pycnidium and
the conidiophores are simple and elongated with hyaline
conidia. Identified cultures were stored in a refrigerator
at 4°C until further use.

Preparation of spore suspension

M. mangiferae (isolate G2), isolated from diseased
Mangifera indica cv. Ogbomosho in the Umuahia orchard,
was grown on PDA for 12 d in Petri dishes at 28°C under
continuous light. Pycnidia formed on this culture were
picked off by forceps and broken with a sterile spatula in
10ml of sterile distilled water. The suspension was fil-
tered through two thin layers of glass wool. The filtrate,
consisting of the spore suspension, was used for patho-
genicity tests.

Pathogenicity test

The culture of M. mangiferae used for the experiment
was incubated for 1015 days on a laboratory bench at a
room temperature of 28 + 2°C. The spore suspension was
prepared by centrifuging and re-suspending the spores in
three changes of sterile distilled water. The resulting sus-
pension was adjusted to 20 000 spores per 1 ml.

Healthy leaves on a young mango tree were used for
the pathogenicity test, surface sterilized with 0.5% mer-
curic chloride solution for 10 min and then cleaned
with sterile distilled water. The lower epidermis of the
leaves (where stomata are located) were sprayed with

the spore suspension (20 000 spores per 1 ml) using a
rocking sprayer.

The spore suspension was used to spray leaves, branch-
es and stems on 4-year old trees, cv. Ogboomose. In each
experiment, three leaves and three stems or branches on
each of 10 trees were sprayed. A healthy branch per tree
was sprayed with sterile distilled water and served as con-
trol. All branches and leaves were covered with sterile
cellophane bags for 2 d to allow the fungus to establish
itself. The leaves and stems were then inspected daily from
October 1994 to March 1995 for blight symptoms of the
disease, or any other effect of the pathogen on the leaves.
Pieces of affected tissues were removed from apparently
infected areas and were plated on PDA for re-isolation
and re-identification of the causal organism (BARNETT
& HUNTER 1972; DADE & GUNNEL 1969). The experi-
ment was repeated from October 1995 to March 1996.

The survival of M. mangiferae in branches, stems and
leaves of mango under three different sets of conditions
of storage was studied in the laboratory. Infected tissues
were covered with paraffin plastic.

Infected leaves, stems and branches of mango were
collected from an orchard at Umuahia. One set each of
the pieces of branches and stems was stored in a sterile
250 ml beaker covered with paraffin plastic at room tem-
perature. At 2 weeks intervals, 1g of dried infected tissue
was comminuted in 20 ml sterile distilled water, serially
diluted, and plated onto PDA. The plates were incubated
at 28°C until fungal colonies appeared and these were
counted. Student #-test was used to compare the recovery
rate of the fungus.

Infected tissue stored under dark conditions

Whole leaves, and branches and stem pieces cut into
10 cm pieces were wrapped in black paper and kept in-
side a dark cupboard for 6 months. At 2 weeks intervals
the fungus from these samples was isolated and plated
on PDA. The plates were incubated in the dark at 28°C
for a period of 14 d.

Infected tissue kept under continuous light

A sterile cork borer of 6 mm diameter was used to re-
move pieces from lesions on the leaves; branches and
stems were cut into pieces of 5 mm. The pieces were
placed on PDA in Petri dishes and incubated at 28°C un-
der continuous light. After 12 d the fungus was re-isolat-
ed from the pieces of tissue and plated onto PDA to obtain
pure cultures. Two sets of the experiments were set up
with the re-isolated fungus in a randomised complete
block design. One set was kept 40 cm from a fluorescent
tube which served as a source of continuous light. The
other set was kept on a laboratory bench and 232 cm away
from the fluorescent tube. At 2 weeks intervals small
blocks of medium and colony were removed and exam-
ined microscopically.
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RESULTS
Disease survey and identification

The survey showed that Umuahia had the highest inci-
dence of M. mangiferae followed by Nsukka, Qjoto, Enu-
gu and Okigwe, in that order (Table ). The level of
occurrence of the fungus was significantly higher on the
leaves (P > 0.05) than on the stems (Table 1). The dis-

Table I. Frequency of occurrence (%) of Macrophoma man-
giferae in leaves, branches and stems of mango at five locations
in South-Eastern Nigeria

