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Plantains and bananas are staple food for about 70 million people throughout the humid and subhumid tropic of Africa. They provide an important source of revenue for small holders who cultivate
them. Production, however, has always been threatened by a variety of constraints; the most
overriding constraint being black Sigatoka disease caused by a wind-borne fungus, Mycosphaerella
fijiensis Morelet. As much as 27% of the total cost of production is apportioned to curb the menace the
disease. Hence in this write up, the various methods applied so far to control black sigatoka disease in
plantains and bananas are reviewed with emphasis on their apparent challenges and prospects.
Findings showed that the consumption of plantains and bananas has risen tremendously in recent
years, and black Sigatoka disease can be controlled in various ways – culturally, chemically,
quarantine, and breeding for disease resistance. A proper management of organic matter using
different crop residues as mulch builds up the soil fertility level, and substantially reduced the effect of
the disease. The use of forecasting methods could be part of an integrated disease management
strategy, as this would reduce the number of fungicide treatment, disease production cost, and
partially eliminate pollution challenges. The production and cultivation of disease resistant cultivars in
combination with good cultural practices is generally considered to be the most appropriate
intervention strategies that would control black sigatoka disease of plantains and bananas.
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INTRODUCTION
Plantain and banana are staple food for about 70 million
people throughout the humid and sub-humid tropic of
Africa. Plantain is eaten fried, baked, roasted, pounded
as fufu, prepared as porridge, ground as flour and eaten
alone or together with other foods depending on the
consumer’s desire (Swennen, 1990; Swennen and
Vuylsteke, 1991, 1998; Dadzie and Orchard, 1996).
Bananas are usually consumed as a snack or used in the
preparation of fruit salad, and are rich in vitamins and aid
in the normal functioning of the body (Ewusie, 1970).
Bananas contain potassium, magnesium, sodium,
phosphorous, calcium, iron, copper, iodine manganese,
zinc and cobalt (Ewusie, 1970). In addition to being a
staple food for rural and urban consumers, plantain and
banana provides an important source of revenue for
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small holders who cultivate them in their compounds or
homes gardens as well as in large-scaled field production
in the humid and sub-humid tropics (Craenen, 1998;
Marín et al., 2003). World production of plantain and
banana are estimated at more than 80 million tones
annually.
The production of plantains and bananas is however,
hampered by a variety of challenges. The most dramatic
set-back affecting plantain and banana production for the
past 3 decades have been the appearance and spread of
black Sigatoka disease (Craenen, 1998; Marín et al.,
2003; Meredith, 1970; Rhodes, 1964; Stover, 1978).
Black Sigatoka is a leaf spot disease of plantains and
banana caused by a wind-borne fungus, Mycosphaerella
fijiensis Morelet. It attacks species of Musa acuminata,
Musa balbsiana and their inter-specific hybrids. It affects
all plantain and most banana cultivars (Swennen, 1990;
Gauhl et al., 1993). The fungus M. fijiensis attacks
leaves, causing their necrosis either partially or entirely,
resulting in reduced photosynthetic foliage area (Figure 1).
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Figure 1. Black Sigatoka symptoms and a typical plantain market in the Niger
Delta Region of Nigeria. Top left = healthy plantain leaf devoid of Black Sigatoka
symptoms. Top right = Early symptoms of Black Sigatoka on a plantain leaf.
Bottom left = Advanced symptoms of Black Sigatoka on a plantain leaf. Bottom
right = A typical plantain market in Bayelsa State, Nigeria.

This in turn leads to a reduction in yield depending on the
extent or severity of the disease. Yield loss of plantain
due to black Sigatoka has been reported to be between
20 and 50% during the plant crop cycle (Stover, 1983;
Pasberg-Gauhl, 1989; Mobambo et al., 1993). The
disease in addition to reducing yield also leads to
premature ripening of fruits.
