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ABSTRACT

Mouliom-Pefoura, A., Lassoudiére, A., Foko, J., and Fontem, D. A. 1996. Comparison of devel-
opment of Mycosphaerella fijiensis and Mycosphaerella musicola on banana and plantain in the
various ecological zones in Cameroon. Plant Dis. 80:950-954.

Mycosphaerella fijiensis (black leaf streak disease) has replaced M. musicola (yellow Sigatoka
disease) as the primary pathogen of banana and plantain in many of the low (0 to 500 m) and
mid (500 to 1,000 m) elevations, but does not yet exist in the highland (>1,300 m) banana- and
plantain-producing areas of Cameroon. Host-pathogen relationships of the two diseases were
evaluated in the three ecological zones of Cameroon during 1993 and 1994 by experimental in-
oculations. In the low altitude zone (80 m), the first phases of parasitic infection (conidial ger-
mination, growth of germ tubes, and incubation period) were identical for both M. fijiensis and
M. musicola. However, the duration of lesion expansion at low altitudes was shorter for M. fi-
jiensis than for M. musicola, which may help explain the disappearance of the latter pathogen in
the lowland areas. In the mid-altitude (900 m) and high-altitude (1,350 m) zones, conidia of M.
musicola developed faster than those of M. fijiensis. The incubation period was also shorter for
yellow Sigatoka disease(17 to 20 days) than for black leaf streak disease (22 to 24 days); how-
ever, black leaf streak disease could develop in these zones. These results should be taken into
consideration in production strategies of bananas and plantains, especially when transferring
planting materials between different ecological zones.

Bananas and plantains constitute an im-
portant staple food crop for millions of
people in the tropics. In Cameroon, they
are cultivated extensively in the southern
part, where diseases constitute an impor-
tant constraint on increased productivity.
The most important disease of these crops
in Cameroon is Cercospora leaf spot sensu
lato.

Two Cercospora diseases are usually
distinguished: yellow Sigatoka caused by
Mycosphaerella musicola J. L. Mulder in J.
L. Mulder & Stover (6), and black leaf
streak (black Sigatoka) incited by M. fi-
jiensis Morelet. Losses, in Cameroon and
elsewhere, attributable to these diseases
have been estimated at 50 to 100% (2,4,
15,20,22).

M. fijiensis was first reported in 1963
(18) while M. musicola was first reported
in 1902 (25). The distribution of both
pathogens appears to be determined by al-
titude (14). M. fijiensis is more virulent
than M. musicola and tends to replace the
latter in lowland areas. The process of this
replacement is quite similar in many pro-
ducing zones and arises after a period of
coexistence of the two pathogens (1,7,11,
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12,23). M. fijiensis also infects all plant
cultivars that are resistant to M. musicola.
The distribution of M. musicola now ap-
pears to be limited to highland regions (8,
13,16). The occurrence of black Sigatoka
appears to be limited to areas below 1,200
m (14). Between 700 and 1,200 m, there is
an equilibrium between the populations of
both pathogens. The absence of black Si-
gatoka in highland regions makes these
areas potential production areas of banana
and plantain in Cameroon.

This work compares the development of
the two pathogens under natural conditions
in order to explain the disappearance of
yellow Sigatoka disease in lowland areas
and to evaluate the risks of spread of black
leaf streak disease in highland regions.

MATERIALS AND METHODS

Host plants. The material used for in-
oculation was cv. Grande Naine (subgroup
Cavendish AAA) plantlets from tissue cul-
ture, obtained according to the technique
used by Escalant (5).

Inoculum production. Isolations were
made from diseased leaves using tech-
niques previously described (17). The in-
oculum was maintained by monthly trans-
fers on potato dextrose agar (PDA). Two
isolates were used in this study: M. fijiensis
obtained from Njombé (80 m), and M. mu-
sicola obtained from Dschang (1,350 m).
M. fijiensis is not found in Dschang while
M. musicola is not found in Njombé. The
cultural characteristics of each isolate were

similar. Despite of the importance of the
ascospores in the epidemiology of these
diseases (19), conidia were used as inocu-
lum because they are easier to work with
than ascospores.