Frequency of

Location  Lati- Longi- Alti-  occurrence (%)

tude N * tude* (E) tude* ——Mm8M

leaves  stems
Umuahia ki =33 1005 65.1 40.8
Enugu 6°27° 7729° 1006 43.7 306
Nsukka Be32! 7 i 1000 546 41.1
Ojoto 6°10° 6°47" 948 52.8 284
Okigwe 250 2" 1005 289 228

*From National Root Crop Research Institute, Umudike, Nigeria

ease was found to be more frequent at the onset of the
rainy season, i.e. March-April with a relative humidity
of 80%. The fungus, when cultured on PDA, coloured
the medium dark blue and sporulated within 14 d under
continuous light. The stromata were small and embed-
ded in the medium. Conidiophores were hyaline, and bore
single unicellular conidia.

Pathogenicity Tests

The results of pathogenicity tests showed that mango
leaves, branches and stems were infected by M. mangife-
rae 5 weeks after inoculation with spore suspension. The
leaves, branches and stems sprayed with spores of M.
mangiferae showed characteristic lesions (Figs. 1 and 2).
The lesions on the leaves first appeared as small, circular
yellow spots, which gradually enlarged, became irregu-
lar in shape and involved the entire leaf surface (Table 2).

Table 2. Percentage of leaf area occupied by lesions on the
mango tree after inoculation with Macrophoma mangiferae

Leaf area covered Leaf area covered

Weeks by lesions (%) Weeks by lesions (%)
4 20 9 54

5 35 10 63

6 40 11 78

7 48 12 92

8 49

Infected stems showed general yellowing with some dark
spots. Fruiting bodies were produced mostly on the un-
dersurface of the leaves (Fig. 1). A light brown colour of
the fruiting bodies was noticed. Younger leaves, branch-
es and stems were more susceptible than older ones. The
leaves and stems sprayed with sterile distilled water as a
control did not show any sign of infection throughout the
period of observation.

Survival of Macrophoma mangiferae in leaves, branches
and stems under laboratory conditions

The infected stems, branches and leaves of mango cov-
ered with paraffin plastic showed that M. mangiferae was
present for at least six months (Table 3). The fungus was
found to survive longer in stems than in leaves. Recov-
ery from stems was higher than that from leaves at the
end of the experiment, but not significantly different (P
> 0.05). Recovery of the pathogen from infected leaves
was high 2 weeks after infection, but a drastic decrease
in recovery of fungal colonies followed. It was also not-
ed that the stem encouraged the growth of the organism
more than the leaves,

When infected stems and leaves were kept under dark
conditions it was found that the fungus was present in a
vegetative form throughout the experimental period (Ta-
ble 4). In culture over a long period under dark condi-
tions it grew profusely, initially producing a brown colony
with abundant aerial mycelium which eventually turned
violet brown with age. The characteristic stromata pro-
duced by the fungus were absent. The hyphae were rather
slender and unusually elongated before separation (Fig. 4).

The test with infected leaves, branches and stems sub-
jected to continuous light whose source was 40 cm away

Table 3. Two-weekly sampling of mango tissue covered with
paraffin plastic for recovery of Macrophoma mangiferae from
October 1994 to March 1995

Number of fungal colonies from 1 g

Weeks of infected mango tissue
leaves branches and stems  control
2 40 £ 0.1 2902 0
4 38+0.3 2702 0
6 30+£0.1 24+£0.1 0
8 24+04 21+ 0.3 0
10 20+0.2 19+ 0.4 0
12 17+0.8 19:40.2 0
14 1102 20+0.8 0
16 T 20+ 0.7 0
18 5+0.3 17°%0:2 0
20 3+0.1 14+0.6 0
22 2+£0.1 14 £ 0.1 0
24 2+0.1 12+0.2 0
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Fig. 1. Lower epidermis of a noninfected mango leaf (a), and ~ Fig. 2. Healthy stem with healthy petiole (a), diseased stem
infected leaf (b) with infected petiole (b)

Table 4. Development of colonies from infected mango tissue kept in darkness or continuous light; checked every 2 weeks