The disease is now pantropic; quickly replaces yellow
Sigatoka (Mycosphaerella musicola leach) as the
dominant leaf spot disease (Craenen, 1998; Meredith,
1970; Mourichon and Fullerton, 1990; Ploetz et al., 1992;
Tushemereiwe and Waller, 1993; Wilson and
Buddenhagen, 1986). Black Sigatoka is thus considered
the most overriding constraints to plantain and banana
security of resource poor farmers who cultivate the crop
in Africa. As a result, control measures accounting for as
much as 27% of the total cost of production (Stover,
1980a, b; Stover and Simmonds, 1987) have been
initiated to curb the menace of the disease in plantains
and bananas. Additionally, various research programs
have been initiated to continually find ways that are more
easily adoptable and acceptable by local farmers,
cheaper and environmentally safer in the fight to curtail
the threat of black Sigatoka disease in plantains and
bananas. One of such programs is the International
Network for the Improvement of Banana and Plantain
(INIBAP), created 1st November, 1984 (INIBAP, 1988).
Also in West Africa, the rapid spread of the disease made
it first in the priorities of the research program on plantain

at the International Institute of Tropical Agriculture (IITA)
in Nigeria (Swennen and Vuylsteke 1988).
In this write up, the various methods applied so far to
control black Sigatoka disease in plantains and bananas
are reviewed with emphasis on their apparent challenges
and prospects.
CULTURAL CONTROL
Plants growing in good, fertile conditions would generally
show a lower disease severity than plants in poorer soils.
Therefore, while proper management of organic matter is
already essential for the perennial productivity of plantain,
it can also reduce black Sigatoka damage. Compost
farmyard manure, crop residue, and alley cropping
mulches can thus be exploited to improve the organic
matter and nutrients and status of the soil, thereby
reducing disease severity and eventually producing
higher yields.
Soil fertility has be shown to influence banana and
plantain growth and, hence, severity of black Sigatoka.
Mobambo and Naku (1993) showed that, there is a
correlation between soil fertility and black Sigatoka
severity of plantain. Black Sigatoka severity is less on
fertile soil than on poor soil. Fertile soils for example with
higher soil organic matter content stimulate root
ramification, resulting in better water and nutrient uptake
and more vigorous plants. Vigorously growing plants
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carry more functional leaves as they emit new leaves
more rapidly, and will thus have relatively lower damage
from black Sigatoka disease.
Significant differences in the number of standing
leaves, the youngest leaf spotted and the percentage of
leaf area with symptoms were found among plantains
growing in good against poor soil, for example in
homestead gardens against open fields, respectively
(Mobambo et al., 1994). Mulching has been an important
soil management practice in many parts of the world.
Protecting the soil with mulch helps to improve the soil
environment which is important for good growth and
yields of crops. For example, Ruhigwa (1993) also found
that with application of Pennisetum purpurem mulch an
increase of 21% plantain yield was observed, in the first
ration crop compared to the plant crop. The effects of
mulching on the growth and yield of plantain have been
studied on a number of soils and agroecologies in the
tropics. Studies by Obiefuna (1983, 1986) and Swennen
and Wilson (1983) showed that, mulching gave higher
and more sustained yields in field grown plantains than
did the unmulched control. Humus, one of the main
products of decomposed organic matter has a physical
role in soil structure, chemical role by fixing nutrients and
biological role by developing microbial fauna which is
necessary in nutrients recycling in the soil. Application of
organic manure supplies considerable quantities of
nitrogen and phosphorus in the soil. About 80 tons per ha
per year of farmyard manure was found to enhance
growth, quicker flowering and shorter the flowering to
harvest period (Lahav and Turner, 1983).
Apart from mulching, mechanical control, or pruning,
based on eliminating necrotic leaf tissue, prevents the
disease from spreading to neighboring plants in the
plantain. Removing necrotic plantain leaf tissues helps to
reduce the amount of inoculum available to infect
neighboring plants; hence the percentage of infection, will
be greatly reduced. There are different ways of pruning
leaves depending on the severity of the disease.
Mechanical control methods need to be planned very
carefully in order to maintain a sufficient number of
leaves to ensure the production of a high quality bunch,
as this practice can reduce yield (Tushemereirwe et al.,
1998). Also, this method needs to be carried out on a
regular basis to keep the plantations clean from infected
materials. Some recommendations for this method as
recommended by Centre de Recherches Regionales sur
Bananiers et Plantains (CRBP) (1991) are:
1. All infected leaves are cut off just before the plant
starts flowering, even if the symptoms are not very heavy.