Mycelial fragments were obtained from
cultures growing on PDA medium. Myce-
lium (2.5 g) was ground in 10 ml of water
with a mortar and pestle. One milliliter of
this solution was spread on sterilized cel-
lophane placed on a modified V8 medium
(100 ml of V8, 0.2 g of CaCOs;, 20 g of
agar per liter, pH 6.0) in a 9-cm-diameter
petri dish (17). The cultures were incu-
bated under continuous light at 20°C for 10
days, and then flooded with sterile distilled
water containing 1% gelatin at 3 ml per
petri dish.

Inoculation. A conidial suspension for
each isolate was quantified to a concentra-
tion of 10° conidia/ml with a hemacy-
tometer. Inoculations were made on the
youngest leaf of each plant. The inoculated
leaf was protected with a polyethylene bag
before it unfolded to prevent natural con-
tamination. The polyethylene bag was re-
moved at inoculation and kept off during
incubation. The leaf was gently rubbed
with cotton soaked in water to remove the
wax layer of the leaf before inoculation and
conidial suspension was deposited on one
side of the leaf with a light brush. Plantlets
inoculated in the dry season were watered
every 3 to 4 h by misting in Njombé or by
manual rainfall in Melong and Dschang in
order to ensure good conditions for conidial
germination and germ tube growth (10). In-
oculated plantlets were arranged in a ran-
domized complete block design with three
replicates (four plantlets per replicates per
treatment). Plantlets were incubated in
Njombé, Melong (900 m), and Dschang.

Conidial germination and growth, in-
cubation period, and life cycle duration.
One foliar piece per plantlet was removed
with a 10-mm-diameter punch 72 h after
inoculation. The pieces were stained in 0.1%
cotton blue-lactophenol medium for 20 min,
mounted on a slide and observed with a
compound microscope (eyepiece 10, objec-
tive 40, Leitz Wetzlar, Wetzlar, Germany).
Conidial germination and germ tube length
were determined. About 300 conidia were
observed for conidial germination and 60
germ tubes were measured for each site. A
conidium was considered to be germinated
when the length of its germ tube was at least
greater than its diameter.



The incubation period of the disease was
determined as the difference between the
date of appearance of stage 1 symptoms
and the date of inoculation. Stage 1 symp-
toms consist of the first external manifes-
tation of the disease, i.e., a small depig-
mentation mark, whitish or yellow.
Duration of lesion development was stud-
ied at Njombé, where the two diseases are
well established, in order to explain the
disappearance of yellow Sigatoka in this
zone. The same study was not carried out
in Melong or in Dschang; there was no
strong reason to carry it out in Melong,
where the two diseases yet exist and de-
velop in mixture, and such study would
have exposed the Dschang zone (where
only yellow Sigatoka is present) to the
risks of the spread of M. fijiensis spores after
the necrotic phase. So the infectious cycle
(life cycle), which is the total duration of the
incubation period and that of lesion expan-
sion, was studied only in Njombé; it was
determined as the difference between the
date of appearance of the necrotic stage and
that of inoculation, while the duration of
lesion development was determined as the
difference between the date of appearance of
the necrotic stage and that of the stage 1
symptoms of the disease.

Data analyses. All data were analyzed
statistically with version C of MSTAT sta-
tistical package (Michigan State Univer-
sity, East Lansing) and means were sepa-
rated by means of the Student-Newman-
Keuls test.

RESULTS AND DISCUSSION

Development of both pathogens. At
Njombé (80 m elevation). In 1993 and
1994, percent germination, germ tube
length, and incubation period were similar
for the two species (Table 1). Mean percent
germination was 90 to 95% and mean germ
tube length was 72 to 73 um. The incuba-
tion period was between 16 and 17 days for
the two treatments (Table 1). Mean daily
temperatures recorded during the incuba-
tion period ranged between 21 and 30°C
(1993) and 22 and 33°C (1994) (Fig. 1A,
B).

Differences were observed in the rate of
lesion development for the two isolates in
1994. Necrotic symptoms incited by M. fi-
Jiensis appeared earlier (32 days) than
those caused by M. musicola (42 days).
These necrotic symptoms corresponded to
spore production by the isolates.