Weeks Dark Continuous light
leaves stems leaves stems

2 60.3+£0.2 40.1 £0.9 54.1+0.1 282+03
4 60.8+0.3 40.2+0.8 51.4+1.0 28.1+09
6 48.1+0.1 31.1+0.6 52.3+0.8 277 +0.1
8 45.0+0.5 31.0+0.1 40.6 +0.3 243+ 1.1
10 40.6 £0.2 29.1+03 405+ 1.0 222+£0.1
12 324+£23 22.1%x12 31.8+04 21.2+0.1
14 302+2.0 20.4+0.1 30.1 £0.03 18.1+2.1
16 20.8 0.1 21.0+£0.2 152421 14.1+0.2
18 146+1.0 18.0+0.6 4.1+02 14.1+0.6
20 8.1+04 18.0+ 0.6 4.1+02 14.1+0.3
22 62+03 16.1+0.3 1.0+£03 13.6 0.7
24 6.1+0.2 151+0.8 211003 11.1+0.1
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Fig. 3. Cluster of thick walled hyphae and chlamyvdospores of
Macrophoma mangiferae formed after 2 months (1000x)

showed that the fungus survived the condition by pro-
ducing fruiting bodies and forming thick walled hyphae
(Table 4). The result was similar when the source of light
was 232 c¢cm away (Table 4). There was no significant
difference in the number of colonies recovered from
leaves and stems (£ > 0.05). The culture of M. mangifer-
ae kept under continuous light for 10 to 14 d produced
numerous stromata that were spherical to globose, dark
brown to black. The hyaline spores are cylindrical to ovate
and were found on undifferentiated cells within the pyc-
nidium. The number of stromata was higher in cultures
40 cm away from the source of light. Cultures kept 232
cm from the source of continuous illumination produced
chlamydospores. These are enlarged hyphal cells occur-
ring singly or in groups along the hyphae, with a thick
wall (Fig. 3). When the spore suspension of the fungus
was grown 232 ¢m from the light source and then used as
inoculum, symptoms were induced and they were more
severe and appeared earlier than from cultures grown
40 ¢m from the light source (Fig. 3).

The mycelium of M. mangiferae grew fast at 28°C on
PDA and had covered 9 cm diameter in a Petri dish in
4 d. Hyphae were initially hyaline and later became dark
brown. The medium became dark blue, probably due to
diffusion of a stain from the mycelium into the medium.
Stromatal primordia appeared on the mycelium close to
the original inocula on the 3" day, and by the 4™ day on
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Fig. 4. Mycelium of Macrophoma mangiferae, characteristic
fruiting bodies found when cultured in the dark (1000x)

all parts of the mycelium covering the medium. There
was arapid increase in size of the primordia per day, while
the pycnidia increase in size and number rapidly between
the 3" and 4™ day. By the 7™ day the pycnidiospores were
already mature and oozed out through ostiolar pores on
each stroma as a moist sticky mass of hyaline spores.
The spores later became two-celled and dark brown pig-
mented after 10 weeks in old culture. There was no sig-
nificant difference in the recovery of the fungus between
the combination of the leaves and stems of the fungus
kept in the dark and the leaves and stems kept under con-
tinuous light.

DISCUSSION

Among the sites surveyed, Umuahia and Nsukka were
seriously affected areas. In some mango orchards there
was considerable damage of the leaves, branches and
stems. OKIGBO and EMOGHENE (2000) observed that the
manifestation of a plant pathogen in an area depends on
its ability to survive, not only during its parasitic rela-
tions with its host, but also during the period in which
the host is not growing. The symptoms observed after
the inoculation of M. mangiferae on the undersurface of
healthy mango leaves, branches and stems is consistent
with the report of COOK (1975). Possible depletion of
some of the essential chemical elements used for the syn-
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thesis of chlorophyll in the leaves infected by the patho-
gen may account for the observed general chlorosis of
the leaves (COOK 1975). The distribution of the fruiting
bodies of the fungus on the infected leaves was in ac-
cordance with the widespread nature of the chlorotic
symptom on the infected leaves. This was 5 weeks after
inoculation with a conidial suspension of the fungus and
agrees with the report of COCHRANE (1958).