2. All old leaves still hanging at flowering are removed
from the plant; else they will be sources of infection on
the sucker and young plants.
3. The mother plant is completely removed at harvest.
4. Only the five youngest leaves should be conserved.
5. If the plant has less than five healthy leaves, cut only

the infected leaves to conserve the green leaves up to
harvest.
After infected leaves have been cut off, there is still a
risk of contamination because the spores remain active
for several days. Therefore, pruned leaves may have to
be removed from the plantation and burned to destroy the
fungus completely. Another method is to turn the leaves,
face–downwards against the soil since the spores are
released from the dry spot on the upper side of the leaf.
CHEMICAL CONTROL
Control of black Sigatoka disease in plantains and
bananas could be achieved through the application of
chemicals, notably amongst such chemicals are
fungicides. Fungicides are defined as “agents of natural
or synthetic origin, which act to protect plants against
invasion by fungi and/or to eradicate fungal infection”
(Hewitt, 1998). Fungicides are generally of two types;
protectant and systemic fungicides. Protectants were the
first group of fungicides that were discovered and used in
crop protection. They are non systemic, and as such do
not penetrate plant tissue. Protectant fungicides do not
control fungi that are already established within the plant
tissues since they do not penetrate the plant tissues
themselves.
However, in the late 1960s systemic fungicides were
developed. These are more effective than the protectants
as they are able to penetrate the plant tissues, and seek
to arrest the growth and development of fungal
pathogens already established within the plant tissues
(Hewitt, 1998; Marín, 2003). Black Sigatoka disease in
plantains and bananas has been effectively controlled
with the application of fungicides (Fouré, 1983; Marín et
al., 2003), particularly when protectant (mancozeb and
chlorothalonil) and systemic fungicides (benomyl,
benzimidazoles, dethiocarbamates, flusilazoles, imazaliles,
methylthiophanates,
nuarimols,
prochloraz,
propiconazoles, triazoles and tridemorph) are used in
alternation (Fouré, 1983; Marín et al., 2003). The
alternate use of protectants and systemic fungicides is
recommended to prevent the fungal pathogen (M.
fijiensis) from developing resistance to the active
ingredient.
Mineral oil has been shown to play several important
roles in the chemical control of black Sigatoka. It
improves the spreading and sticking properties of
fungicides, enhances the penetration of systemic
fungicides and has profound effect on the pathogen
inside the leaf (Stover, 1990). In addition, oil in itself is
fungicidal. The application of oil reduces the disease
development in the leaf, since it retards the pathogen
development inside the leaf. This control is exerted
primarily on the first open leaves, when the pathogen is
still in the early stages of development. Oil is effective
whether applied as an emulsion in water or alone.
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Systemic fungicides (for example, benzimidazole) were
however, the first to be used in the control Sigatoka
disease in plantains and bananas. They are superior to
protectant fungicides, because they penetrate through
the upper surface of the youngest unrolled leaves where
the pathogen is still in the early stages of infection. Along
with oil, the benzimidazole and tridemorph act on the
pathogen inside the leaf. Under conditions of heavy
rainfall, systemic fungicides provide superior disease
control compared to protectants introduced at a later
stage (Stover, 1990). Protectant fungicides are more
costly and do not adequately control black Sigatoka
during periods of high rainfall and abundant ascospore
production. The downside of the use of systemic
fungicides is that, unlike the protectants, they result to
phytotoxicity in plants when applied during dry seasons.
The superiority of systemic fungicides over the
protectants would therefore be best limited to the rainy
seasons.
Breeding for resistance
Resistance to black Sigatoka in banana and plantains is
genetically controlled. Genetic analysis of the effect of
black Sigatoka resistance carried out in diploid and
tetraploid progenies were obtained from triploid (Plantain)
X diploid crosses (Ferreira et al., 2004; Vuylsteke et al.,
1993c). Black Sigatoka resistance is mainly the result of
the interaction between the recessive allele at a major
locus (bs) and those of at least two independent minor
genes with additive effects (bsr) (Ortiz and Vuylsteke,
1994). These genes have a strong dosage effect at the
tetraploid level, which results in higher level of resistance
in tetraploid than in diploid hybrids. Resistant genes are
present in the genome of the susceptible plantains, but
their expression is masked by the dominant effect of the
major gene for susceptibility (Ortiz and Vuylsteke, 1994).
