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Abstract

A study to examine the status of Fusarium wilt disease and plant parasitic nematode on banana in Northern and
Southern highlands of Tanzania was conducted in January 2017 at Meru District in Arusha and Rungwe District
in Mbeya region Tanzania. Forty eight farms in twelve villages were scored for Fusarium incidence, severity and
nematode damage using scale of 1-5 for severity of Fusarium wilt disease and a scale of 1-5 for nematode root
damage (in percentage). Incidence of Fusarium wilt was expressed as the percentage of diseased plants in every
field under study. The results indicated that the severity of Fusarium wilt disease was at highest score (72%) at
Singisi in Meru District while the lowest score (25.83%) obtained at Mpuguso ward in Rungwe District. The
highest incidence (11.48%) was found to be at Nkoaranga ward followed by Akheri (8.95%) in Meru District while
the lowest incidence (0.83%) were found at Mpuguso in Rungwe District. Highest score for nematode damage
(37.5%) was found at Kimo ward in Rungwe District while the lowest score (17.5%) was observed at Lufingo ward
in Rungwe District. The current study shows that Fusarium wilt incidence and severity is high in Meru District

while nematode damage is high in Rungwe District.
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Introduction

Bananas (Musa spp) is a giant herbaceous perennial
plant that belongs to the genus Musa. It is divided
into four groups; Callimusa, Australimusa, Eumusa
and Rhodochlamys, (Simmonds and Shepherd, 1955).
The origin of Banana is believed to be South East Asia
(Jones, 2000). There are more than 1000 cultivars of
banana worldwide which are mainly triploids (2n =
3x = 33), often sterile and parthenocarpic (Heslop-
Harrison, 2011). Generally, modern classifications of
banana cultivars follow Simmonds and Shepherd's
system in which cultivars are placed in groups based
on the number of chromosomes they have and species

they are derived from (Karamura et al., 2012).

East Africa region has remained to be the largest
producer and consumer of bananas in Africa where
per capita consumption of banana ranges from 230 to
450 kg person year? (FAOSTAT, 2016, 2012; Smale,
2006). The East African highland bananas, such as
Matooke (AAA-EA), the Illalyi (AAA), and Mchare
(AA) (Karamura et al., 2006) are important staple as
well as cash crops for majority living in the plateaus

(Karamura et al., 2012).

Bananas are good source of potassium, carotene,
vitamin E, thiamine (B1), riboflavin (B2), niacin,
pyridoxine (B6), folic acid, pantothenate, biotin and
vitamins C (Kumar et al., 1992). It is a rich source of
carbohydrate, fibre, fat and protein (Mohapatra et al.,
2010). Banana leaves and dry pseudo stems are used
as animal feeds and for wrapping food stuffs and in
thatching houses, handcrafting of mats and as

agricultural mulch (Frison and Sharrock, 1999).

Tanzania cultivates about 400,000 hectares of land
that produces about 3.7 MT of which the biggest
proportion (i.e. 2.5 million MT) comes from
Kilimanjaro and Kagera regions (Kilimo Trust 2012).
Other regions which produce banana in the country
include Kigoma, Mbeya, Arusha, Tanga, Mara and
Morogoro region (Mgenzi and Mkulila, 2004).

Despite its importance, banana yield is unceasingly

declining in Tanzania (Van Asten et al., 2005).

For example, in some locations of the country the
production has declined from 18 tonnes/ha in the
1960s to less than 6 tonnes/ha in 2000 in Kagera
region (Mgenzi et al., 2005; Sikora et al, 1989;
Walker et al., 1984). Such decline in production has
been associated to various abiotic and biotic factors
including soil fertility problems, drought, insect pests
and diseases (Swennen et al, 2013). Among the
destructive pests of banana, plant parasitic
nematodes such as Pratylenchus goodeyi and
Radopholus similis have been mentioned to cause
serious damage to banana in a variety of
environments (Coyne et al., 2014). These organisms
feed, migrate and multiply inside banana roots and
corms causing root-tissue necrosis and root system
reduction which then cause damage to plants,
impaired transport and uptake of water and nutrients
resulting in reduced plant growth and yield (Viljoen et
al., 2016). In addition, the anchorage function of the
root system is adversely affected resulting in plant
toppling (Gowen & Queneherve, 1990). The wounds
resulting from nematode attack can also provide
avenue for entry and infestation by soil-borne fungal
organisms such as Fusarium oxysporum f. sp.
cubense (Foc) causal agent of Fusarium wilt of
banana (Inagaki & Powell, 1969). This disease is also
known as Panama disease because it first became
epidemic in Panama in 1890 and proceeded to
devastate the Central American and Caribbean
banana industries that were based on the ‘Gros
Michel’ (AAA) variety in the 1950s and 1960s, (Perez,
2004). Fusarium wilt disease is in the same rank with
some most devastating plant diseases of other crops
such as wheat rust and potato blight in terms of crop
destruction (Dean et al., 2011). It disrupts the plant’s
water conducting vessels resulting in yellowing and
wilting of leaves (progressing from older to younger
leaves). Inside a vertical section of the pseudostem,
brown, red or yellow lines have been reported to be a
characteristic attribute of the disease, the lines which
also appear as rings in pseudostem cross-section
(Ong, 1996; Viljoen, 2002). As a result of infestation
the internal section of the pseudo stem rot extensively