Almost all environmental conditions are known to in-
fluence M. mangiferae development. The effects of light,
darkness and nutrients have been extensively investigat-
ed as well as temperature and rainfall conditions which
particularly favour the development of symptoms of the
disease (VERMA et al. 1996b). The conditions for veg-
etative growth and for reproduction were different. Some
minimum period of vegetative development was re-
quired before the organism could reproduce. It was dur-
ing this period that it synthesized specific metabolites
such as enzymes or food substances essential for its re-
preduction. This is supported by COCHRANE (1958) who
observed that the ability of the fungus to change from a
vegetative growth form to a reproductive form is the
result of a combination of genetic competence to pro-
duce the new form and the effect of environmental fac-
tors. A fungal mycelium which is genetically unable to
undergo the change, will remain sterile under all envi-
ronmental conditions. A mycelium with low potential
for differentiation will change only when the external
conditions are particularly suitable. Conversely, a myce-
lium with a high genetic potential for differentiation may
be prevented to do so by unsuitable environmental con-
ditions.

M. mangiferae survived in the leaves and stems for a
period of 6 months. SHARMA and SMITH (1999) report-
ed that fungi preserved in oil have a changed form of
growth and this was observed with M. mangiferae. Abun-
dant pycnidia that developed on the infected bark of the
stems and twigs of young mango plant were the best
means of survival of M. mangiferae {VERMA et al.
1996b). The fungus also survived in blighted leaves and
as dormant mycelium in the wood (VERMA er al. 1996a).
Censequently, it could be argued that the survival of M.
mangiferae depends on the surface area and the thick-
ness of host tissues traversed by the pathogen. SUSSMAN
(1968) noted that a widely spread mycelium will decom-
pose cellulose at a rate in excess of that required for sur-
vival. The growth of M. mangiferae within the leaf was
more wide-spread than on the stem. The tissues of the
leaf were degraded by the fungus at a relatively fast rate.

When a fungus is not actively colonizing a substrate, it
may survive in the form of dormant structures, such as
spores, resting hyphae or sclerotia. M. mangiferae pro-
duced chlamydospores which were round or subglobular
in shape. The longer ones had thick rough walls. STAK-
MAN and HARRAR (1956) observed that resistant struc-

tures such as chlamydospores of the mango pathogen are
often capable of survival over a long period. Chlamy-
dospore formation can be considered to have ecological
significance, since it allows the fungus to form a resis-
tant structure under conditions that limit or inhibit mac-
romolecular synthesis.

M. mangiferae was found to survive longer in the stem
and branches than in the leaf, although all three were sub-
jected to the same treatment. Furthermore, more isolates
of the mango pathogen were obtained from stems in the
laboratory and even on the field than from leaves. This
result emphasizes a practical point: leaving fallen, dried
leaves and fragments of dried branches and stem in the
orchards is likely to raise the level of primary inoculum
of this mango pathogen.
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Abstrakt

OKIGBO R.N. (2001): Vyskyt, patogenita a pFeZivani houby Macrophoma mangiferae na listech, vétvich a kmenech mangovni-
ku (Mangifera indica L.). Plant Protect. Sci., 37: 138-144.

V jihovychodni Nigérii jsme ve dvou pilroénich obdobich sledovali ¢etnost vyskytu a persistenci houby Macrophoma mangife-
rae Higorani & Sharma na étyfletych rostlinach (Mangifera indica L.) péstovanych za riznych podminek. Z péti sledovanych
lokalit byla &etnost vyskytu choroby nejvy3si v lokalité Umuahia (65 % na listech a 41 % na kmenech). Sance houby na preziti
v pletivech mangovniku za nepfiznivych podminek byly vy3si na kmenech a vétvich nez na listech; vétSi pocet kolonii této
houby jsme ziskali z kmeni a vétvi nez z listd. Houba v nepfiznivych podminkéch prezivala, pfi nepietrzitém osvétleni vytvéie-
la Gtvary jako chlamydospory a silnosténné hyfy. Ve tmé houba zlistavala ve vegetativnim stavu a nevytvaiela zadné pohlavni
rozmnozovaci orgdny. Po vystaveni nepfetrZitému osvétleni houba tvofila pyknidy. Ponechavani uschlych listl a ulomkil su-
chych kmeni a vétvi na farmach pravdépodobné zvy3uje hladinu primarniho inokula pro infekci mangovniku.

Klifova slova: Macrophoma mangiferae; prezivani; mangovnik
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