Using the gene-for-gene hypothesis (which states that
the characteristics of an organisms are controlled by
genes occurring in pairs, of a pair of such genes only one
can be carried in a single gamete) (Flor, 1971), a host
plant resistance system based in recessive alleles is
difficult to overcome by the pathogen, as this requires a
mutation to the dominant allele of the virulence locus
(Ortiz and Vuylsteke, 1994); since such mutations are
rare (Simmonds, 1979), resistance based on recessive
alleles may suffice.
Breeding for resistance offers the most effective means
of control since fungicides are expensive and hazardous
to health. To this effect, IITA started a plantain breeding
program in 1988 at Onne, targeting the incorporation of
durable host plant resistance to black Sigatoka in
plantain. Several black Sigatoka-resistance tetraploid
hybrids (TMPx, FHIA) have been produced by crossing
triploid plantain cultivars with a wild diploid banana
(Hernández et al., 2007; Swennen, 1990; Swennen and
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Vuylsteke, 1993; Ortiz and Vuylsteke, 1998a, b; Ortiz et
al., 1998). The use of black Sigatoka-resistant genotypes
is an important component of an integrated approach.
Durable resistance to black Sigatoka is the result of an
overall gene action or the bs I locus. As a consequence,
resistant genotype show more healthy leaves, that is to
say, more photosynthetic leaf area, than susceptible
genotypes (Craenen and Ortiz, 1998). At IITA, improved
hybrid of plantain and banana selected for their black
Sigatoka resistance, high yield and large pathenocarpic
fruit have been developed and registered in the Public
domain (Vuylsteke et al., 1993b, c, 1995). Hybrids
selected in preliminary yield trails were evaluated in
multilocational trials by collaborating nationals programs
in Burundi, Cameroon, Côte d’Ivoire, Ghana, Kenya,
Malawi, Nigeria, Uganda, and Zanzibar (Mobambo et al.,
1993; Msogoya et al., 2006; Msogoya and Grout, 2008;
Vuylsteke et al., 1993b, c). The result provided valuable
information of black Sigatoka resistance in the new
tetraploid hybrids.
QUARANTINE
This involves the use of legislative laws governing the
important and exportation of plantains and banana. This
method is reported to be actively pursued in Australia
(Jones, 1991).
CHALLENGES AND PROSPECTS
Simmonds (1979) suggested that disease damage could
only be adequately assessed when comparing the same
cultivar under pesticides and non-pesticides conditions.
Mobambo et al. (1993) demonstrated that a fungicide
treatment on the susceptible plantain cultivar Obino
I’Ewai (OL) resulted in 27.5% less leaf area affected by
black Sigatoka at harvest. Other diseases were not
treated OL was due to fungicide use and the resulting
different levels of black Sigatoka damage. The 33% yield
loss from black Sigatoka reported from this experiment
can be considered as the minimum, because the
fungicide treatment did not provide complete control. With
an optimized fungicide program, yield difference should
be even greater. Chemical control strategies exist and
are used intensively in the large export Plantation in
Central and South America. Yet, the high cost of labour,
materials and equipment required for chemical control
cannot be overlooked. Small and medium size
plantations either disappear on farmers from co-operative
to finance chemical control strategies. Chemical control is
not feasible for resource-limited farmers.
Moreover, the applications of fungicides in small
villages are likely to be hazardous to public health and
are environmentally inappropriate. Also, the appearance
of fungicide resistant strains of the pathogen overcomes
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chemical control strategies. After using an increased
number of spray cycles with systemic fungicides during
some years, fungicide resistant strains of M. fijiensis
appeared, putting more pressure on the search for new
strategies (Stover, 1990). Therefore, for producers who
cannot afford fungicides, such as small-holders in Africa,
the utilization of resistant Musa cultivars is a more
appropriate solution to control black Sigatoka (Vuylsteke
et al., 1993a).