At Melong (900 m elevation). In 1993,
percent germination but not germ tube
length, was significantly greater for M.
musicola than for M. fijiensis (Table 2).
Minimum daily temperatures recorded
during the incubation period varied be-
tween 11 and 20°C while the maximum
temperatures ranged from 21 to 29°C (Fig.
2A) and were lower than those observed in
Njombé.

In 1994, differences in conidial germi-
nation and germ tube length were not sig-

nificant for the two treatments; however,
values for M. fijiensis were slightly higher
than those for M. musicola (Table 2). Daily
temperatures recorded during the incuba-
tion at this site ranged between 19 and
29°C (Fig. 2B).

At Dschang (1,350 m elevation). In 1993
and 1994, M. musicola developed faster
than M. fijiensis. Conidial germination and
germ tube length were greater in M. musi-
cola than in M. fijiensis. (Table 3). Values
for conidial germination and germ tube

Table 1. Comparison of the different phases of infection by Mycosphaerella fijiensis (Mf) and by M.
musicola (Mm) conidia after inoculation of Grande Naine (AAA) plantlets in Njombé (80 m eleva-

tion)
Isolate*

Date of inoculation Variable Mf Mm CV (%)

9 July 1993 Germination (%) 90.4 a¥ 925a 1.9
Germ tube (um) 734 a 719a 29
Incubation (days)?* 172 a 168 a 6.7
Life cycle (days)? 40.1a 445 a 7.7

13 April 1994 Germination (%) 96.4 a 948 a 38
Germ tube (um) 723 a 69.6 a 52
Incubation (days) 158 a 183 a 8.9
Life cycle (days) 325b 424 a 4.1

* Values are the means of three replicates with four plants per replicate; 300 spores were counted for
percent germination and 60 germ tubes were measured 72 h after inoculation.
¥ Means within a row followed by the same letter are not significantly different (P = 0.05) according

to the Student-Newman-Keuls test.

* Let D1, D2, and D3 be, respectively, the date of inoculations, of the appearance of stage 1 symp-
toms of the diseases, and of the appearance of the necrotic stage of the diseases: D2 to D1 is the
incubation period, D3 to D2 the duration of lesion development, and D3 to D1 the duration of the

life cycle of the disease.
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Fig. 1. Weekly means of the minimum (Tmin), maximum (Tmax), and mean (Tmean) temperatures
recorded in Njombé (80 m elevation) during incubation periods of Sigatoka diseases after inoculation

on banana and plantlets in (A) 1993 and (B) 1994.
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Table 2. Comparison of the first phases of infection by Mycosphaerella fijiensis (Mf) and by M. mu-
sicola (Mm) conidia after inoculation of Grande Naine (AAA) plantlets in Melong (900 m elevation)

Isolate*
Date of inoculation Variable Mf Mm CV (%)
10 August 1993 Germination (%) 35.1bY 442 a 8.0
Germ tube (um) 230a 32.1a 15.7
Incubation (days)* 230a 18.6a 8.4
20 April 1994 Germination (%) 69.1a 65.3a 6.9
Germ tube (um) 519a 448a 3.7
Incubation (days) 20.5a 253a 104

* Values are the means of three replicates with four plants per replicate; 300 spores were counted for
percent germination and 60 germ tubes were measured 72 h after inoculation.
¥ Means within a row followed by the same letter are not significantly different (P = 0.05) according

to the Student-Newman-Keuls test.

2 Let D1 and D2 be, respectively, the date of inoculation and that of the appearance of stage 1 symp-
toms of the diseases; D2 to D1 is the incubation period.
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Fig. 2. Weekly means of the minimum (Tmin), maximum (Tmax), and mean (Tmean) temperatures
recorded in Melong (900 m elevation) during incubation periods of Sigatoka diseases after inocula-
tion on banana and plantlets in (A) 1993 and (B) 1994.

length were lower in 1994 than those in the
1993 inoculations but the two experiments
did not differ significantly. The incubation
periods were significantly greater for M.
fijiensis (23.6 days) than for M. musicola
(15.2 days) in 1993, and were similar, with
an average of 20 days, for the two treat-
ments in 1994 (Table 3).