(Ong, 1996).
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There are four recognized races of the pathogen which
are separated based on host susceptibility as follows:
race 1 affects Gros Michel, Lady Finger (AAB) and Silk
(AAB), race 2 affects cooking bananas such as
‘Bluggoe, race 3 affects Heliconia spp., a close relative
of banana, and is not considered to be a banana
pathogen, and race 4 which is a more virulent form of
the pathogen cause disease in Cavendish banana

(Viljoen, 2002; Ploetz, 2005).

Despite the destructive role that plant parasitic
nematode and Foc disease have on banana, the status
of these pests infestation especially on the East
African Highland Bananas (EAHB) which is a unique
group of bananas found in East African plateau has not
been established in Tanzania. It is clearly known that a
complex interrelationship between nematode and Foc
in bananas produce a combined effect which is greater
than the sum of their separate effects (Jonathan and
Rajendran 1998). Thus, the aim of this study was to
assess the incidence and severity of Fusarium wilt
disease and nematode infection on banana growing in
Meru and Rungwe Districts located in the main banana
growing regions in Northern and Southern Highlands

of Tanzania, respectively.

Material and methods

Location

This study was conducted in two districts one from
Northern highland - Meru District located in Arusha
region and another from Southern highland, Rungwe
District located in Mbeya region Tanzania. These
districts were selected due to their importance in
banana production and also based on complains from
farmers on Foc and nematodes, the two problems of

which their status was unknown.

Assessment of proportional numbers of banana
cultivars

Four wards in Meru and four wards in Rungwe Districts
with information on existence of different banana
cultivars were selected and used in the study (Table 1).
To quantify the number of banana cultivars per farm in
each ward, six randomly selected banana farms of about

1-2 acres each (two farms per village) were selected.

In each farm, number of each banana cultivar was
recorded and its proportion by number in the farm was
determined by dividing number of its count by total

number of banana plants in the field x 100%.

Assessment of Fusarium wilt disease incidence,
disease severity and nematode damage

Disease incidence was quantified by dividing the
number of infested plant units by total number of
plants in the field x 100%. Disease severity was
quantified based on external symptoms of the disease
by inspecting individual plants from each banana
variety using a scale of 1 to 5 as established by Viljoen
et al. (2016) with modification. Using the established
scale, 1 described; no visual leaf symptoms, 2; = 1-
33% of older banana leaves turning yellow, 3; = 34-
66% of older leaves turning yellow with some hanging
down the pseudostem, 4; = 67-95% of the leaves
turning yellow and necrotic with leaves hanging down
the pseudostem and 5; = 96-100% plant dead with
brown leaves hanging down the pseudostem. Scoring
nematode damage was done by estimating visual
damage of root (as a percentage) using a scale of 1 to 5
adopted from Speijer and De Waele (1997). Systemic
sampling pattern was used in order to accommodate
the patchy nature of nematode distribution where five
plants were selected for nematode scoring in every
farm. From each plant, five functional roots of 10 cm
length were randomly selected, washed with water to
remove soil and sliced lengthwise. Scoring was done
on one half of the root for the percentage of root
cortex showing necrosis. As each of the five isolated
roots usually carries 20 marks (Speijer and De Waele,
1997), the proportion damage under each root was
estimated and the sum damage proportions was used

as final score in percentage.

Results

Common banana cultivars in the study area

The results showed that, cultivar Mchare was the
most common grown banana with proportions
ranging from 65.76% in Akeri ward to 72.35% in
Singisi ward followed by cultivar Grand Naine
which had a proportional ranging from 16.30% in
Shagarai ward to 19.0% in Akeri ward in Meru
District (Table 1).
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The results also showed that the most common grown
banana cultivar in Rungwe District was Plantains
which ranged from 27.3% at Kiwira ward to 47.65%

at Kimo ward, followed by Matoke bananas which

ranged from 22.30 at Kimo ward to 32.0% at
(Table 1).

commonality for other varieties covered in this study

Lufingo ward Information on

is as shown in Table 3.