Although the benefits of mulching plantain and banana
as well as other food crops have been amply
demonstrated, the logistic in production, transport and
application limits the use (Akobundu, 1987; Nweke et al.,
1988; Ruhigwa, 1993). Also, the acceptance of new
technologies (alley cropping) by peasant farmers is
difficult. Plantain, like many other crops benefits from
mulch and fertilizer applications (Juo and Lal, 1977;
Oyeniji and Agbede, 1980). The shorter leaf emergence
time observed and the concomitant increase in growth
rate suggest that mulching and fertilizer applications can
be used to improve plantain, especially in the landrace.
Wilson et al. (1985) obtained a better result when
fertilizer and mulch were applied together than singly. In
breeding for black Sigatoka resistance, some hybrid
known to black Sigatoka resistant are highly susceptibility
to a more lethal pathogen, Banana Streak Virus (BSV).
This is a huge challenge. Now that it is apparent that
some of the hybrids are severely affected by BSV, an
urgent study for its control and its association with black
Sigatoka as Musa pathogens are necessary.
Another challenge linked to breeding for black Sigatoka
resistance is the fact that, the response of the resultant
Musa hybrids to the disease is often investigated by
planting them (hybrids) among susceptible landraces
such as Obino ‘Lewai and Agbagba; the latter serving as
source of inoculum. This approach is greatly flawed
because strains of the pathogen M. fijiensis are very
much diverse, genetically and in virulence (Carlier et al.,
1994, 1996; Fullerton and Olsen, 1991; Müller et al.,
1995, 1997). An unbiased test aimed at comparing the
response of different Musa cultivars to black Sigatoka
would involve inoculating all cultivars being tested with
the same amount of inoculum (conidia) from the same
strain or isolate of the fungus (Mobambo and Waku,
1993). This requires producing enough inoculum
(conidia) in vitro which until recently was difficult to
achieve owing to the slow-growing nature of the fungus
(Mobambo et al., 1993; Pasberg-Gauhl, 1994). Although,
Etebu et al. (2005) has found various factors that would
stimulate in vitro sporulation of M. fijiensis isolates their
findings are yet to be translated into practical use.
Adaptability of hybrids to different climates is also
desirable, since climatic conditions influence the disease
development. Black Sigatoka disease is spread by winddispersed spores and therefore has defied quarantine
control regulations. It has become the over-riding constraint
to plantain production all over the world (Stover, 1983;
Simmonds, 1983; Fouré, 1985). Mechanical method of

control is less efficient in controlling the spreading
pathogen, but is less time-consuming. The development
of the disease can thus be somewhat reduced by
preventing the release of spores without high costs or
damage to the environment. However, this method is
labour-intensive, which makes it costly where labour is
expensive.
CONCLUSION
Bananas and plantains are important food crops in
Nigeria. Its consumption has risen tremendously in recent
years because of rapidly increasing urbanization and the
great demand for convenient foods by the non-forming
urban population. Any efforts made towards protecting it
from the cold hands of pests and disease is worthwhile.
This review work has shown how black Sigatoka disease
of plantains and bananas can be controlled in four
different control measures. The adoption of the farmers’
field practice and alley with medium and high fertilizer
application increased growth substantially. A proper
management of organic matter using different crop
residue as mulch could build up the soil fertility level, and
would substantially reduce the effect of black Sigatoka.
The use of forecasting method can be part of integrated
management strategy for leaf spot disease of bananas
and plantains. It can reduce the number of fungicide
treatment, disease production cost, and partially eliminate
pollution problem.
Similarly, plantains and bananas like any other crop
require adequate fertilization, for proper growth and
development. As earlier discussed the yield from fertilized
plants can be up to ten times higher than that from
unfertilized plants. The production and cultivation of
resistant cultivars in combination with good crop
management practices is generally considered to be the
most appropriate intervention to control black Sigatoka
disease. Improved black Sigatoka resistant genotypes
could be easily adopted by African farmers as new
cultivars, if they fit their production and consumption
system.
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