Mean temperatures recorded at this site
were quite stable during the first 2 weeks
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of incubation in the 1993 trial (Fig. 3A).
Minimum temperatures varied between 15
and 18°C while the maximum was 25°C
during both experiments.

Results confirm that conditions in low-
land areas are favorable for the develop-
ment of both pathogens. The mean daily
temperatures decreased severely during the
first inoculation but were almost constant
during the second. These variations in tem-

perature influenced the development of
both pathogens. The minimum and maxi-
mum temperatures for this region are
around 22 and 30°C, respectively, while
the mean is about 25°C, which is close to
the optimum temperature for epiphyllous
development of both species (3,13,21). The
highest conidial germination and fastest
germ tube development were recorded in
this region and the incubation period was
15 to 17 days. These results agree with pre-
vious observations in this region for M.
fijiensis (9). The life cycle of M. fijiensis
was shorter than that of M. musicola. This
disparity could be attributed to the shorter
duration of lesion development observed
for M. fijiensis. This could account for
the dominance of black Sigatoka and the
disappearance of yellow Sigatoka in
lowland areas. Zadoks and Schein (24)
reported that age distribution is an im-
portant factor in the development of path-
ogen populations and population growth
depends on the reproductive fraction
(age) of the population. Accordingly, a
population with relatively more repro-
ductive individuals would grow faster
than that with young individuals.

In the mid-altitude zone (Melong), M.
fijiensis had a weak epiphyllous develop-
ment during the whole incubation period.
The higher percent germination and the
faster germ tube development observed for
M. musicola than for M. fijiensis in this
region could be attributed to the low tem-
peratures recorded during this period, when
mean temperatures varied from 15 to 24°C.
In contrast, M. fijiensis developed slightly
faster than M. musicola in the second trial
(1994). This difference was similar to the
results obtained under natural conditions
for both pathogens (14). For instance,
during this period of the year (March to
April), both diseases are found in the area
where this study took place, with a higher
prevalence of black leaf streak than yellow
Sigatoka disease, which generally disap-
pears between early July and late Novem-
ber in the region.

The environment at the high-altitude
area (Dschang) was characterized by great
differences in minimal temperatures. Dur-
ing the first 2 weeks after inoculation,
minimal temperatures were 18 and 15°C in
the 1993 and 1994 inoculations, respec-
tively. The incubation period was shorter
for M. musicola (15 to 18 days) than for M.
fijiensis (22 to 25 days) and this may ac-
count for the prevalence of yellow Siga-
toka in the high-altitude regions.

However, the ability of M. fijiensis to
develop at low temperatures in high-alti-
tude regions should be taken into consid-
eration when making recommendations for
transfer of plant materials between differ-
ent ecological zones.
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Table 3. Comparison of the first phases of infection by Mycosphaerella fijiensis (Mf) and by M. mu-
sicola (Mm) conidia after inoculation of Grande Naine (AAA) plantlets in Dschang (1,350 m eleva-
tion)

Isolate*
Date of inoculation Variable Mf Mm CV (%)
1 November 1993 Germination (%) 49.0 bY 925a 12.0
Germ tube (um) 14.1b 230a 6.0
Incubation (days)* 236b 152a 11.1
23 May 1994 Germination (%) 339b 67.7 a 10.2
Germ tube (um) 9.1b 16.8a 9.9
Incubation (days) 21.7 a 192a 8.8

X Values are the means of three replicates with four plants per replicate; 300 spores were counted for
percent germination and 60 germ tubes were measured 72 h after inoculation.

¥ Means within a row followed by the same letter are not significantly different (P = 0.05) according
to the Student-Newman-Keuls test.

“ Let D1 and D2 be, respectively, the date of inoculation and that of the appearance of stage 1 symp-
toms of the diseases; D2 to D1 is the incubation period.
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Fig. 3. Weekly means of the minimum (Tmin), maximuml (Tmax), and mean (Tmean) temperatures
recorded in Dschang (1,350 m elevation) during incubation periods of Sigatoka diseases after inocu-
lation on banana and plantlets in (A) 1993 and (B) 1994.
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