Table 1. Number (%) of common Banana cultivars in selected wards of Meru and Rungwe Districts as

characterized during this study.

Banana cultivar and their proportional number (%) per farm

Ward District

Mchare Matoke Plantain Cavendish Sukari ndizi
Mpuguso Rungwe 5.89 28.9 37.28 26.40 0.90
Kimo Rungwe 2.73 22.35 47.65 29.27 1.19
Lufingo Rungwe 2.23 34.00 33.33 25.50 1.24
Kiwira Rungwe 4.20 33.39 27.30 30.20 0.73
Shangarai Meru 67.39 11.7 1.33 16.30 1.09
Akheri Meru 65.76 10.69 0.68 19.00 1.89
Sing’isi Meru 72.35 8.07 1.79 16.14 1.20
Nkoaranga Meru 71.86 9.24 0.87 17.03 0.87

Source: This study

Fusarium wilt disease incidence, disease severity
and nematode damage in the study area

The results showed that Fusarium wilt disease and
banana nematodes were found to be present in all
villages under study in Arumeru and Rungwe

Districts (Table 2). However, there was significant

different (p<0.001) between the incidences of
Fusarium wilt disease in the study area. The highest
Fusarium wilt disease incidence (11.48%) was
recorded at Nkoaranga ward while the lowest
disease incidence (0.83%) was recorded at Mpuguso

Rungwe District.

Table 2. Fusarium wilt disease incidence, disease severity and nematode damage in Meru and Rungwe Districts

as established in this study.

Ward District Fusarium wilt disease Fusarium wilt disease Nematode damage
Incidence (%) severity (%) (%)
Mpuguso Rungwe 0.83a 25.83a 22.50bc
Kimo Rungwe 1.50a 52.50abc 37.50a
Lufingo Rungwe 1.57a 32.17ab 17.50¢
Kiwira Rungwe 2.72a 54.67abc 30.83ab
Shangarai Meru 7.94b 63.33bc 34.17ab
Akheri Meru 8.95b 55.83abc 35.00a
Sing’isi Meru 9.30b 72.00¢ 30.83ab
Nkoaranga Meru 11.48b 48.33abc 30.00ab
Mean na 5.53 50.58 29.80
Lsd na 3.82 32.88 11.97
F-statistics na HEE * o

Means followed by the same letter(s) are not significantly different based on the Bonferroni multiple test a p=0.05., na=

not applicable. ns=non-significant., *=significant at P<0.05,**= significant at p<0.01 and *** significant at p<0.001.

However, such disease incidences were based on overall
evaluation in each surveyed field regardless of existence
of resistant banana varieties. Thus results for specific
cultivar related disease incidences indicated that only
Mchare and Sukari ndizi cultivars were susceptible to
Fusarium wilt disease with incidences of 46.84% on
cultivar Sukari ndizi at Lufingo ward to 59.9% on
cultivar Mchare at Kiwira ward both in Rugwe District
(Fig. 1).

The results also showed there was significance different
(P<0.05) between Fusarium disease severity on banana
cultivars in the study area (Table 2). Fusarium wilt disease
severity ranged from as high as 59.17% on cultivar Sukari
ndizi at Lufingo ward in Rungwe District to 70.33% on
Mchare at Sing’isi ward, Meru District (Fig. 1). The results
also showed that all banana cultivars in the study area
were susceptible to nematode and the damage was
significant different (p<0.01) (Table 2 and Fig. 2).
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Fig. 2. Nematode damage on common banana

cultivars in the study area.

The highest score for nematode damage (37%) was
recorded at Kimo ward in Rungwe District followed
by Akheri (35%) and Shangarai (34.17%) in Meru
District while the lowest score (17.5%) was recorded
at Lufingo ward in Rungwe District (Table 2). On
different cultivars, the results showed that Matoke
bananas was the most susceptible of all with damage
levels of as high as 50.35% at Shangarai ward in Meru
District to 65.12% at Kimo ward in Rungwe District
(Fig 2). Other banana cultivars with high nematode
damage levels were Grand Naine (50.26%) at Akeri
ward, Meru District, Plantains (46.62%) at Kiwira,
Rungwe District and cultivar Mchare (40.83%) at
Shangarai ward, Meru District (Fig.2).

Discussion
This study has revealed that common grown banana
varieties under the study area are Mchare, Matoke,

Plantain, Grand Naine and Sukari ndizi.

However, the importance of each cultivar differs
between the two sites. While Mchare cultivars are
highly grown in Meru District, important banana
cultivars in Rungwe District are Plantains and Matoke
bananas. This was also reported by Karamura (2006)
who mentioned Meru-Kilimanjaro axis to be
dominated by Mchare banana. Similarly, Maruo
(2007) reported plantain to be playing a key role in
consolidating the development of the Nyakyusa
(ethnic group in Rungwe district) rural community.
In this study, Fusarium wilt disease and nematode
were reported to be present in both Meru and
Rungwe districts. The highest score for Fusarium wilt
disease incidence and severity was recorded in Meru
District on Mchare varieties. One of the reason for
high incidence and severity of Fusarium wilt disease
in this region might be due to high cultivation of
susceptible cultivars which are Mchare (Koka and
Swennen 2017) and Sukari ndizi (Viljoun et al., 2016)
compared with Rungwe District. In addition, farming
systems in Meru District differ from those found in
Rungwe. During dry season, farmers do irrigate their
banana field using surface/furrow irrigation method
which essentially cause movement of pathogen from
infected plants to the health ones through running

water (Ploetz, 2006).

Farmers in Arumeru also use banana plants (leaves
and pseudostem) as feeding material to their cattle,
therefore pruning of functional leaves for animal feed
with the same machete across the field without
disinfection is another way of spreading the disease
(Ploetz, 2006) which lead to the increase of disease
incidence. However, the proportion of incidence to
the total number of plants is low because farmers
normally do not withstand keeping diseased plants in
the field for long period. They destroy diseased plant
as soon as they see symptoms of Fusarium wilt unless
the symptoms occurred at a later stage when the
bunch is close to maturity. Plantain, Matoke, and
Grand Naine which are highly grown in Rungwe
district are all resistant to Foc race 1, a causative
agent of Fusarium wilt disease (Kashaija et al., 1994;
Speijer et al., 1994) which lead to have low disease

incidence compared with Meru District.
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Relative to Meru district, there is no furrow irrigation
in Rungwe and therefore, spread of pathogen through
irrigational water is avoided. Also most of the farmers
in Rungwe do not keep animals therefore no extensive

pruning of leaves which reduces disease incidence.

The highest nematode damage between the two sites
was reported to be in Rungwe District. However, the
difference observed was small when compared with
Meru District. The small difference in nematode
damage might be contributed by presence of similar
susceptible varieties to nematode (Matoke and Grand
naine) INIBAP, (1997) in both regions and similarity
in climatic conditions. For example, Nkwamansa
village in Arumeru District located 1406 meters above
sea level is similar to Kalalo in Rungwe District which
has an altitude of 1415 meters above sea level.
Normally nematodes distribution is much influenced
by altitude (Price 2000). For example, the occurrence
of Radopholus similis rapidly declines at elevation
above 1300 meters above sea level while P. goodeyi
decreases below 1200 meters above sea level
Helicotylenchus multicinctus and Meloidogyne spp.
are high at lower altitude (Elsen et al., 2000; Speijer
and Fogain, 1999). However, there are some
nematode species like P. goodeyi, with unique
characteristics. They have much more restricted
distribution and are said to have a lower temperature
preference than others and its distribution is closely
linked to altitude and the higher latitudes of the
cooler banana growing areas of up to 1500 meters
above sea level. (Bridge et al., 1997). When looking on
the specific crop, Matoke bananas has been affected
more by nematode compared with other varieties.
This is because Matoke, the East African Highland
Bananas (AAA-EA) is more prone to Pratylenchus
goodeyi which is the most prominent specie in East
African Highland Bananas and found in many banana

growing areas (Elsen et al., 2000).

Conclusion and recommendation

The present findings gave insights on the status of
Fusarium wilt disease and nematodes on banana in
Rungwe and Meru District. Both sites have shown to

have Fusarium wilt and nematode but differ in

incidence primarily due to susceptibility and
resistivity of the varieties toward Fusarium wilt
disease and nematode and management systems.
Rungwe District grow more of the resistant varieties
to Fusarium wilt disease compared with Meru
therefore has low disease incidence. The data suggest
that, the best way to reduce incidence and severity of
both Fusarium wilt disease and nematode is by the
use of resistant varieties and good management
practices. Nematode population can be reduces by
normal management practice like mulching as
reported by Talwana et al. (2003) who observed that
population of nematode (R. similis) was less in
mulched mat compared with non-mulched mats.
However, chemical control by the use of different
types of nematicides exists. It is difficult to control
Fusarium wilt disease by using any chemical method
because the pathogen can survive for long periods in
the soil and cannot be eradicated by any fumigant
(Stoffelen et al. 200). The best way is the use of

resistant varieties.
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